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Abstract

In this paper, we eplored the posshilities of embedding
Qualitative Reasoning techniques, the Qualitative Process Theory
(QPT), and its techniques in the field of inorganic chemistry. The
targeted field of implementation is in the Chemicd Qualitative
Simulation and Quaditative Anaysis. The QPT is used to model
the cemicd readion, behaviors, properties, principles and
commonsense reasoning in chemistry. This has made the leaning
software more achievable and interadive mpared to
conventional courseware. We also described the entire phases of
the software beginning with reaognizing agent, eledron
configuration engine, moleaular formula cnstructor, individual
views constructor and processvocabulary.

1. Introduction

There ae two magjor components in the chemistry syllabus
taught in the high schods in Malaysia Firstly, in
gualitative simulation, students are expeded to derive and
construct molecular formula from a given unknown
sample. Seoondly, in quditative analysis, students are
required to report observations from the experiments they
performed. The QPT is employed as a notion to view the
whole chemicd processes as a process (Forbus 1986.
Earlier work on this application is described in (Jen Sen
2001). A processinvolves the changes of the parameters of
the dements properties, in order to predict posshble
chemicd readions. Prediction reguires detail information
of the dements properties, and some basic chemistry
knowledge, which is classified here & a mmmonsense
knowledge!. Some basic chemistry knowledge and
problems encountered in qualitative analysis will be
explained in Sedion 2. In sedion 3, we eplain some
problems in chemicd readion and the need of qualitative

! Refer to (Kuipers 1979, many kinds of expertise goparently
involve simply amore gpropriate way of describing the world,
for the purpose & hand. A representation for such expert
knowledge would have exadly the same properties as
commonsense representation.
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simulation to assst the student in performing reasoning.
Sedion 4 delivers me oncepts of applicaion of
qudlitative reesoning technique into chemistry. The
reasoning process which involves squential changes of
the dements' parameters obeying chemistry theories, will
thus enable us to deduce how a particular chemicd
readion came aout. Thiswill be explained in Sedion 5in
QPT terms. In sedion 6, we describe the qualitative
anaysis laboratory and some adions in the snapshots. We
conclude the strength and drawbadks of our system in
sedion 7.

2. Qualitative Analysisin Chemistry

Chemicd analysis is defined as a resolution of a chemical
compound into its proximate or ultimate parts and the
determination of its elements or the foreign substances it
may contain (Vogel 1978j). Chemicd anaysis can be
mainly resolved into qualitative analysis and
quantitative analysis (Vogel 1978) as sown in Figure 1.
Quantitative analysis can determine the mnstituents of a
given sample by identifying how much each component or
a spedfied component presented. Before one can perform
a spedfic test on a spedfic dement to determine its
amount of the unknown, a test should be performed to
determine whether the substances are present in the
sample.

Qualitative Analysis

Quantitative
Analysis

Figure 1 — Clasdfication d Chemical Analysis

This lies the province of qualitative analysis. Figure 1
also illustrates a sequential procedure towards determining
a specific element by qualitative anaysis before a
guantitative analysis is performed to determine its amount
that present.



In the analytica method of qualitative analyss, the
element or ion to be detected is converted into some new
compound, which has specific properties on the basis that
its formation can be elucidated. The chemical change that
takes place is known as an analytical reaction and the
substance causing it is caled the reagent. For these
reactions to occur, there are certain assumptions that we
must make and follow. The substance under the test must
first be dissolved to form ions. Anion isthe simplest form
of an element that can be dissolved to form an ionic
solution by using water. The presence of certain ionsin the
solution can be confirmed upon reaction with the reagent
where the reaction is almost always accompanied by
external effects, which can easily be recognized. These
externa effects are (a) change in the color of the solution,
(b) formation (or dissolution) of a precipitate and (C)
evolution of gases. Consider the example iron (1) sulphide
below. Given an unknown sample which contain ferrous
ions, the reaction of ferrous ions and sulphide ions
(reagent) will result in the formation of a black precipitate
(external effect) of iron(ll) sulphide (FeSt?) in
Equation(1) (Vogel 1978b).

Fe*" + H,Y(reagent) — FeS: + 2H* 1)

H,S(reagent) o 2H + & 2

However, student performing this experiment may also
encounter a situation where no predpitation occurs
athough ferrous ion is confirmed to be present. The
anomalous behavior is due to the disslution of H,S
(reagent) in water that produces ion H* and ion $* as
shown in chemicd equation (2).

Since only S is used up to reat¢ with Fe*" to form
predpitation, H" ion (which is an ion responsible for addic
environment), remain unused. The acemulation of this H*
ion leads toward saturation in the system will hinder the
dissolution of H,S anymore. As the student may perform
its experiment under an acidic environment, where the
system is already being saturated by H* ion, H,S will not
disociate to produce sufficient amount of S* ion to read
with Fe**, and the predpitation will not be formed.

To understand and explain the problems described above
do not require complex equations, unless one wishes to
know the exad concentration of S that have to rea¢ with
H,S. These aaysis techniques require common sense
knowledge (Kuipers 1979 in chemistry; in this case, the
knowledge of chemicd equilibrium. It is now worth noting
that

e qualitative analysis in chemistry does not need

2 A down arrow denotes a predpitation.

complex quantitative eguationsto model chemicd
changes, and

e mastering such laboratory skill requires reasoning
with chemistry theories.

In such cases, human intuition is enough to perform the
task. In order to adopt human's intuition into the computer
system, qualitative reasoning is employed to enable
computer to perform reasoning in qualitative manner.
Severa techniques of qualitative reasoning are available
and QPT ischosen for this domain.

3. Qualitative Simulation in Chemistry

A chemicd reaction isaprocess In any processof readion
between readants, the final product is always acampanied
by externa effeds, e.g. a wlor predpitate. For example,

A +B - C (blad color predpitate) 3

In the chemicd equation (3), A will read with B and the
product is C. C is blad color predpitate. A chemist will
get the same result when he repeds the same readion
under the same andition and environment. The induction
process permits the cemist to view this piece of
information as fads, and the fads can be used in the future
for various purposes. For example, in qualitative analysis,
B is used as a regyent to determine the present of A by
identifying whether C, a black color predpitation occurs
during the readion. A chemist or student will make a
deduction that A is not present if there is no back color
predpitate from past experience However, the deduction
of the chemist can be wrong, if the readion medium
changed. Sedion 2 has clearly illustrated the problem.
Therefore, qualitative simulation is performed to model the
chemicd readion. In the simulation process every crucial
process of readion is reported clealy and augmented by
explanations to the user. Qualitative simulation requires
chemistry theories and fads to generate an explainable
result to user. Qualitative reasoning is needed to perform
qualitative simulation in the system.

4. Overview of application of QPT in
Chemistry

One of the distinctive charaderistic of qualitative
ressoning is its ability to produce an explanation of how a
dynamic system works, and utilize @mmonsense
knowledge in the problem solving (Werthner 1994). Refer
to the problem described in sedion 2, qualitative analysis
has to be performed on an unknown sample to determine
the ion presence in the sample. Among the reagents used,
only H,S gives positive result, which is the black



predpitation (FeS). Therefore, we have to model the
chemicd readion between Fe?* ion and H,S and how the
system can generate explanation when the H* ion from the
environment causes interference in the readion to yield
bladk predpitation. Figure 2 shows the example of
modeling concentration and solubili ty product for the ions
and cdions.

Quantity-Type(concentration) Has-Quantity(Fe, concentration)
Has-Quantity(S, concentration)
Has-Quantity(H concentration)

Quantity-Type(solubility-product) ~ Has-Quantity(FeS, solubility-product)

Figure 2 - Quantity type possessed by Fe**, H" and $*
ions are the concentration and solubility product.

Individual Determine Active
Views > Individuals Views

!

Determine Active
Processfrom
Processvocabulary

Process
N

Figure 2a - Quantity type possessed by Fe**, H

In Figure 2a, Individual views describe the situation.
Individual views comprise of colledion of all objeds,
assumption made to the state of the objeds, inequalities
among objed’s properties and relationships among ohjeds.
System constructs the individual views automatically
based on wser's input. There ae adive and inadive
individual views. Individua views fulfill the assumption
and inequalities among object’s properties are adive, or
viceversa. For example, ion H*, $** and Fe** and water are
colledion of objeds. Examples of ion’s properties are
concentration and solubility product. Asaume that the
amount of water is constant and all ions dislve in water,
adding of H,S in the unknown will result to a high
concentration of H,S in water.

Active individual views may result to some posshble
proceses. Types of processes are listed in the process
vocabulary. For example, when there is a high
concentration of H,S in water, the posshle process is
disciation of substance H,S into ion H" and S*. On other
hand, if there exist ion a high concentration of ion H* and
S in the water, possble processwill be the formation of
substance H,S. In this case, since H,S exhibits reverse
readion, both dissociation process and formation process
are possble.

Process is the description of the process Processcomprise
of colledion d al objeds, assumption made to the state of
the objeds, inequalities among objed’s properties and

relationships among objeds. Besides, process has the
influence @mponent that describes the dired influence
among objed’s properties.

Process $op when the anditions in the process does not
hold. For example, dissociation of H,S may stop before
completion due to addic medium in the solution.

The modeling of chemical simulation required the
following phases to be performed. These phases are, (1)
Rewgnizing Agent (2) Eledron Configuration (3)
Moleaular formula Constructor (4) Individuals Views
Engine (5) ProcessVocabulary and (6) Chemicd Equation
Constructor.

5. Qualitative Simulation L aboratory

The qualitative simulation lab is designed to famili arize
student with the chemica readion between two readants.
The system provides an extension to conventional wet lab
experiments, where students gain flexibility in accessto a
safe laboratory environment. To fadlit ate self-study and
self-exploration, the system has an agent to recognize the
user’s input with the right moleaular formula instead of
predefined sets of chemicd substances. The system also
alows readion to be conducted on different medium, e.g.
addic environment, in order to make comparison among
various types of readion. The system has an innate
cgpability in providing intuitive cemical explanation.
Explanation is generated based on chemistry theories. The
main thrust of the qualitative simulation is the reasoning
engine. There aeindividual views constructor and process
vocabulary. Other suppative fedures are reaognizing
agent, e€ledron configuration, moleaular formula
constructor and chemicd equation constructor.

The reasoning engine first need to gather information from
the databases and the information required are chemicd
fads and chemicd properties with dired and indired
influence to form a causal relationship, namely the
chemistry theories. The lledion of readants and readion
medium construct the individual views based on chemistry
theories and the system needs to determine the adive
processes in processvocabulary based in inequaliti es. The
start or stop d a process depends on the ordering of
guantity in the quantity space When a process $ops,
explanation and chemicad equations are generated by the
system to explain the chemical processin the readion. In
the cae where the readion does not show as desired, the
system will deliver more eplanation to clarify the
situation. Figure 6 shows user interface for qualitative
simulation.
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Figure 6 — Qualitative simulation user interface

5.1Rewmgnizing Agent

Remgnizing agent interprets and trandates the user's input
readants to the standard IUPAC'S’ name. Some of the
examplesaregivenin Table 1.

The system reoognizes H,S as the ajueous solution,
consists of ion H* and S*. Both ions are sent to eledron
configuration engine to determine its charges, and the
charges of bath ions will be used by the molecular formula
congtructor to construct the moleaular formula. The
moleaular formula generated by the system is compared
with the user's input of the moleaular formula. System will
prompt the user if the moleaular formulais awrong one.

Table 1 - IUPAC name, substance and element's date and
system'sinput according to system spedfi cation.

IUPAC name State User’s Input
H,S Aqueous H)2(9)

NH; Gas (N)(H)3

Fe Solid (Fe)

() isto separate the two ions.

Reawognizing agent is able to verify the state of the dement
input by user. For example, Fe canot exist as gas because
the baili ng temperature for Fe retrieved from the database

2 JUPAC has been recognized as the world authority on
standardizing chemica terminology and many other criticaly
evaluated data.

is 3000C, which is much higher than the room
temperature.

5.2Eledron Configuration Engine

The Eledron Configuration engine is responsible to figure
out the charges of the ions from ion's eledron
configuration. This is done by asdgning the aomic
number of element into the orbital, acwmrding to two
chemistry basic rules and principle, the Hund’'s rules and
Pauli principal (Vogel 1998). For example, element Fe
has the aomic number of 26. The engine then generates
the result in awritten format of the result. [1s?, 25%, 2p°, 35%,
3p°, 3d°, 457 represent the eledron configuration of ion
Ferum. The placement of the eledron result in the most
outer orbital, 45°, remain 2 eledrons, represented by the
superscript number. In order to explain why an Iron
substance, when it is turned into an ion, has the tendency
to lose 2 eledrons in its outer orbital requires the
component of indired and dred influences. The formation
ion Fe** was a result of some processes that change the
element Feto anion Fe*".

The indired influence has defined that the lonizaion
process removes the most loosely held eledron from an
atom. As the process occurs, and the process is the only
source of dired influences, the quantity being dired
influences is the Oxidation number. A symbal to represent
is1(Q,n), where n is the dired influence on the quantity Q.
To clealy stated this stuation, we have

| +(oxidation-number(Fe),Alionization-energy])

lonizetion energy is indiredly influenced by atomic radii,
which is written as lonization Energy oq. Atomic radii is
represented in a way that the bigger the aomic radii is, the
lessr the ionizaion energy is neaded to eliminate the
eledron situated at that position. By propagating the
relationship of atomic radii, principle quantum number
(orbital, n) aq. is increasing monotonicdly in its
dependence on atomic radii. Therefore, we have reated a
conclusion that lesser ionization energy is needed with the
removal of the outer eledron of an atom in the process of
ionization. This explains why ion Fe** with oxidation
number +2 is formed.

5.3Moleaular formula Constructor

Moleallar formula mnstructor plays a role to interpret
user's input read¢ant and convert into IUPAC standardize
moleaular formula; and to construct a molecular formula
acording to ion's charges. User is required to put the
symbaol ( ) around the substances which involved more
than one molecule in the constituent of the substance's



moleaular formula. The molecular formulais also designed
to construct moleaular formula acording to the ion's
charges ohtained from the dedron configuration engine.

5.4 Individual Views Constructor

Fe?*, H" and S exist in the water as the dissolved ions.
The quantity type they posss among others, is the
concentration (represented by “[ ]17), which denotes the
quantity per liter of water. Another quantity type is
solubility product, Ks, which denotes multi pli cation of two
ions' concentration urder areadion. For example,

Ks= [FE'] [S*] (4)

If the solubility product exceelds cetain level, then
predpitation may occur. A brief description of the
colledion of objedsisill ustrated in Figure 3.

Individual is the mlledion of all objeds. Precondtions
and Quartity condtions stated that all of these readants
can exist as an ion, and the cncentration is more than
ZERO. Symbdlic representation of p, pl and p2 in
Relations is to represent ions Fe**, H,S and Hg,
respedively and have their locaion stated to indicate that
al have their surfaces contacted to ead other, where a
readion is possble to occur. As Ferum can exist in two
different states, an ion state on a solid as ill ustrated in
Figure 3(b). However, no particular piece canot exist in
both states at once. No state description for H' ion since it
is impossible for H* ion to exist as ®lid o liquid
individually under normal condition (“~" denote “not”).

Individual View Reactant(p) Individual View Solid(p) Individual View lon(p)

Individuals Individuals Individuals

W  water p € piece-of-stuff p € piece-of-stuff
Fe Fe2*ion Quantity Conditions Quantity Conditions
HoS solution ~ jon(p) ~ solid(p)

Hg H* ion initially in the Relations:

environment

Preconditions
Can-Dissolved-In(Fe, W)
Can-Dissolved-In(Hg, W)

Quantity Conditions (b)
Alconcentration-of(Fe,W)] > ZERO
Alconcentration-of(Hg,W)] > ZERO
Alconcentration-of(HoS)] > ZERO

Relations
There is p, p1,p2 € piece-of-stuff
inside(W)=location(p)
Fe=made-of(p)
inside(W)=location(p1)
HoS=made-of(p1)
inside(W)=location(p2)
He=made-of(p3)

Ks(p) aq,concentration-of(p)

(a)

Figure 3 - (a) describes the condtion undr which pieces
of stuff are disolved in the water. Figure (b) describes the
states of substances under different condtions and
relationships with other properties.

If the experiment is done in an addic environment, which
He presents besides Fe?* and the readant H,S, then VI in
Figure 3 should be set to adive.

5.5 Process Vocabulary

Processes dart and stop when ordering of the quantity
space tange. In the quantity spaceof concentration, there
are two elements [ZERO, saturated] exist as landmark
value. When the H,S solution is added, it is the nature that
H,S solution starts to disciate into ion S and H*.
Process dissociation occurs becauise
Am[concentration-of (H)] > ZERO and
Am[concentration-of (S)] > ZERO, represent a processwill
start or stop when the quantity of both ions pass through
landmark values. The process of dissociation of H,S is
ill ustrated in Figure 4(a).

As gated in quantity condition, process will start when
there is a substance H,S, and both the ion H*and S* are
not saturated. Correspondence is another kind of
information that can be spedfied about the function
implied by og.. Its amount maps vaue information
(inequalities) from one quantity spaceto another via 0.
A typicd example taken from (Forbus 1986, ill ustrating
the movement of an elastic spring involves two
parameters, the internal forces and the length of the spring,
plotting against ead others in Figure 5(a); if the length of
the band described above is greaer than its rest length, the
internal forceis greaer than zero.

Process Dissociation of HoS Process Precipitate formation of FeS

Individuals Individuals

H dissolved ion Fe dissolved ion
S dissolved ion S dissolved ion
w fluid that dissolve ion w fluid that dissolve ion

Preconditions
Ds[amount-of(lig)] = 0
;amount of fluid should be constant
Quantity Conditions
Am[amount-of(S)] > ZERO
Am[amount-of(Fe)] > ZERO

Preconditions
Ds[amount-of(w)] = 0
; amount of fluid should be constant
Quantity Conditions
; Let HoS be a quantity
Am[amount-of(H2S)] > ZERO

~ saturated(H) Relations
~ saturated(S) ; Let K be a quantity
Relations ; Let formation-rate be a quantity

; Let dissociation-rate be a quantity
dissociation-rate(H2S) 0. concentration-of(H) K aq.+concentration-of(S)
dissociation-rate(H2S) aq-concentration-of(S) Am([formation-rate] aq..concentration-of(S)
Correspondence((dissociation-rate(HoS), ZERO), ;K = [Fe] * [S]
concentration-of(H), saturated(H))) Correspondence((amount-of(FeS), ZERO),
Correspondence((dissociation-rate(HoS), ZERO), (min-solubility-product(S), ZERO))
concentration-of(S), saturated(S)))
Influences
I+(amount-of(H), Am[dissociation-rate(H2S)])
I+(amount-of(S), Am[dissociation-rate(H2S)])
(@) (b)

K aq.concentration-of(Fe)

Influences
I+(amount-of(FeS), Am[formation-rate(FeS)])

Figure 4 - Processinvolves dissociation o H,S and
predpitation d FeS and;’ denctes comment.
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Figure 5 - The roughshape of the graphis determined by
the aq., the egudlity between the two pants of
correspondence

As dated in quantity condition, a processwill start or stop
when there exists the substance H,S, and both the ion H*
and ion S are not saturated. As dissociation rate is
inversely propartional to the concentration of ion H* and
ion S*, disciation process $ould continue towards
completion as implied by the function ag.. Process
dissociation will stop when there is no more substance H,S
exigt in the system. However, in an addic environment,
ion H* initially exists in the system. Dissciation process
that yields ion H* and ion S* quickly saturats the system
with the ion H* before dissociation process completed.
When another landmark value [saturated] met, this
processes will stop. Correspondence is another kind of
infformation that can be spedfied about the function
implied by 0q.

Corresponcence((dissociation-rate(H,S),ZERO),
(concentration(H),saturated(H)))

The orrespondence statement meens that if the
concentration of ion H* is greaer than the saturated, no
dissociation should occur, the dissociation process $ould
ceae. The shape of the graph is shown in Figure 5(b). The
system is now saturated with ion H", but due to incomplete
dissociation, concentration of ion S* would be negligible.

A readion wil | occur between ion Fe** and ion S* to form
black predpitation of FeS. Figure 4(b) illustrates the
formation of predpitation process The formation rate of
FeSis propartional to the mncentration of S2.

Corresponcence((formation-rate(FeS),ZERO),
(concentration(S),min-solubility _product(S)))

The solubility product of FeSis 4.0 X 10™moll™ under the
room temperature. If the cncentration of FeS does not
excedl the solubility product, then the substance will not
be predpitated. Therefore, 4.0 X 10*°moll™ is defined as
one of the limit points in the quantity spaceof solubility
product of FeS, and is defined as ZERO in Figure 4(b) in
the mrrespondence section. As the mncentration of S is
insufficient to mee the requirement of solubility product
of FeS due to an incomplete dissociation process therefore,
the bladk predpitation of FeS will not be formed in an

addic environment.

5.6 Chemical Equation Constructor

Chemicd equation constructor is responsible to construct
chemicd eguation to describe the chemical readion. The
constructor is able to balance off chemicd equation. For
example,

Fe" + H,S - FeS+2H"
Balancing off chemicd equation is often the problem faced
by the student asiit involvestechnicd skill to balancethe
number of element and substancein both side to balance
the dharges and to write proper moleaular formula.

6. Qualitative Analysis L aboratory

Qualitative Analysis Lab provides users with a virtua
laboratory environment of an upper secondary schod
level. The system will give the explanation and results in
the text and graphicd form after the users had chosen the
test and started the experiment. The system provides 12
individual common tests and 58 spedfic tests for testing
purpose. Users must provide results for the six tests and
the system will analyze the unknown chemicd and
provides explanation of the simulator's results in an
intuitive and causal form. Figure 7 is the user interfacefor
the student to input their observation after the student
performed the test with ammonia ajueous.

Tindakan Ammonia Akueus x|

~Pembentukan Mendakan:——  —Perubahan Larutan

Viarna Mendakan: Warna larutan terbentuk:

[—— |

Mendakan tukar warna: Wiarna larutan ubah:
I jv dati:

ke:

J

Il

Ketetlarutan dalam MH3:
* Pembentukan Mendakan
[~ Tiada perubahan

¢ Perubahan warna larutan

Keterangan Lanjut I

Batal |

Figure 7 — Dialog box for the student to input observation
when the student performing annonia test to the unknown.

The Quadlitative Analysis Laboratory module gives
gualitative ideas of the substances that might be present in
an unknown sample. Students are then able to compare the
adua laboratory results with the simulated results and




confirm the presence of spedfic ionic spedes in the
sample.

6.1 Database

Databases are nedaled to store chemicd fads and the
quantity type of chemicd substances. Fads and quantity
type ae stored in the most fragmented format. The
fragmented format is to ensure an extensible knowledge
base. Additional chemistry facts and quantity type can be
added in anytime without affeding the system operation.
Chemicd facts are useful to dsambiguate possibiliti es
resulted from envisioning. Chemicd fads are those
properties that will not change over time. The database
clasdfied the chemicd fads into (1) color of predpitation
(2) testing of gas (3) gaseous (4) color of agueous and (5)
chemicd compound that display reverse readion. User is
able to amend, modify and extend the fads in the database
through the user interface without having to posses
programming skill .

Table 2 — List of some quartity type posses by ion.

formation - concentration | solubility
rate product

State of Element Quantity Type

lon concentration
ion solubility product
ion saturated

Table 3 — Functiond relationships

The database that contains quantity type of chemicd are
clasdfied into (1) quantity component (2) dired and
indired influences component and (3) correspondence
component. Table 2 displayed some of the quantity types
possesed by theions.

Functional
dependencies

Process Quantity 1 Quantity 2

dissociation | disociation - concentration

process rate
formation formation + concentration
process rate

Table 4 — Corresponcences gedfic the prerequisite factor
of the reaction, the quartity type andthe hinder factor of

the process
Process Quantity 1 | Functional Quantity 2
dependencies
dissociation reverse concentration | saturated
rate readion

All the information in Table 2, 3 and 4 are interrelated,
together construct the chemistry theories and to be used in
the reasoning process However, information is stored in
the most fragmented format, simplifies maintenance and
provides cdability.

Figure 6 — a user interface @able instructor to modify,
delete or extend the information stated in Table 2, 3and 4.

! Simulation Database x|

~Processes Quantity
Element State | Quantity Type

Process : Process Quantity

ion concentration
ion min_solubilty_product

dissocistion process ... dissocition rals, i
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formation process formation rate

Lellv]

“
i ion saturated b

MNews Process: l— Edit Newy State: I— Edit

ety Quaritity: l— It e Quartity I— Input I

Resumel Delete Resume Delete I

—Qualitative Propertionality
Process : Quartity 1 Influences | Quantity 2 Cancel I
cliszocistion_process dissociation_rate - concertration Edit

| tormation_process formation_rate + concentration ﬂl
i Resume
Mew Process Influence : Input
Quantity 1: Quantity 2 : Delete

[ Cotrespondence
Process Qaurtity : Pre-requisite Quantity | Quartity : Hinder Factor (Quantity)

clizzocistion_rate  tindakhalas_berbalik concentration saturated
formation_rate concentration min_salubilty _jroduct

Process Quantity Quartity It
Pre-reg Gty Hindat fet - Delete

m
o

A

Resume

6.3 Articulate Software

According to Forbus in his article (Forbus 2000),
Articulate software should have the properties of (1)
fluent, (2) suppartive, (3) generative and (4) customizable.
The qualitative simulation and qualitative anaysis
laboratory have fluency property, because the system is
able to understand the chemistry domain by linking all
chemistry properties to perform the reasoning. The system
is also able to provide explanation if the user’s goa is not
adhieved. Explanation is provided thru what the system
understand of the demistry knowledge. Eledron
configuration engine is the eample of suppative
properties. The engine shows the student the procedure of
filling eledron into the orbital acarding to the chemistry
principle. This will help the student to understand
chemistry concept from the fundamental approach and to
develop chemicd intuition. The software is generative
because the software is designed to handle situation within
its understanding of chemistry knowledge. The software is
customizable such that the instructor is able to modify,
update and extend the database of chemicd fads and the
chemistry theories in order to enhance the reasoning
abiliti es of the system. Maintenanceis acassble instructor




through wer friendly interface, without any amendment to
the programming.

7. Discussion

Qualitative Analysis and Qualitative Simulation
Laboratory are examples of the gplicaions of artificial
intelligence techniques in chemistry. Simulating a red
laboratory environment in a computer is by no means a
substituting the traditional teaching method, rather, it is
meant to enhance leaning efficiency. This work, which
utili zes the wncept of qualitative process theory and
process based ontology of Kenneth D. Forbus proves
applicability to the field of chemistry. The system
combines the theory and practice into a single package.
The system is not comparable to CyclePad (Forbus et.
Al. 1998, an articulate software that helps engineeaing
undergraduates to lean principles of thermodynamics.
However, virtual lab inherits the notion of CyclePad to
cepture asignificant asped of inorganic chemistry, which
helps gudent in mastering the skill of qualitative analysis
laboratory work and chemistry principles at the same time.
The goa of this gistem is to introduce qualitative
reasoning techniques namely the qualit ative processtheory
into the field of chemistry. Although the technique was not
meant to capture student's learning behavior as with the
STEAMER projed (Clancey 1992, explanation can be
generated to resolve mmmon questions asked by the
students based on chemistry principles.

The biggest hindering fador to the expansion of the
existing system is the organization and construction of the
knowledge representation of chemistry in QPT terms.
Since the gplicaion of QPT in chemistry is gill in its
infancy, scarce amount of literature @n be reviewed.
Notwithstanding the current limitations, the gplication of
this ontology in chemistry is waiting to be explored to the
extent that qualitative analysis in chemistry can, in the
future, cover a wider range of ions and elements or even
encompassother fields of chemistry.
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