the login type (Student, Instructor, Or Admin). This page
works as a entry point to the GTSS/Chrom-Quiz application.
Create new student account page will be used for the
students who are using the Chrom-Quiz system for the first
time (see Figure 35.2). After they fill out the required
information, they can access the Chrom-Quiz system. Forget
password page will be used for users who forget their
password (see Figure 35.3). Users will fill out the
required information and click on submit. The Chrom-Quiz

system will send their password by e-mail.
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4.5.2 Student Tutorial

This section consists of two parts. First, the
student interacts with the chromatography simulation
applet. Second, The student will take the quiz and submit
their answer. If the student enters the correct userId and
password, he will be fofwarded to the student welcome
page. The student welcome page will link to different
tasks on Chrom-Quiz system (see Figure 36.1). The “Read
about Chromatography” button will give a tutorial about
the ligquid chromatogréphy technique (see Figure 36.2). If
the student clicks on “Start Chromatography Questions”
button, the exercise questions and Chromatography
simulation applet will appear on two different screens
(see Figure 36.3). After the student finishes answering
the questions and clicks on the submit button, he will get
the score of the quiz. The student will have a choice to
save this score in the Chrom-Quiz database or go back and
repeat the quiz as many times as he want (see Figure
36.4). Also, the student can see his pervious quiz result
by clicking the student report link. If the student saves
his score in the Chrom-Quiz database, he cannot delete it
from the Chrom-Quiz system. The instructor can delete the
student scores to manage the database without going to the

administrator level.
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When the student clicks on “Start Chromatography

Question”,

the GTSS for liquid chromatography simulation

will appear in a new window. The student can start a new
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ligquid chromatography simulation with different
parameters. If the user clicks the mouse button on the
“Separations”, it will cause a drop down menu to appear
(see Figure 37.1). This will allow the student to choose
“New Separation”. The student will select the numbers of
compound to separate (see Figure 37.2). He then selects
the compound name for each component, and solvent. The
student will get an error message if he chooses the same
compounds (see Figufe 37.3, 37.4, 37.5). After the student
has selected the parameters, he will get a summary report
about the separation conditions appears (see Figure 37.6).
If the student wants to change the chosen parameters, he
can click on the “cancel” button and go back to beginning.
After the student confirms his selection and clicks the
“Okay” button, the separation applet will start. When
separation applet is finished, the user will have several
options. He can repeat the simulation with the same
parameters or he can choose different parameters for a new

simulation run (see Figuxe 37.7).
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4.5.3 Instructor Tutorial

The instructor welcome page links to different tasks

onn Chrom-Quiz system (see Figure 38.1l). “Add New Question”

will allow the instructor to create a new question and
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save it on GTSS/Chrom-Quiz database (see Figure 38.2). The
Instructor will fill‘oﬁt all oﬁ the'rgquired information
and click on the “submit” button. The GTSS/Chrom-Quiz
system will add the informafion-into,the database. “Delete
qguestion” and “update question” links will let the
instructor change the existing questions on in the
Chrom-Quiz database Ksee Figure 38.3). The instructor can
access the student information through “View student
information” link. The instructor can delete a student
account to manage the database without going to the
administrator level. In addition, the instructor can view
student scores on the Chrom-Quiz (see Figure 38.3).

Finally, the instructor can change his/her password by

using the “Change Password” link.
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CHAPTER FIVE

MAINTENANCE MANUAL

Ensuring maintainability is necessarily durihg the
entire software process. The maintenance manual will give
clear information about how to maintain the Chrom-Quiz
system. There are four levels of maintenance for
Chrom-Quiz system: chromatography applet maintenance,
Chrom-Quiz Web application maintenance, Web server

maintenance and installation, and Mysqgl Database Server.

5.1 Chromatography Applet Maintenance
There are three java classes in the chromatography
engine. To maintain the chromatography engine, the
administrator needs experience with Java programming
language. Three classes are used to maintain or modify
java code. Java classes are locating in
edu\csusb\gtss\chem\; directory inside the GTSS package.

Java files are shown in Table 9.

Table 9. Chromatography Engine

JAVA classes under Chem Directory

® CheckersPanel.class

e Chromatography.class

e lineGraph.class
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Following updating or modifying the Java classes of
Chromatography engine, the code must be recompiled and
tested as a one unit. All Java classes are under

“edu\csusb\gtss\chem\” directory.

5.2 Chrom-Quiz WEB Application
Maintenance
There are three levels of maintenance: student JSP
files, instructors JSP files, and administrator JSP files.
To maintain JSP filés, one needs experience with Java
server pages and Java'programming language. All JSP files
are under the apache_Tomcat_4.0\webapps\chrom-quiz

directory. Student JSP files are shown in Table 10.

Instructor JSP files are shown in Table 11.

Table 10. Student Java Server Pages (JSP) Files

JSP classes under Webapps\ chrom-quiz directory

e WelcomeStudent. jsp

¢ readyquestion.jsp

e studentReport.jsp

® GetReport.jsp

e Read_About_Chromatography

e ligquidChromatography.html
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Table 11. Instructor JSP files

JSP classes under Webapps\ chrom-quiz directory

¢ Welcome_professor.jsp

o addquestion.jsp

o deleteQuestion.jsp

e update.jsp

e displaystudent.jsp

e password professor.jsp

e UpdateStudent, jsp

e displayQuestion.jsp

Administrator JSP files are shown in Table 12.

Table 12. Administrator JSP files

JSP classes under Webapps\ chrom-quiz directory

o Welcome_admin.jsp

o adminsubmit.jsp

e StudentInstructorInfo.jsp

o updateAdminStudent.jsp

e updateAdmin. jsp

e UdateStudent.jsp
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5.3 Install Tomcat Server

The Chrom-Quiz web application is running on the
Windows 2000 operating system. The tomcat web server was
obtained from the Apache-Jakarta project
(http://jakarta.apache.org). Tomcat server is an open
source servlet container. To add an application to the
server, you must create a directory structure underneath
the \webapps directory:
c:\tomcatd\webapps\Chrom-Quiz\WEB-INF\lib. Also in the
c:\tomcatd\conf\server.xml file, add the following context
entry was added:

<context path=“Chrom-Quiz”

DocBase="Webapps/Chrom-Quiz"”

CrossContext=“true” Debog="“0" reloadable=“true”

Trusted=“false”> </context>.
JSP files can be accessed by entering
http://localhost:8080/Chrom-Quiz in the browser Window.
Before starting Java and Tomcat 4 must be configured. In
Windows 2000, select
setting/controlPanel/System/Advanged and click Environment
Variables: CATALINA_ HOME:c:\Tomcat, JAVA HOME:c:\jdkl.3.1
and ClassPath :Set Calsspath =
c:\tomcat\common\lib\servlet.jar;c:\tomcat\1lib;

c:\tomcat\server\lib; c¢:\tomcat\common\lib;
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5.4 Java DataBase Connectivity and
Mysqgl Database Server

You can download Mysqgl database server from
http://www.mysgl.com. MySgl database is located at
c:/mysqgl. To access‘the tables in the database server, you
need to access to the c¢:/mysgl/bin/mysqgl and you should
have some experience with structuré quarry language (SQL).
JDBC is located at c;/jdbc.bln order to use the database
server with java application, yoﬁ must establish the
connection with database, send SQL statements, and process
the results. In the GTSS/Chrom-Quiz application, the
instructor and the administrator can manage the database

without going to the lower level of the database server.

5.5 Recompilation
Any changing in the java files in the Chromatography
engine requires the programmer to recompile using
Javac from the command line. You can run it from the
dos in the windows 2000 using this command:
C:/Javac chromatography.java
C:/dir
C:/chromatography.class
Once you recompiled java file, you should got the new
file contain a bit code and the extension of this

file is class, which is representing the bit code for
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this java file. After you finished recompiling, you
should put the classes back inh the same directory of
the GTSS package. Testing the GTSS project as a one
unit is very important to make sure that every thing

is working.
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CHAPTER SIX
CONCLUSIONS AND FUTURE

DIRECTIONS

The GTSS/Chrom-Quiz system consists of two parts: the
chromatography applet as a part of the GTSS project and
Chrom-Quiz Web application as an evaluation tool. Java
technology made it possible to integrate the GTSS and
Chrom-Quiz system into one environment for teaching the
liquid chromatography technique. Chrom-Quiz is very fast,
reliable, and accessible through the Web. The system
enables students to develop their understanding about the
chromatography technique. The Chrom-Quiz system provides a

guided tutorial for learning about chromatography.

6.1 Conclusions

The chromatography applet will allow students to
conduct multiple experiments without being in the
laboratory and without costly equipment and chemicals. The
chromatography applet’s will animate the chromatographic
separation process and visually present the concepts of
liquid chromatography technique. When embedded in the
Chrom-Quiz System, the multiple-choice questions will
guide the student to understand the effects of

chromatographic variables on separation. Also, the
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advantage of using GTSS/Chrom-Quiz is allowing the
students to perform chromatography simulation before doing
the actual experiment. The student can access the
Chrom-Quiz through any Java-enabled Web browser. Every
student will have a private account to access the
Chrom-Quiz system and store his/her chromatography quiz
score in the database. Students may repeat the
chromatography simulation and take the chromatography quiz
as many times as they wish. The student can choose the
best score to be saved on the Chrom-Quiz database system.
Thehinstructor has the ability to create, edit and delete
chromatography questions. The instructor can keep track of
the students by progress accessing the student
information. Also, the instructor can delete a student
account to manage the database without going to the
administrator level. Using Chrom-Quiz system is an
important tool to enhance the student-knowledge and
student concepts about chromatography technique.

This master’s project adds a new application engine
to the GTSS structure (see Figure 39). The chemistry
engine objects in the inner layer consist of the lineGraph
and CherkersPanel classes. The chromatography application
objects in the top layer are initiated from the

chromatography class. The chromatography class is
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responsible for using the chemistry engine to generate
animation for the liquid chromatography teéhnique. This
project provided an interface to the WISE in order to
build evaluation questions for the students. These
interfaces can be reused by a developer to build any other
discipline in the GTSS. The interfaces are included in the
core objects of the GTSS set of tools. The Web address for
the GTSS/Chrom-Quiz is:

http://ias.csci.csusb.edu/chrom-quiz/index.html
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Figure 39. The New GTSS Layered Structure

6.2 Future Directions

Using the chemistry engine one can create a new
applet to represent other chromatography techniques, such

as, gas chromatography and column chromatography. It will
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be very easy for a developer to design a new applet by
reusing the code and the objects that were used in
building the first chromatography applet model. In
addition, we can update the liquid chromatography applet
by adding new components to the chromatography Java file.
So the chromatography applet can be expanded to cover most
of the chemical compounds.

Provide disﬁlay tables to instructors so that more
components can be added conveniently by providing a
computational function to calculate the speed of the
different chemical compounds. In this way, the instructors
can enter new components in the chromatography applet.
without computing their speeds outside of the system.

Test the system in an actual chemistry class to get
feedback from the students and instructors for testing and
improving the Chrom-Quiz system.

The guiz in this project contains only
multiple-choice type of questions. In the future, we can
add new question types like fill in the blanks and true or
false qguestions. We can also change the number of choices
for each question to allow flexibility in the number of

choices in a multiple type of questions.
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APPENDIX A
SIMULATION OF LIQUID

CHROMATOGRAPHY
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SIMULATION OF LIQUID CHROMATOGRAPHY

This section explains how the calculations are done to get the speed of
the different compounds. Based on correlation between “fit” values for hexane
and ethanol, and the Kow of each (plot 1/Kow vs. 1/sol factor for hexane,
ethanol; derived Kow is concentration ratio of Octanol and water. Sol is the
solvent factor for compound. Nstat is the number of molecules in the
stationary phase and Nmobile is the number of molecules in the mobile
phase. Equation: sol factor = Kow/(10.0-0.00067*Kow)

Generic Rate Equation

The generic rate equation derived from the chromatography theory.
The equation that we used in the chromatography simulation applet is:

Rate = rate solvent front * (mole fraction in mobile

phase)/(mole fraction in stat phase + mole fraction in mobile phase)
Rate= maxrate * (1/(1+ Nstat/Nmobile)

Rate = maxrate * (1/(1+ (solfactor/Kfor compound))

Rate = maxrate * K for compound/(K for compound +

solfactor)

maxrate = 6 for calculations

The following table shows the calculation of the soluble factor for each solvent
that used in the chromatography simulation.

Solvent systems Kow Calculated sol factor
Hexane 12882.49552 (9412.020126

10% EA/90% hexane 11594.7246  5195.852668

50% EA/hexane 6443.640909 [1133.892728
dichloromethane 17.7827941 1.780400663

EA 4.786300923 (0.47878363

50% EA/acetone 2.68087043 0.268135205
Acetone 0.575439937 [0.057546212

50% acetone/ethanol 0.538313585 [0.0538333

Ethanol 0.501187234 [0.050120406
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The following table shows how the size adjusted for4the compounds that are
used in the chromatography simulation.

Size factor = 1 for compact structures (single or

bicylic 4.3.0; 9-14 heavy atoms)

Size factor = 0.04 for xanthaphill, beta-carotene (42

and 40 heavy atoms; extended structure)

Size factor = 0.025 for chlorophyll a (65 heaVy

atoms; large polycyclic structure)

Compounds Kow size adjustéd K for compound

nicotinamide 0.426579519 0.426579519
Caffeine 0.851138038 0.851138038
acetominophen 2.884031503 2.884031503
Acetanilide 14.45439771 14.45439771
Aspirin 15.48816619 15.48816619
Carvone " M174.897555 1174.897565
Naproxen 11513561248 . 1513.561248
Xanthaphyll - 6.60:693_E+14 4329.920581
Ibuprofin 9332.543008 9332.543008
chlorophyll a 7.4131E+16 11311.4966
Limonene 37153.52291 37153.52291

beta-carotene

4.16869E+17

2731995.192
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The fowling table shows the rate of the three compounds Hexane, 10%
EA/90% hexane, and 50% EA/hexane

Hexane 10% EA/90% hexane 50% EA/hexane

Compound Rate

nicotinamide 0.000271925 0.00049256 0.002256399
Caffeine 0.000542537 0.000982705 0.004500424
acetominophen [0.001837957 0.003328537 0.015222152
acetanilide 0.009200299 0.016645158 0.075522796
Aspirin 0.009857217 0.01783207 0.08085135
Carvone 0.665858141 1.106523578 3.053280925
Naproxen 0.83120222 1.353526195 3.430226766
xanthaphyll 1.890527986 2.727287623 4.75483367
[buprofin 2.987279973 3.854194179 5.349983458
chlorophyll a 3.274974055 4.111440214 5.453343227
Limonene 4.787255188 5.263858898 5.82230829
beta-carotene 5.979400317 5.988610544 5.997510781
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The fowling table shows the rate of the three compounds Dichloromethane,

Ethyl acetate, and 50% ethyl acetate/acetone

50% ethyl
Dichloromethane Ethyl acetate |acetate/acetone -

Compound Rate A
nicotinamide 1.159719119 2.82701711 3.684213138
Caffeine 1.?40624406 ‘ "3.8399.4663 4.562628706
acetominophen - ‘é_;7f):9816844 " b.14574496  (5.48961734
Acetaniide 534200575 T 5.80762962 5.890724562
Aspirin 5381396032 58200845  [5.897894107
Carvone 15.990921557 5.99755593  [5.998630992
Naproxen 5.992950498 5.99810262 5.998937257
xanthaphyll 5.997533901 5.99933662 5.999628466
Ibuprofin 5.998855578 5.9996922 5.999827618
Chlorophyll a 5.9990557é4 5.99|974605 5.999857775
Limonene 5.999712493 5.99992268  5.999956699
beta-carotene 5.99999609 ©.99999895

5.999999411
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The fowling table shows the rate of the three compounds Acetone, 50%
- acetone/ethanol, and Ethanol

Acetone 50% acetpne/ethanol Ethanol
Compound Rate
Nicotinamide 5.2868 5.327661985 5.369
Caffeine | 5.62003 5.643082839 5.666
' acetominbphen 5.88262 5.890056275 ~ 5.898
Acetanilide 5.97621 | 5.977736789 5.979
Aspirin 5.97779 5.979217616 5.981
Carvone 5.99971 5.999725095 6
Naproxen 5.99977 5.999786604 6
Xanthaphyll 5.99992 5.999925404 6
Ibuprofin 5.99996 5.99996539 6
chlorophyll a 5.99997 5.999971445 6
Limonene 5.99999 5.999991306 6
beta-carotene 6 5.999999882 6
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