




 

 

 

 

 

 

 

 

 

 

 

¾ Simple and natural dialog: this screen basically shows the calculation results 

and does not require any user input. 

¾ Speak the user’s language: the terminology is common and clear to the user. 

¾ Minimize user memory load: in addition to the calculation results, it also 

shows the input and output conditions. 

 

 

 

 

Figure B2 The data calculation results display for freshwater under the single mode. The inputs 
and options are shown in Figure B1. This figure is the same as Figure 2.3 and A3. 
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¾ Be consistent: the user does not have to make any inputs for this screen. 

¾ Provide feedback: this screen is actually a feedback for the action of clicking 

“Execute” button in Figure B1. 

¾ Provide clearly marked exits: the user can shun down the browser or go back 

to previous screen with basic browser usage experience. 

¾ Provide shortcuts: shortcuts are not necessary. 

¾ Good error messages: this screen does not have any user input and error 

message does not apply. 

¾ Prevent errors: this is simply a system output screen and errors should not 

occur. 

 

Main task 2: Given two parameters (TA and TC), calculate the other two parameters (pH 

and fCO2) for freshwater under batch mode. The heuristic evaluation of main task two is 

based on the page layout in Figure B3 and the results of the evaluation are:    

¾ Simple and natural dialog: the user can just follow the guide to make the 

choices or inputs. 

¾ Speak the user’s language: the terminology should be familiar to users as 

water chemists. 

¾ Minimize user memory load: the user can clearly see the previous inputs 

before the execution. 

¾ Be consistent: the user can easily follow the order of the blank. 

¾ Provide feedback: the user can clearly see the previous inputs. But the 

feedback from the action of clicking “Execute” button is not implemented yet. 
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Figure B3 The screen layout of data calculation for freshwater under the batch mode. This figure 
is the same as Figure 2.4 and B4. 

 

¾ Provide clearly marked exits: the user can go back to previous step by 

restarting the browser or make different choices to go back. 

¾ Provide shortcuts: the user can get access to the input directly.  
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Figure B6 The screen layout of data calculation for freshwater under the batch mode. This figure 
is the same as Figure 2.7 and A7. 
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Main task 4: Given two parameters (TA and TC), calculate the other two parameters (pH 

and fCO2) for seawater under batch mode. The heuristic evaluation of main task four is 

based on the page layout in Figure B6 and the results of the evaluation are: 

¾ Simple and natural dialog: the program directs the user to make the inputs 

¾ Speak the user’s language: the terminology should be familiar to users as 

water chemists 

¾ Minimize user memory load: all the user inputs are displayed on the same 

screen 

¾ Be consistent: the user can easily follow the order of the blank 

¾ Provide feedback: the user can clearly see the previous inputs. But the 

feedback from the action “Execution” is not implemented yet. 

¾ Provide clearly marked exits: the user can go back to previous step by 

restarting the browser or make different choices to go back. 

¾ Provide shortcuts: the user can get access to the input directly. 

¾ Good error messages: this functionality is not implemented at this stage and 

will be finished on the next stage of the development. 

¾ Prevent errors: drop-down menu forces the user to choose either one of 

options. Errors in the manual inputs cannot be detected at this time due to 

incompletion of this function. 
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Appendix C  

User testing 

1. Background questionnaire for the testers 

Code #_______ 

a.) How much are you familiar with the web (Circle one)? 

No familiarity   Somewhat familiar  Very familiar 

1    2   3    4    5 

b.) Do you fill in forms at online websites very often (Circle one)?  

        Never      Sometimes         Always 

1    2   3    4    5 

c.) Have you ever used a web-based program (e.g., online calendar, online document 

management, etc)?  

Yes________ No________ 

d.) Have you ever used an online calculator type program (e.g., loan calculator 

program, online expense program, etc)? 

Yes________ No________ 

e.) Have you ever used a command line program (e.g., DOS, Unix, etc)? 

Yes________ No________ 

f.) How much do you know about the DOS version of the CO2SYS program (Circle 

one)? 

No familiarity   Somewhat familiar  Very familiar 

1    2   3    4    5 
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g.) How much do you know about the water chemistry terms such as alkalinity, 

dissolved inorganic carbon, partial pressure of CO2 gas, etc (Circle one)? 

No familiarity   Somewhat familiar  Very familiar 

1    2   3    4    5 

 

2. Demographic information of the testers 

 Tester 1 is a postdoctoral researcher in the Department of Chemistry. He is very 

familiar with the web. Sometimes he fills in forms at online websites. He has used a web-

based program and an online calculator type program. He has also used a command line 

program such as DOS, Unix, etc. He is very familiar with the DOS version of CO2SYS 

program and the water chemistry terms such as alkalinity, dissolved inorganic carbon, 

etc. 

 Tester 2 is an undergraduate student in the Department of Chemistry. He is very 

familiar with the web. Sometimes he fills in the forms at online website. He has used a 

web-based program and an online calculator type program before. He has also used a 

command line program such as DOS, Unix, etc. He is very familiar with the DOS version 

of CO2SYS program and the water chemistry terms such as alkalinity, partial pressure of 

CO2 gas, etc. 

 Tester 3 is a graduate student in the Department of Chemistry. He is somewhat 

familiar with the web. He often fills in forms at online website. He has ever used a web-

based program and an online calculator type program. He also used a command line 

program such as Unix, etc. He is not familiar with the DOS version of the CO2SYS 
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program and very familiar with the water chemistry terms such as alkalinity, dissolved 

inorganic carbon, etc 

 Tester 4 is a graduate student in the Department of Chemistry. He is familiar with 

the web and sometimes fills in the forms at online websites. He has never used a web-

based program or an online calculator type program. He has used a command line 

program such as DOS, etc. He is familiar with the DOS version of the CO2SYS program 

and water chemistry terms such as alkalinity, dissolved inorganic carbon, etc. 

 Tester 5 is a graduate student in the Department of Chemistry. He is familiar with 

the web and often fills in forms at online websites. He has ever used a web-based 

program and a command line program, but not any online calculator type program. He is 

somewhat familiar with the DOS version of the CO2SYS program and very familiar with 

the water chemistry terms such as dissolved inorganic carbon and partial pressure of CO2, 

etc. 

 

3. Test script 

Code #_______ 

 Hello. Welcome to Web Based CO2SYS system, a redesigned web based 

program replacing the old DOS version system. We’d like to take this opportunity to 

thank you for volunteering your time to help me test this new exciting system. I will be 

reading from this script to ensure consistency between all of our participants. 

Now a little about this web based CO2SYS program. This program calculates 

relating parameters of carbon dioxide (CO2) system in seawater and freshwater. The four 

parameters are total alkalinity (TA), total inorganic CO2 (TC), pH and either fugacity 
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(fCO2) or partial pressure of CO2 (pCO2). Two of these parameters will be used to 

calculate the other two parameters under a set of input conditions and output conditions 

(such as temperature and pressure) chosen by the user. It can run in single input mode or 

in batch input mode and has many options for constants and parameters. Please note that 

this system is still in its development stage and that it may break down under certain 

circumstances. If that does happen, we will restart the program. 

During the testing, a camera will be set up only with your permission and point to 

the screen. The camera will not point to your body. The purpose is to record how the 

system interacts with the user. It will be very useful for data analysis afterwards and 

system improvements. If you feel uncomfortable with this, we will stop the camera 

immediately.  

Understand that this exercise is to test the product and its usability and in no way 

implies your abilities. If at any time you feel uncomfortable, please inform me and I will 

terminate the exercise immediately. Your opinion and ideas are important to me. 

Whenever possible, please speak your thoughts freely. Do not be concerned about 

offending me. If you forget to think aloud, I’ll remind you to keep talking. 

As you’re working through this system, I won’t be able to provide help or answer 

questions. This is because I want to create the most realistic situation possible. Even 

though I won’t be able to answer your questions during the exercise, I will note your 

questions and answer them at the end of the exercise. 

Do you have any questions before we start? 
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4. Subject information and consent form 

Code #_______ 

Title: The development of web-based CO2SYS program 

Project director: 

Shigui Yuan 

Department of Computer Science 

The university of Montana 

406-243-2883 

Shigui.yuan@umontana.edu 

Special instruction to the potential subject: 

 This consent form may contain words that you are not familiar with. If that is the 

case, please ask the person who gave you this form to explain them to you. 

Purpose:  

You are invited to participate in a research study conducted by Shigui Yuan from 

Department of Computer Science at the University of Montana. This web page based 

CO2SYS system replaces the old DOS based version program and enables to calculate 

two of the four parameters of the carbon dioxide (CO2) system in seawater and in 

freshwater. The purpose of this study is to analyze how well this newly designed web-

based system can resolve the user inputs and provides correct answer and meaningful 

information for the user. 

Procedures: 

If you decide to participate in this observational study, you will be asked to meet 

with Shigui Yuan in CS 419 of social science building for the program testing. During the 
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study session, you will be presented with a series of tasks that involve how to actually use 

this system. After completing these tasks, you will be requested to complete a 

questionnaire. I am estimating that the study session will take between 30-40 minutes. 

 During the testing, a video camera will point to the screen and record your 

activities on the computer screen. The purpose is to record how the system behaves 

instead of you. It will be very useful for future analyses. If you do not like it, we can stop 

that at any time. 

Risks and discomforts: 

It is important that you realize that during these studies, it is the web based 

CO2SYS system that is being tested, not your data manipulation skills. There is no time 

limit imposed, and it is not critical for you to finish any of the tasks. In many places, the 

instructions are purposefully abstract because our goal is to design intuitive interfaces 

that don't require complex training or manuals to operate. I just ask that you try to 

complete each task as best as you can. If you get really stuck on any particular task, and it 

appears that you are unable to continue, I will let you know when it’s okay to move on. 

Please remember that it's okay if you get stuck – this just means that this system needs 

more work! The risks associated with participating in this study are deemed to be 

minimal. That is, you will not be subjected to any pain or stress beyond that normally 

encountered in everyday life. 

Benefits: 

 Although you may not benefit from taking part in this study, your participation 

will provide valuable feedbacks for our system to avoid the potential problems in the 

future real applications. Here we really appreciate your time and help. 
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Confidentiality: 

Any data information and video clips that are obtained in connection with this 

study will be locked in a secure drawer with confidentiality. They can be accessed only 

by the researcher director and will be disclosed only with your permission or as required 

by law. Subject identities will be kept confidential by assigning each subject a code 

number. All data will be marked and identified using this code number. No personal 

information for any participant will be attached to the data.  

Compensation for injury: 

 Although we believe that the risk of taking part in this study is minimal, the 

following liability statement is required in all University of Montana consent forms. 

 In the event that you are injured as a result of this research you should 

individually seek appropriate medical treatment. If the injury is caused by the negligence 

of the University or any of its employees, you may be entitled to reimbursement or 

compensation pursuant to the Comprehensive State Insurance Plan established by the 

Department of Administration under the authority of M.A.C., Title 2, Chapter 9. In the 

event of a claim for such injury, further information may be obtained from the University 

Claims representative or University legal Counsel. 

Voluntary participation/withdrawal: 

 Your participation is voluntary. Your decision whether or not to participate will 

not affect your relationship with Shigui Yuan or The University of Montana in any way. 

If you decide to participate, you are free to withdraw your consent and discontinue 

participation at any time without penalty. 
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Questions: 

If you have any questions, please feel free to contact his faculty advisor Yolanda 

Reimer, (406-243-4618) in the Computer Science Department at any time. If you have 

any questions regarding your rights as a participant, you may contact the IRB chair 

through the UM Research Office at 243-6670. 

Subject’s statement of consent: 

I have read the above description of this research study. I have been informed of 

the risks and benefits involved, and all my questions have been answered to my 

satisfaction. Furthermore, I have been assured that any questions I may have will also be 

answered by the research director.  

I voluntarily agree to take part in this study and I may withdraw my consent at 

any time and discontinue participation without any penalty. I understand I will receive a 

copy of this consent form. 

 

Subject’s name (in print)_________________________________ 

 

Signature __________________________________Date_____________ 
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Special Addendum for video and audio taping consent  

 I understand that the research director will video and audio record my activities 

on the computer screen when I test the program. I can ask to stop this recording at any 

time when I do not like it. I am already notified that the data information and video and 

audio clips obtained from this study will be locked in a secure place only for data analysis 

and will be disclosed only with my permission or required by law. All the data will be 

kept with a code number and my personal information will be separated from this data. 

 By signing the consent below, I agree that the research director will use the video 

camera as a research tool for this program testing study.  

 

Subject’s name (in print)_________________________________ 

 

Signature __________________________________Date_____________ 
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5. Testing tasks 

Scenario 1: 

User A logs onto the CO2SYS web home page and wants to run some 

calculations for freshwater under the single mode. Below are the tasks he wants to finish. 

Task 1: Try to set the input temperature to “-12”, the input pressure to “erfasf”, the 

output temperature to “45”, the output pressure to “10005”, fCO2 as the CO2 type and TA 

and TC as the input parameters. “afad” is for TA and “-1230” for TC. After all the inputs 

are done, go ahead to run the calculations. 

Task 2: Write down the content of the prompted message, and go ahead to check the 

information and the valid data input range, if any, for the following: “input temperature”, 

“input pressure”, “output temperature”, “output pressure”, “fCO2”, “TA”, “TC”. 

Task 3: Based on the information you have gained from Task 2, try to fix any errors 

from your previous inputs and run the calculation again. 

Task 4: Write down the values of pH, fCO2 and pKW under the input condition and the 

output condition. Check the information for “Note” and write down the additional 

uncertainties due to constants at output conditions for freshwater. 

Task 5: Now it becomes a little more challenging. Try to find the value of TC that can 

generate pH of 7.9883 under the same input conditions as in Task 3 (i.e. same 

temperature, pressure, and TA). Write down the value of TC. 
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Scenario 2:  

User B logs onto the CO2SYS web home page and wants to run some calculations 

for freshwater under the batch mode. Below are the tasks he wants to finish. 

Task 1: Try to set fCO2 as the CO2 type, TA and TC as the input parameters, the input 

file to “C:\case1.inp”, header lines to “sfsdf”, ID fields to “1.5”, designated value of 

missing value to “adsfa”, missing flag to “Yes”, the output file to “C:\case1.out”, the 

other lines to the output file to “This is the additional information to the output file”, then 

run the calculation. 

Task 2: Write down the content of the prompted message, and go ahead to check the 

information and the valid data input range, if any, for the following: “header lines”, “ID 

fields”, “designated value of missing value”.  

Task 3: Try to reset the header lines to “2”, the ID fields to “5”, the designated value of 

missing value to “-5”, and rerun the calculations. 

Task 4: Write down the content of the prompted message and reset the ID fields to “2”, 

and rerun the calculations.  

Task 5: Write down the content of the prompted message, reset the designated value of 

missing value to “-7” and rerun the calculations. 

Task 6: Try to check the content of the output file and write down the last line of data on 

the output file data window. 
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Scenario 3: 

User C logs onto the CO2SYS web home page and wants to run some calculations 

for seawater under the single mode. Below are the tasks he wants to finish. 

Task 1: Try to set the constant to “Roy et al., 1993”, the pH scale to “Total scale 

(mol/Kg-SW)”, KSO4 to “Dickson”, salinity to “57”, phosphate to “-12”, silicate to 

“safasa”, the input temperature to “18”, the input pressure to “12”, the output temperature 

to “15”, the output pressure to “2.5”, CO2 type to “pCO2”, TC and pCO2 as the input 

parameter, TC to “5”, pCO2 to “6000”, and go ahead to run the calculations.  

Task 2: Write down the content of the prompted message, and go ahead to check the 

information and the valid data input range, if any, for the following: “salinity”, 

“phosphate”, “silicate”.  

Task 3: Try to reset salinity to “32”, phosphate to “5.8”, silicate to “7.5” and rerun the 

calculations. 

Task 4: Write down the content of the prompted message, and fix the errors with valid 

input values and rerun the calculation.  

Task 5: Write down the values for TA, pHtot, fH under the input and output conditions. 

Check the information for “Revelle factor” and write down the normal value range of 

revelle factor for seawater. Moreover, check the information for “Omega” and write 

down the definition formula for “Omega”.  

Task 6: Now it is a little challenging. Try to find the value of pCO2 that can generate 

pHtot of 7.4658 under the same input conditions as above (i.e. same temperature and 

pressure, salinity, TC, etc). Write down the value of pCO2. 
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Scenario 4 

User D logs onto the CO2SYS web home page and wants to run some 

calculations for seawater under the batch mode. Below are the tasks he wants to finish. 

Task 1: Try to set the constant to “Roy et al., 1993”, the pH scale to “Total scale 

(mol/Kg-SW)”, KSO4 to “Dickson”, “fCO2” as the CO2 type, TA and TC as the input 

parameters, the input file to “C:\case2.inp”, header lines to “2”, ID fields to “2”, 

designated value of missing value to “-7”, missing flag to “Yes”, the output file to 

“C:\case2.out”, the other lines to the output file to “This is the additional information to 

the output file”, then run the calculation. 

Task 2: Go ahead to check the contents of the output data file and write down the first 

line of the numeric calculation result.  

Task 3: Now a little bit challenging. Try to reset the constants to “Geosecs constants 

(NBS scale)” and keep the other input as in Task 1, and rerun the calculation.  

Task 4: Go ahead to check the contents of the output data file and write down the first 

line of the numeric calculation result. Then compare the data with the one from Task 2. 

Are they the same (Yes or No)? 
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Scenario 5: 

User E has heard a lot about the new online CO2SYS program and wants to learn 

more about it. He logs onto the CO2SYS web home page and tries to find the answers for 

the following questions. 

Task 1: What types of input mode does this program accept?  

Task 2: What is the email address of  “Douglas Wallace”, one of the original authors of 

the DOS version program?  

Task 3: What are the typographical errors for the reference of “Clayton, T.D., and R.H. 

Byrne. 1993”?  

Task 4:  What are the typographical errors on page 261 of the reference of “Goyet, C., 

and E. Peltzer. 1994”?  

Task 5:  What is the release date for version 1.03 of CO2SYS program? 

Task 6: What is the definition formula for Hfree, which is on the free pH scale? 
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6. Data capture form 
 
Table C1 The data capture form for test scenario one. 

 

Code# Date Time 

Scenario#/Task# Task description Comments 

1/1 

Try to set the input temperature to “-
12”, the input pressure to “erfasf”, the 
output temperature to “45”, the output 
pressure to “10005”, fCO2 as the CO2 
type and TA and TC as the input 
parameters. “afad” is for TA and “-
1230” for TC. After all the inputs are 
done, go ahead to run the calculations. 

 

1/2 

Write down the content of the 
prompted message, and go ahead to 
check the information and the valid 
data input range, if any, for the 
following: “input temperature”, “input 
pressure”, “output temperature”, 
“output pressure”, “fCO2”, “TA”, 
“TC”. 

 

1/3 

Based on the information you have 
gained from Task 2, try to fix any 
errors from your previous inputs and 
run the calculation again. 

 

1/4 

Write down the values of pH, fCO2 
and pKW under the input condition and 
the output condition. Check the 
information for “Note” and write 
down the additional uncertainties due 
to constants at output conditions for 
freshwater. 

 

1/5 

Now it becomes a little more 
challenging. Try to find the value of 
TC that can generate pH of 7.9883 
under the same input conditions as in 
Task 3 (i.e. same temperature, 
pressure, and TA). Write down the 
value of TC. 
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Table C2 The data capture form for test scenario two. 

 

Code# Date Time 

Scenario#/Task# Task description Comments 

2/1 

Try to set fCO2 as the CO2 type, TA 
and TC as the input parameters, the 
input file to “C:\case1.inp”, header 
lines to “sfsdf”, ID fields to “1.5”, 
designated value of missing value to 
“adsfa”, missing flag to “Yes”, the 
output file to “C:\case1.out”, the other 
lines to the output file to “This is the 
additional information to the output 
file”, then run the calculation. 

 

2/2 

Write down the content of the 
prompted message, and go ahead to 
check the information and the valid 
data input range, if any, for the 
following: “header lines”, “ID fields”, 
“designated value of missing value”. 

 

2/3 

Try to reset the header lines to “2”, the 
ID fields to “5”, the designated value 
of missing value to “-5”, and rerun the 
calculations. 

 

2/4 

Write down the content of the 
prompted message and reset the ID 
fields to “2”, and rerun the 
calculations. 

 

2/5 

Write down the content of the 
prompted message, reset the 
designated value of missing value to “-
7” and rerun the calculations. 

 

2/6 
Try to check the content of the output 
file and write down the last line of data 
on the output file data window. 
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Table C3 The data capture form for test scenario three. 
 

 

Code# Date Time 

Scenario#/Task# Task description Comments 

3/1 

Try to set the constant to “Roy et al., 
1993”, the pH scale to “Total scale 
(mol/Kg-SW)”, KSO4 to “Dickson”, 
salinity to “57”, phosphate to “-12”, 
silicate to “safasa”, the input temperature 
to “18”, the input pressure to “12”, the 
output temperature to “15”, the output 
pressure to “2.5”, CO2 type to “pCO2”, 
TC and pCO2 as the input parameter, TC 
to “5”, pCO2 to “6000”, and go ahead to 
run the calculations. 

 

3/2 

Write down the content of the prompted 
message, and go ahead to check the 
information and the valid data input 
range, if any, for the following: “salinity”, 
“phosphate”, “silicate”. 

 

3/3 
Try to reset salinity to “32”, phosphate to 
“5.8”, silicate to “7.5” and rerun the 
calculations. 

 

3/4 
Write down the content of the prompted 
message, and fix the errors with valid 
input values and rerun the calculation. 

 

3/5 

Write down the values for TA, pHtot, fH 
under the input and output conditions. 
Check the information for “Revelle 
factor” and write down the normal value 
range of revelle factor for seawater. 
Moreover, check the information for 
“Omega” and write down the definition 
formula for “Omega”. 

 

3/6 

Now it is a little challenging. Try to find 
the value of pCO2 that can generate pHtot 
of 7.4658 under the same input conditions 
as above (i.e. same temperature and 
pressure, salinity, TC, etc). Write down 
the value of pCO2. 
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Table C4 The data capture form for test scenario four. 
 

Code# Date Time 

Scenario#/Task# Task description Comments 

4/1 

Try to set the constant to “Roy et al., 
1993”, the pH scale to “Total scale 
(mol/Kg-SW)”, KSO4 to “Dickson”, 
“fCO2” as the CO2 type, TA and TC 
as the input parameters, the input file 
to “C:\case2.inp”, header lines to “2”, 
ID fields to “2”, designated value of 
missing value to “-7”, missing flag to 
“Yes”, the output file to 
“C:\case2.out”, the other lines to the 
output file to “This is the additional 
information to the output file”, then 
run the calculation. 

 

4/2 

Go ahead to check the contents of the 
output data file and write down the 
first line of the numeric calculation 
result. 

 

4/3 

Now a little bit challenging. Try to 
reset the constants to “Geosecs 
constants (NBS scale)” and keep the 
other input as in Task 1, and rerun the 
calculation. 

 

4/4 

Go ahead to check the contents of the 
output data file and write down the 
first line of the numeric calculation 
result. Then compare the data with the 
one from Task 2. Are they the same 
(Yes or No)? 

 

 
 
 
 
 
 
 
 
 
 

 133 
 
 



 
Table C5 The data capture form for test scenario five. 
 

 

Code# Date Time 

Scenario#/Task# Task description Comments 

5/1 
What types of input mode does this 
program accept? 

 

5/2 
What is the email address of  “Douglas 
Wallace”, one of the original authors 
of the DOS version program? 

 

5/3 
What are the typographical errors for 
the reference of “Clayton, T. D., and 
R. H. Byrne. 1993”? 

 

5/4 
What are the typographical errors on 
page 261 of the reference of “Goyet, 
C., and E. Peltzer. 1994”? 

 

5/5 What is the release date for version 
1.03 of CO2SYS program? 

 

5/6 What is the definition formula for 
Hfree, which is on the free pH scale?  
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7. Post test questionnaire 
       Code #__________ 

 
The statements below all relate to the tasks you just completed. Please circle the 

score that most represents your response to the following statements (leave the answer 

blank if the statement is not applicable). 

a.) I felt that the completions of the tasks overall was     

  Very easy         Somewhat difficult  Very difficult 

 1  2  3  4  5 

b.) I felt that finding the help information on the web page  

Very easy         Somewhat difficult  Very difficult 

 1  2  3  4  5 

c.) I felt that changing the options or inputs and recalculating were 

Very easy         Somewhat difficult  Very difficult 

 1  2  3  4  5 

d.) I felt that obtaining the feedback from each action was 

Very easy         Somewhat difficult  Very difficult 

 1  2  3  4  5 

e.) I felt that determining and recovering from errors were 

Very easy         Somewhat difficult  Very difficult 

 1  2  3  4  5 

f.) I felt that understanding the input format information was 

Very easy         Somewhat difficult  Very difficult 

1  2  3  4  5 
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8. Post test interview 
 

Code #__________ 
 

a.) What do you think about this system generally? 

b.) What additional functionalities do you think should we add to the system? 

c.) Do you have some ideas about the changes we should make to the interface? 

d.) If you have ever experienced with the DOS based version of this CO2SYS 

program, can you compare and contrast these two versions of programs? 

e.) Do you have any other suggestions? 
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9. The completeness of the testing for each user and possible comments 

Most of users forgot to check the hyperlinks beside each input for the valid input 

information (e.g., task 1/2, 2/2, or 3/2, etc) because their background knowledge 

reminded them of that. I have asked them about this and they said they have neglected 

those accidentally and I showed them after the testing. They really like the ideas of the 

hyperlink beside each input. For more challenging tasks such as task 1/5, 3/6, most of 

users just kept changing one of the inputs instead of the input parameter and got 

frustrated. Finally they were told to move on to the next steps.  

 
Table C6 Summarized are completeness of the user testing with possible comments. 

 
Task 
list User 1 User 2 User 3 User 4 User 5 

1/1 

Want to click 
“Tab” key to 
jump between 
input windows 

(Complete) 

Complete 

Confused about 
the invalid data 

input at the 
beginning and 

finally get 
started 

(Complete) 

Complete Complete 

1/2 

Forget to check 
the hyperlinks 

beside each 
input for input 

information 
(Incomplete) 

Complete Complete 

Forget to check 
the hyperlink for 

input 
information 

Forget to check 
the hyperlink for 
input information 

1/3 Completed Complete Complete Complete Complete 

1/4 Completed Complete Complete 

Does not check 
“Note” for 

information (the 
rest is complete) 

Complete 

1/5 

Try to change 
TC values 

several times to 
match the pH 

value, instead of 
choosing TA, 
pH to find the 

true TC 
(Incomplete due 
to time waste) 

Try to change 
TC values 

several times to 
match the pH 

value, instead of 
choosing TA, 
pH to find the 

true TC 
(Incomplete due 
to time waste) 

Change the 
input parameter 
to “TA, pH” to 

find the TC 
value 

(Complete) 

Try several TC 
to get the right 

pHtot and 
incomplete due 
to time waste 

TA, TC (5, 6000) 
still triggers the 

error message for 
invalid 

combination of 
TC and fCO2 

(Complete after 
clicking 

“Execute” button 
twice). 
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2/1 

First does not 
understand what 
“CO2 type” is, 

“Enter” key does 
not work after 

input the “input 
file” name 
(complete) 

Go to “Home” 
link to get 

started 
(complete) 

Go to “Home” 
link to get 

started 
(Complete) 

Go to “Input 
mode” to choose 
“Batch” to start 

(Complete) 

Clicking the 
option “Batch 
mode” to get 

started 

2/2 
Want to 

highlight the 
invalid input box 

(Complete) 

Complete Complete Browser the file 
and complete 

Type the file 
name and click 

the browser 
button for the file 
input (Complete) 

2/3 Completed Complete Complete Complete Complete 
2/4 Completed Complete Complete Complete Complete 
2/5 Completed Complete Complete Complete Complete 
2/6 Completed Complete Complete Complete Complete 

3/1 
Click “Home” 

link to get 
started, 

completed 

Choose 
“seawater” on 
the first option 
to get started 

Go to the 
“Home” link to 

get started 

Choose 
“Seawater” to 

get started 
(Complete) 

Clicking the 
“Home” link to 

get started 

3/2 

Does not check 
the hyperlink 
information 
beside each 

input for input 
information 
(Incomplete) 

Does not check 
the hyperlink 
information 
beside each 

input for input 
information 
(Incomplete) 

Complete Complete 

Forget to check 
the hyperlink 
information 

beside each input 
for input 

information 
(Incomplete) 

3/3 Complete Complete Complete Complete Complete 

3/4 

With valid input 
(TC = 2100, 

pCO2 = 600), the 
error message 
still comes out 
(complete after 

clicking the 
“Execute” twice) 

Error message 
still comes out 

even if the input 
values are valid 

(TC= 2235, 
pCO2 = 657), 
complete after 

clicking the 
“Execute” 

button twice 

Same problems 
found as user 1 
and user 2 and 

finally 
complete by 

executing again 

Do not close the 
error message on 

the display 
window and 

with valid inputs 
the results do not 

display 
(Complete after 

closing the 
window) 

Error message 
still comes out 
even with valid 
input (complete 
after executing 

again) 

3/5 Complete Complete 

Calculation 
results are not 
centered in the 

display 
window 

Forget to check 
the hyperlink for 
the information 

(Incomplete) 

Complete 

3/6 

Try to set pCO2 
several times to 

match pHtot 
value, instead of 

TC, pHtot 
(Incomplete due 
to time waste) 

Change pCO2 
value several 

times to get the 
pHtot, 

(Incomplete due 
to time waste) 

Try to change 
pCO2 several 

times to get the 
right pHtot 
(Incomplete 
due to time 

waste) 

Try to change 
pCO2 values 

several times to 
find the right 

pHtot 
(Incomplete due 
to time waste) 

Complete 
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4/1 

“Enter” key does 
not work for 
“file input” 

(complete by 
clicking the 

mouse outside of 
the input) 

Complete 

Use browser to 
choose the 
input file 
instead of 

manual typing 
(Complete) 

Clicking the 
“Batch” option 
to get started 

“Enter” key does 
not work and 

“C:\\case2.inp” 
does not work and 

triggers error 
checking message 
(complete by re-
enter different 

name) 

4/2 Complete Complete Complete 

If one of the 
links on the 
output file 
display is 

opened, it will 
not display the 

content if 
changed 

Complete 

4/3 

Does not want to 
retype all the 

inputs after just 
changing one 

input 

Complete 

Keep the other 
options when 

just change one 
option 

Complete Complete 

4/4 Complete Complete Complete Complete 

The display 
window can not 

refresh when one 
of the links is 

clicked (complete 
by refreshing the 

window) 

5/1 
Find the answer 
from the “input 
mode” option 

Go to the “Input 
mode” option to 
find the answer 

Start the 
program and 

find the answer 
from the “Input 
mode” option 

Find the answer 
from the “Input 
mode” option 

Find the answer 
in the 

“Introduction” 
section 

5/2 Complete Complete Complete Complete Complete 
5/3 Complete Complete Complete Complete Complete 
5/4 Complete Complete Complete  Complete 

5/5 

Try several links 
of the program 
before find the 

answer 
(Complete) 

Check several 
sections of the 
program for the 

answer 
(complete) 

Quickly find 
the answer 

from “Help” 
section 

Check several 
links on the web 

to find the 
answer 

Several links have 
been tried to find 

the answer. 

5/6 

Go to the 
prompted 

window to find 
the answer 
instead of 

“Help” section 
(Complete) 

Complete Complete Complete Complete 
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