CHAPTER 7   PRELIMINARY EVALUATION





7.1	Introduction

	The purpose of this chapter is to provide a better sense of how and how well the system operates.

	Decision-support systems must be verified and validated before being deployed. Without proper verification and validation, a decision-support system could give erroneous and inconsistent results. Verification is a procedure to check whether or not the system is functioning as intended. Validation is a procedure to determine whether or not the system performance meets application requirements in the real world. In developing the ANTS system, a preliminary evaluation was conducted to verify and validate the system.

	There are several different methods to evaluate a decision-support system. One method is to compare results from the system with conclusive results obtained independently for the same problem from other systems. Another method  is to set up a problem where a known correct answer is available in the form of a measurable, physical entity. The system was evaluated using the latter approach.

7.2	Evaluation Procedures

	Test subjects were given the descriptions of seven contamination cases and were assigned the task of using the system to search appropriate models. A short survey with 16 questions was included in the evaluation. The short survey was used on verifying the results from the test cases.

	The evaluation’s main goals were to assess the present capabilities of the system and to identify those parts that required improvement. The evaluation also attempted to address the following issues:

Are the guidance modules in the system valid?

What is the most useful modeling guidance module?

Is the system sufficiently user-friendly so that it could be used without difficulty regardless of computer ability?

Which part of the system is most difficult?

What can be done to improve the system?

What are the effects of domain knowledge on the choices of the modeling guidance modules?

	The testing procedure was neither rigorous nor comprehensive. This evaluation was a preliminary assessment of how the system could perform. The testers would only use the information that we provided. The test involved very small quantities of data.

7.3	Descriptions of Evaluation Cases

	The evaluation had two parts. The first part contains five cases. The testers had to find appropriate models for each case. The testers were required to answer two questions: 

What model was chosen?

What modeling guidance module was used?

	The descriptions of the cases are shown in Table 7-1. The main purpose of this part was to test the ability of the modeling guidance module to guide a user to an appropriate model.



Table 7-1  Descriptions of the first five cases

Case�Description��1�A fully penetrating well is injecting an instantaneous source into a confined aquifer. Assuming the aquifer is a homogeneous, isotropic aquifer with semi-infinite boundaries.��2�Same as Scenario 1. However, the simulation results of your chosen model does not match well with the result from field observation. One possible reason is that the dispersion of the aquifer may not be a constant value (i.e. a function of time or field distance.)��3�A fully penetrating well is injecting an exponential decaying discharge into a confined aquifer of uniform thickness that is a homogeneous, isotropic aquifer with infinite boundaries. Please choose a three-dimensional dispersion model to match the scenario.��4�A fully penetrating well is injecting a continuous constant discharge into a confined aquifer of uniform thickness that has a radial flow field.��5�A chemical is transported from a landfill to a homogeneous aquifer. The source injection can be thought as a constant plane (area) source injection.��



	The second part of the evaluation had two cases (Javandel et al. 1984). The descriptions of two cases are shown in Table 7-2. The main purpose of this part was to test the ability of the modeling guidance module in guiding a user to an appropriate model and to test the ability of testers to use the chosen model. 



Table 7-2  Descriptions of cases 6 and 7

Case�Description��6�Consider a shallow, homogeneous, isotropic aquifer with a thickness of 10 meters and a steady uniform average pore water velocity of 1 meter/day. A relatively long ditch cuts through this aquifer perpendicular to the direction of flow as shown in Figure 7-1(a). A nonreactive chemical waste is being continuously poured into the ditch. The rate of chemical waste inflow is about 0.1 m3/day per unit length of the ditch. The concentration of a certain nonreactive constituent in this waste is 10 kg/m3. A longitudinal dispersivity of 10 meters and porosity of 0.2 are assumed. Given these conditions, perform the following steps:

find an appropriate analytical solution model to match this problem and

determine how far downstream from the ditch a concentration of 0.1 ppm or more can be found after 1, 2, and 10 years.��7�Consider a relatively thin, shallow, homogeneous, isotropic aquifer having a steady, uniform seepage velocity of 0.1 meter/day. Liquid waste from a factory is being discharged into a surface impoundment 100 meters long and 5 meters wide as shown in Figures 7-1(b) and 7-1(c). The impoundment ditch is perpendicular to the direction of the groundwater flow. The waste liquid seeping from the bottom of this impoundment reaches the aquifer and creates a constant concentration of 1000 ppm of a certain solute species in the area beneath the ditch. The parameters are the same as the previous problem. The transverse dispersivity of the aquifer is about 1/10 the longitudinal value. Given these conditions, perform the following steps:

find an appropriate analytical solution model to match this problem,

estimating the variation of concentration downstream from the source 1 and 5 years after the contaminant reaches the aquifer, and

given an allowable solute concentration for drinking water of 10 ppm, indicating the area of the aquifer downstream from the source where groundwater is considered to be contaminated 5 years after the solute reaches the aquifer.��
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Figure 7-1  Layouts of cases 6 and 7



7.4	Test Subjects

	The test subjects in the evaluation were classified into two areas, as shown in Tables 7-3 and 7-4. There were 13 test subjects in this evaluation. Nine subjects were graduate students. Most subjects obtained their knowledge from groundwater related classes. 

Table 7-3  Background of test subjects

Background of the test subjects�Number��Academic Institute (school)�9��Government agency, petroleum company, consulting firm, others�4��



Table 7-4  Groundwater modeling knowledge source of test subjects

Groundwater modeling knowledge source of test subjects�Number��School�9 (12*)��Work experience�3��Short training class�1��* Three test subjects marked two items.



	Tables 7-5 and 7-6 show that nine test subjects had limited experience in groundwater contaminant transport modeling. These nine test subjects were classified as the novice test subjects (the novices). Four test subjects had more than three years experience in the domain field. These four test subjects were classified as the experienced test subjects (the experts).



Table 7-5  Test subjects’ experience in groundwater modeling

Experience in groundwater modeling�Number��Less than 1 year�6��1 to 2 years�3��2 to 3 years�0��More than 3 years�4��



Table 7-6  Test subjects’ domain knowledge

Domain knowledge�None�Novice�Average�Good�Expert��Rate�0�3�6�3�1��



	Table 7-7 shows that all the test subjects had average or good computer skills. Ten out of 13 test subjects believed that they were capable in using spreadsheet programs. Nine out of 13 test subjects had average or good knowledge in using the Internet. Only one test subject was a good programmer. The results show that a majority of the test subjects were casual computer users.



Table 7-7  Test subjects’ computer skills

Skills of�None�Novice�Average�Good�Expert��Computer�0�0�7�6�0��Spreadsheet�0�3�3�7�0��Programming�0�7�5�1�0��Internet�0�4�5�4�0��

	The results in Tables 7-3, 7-4, 7-5, 7-6, and 7-7 suggest that a majority of the test subjects belonged to the NC user category that are novice engineers and casual computer users.

7.5	Evaluation Results

7.5.1	Results of the Cases

	The results of the evaluation are shown in Tables 7-8, 7-9, and 7-10. Columns “Novice” and “Expert” in these tables contain the results of a particular module used or answered by the novice test subjects and the experienced test subjects, respectively.

	Table 7-8 shows the results of the search modules used by the test subjects to find appropriate models. Sixty-five out of 98 models (66.3%) were chosen by the scenario module in the results of all the test subjects. Fifty-eight out of 70 models (82.9%) were chosen by the scenario module in the results of the novice test subjects. Nineteen out of 28 models (67.8%) were chosen by the hierarchy module in the results of the experienced test subjects.



Table 7-8  Modules used by test subjects in finding appropriate models

Case�Hierarchy�Scenario�Ranking�Pick from list��Domain�Novice�Expert�Novice�Expert�Novice�Expert�Novice�Expert��1�3�2�7�2�0�0�0�0��2�2�3�8�1�1�0�0�0��3�1�3�9�1�0�0�0�0��4�0�4�11�0�0�0�0�0��5�1�2�9�1�0�0�0�1��6�1�2�8�1�0�0�0�1��7�2�3�6�1�0�0�1�0��Subtotal�10�19�58�7�1�0�1�2��Total�29�65�1�3��



	Table 7-9 shows the results of the models chosen by the test subjects. Some test subjects used more than one module to find a model for each case. The results of all the test subjects show that 71 out of 95 (74.7%) chosen models were either the correct models or acceptable models. The results of the novice test subjects show that 47 out of 71 (66.2%) chosen models were either the correct models or acceptable models. The results of the experienced test subjects show that 22 out of 24 (91.7%) models were either the correct models or acceptable models. 



Table 7-9  Models chosen by test subjects

Case�Correct model�Acceptable model�Wrong model�No match��Domain�Novice�Expert�Novice�Expert�Novice�Expert�Novice�Expert��1�5�3�3�1�2�0�0�0��2�4�4�0�0�4�0�2�0��3�6�4�0�0�2�0�2�0��4�7�4�0�0�3�0�0�0��5�5�4�0�0�3�0�1�0��6�8�3�0�1�1�0�0�0��7�5�4�0�0�2�0�2�0��Subtotal�44�22�3�2�17�0�7�0��Total�66�5�17�7��



	Table 7-10 contains the results of the test subjects’ answers of cases 6 and 7. The results of all the test subjects show 15 out of 26 (57.7%) answers were correct or reasonable. The results of the novice test subjects show 9 out of 18 (50%) answers were correct or reasonable. The results of the experienced test subjects show six out of eight (75%) were correct or reasonable.



Table 7-10  Answers by test subjects

Case�Correct answers�Reasonable answers�Incorrect answers�No answer��Domain�Novice�Expert�Novice�Expert�Novice�Expert�Novice�Expert��6�5�3�0�0�4�1�0�0��7�1�3�3�0�3�1�2�0��Subtotal�6�6�3�0�7�2�2�0��Total�12�3�9�2��



7.5.2	Result Analysis

	The results in Table 7-8 suggest that the scenario module was the most used guidance module among the novice test subjects. However, the hierarchy module was the most used module among the experienced test subjects. The different choices between the novice test subjects and the experienced test subjects may indicate that the hierarchy module is more suitable for the experienced domain users. These results also indicate that domain knowledge remains an important factor in selecting an appropriate guidance module.

	The results in Table 7-9 suggest that the guidance modules were effective in choosing appropriate models for the novice test subjects and the experienced test subjects. 

	The results in Table 7-10 suggest that many test subjects did not have sufficient knowledge to find the correct solutions for two given cases, even though they were able to find the appropriate models. Most experienced test subjects were able to find the correct solutions for the given cases.

	Although a majority of the test subjects had average computer skills as shown in Table 7-7, they were able to find the appropriate models for the test cases. These results indicate that computer skills were not an important factor in choosing an appropriate guidance module in this system. 

7.5.3	Responses from Test Subjects

	The responses from the test subjects are shown in this section. Most test subjects thought the ANTS system was useful or very useful as shown in Table 7-11. Most test subjects thought the design of the ANTS system was good or excellent as shown in Table 7-12.



Table 7-11  Test subjects’ opinions regarding usefulness of ANTS

Usefulness of ANTS�Don't know�Not useful�Sort of�Useful�Very useful��ANTS�1�0�0�9�3��



Table 7-12  Test subjects’ rates of ANTS

Rate of ANTS�Not very useful�Could be better�Average�Good�Excellent��Interface�0�1�1�6�5��Guidance Modules�0�1�1�9�2��Java models�0�1�0�8�4��User friendliness�0�1�4�7�1��Model Library�0�1�3�7�2��



	The users’ choices of the best features of the system are as follows:

The guidance modules were powerful and flexible. In most cases, the test subjects were able to find appropriate models by using one of the guidance modules.

The test subjects were very comfortable with the user interface of the system.

The test subjects found that the visual graphs and the animated graphs were very helpful in explaining model properties

The test subjects found that the system could be easily accessed via the Internet. 

	The test subjects suggested that there were some problems in the system. The problems and their solutions are as follows:

1.	Problem: The scenario module seemed to be the best module for a user who is seeking an appropriate model. The problem was that the scenario module sometimes gave no results. 

Solution: There was no appropriate model for some particular scenario combinations. The user could use the hierarchy module or the ranking module to find a model for the particular case.

2.	Problem: The system needs to be more user-friendly by providing a step-by-step explanation on the importance and definition of model parameters. 

Solution: The focus of the system is to choose an appropriate model. The system does not address the problem of setting up parameters. However, there are visual graphs and animated graphs available on the system. A step-by-step tutorial is also available on the system.

3.	Problem: There was no output printing facility for Java applets. 

Solution: Web browsers such as Netscape Navigator and Microsoft Internet Explorer can not yet print a Java applet. The solution of the problem is to use a third party screen capture program to capture and print the image. Numerical values in the Java applet can be cut-and-pasted into other programs.

4.	Problem: Too many tools were provided to the users at the same time. The users may have difficulties to manage them.

Solution: This problem is sometimes called information overflow. The solution is to use the step-by-step tutorial that is available on the ANTS web site to understand the concept of the system.

5.	Problem: There was no easy way to navigate though all web pages. 

Solution: A navigation bar was added to the web site. The navigation bar gives the users an opportunity to navigate though the system from any page.

6.	Problem: Most analytical solution models in the model library were over simplified for field cases.

Solution: Analytical solution models are simplified models of the field cases. The main reason to build the analytical solution library is to let the users have choices in matching a field problem to an appropriate model.

7.6	Target User Matrix

	A target user matrix was created from the results of the evaluation as shown in Table 7-13. The target user matrix describes the degree of usefulness of the guidance modules to the four user groups. The number “1” means that the module is intended for the user group, so the module should be very useful for the group. The number “2” means that the module is not intended for the user group, but the module could be useful to the group. The number “3” means that the module is not intended for the user group. This matrix is used as a quick reference to choose a guidance module.



Table 7-13  The target user matrix

User groups�EP�EC�NP�NC��Hierarchy module�1�1�3�3��Ranking module�1�1�2�2��Scenario module�2�2�1�1��Model visualization�2�2�1�1��



	With several guidance modules available in the system, what guidance module should a user apply first? Figure 7-2 displays a flowchart of the recommended model search steps.
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Figure 7-2  The recommended model search steps



	The recommended search paths can be divided in two ways. For domain experts, the search steps are as follows:

A user first uses the hierarchy module to locate a model. If an appropriate model is found, the user can use the model to solve a groundwater contaminant transport problem. If not, go to the next step. 

The user can use the ranking module to find a model. If an appropriate model is found, the user can use the model to solve the groundwater contaminant transport problem. If not, go to the next step.

The user looks at the list of the model library. If an appropriate model is found, the user can use the model to solve the groundwater contaminant transport problem. If an appropriate model can not be found, the user should either simplify his problem or use a numerical model to solve the problem.

	For domain novices, the recommend search steps are as follows:

A user first uses the scenario assembly module to assemble a scenario to find a model. If an appropriate model is found, the user can use the model to solve the groundwater contaminant transport problem. If not, go to the next step. 

The user can use the ranking module to find a model. If an appropriate model is found, the user can use the model to solve the groundwater contaminant transport problem. If not, go to the next step.

The user looks at the list of the model library. If an appropriate model is found, the user can use the model to solve the groundwater contaminant transport problem. If an appropriate model can not be found, the user should either simplify his problem or use a numerical model to solve the problem

7.7	Summary

	A summary of the evaluation result analysis is as follows:

A majority of the test subjects belonged to the NC user category.

The guidance modules in the system were effective. In most cases, the test subjects were able to find an appropriate model. The results indicate that the system does match our expectation in finding appropriate models for the test cases.

The scenario module was the most used module in the system for the inexperienced domain users. The hierarchy module was more suitable for the experienced domain users. The results suggest that the degree of knowledgeability of domain experience can affect the system users’ decisions in choosing a guidance module. The results also confirm the assumption made in Chapter 3 (Conceptual Framework) - an experienced user of the domain field approaches a contaminant transport problem different to a domain novice does.

The results of the evaluation indicate that computer skills were not an important factor in choosing an appropriate guidance module. The reason is that most users were familiar with the Internet. Since the ANTS system is an Internet-based system, they had no problem to use a web browser to explore the system.

The results suggest that the Internet-based system was well designed, so the system was used without difficulty regardless of computer ability and domain experiences. The system is sufficiently user-friendly. 

The weak link of the system is how to setup a chosen model. As mentioned in the objectives and scope of the research, the system was not planned to address the problem in setting up model parameters. The results also suggest that the domain experts are more likely to setup a chosen model right.

Most test subjects agreed that the ANTS system could be a very useful tool in the field of groundwater contaminant transport modeling.
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