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Abstract
Groundwater related courses are offered through severa colleges a Virginia Tech. These
classes enrall a diverse group of students with varied academic kackgrounds and educationa
levels. Though these classes emphasize different aspects of groundwater resources, they
lack a unified gpproach in ingructiond materids and learning methodologies for knowledge
they do share. The gods of this research are to lessen the impact of varigble student
backgrounds and to better integrate the courses to improve teaching and learning, through
the devdopment of a multi-tiered, interdisciplinary webdste, Groundwater Interactive
(GWI). GWI, as an educationd technology, employs a variety of interactive multimedia
The primary educationd components of the webdte include interactive and graphical
models and quizzes, and a student-authored primer.  An implementation Strategy based on
experiential and cooperdive learning modes is developed for application of the GWI tool in
the classoom. An assessment methodology to evauate the effectiveness of these new
learning methods and techniques was dso developed, but was not implemented as part of

thiswork.

This research was supported by agrant from Virginia Tech's Center for Excdlencein

Undergraduate Teaching.
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Introduction
A framework was initiated for improved learning in cross-discipline, groundwater courses,
through the development of an interdisciplinary webste incorporating new learning

methodol ogies and technologies.

Groundwater accounts for close to 70% of the available fresh water resources on earth. Itis
therefore not surprising thet thisvita resource is studied in severa departments and colleges
a VirginiaTech. A recent growth of employment in these areas has atracted alarge
number of students from awide variety of backgrounds. On average, between 200 to 250
students per year enrall in groundwater courses across three departments. A typical class

will merge students with different academic backgrounds and educationd levels.

The study of groundwater hydrology and remediation requires the ability to integrate
chemigtry, biology, and physics, through quantitative problem solving skills. However, the
ingtructional materials for groundwater related courses in these departments lack a unified
gpproach. Current courses in groundwater at Virginia Tech emphasize different agpects and
perspectives, and have sringent prerequistes. They are dl highly andytica and technicd,

requiring students to assimilate abstract concepts.

Gods of this research are to lessen the impact of variable student backgrounds and to better
integrate the current groundwater related courses to improve teaching and learning. This

can be accomplished through the incorporation of interactive multimedia as an educationa



technology, and through the implementation of experientia and cooperative learning
techniques. Specific objectives of this research project were as follows:
Develop software modds, specificaly for educationa purposes, which include a
high degree of user interaction and grgphica visudization.
Develop quizzes, incorporating interactive review and problem:solving, which
provide learning through feedback and guidance.
Develop collaborative, sudent-authored, multimedia-enhanced webpages, which can
also serve as alearning resource to other students.
Deveop an interdisciplinary website and implementation Strategy to integrate the
previoudy mentioned goa's and objectives.
Develop an assessment methodology that can be used to eva uate the effectiveness of

the learning methods devel oped above.



Methodology

Groundwater Interactive (GWI) Described

Traditional Teaching/L ear ning Environment
Curriculum

Curriculum in the aress of groundwater hydrology/hydraulics, pollution and of groundweter
contaminant trangport is interdisciplinary in nature. Related courses are taught in the
Departments of Civil and Environmental Engineering, Geologica Sciences, and Crop and
Soil Environmenta Sciences. All courses are elther advanced undergraduate or graduate
level, and emphasi ze different agpects and perspectives. Related courses and descriptions
follow:
GEOL 4114 Groundwater Hydrology: Physical principles of groundwater flow; Sources,
occurrence, inventory, utilization, and recharge of ground water in the earth's crus;
Groundwater and geologic processes.
CEE 4314 Groundwater Resour ces: Groundwater hydrology; Aquifer properties, Steady
and ungteedy flow in both confined and unconfined aquifers, Well flow equations,
Groundwater resource evaluation and development; Design of groundwater recovery
systems; Introduction to groundwater modeling.
CEE 4594/CSES 4594 Soil and Groundwater Pollution: Application of mathematical
models for chemical movement in soils and groundweter to evauate soil and groundwater
pollutant behavior; discussion of pollution remediation technologies, design of subsurface
monitoring networks, case studies in soil and groundwater pollution; applicationsto
landfills, waste spills, septic drainfields, pesticideffertilizer leaching, and other problems of

environmental concern.



GEOL 5804 Quantitative Hydrogeology: Mechanics of groundwater flow in one and
multi dimensions. Application of initid and boundary conditionsin solving andytical
problems to vadose- zone and saturated flow systems. Fractured flow and Biot theory
problems are introduced. Well hydraulics.

CEE 5374 Dynamics of Groundwater: The theory of dynamics of fluidsin porous media;
groundwater modeling; trangport equations; boundary and initia value problems; flow of
immiscible fluids; dispersion.

CEE 5354/GEOL 5814 Numerical Modeling of Groundwater Flow and Transport:
Theory and practice of numerica techniques for development and gpplication of fluid flow
and transport problems. Modd conceptudization and design in multidimensiond systems.
Practica applications of modelsincluding cdibration, vaidation and prediction. Use of

MODFLOW , MODPATH, and MT3D.

Enrollment and Specia Considerations
These courses dtract students from avariety of programs and are al heavily enrolled.
Courses are either advanced undergraduate (senior 4000) or graduate level, and within
Separate departments emphasi ze different aspects and perspectives. Enrollment, therefore,
represents a population of students from awide variety of backgrounds with different
educationd higtories and objectives, and varied age and maturity levels. Class compaosition
ranges from undergraduates to PhD candidates, and incorporates ‘ scientists from some
departments and ‘ engineers from others. In addition, CEE 4594 / CSES 4594 and CEE
5374 are part of the MS Civil and Environmental Engineering curriculum offered through

the Distance Learning Program. When offered through the Distance Learning Program, an



additional 50-100 students per semester are typicaly enrolled. The mgjority of these

sudents are ‘nontraditiona’ and represent professionas in the workplace pursuing

continued education. Statistics for available classes are provided below. Figure 1 shows

enrollment for selected classes. Figure 2 shows student background represented by

enrollment per department. Figure 3 shows student background represented by enrollment

per academic leve.
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Figure 3. Student Background: Academic Level

Traditiond Pedagogy

Traditiondly, learning of the fundamenta principles of groundwater hydrology and

remediation has been in ateacher directed learning environment. This pedagogy is

primarily didactic lecture based and textbook driven with structured presentations of




curriculum materid. Being associated with structured knowledge, this pedagogy is
gppropriate for introductory experiences when the purpose isto: disseminate information,
present materid that is not available e sewhere, expose sudents to content in a brief time
that might take them much longer to locate on their own, and arouse Sudents' interest in the
subject. Thistraditiond method of college teaching relies on these basic principles:

Students are consdered passive learners, in that they are merdly expected to memorize and
recall knowledge that is transferred to them; Students are classified and sorted into
categoriesin a norm-referenced way depending on which grade they should get and whether
or not they have met requirements; A competitive environment causes students to work to
outperform their classmates; And the learning process takes place within the context of

impersond relationships between students and their peers (Johnson et a. 1991).

Groundwater Interactive

Reason to Use/ Changed Pedagogy
Professonds entering today’ s job market need to have attitudes and abilities that permit
them to independently identify and solve problems, and to communicate results to others.
They dso need to have skills for collaboration with people who are dike and different from
them. Employerswant a‘totalist’” who can bring specidized skillsto teams, retrain when
needed, collaborate on projects, and overlap skills and knowledge with other disciplines. To
solve problemsin the workplace, professonals must have the ability to work with othersto
plan and carry out gpplied research. Graduates will need to integrate information from a
variety of subject areas, ask questions that identify and solve problems, collaborate with

interdisciplinary teams, and use technology to develop and communicate concepts. Such



skills are promoted when ingtructional methods are used that involve students as partnersin

problem based learning activities.

Though lecturing has positive points as mentioned in the previous section, it is usudly not
respongve to the interdisciplinary concerns of the “totalist’, in that students primarily have
less freedom, become passive learners, have limited opportunities to generaize concepts to
applied settings, and problem:-solving abilities may be poorly developed (Hancock and Belts
1994; Schlager et d. 1999). Problems with the traditiona lecturing methodology are:
students attention to what the instructor is saying decreases as the lecture proceeds; it takes a
person oriented toward auditory learning to benefit from listening to lectures; tends to
promote only lower levd learning; it is based on the assumptions that al students need the
same information presented at the same pace; lecturing is what students tend not to like; and
It is based on a series of assumptions about the learning capabilities and Strategies of
students (Johnson et d. 1991). Many teachers assume thet al students learn the same way
30 they teach in thelr own individua style without consideration for differences among
sudents. This may cause students to experience discontinuity with their diverse

experiences, knowledge and learning styles. Thisinability to adapt to different learning

styles may be afactor for poor academic achievement (Davis 1996).

“A survey of teaching methods suggest that if we want students to become more effectivein
meaningful learning and thinking, they need to spend moretime in active, meaningful
learning and thinking, not just Sitting and passvely recaiving information. Getting Sudents

cognitively, physcaly, emationdly, and psychologicaly involved in learning isan



important step in turning around the passive and impersona character of many classrooms.”
(Johnson et a. 1991). A more open approach, incorporating experiential and cooperative
learning techniques, is associated with higher cognitive functions such as problem-solving,
provides freedom for student expression, input, and response, encourages team-building and
collaboration kills, and is more appropriate for higher level, advanced undergraduate or

graduate courses (Hancock and Belts 1994; Schlager et a. 1999).

Experientia Learning
The current work environment demands that employees have the ability to not only work on
thelr own but dso in multidisciplinary teams. Disciplinary studies may be better suited to
younger, traditionally aged learners, or to those interested in specific research aress.
Research has shown that the diverse students within our interdisciplinary classes are more
likely to benefit from interdisciplinary studies and from the experientid methodologies and
interactive technologies often used to support those studies (Dinmore 1997). Kolb's
objective was to develop an educationa methodology to meet the needs of the new diverse
student populations. “Kolb’s modd bases the curriculum on experientia learning to alow
the development of an integrative and non-disciplinary body of knowledge from the variety

of experiences brought into today’s classroom.” (Katula and Threnhauser 1999).

Experientid learning theory, developed by Kolb, isaholistic integrative perspective on
learning that combines experience, perception, cognition and behavior. The process of
experientid learning is a cycle involving four adaptive learning stages: concrete experience,

reflective observation, absiract conceptudization, and active experimentation (See Figure 4.



Kolb's Experientid Learning Modd (modified from Kolb 1984)). The concrete / abstract
dimension represents the grasping of knowledge, ether feding (tangible, fdt qualities of
immediate experience) or thinking (conceptua representation and symbolic representation).
The reflective/ active dimension is one of transforming knowledge, either watching

(internd reflection) or doing (active externd manipulation). The learning process depends
upon transactions among the four stages and the how the dimensions are resolved. A higher
level of learning, therefore, results from the combination of grasping knowledge and

transforming it (Kolb 1984).

Concrete
Experience

Grasping by
Feeling

Active lTransforming Transforming ~ Reflective
Experimentation ~ py Doing by Watching ~ Observation

Grasping by
Thinking

Abstract
Conceptualization

Figure4. Kolb’sExperiential Learning Model (modified from Kolb 1984)

Cooperdtive Learning
Experientid education compared to other ingtructional methodol ogies has a higher
motivationd vaue that stimulates sudent involvement, especidly if performed in

cooperative groups. “While most red world tasks are cooperative in nature due to their

10



complexity, time congtraints, or requirement for broad experience, cooperative learning is
rarely incorporated into the educationa classroom. Cooperative interaction in the classroom
has been shown to change the traditiondly passive learning environment created by
lecturing, to one in which students become more cognitively active.” (Johnson et d. 1994b).
Compared to competitive and individua learning methodologies, cooperative learning
proved more beneficid by: promating higher achievement; developing critica thinking and
reasoning, pogitive attitudes towards learning, interpersond skills, and sef-confidence; and
by developing interpersond reationships that provide a network useful to sudents later in
their careers (Johnson 1999; Schlager et d. 1999). Complementary research has shown
benefits of the cooperative learning methodology to include: students benefit from different
perspectives on the materid, leading to deeper understanding; the group brings with it a
broader range of experience than any oneindividud; by communicating what they have
learned to others, their learning can lead to broader gpplication of the materid; a sense of
involvement and identification in groups is developed, supporting the need to interact with
others (Chou and Sun 1996). This methodology replaces the mass production, competitive,
organizationa structure of most classrooms with a team-based, high- performance
organizationa structure. Cooperative learning helps raise the achievement of dl students
involved, with involvement being extremey high because of the freedom to synthesize and
gather information that is meaningful to them. This methodology gives the student the
ability to develop team-working and problem-solving skills as aresult of group dynamics
(Schlager et d. 1999). “It helps build positive relationships, which isthe heart of cregting a
learning environment that values diversity, and gives students the experiences they need for

hedthy socid, psychologicd, and cognitive development.” (Johnson et a. 19944).

1



Cooperative learning is the incorporation of smal groups in which students work together to
not only maximize their own learning, but each others learning aswell. In the cooperdive
learning philosophy: dl individuds are given the opportunity to learn in many different

ways and a varying rates, dl individuds are given recognition for their achievements dl
individuals are recognized as both learners and teachers; the learning environment is
characterized by interdependence and diversity (Davis 1996). Teaching should be based
upon the cooperative learning principlesin which: knowledge is constructed, discovered,
transformed, and then extended by students; students actively construct their own
knowledge; faculty effort isamed a developing students competencies and taents,
education isapersona transaction among students and between the faculty and students as

they work together (Johnson et . 1991).

The basic components of cooperative learning are; positive interdependence, promotive
interaction, individua accountability, use of interpersond and smal group skills, and group
processing. See Fgure 5 for the basic components of cooperative learning and their
relationships with one another. Two types of cooperative learning groups are; forma

learning groups, and informa learning groups.

Positive inter dependence enables sudents to see that each group members’ work benefits
each other member. Smal groups maximize the learning of al members by dlowing shared
resources, and providing support and encouragement. Each group member redizes that his

or her role, resources, and responsihilities are required and indispensable for group success.



Promotive interaction isaresult of postive interdependence and occurs with members
encouraging and facilitating other members' effortsto reach team goas. This aspect of
cooperative learning increases efforts to achieve, develops hedthy interpersona
relationships, and enhances psychologica adjustment and social competence.

Individual accountability assesses the performance, within the team environment, of
individua group members. This method ensures that dl group members benefit from
learning cooperatively, and are held responsible for contributing an equa share to the group.
Group processing identifies and improves group members  effectivenessin cooperative
efforts to achieve group goas. This process reflects on a group session to describe what
actions were hdpful and unhelpful, and to decide what actions should be continued or
changed.

Inter per sonal and small group skillsare developed as a necessary part of team function.
To achieve group goas, members must trust and support one another, communicate clearly
and effectively, and resolve group conflict in a congructive manner.

Formal cooper ative lear ning groupsinvolve group members working together from one
class period to severd weeks, to achieve shared learning god's and complete specific tasks
or assgnments.

Informal cooper ative lear ning groups involve group members working together

temporarily from afew minutes to a class period to achieve a shared learning god.

13
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Figure 5. Basic Components of Cooper ative L earning

Educationa Technology
The use of technology in college teaching isincreasing rgpidly. Technologies such as web-
based interactive multimedia are changing the educationad paradigm. Multimedia has been
used to describe awide variety of computer based systems, primarily those integrating audio
and video with conventiond text, ill images, animations, other graphics, etc. The World
Wide Web has become an excdlent host for multimedia, by providing improved tools,
interactive functiondity, and broader bandwidth. Web oriented programming languages
alow the ability to creste gpplications that can include interactive multimedia e ements,
Multimedia placed on the web, provides for salf-directed, self-paced learning and can be

accessed at various times and places suitable to both teacher and learner (Charp 1997).
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There has been extensve research conducted on the effectiveness of computer-based
education. Research shows that with the use of educationa technology, substantia benefits
may be expected in the areas of: content, curriculum, and pedagogy enhancement; student
preparation for the labor market; and university program competitiveness. Research
Specificaly reveds that computer-asssted ingtruction is equa or superior to traditiona
ingruction in the following aspects: sudent achievement with both short- and long-term
retention; attitude toward the material and the ingtructor; and time to complete tasks. These
sudents attain higher achievement in sgnificantly lesstime, perhaps around 20% or more
on average, than traditionally educated students (Cartwright 1993; Ehrmann 1995; Green
and Gilbert 1995). “A particular sudy found that students usng multimedia materias
scored sgnificantly higher than those using traditiond text materids after two hours of
exposure to the materid; the multimedia group aso expressed positive reactions to the

experience, wheresas the text group found the instruction boring.” (Halpern 1994).

The most common use of computers in education involvesindividud students usng
software that drills on basic skillslearned in dass. This practice lessens interaction among
others and does little to promote the development of higher order thinking. However, web-
based multimedia applications can provide a community that fosters cooperetive learning.
“Studies indicate that cooperative learning teams working with computers show an increase
in achievement over those students engaged in competitive work or individudized learning
involving computers.” (Hapern 1994). In acomprehensgive collection of research on web-
based technology, researchers have concluded that this technology changes the educationa

paradigm by enhancing these aspects of the learning experience: project- and team-based

15



ingruction, distance learning course ddivery, use of Smulations and scenarios, reaching
hidden voicesin the dlassroom, learning self-discipline, research collaboration, and

cooperative learning (Tang and Johnson. 1999).

Motivation
The use of experientia learning theory, cooperative learning methodology, and educationa
technology must dso incdlude the important eement of motivation. Experientid learning
does not take place unless the student is willing, and desires to move through the learning
cycde. Toingpire the active involvement component of experientid learning, the learner
must be motivated, extringcaly or intringcaly, to engage in the learning experience
(learning will be more enthudadtic if the sudent is intringcaly motivated), and the learner
must be legitimized (relevance is needed for learning to have alagting effect). Two
conditions must be present for mativeation to be strong in the student.  First, the learner must
recognize the persona lacking of what is to be learned, and secondly, the learner must
believe the knowledge will enhance the achievement of persona goals. When these two
conditions exigt, strong motivation takes place and the learner becomes focused on
acquiring the new knowledge. The object, therefore, isfor educators to identify and
Incorporate ways to maximize motivation in students at the beginning of the process (Burns
and Gentry 1998). Figure 6 shows the new teaching/learning scheme and the relationships

between experientia learning, cooperative learning, educationd technology, and motivation.

16



Experiential
Learning
Model

N~ | >

) Ground
Cooperative Water
Learning Interactive

Motivation

Figure 6. EL-CL-ET-Motivation Scheme

Development of GWI

Ground Water Interactive (GWI) isajoint effort from faculty and studentsin the
Departments of Civil and Environmental Engineering, Geologica Sciences, and Crop and
Soil Environmenta Sciences. Those with direct responsbility include: Dr. Danidl
Gdlagher, Associate Professor, Civil and Environmenta Engineering; Dr. Mark
Widdowson, Associate Professor, Civil and Environmenta Engineering; Dr. Naraine
Persaud, Associate Professor, Crop and Soil Environmenta Science; Dr. Thomas Burbey,
Assgtant Professor, Geologica Sciences; and the author of this thesis, Eduardo Mendez,
Graduate Research Assgtant, Civil and Environmental Enginesring. The Ground Water
Primer is authored by students in CEE 4594/CSES 4594 Soil and Ground Water Pollution.

The four faculty members involved actively teach the previoudy listed courses. Eachis

17



currently posting notes and other class materias to the web. Drs. Galagher and Persaud
have run pilot versons of the sudent-authored primers since the 1996-1997 academic yesr.
All the faculty actively develop groundwater models as part of their research areas and

incorporate commercia software in their courses.

Because ground water courses at Virginia Tech attract students across disciplines and
colleges, and because different students learn differently, GWI was developed as an
interdisciplinary, web-based, multimedia application to provide an interactive teaching and
learning environment for multiple groundwater courses. Through the organization and
content of GWI, students can achieve different levels of development and learning, enabling
them to manipulate GWI to address their own teaching / learning Stuations. GWI helps
bridge the gap between classroom theory and redl-world gpplications by giving students
experience in gpplying the concepts learned in class to Smulate groundwater problems.

(Yarbrough and Gilbert 1999).

While GWI rdies heavily on internet technology, it may aso be used as a stland-aone
teaching tool. The entire website may be loaded onto a hard drive and used in the
classroom, or at home, with no connection to the internet. GWI may therefore be used asa
multimedia presentation tool or home learning tool without an active internet connection.
Both Microsoft and Netscape advocate that browsers be used for stand-aone gpplications,
with Hypertext Markup Language (HTML) as the language (Tang and Johnson 1999).
HTML isthe standard language for describing the contents and appearance of pages on the

World Wide Web. Thisis becausethe HTML interface is user-friendly. Addefrom

18



hyperlink capability, HTML can be used to create graphica user interfaces (GUIs). GUIs
are inexpensive and easy to create, can be easly modified and debugged, and are naturaly
easy to use and learn. Theinternet browser and its hypertext capability is a powerful
teaching tool that alows the organization and presentation of information in an efficient and
effective way. The browser capability alows the teacher to locate and present afixed

amount of materid in away that is more flexible to the needs of the dlass being taught.

The development of the software includes andysis, design, production, evauation, and
revison phases. Gods included determining GWI objectives, andyzing learning tasks, and
collecting the required learning materids. Technological issues included hardware,
software, data-transfer techniques, protocols, applications, security, management and
maintenance. Learning materials and multimedia components were identified and organized
for each areaof GWI. A website format was designed, and storyboards for each section
were created to help visudize the merger between information and multimedia. Inthe
production phase of GWI, the multimedia components were developed and then written in
HTML format (Chou and Sun 1996). Works that influenced the content of GWI were
numerous and diverse. The content materid originated in various formats and required
converson to the HTML format. These documents were manudly converted usng
MSWord as HTML conversion software. NetObjects Fusion and Microsoft Front Page
were used as HTML development environments. Modules were tested throughout the
development period by severd individuas and were revised accordingly prior to initid

implementation.
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GWI contains awide variety of multimedia components, developed on awide variety of
systems. Multimedia componentsinclude: reading text, hypertext (interacting with one bit
of text can lead directly to different text (or other media) located e sawhere, images,
drawingg/paintings, animations, photographs, graphs, movies, sound, links. Hypertext is
nonlinear or nonsequentia text incorporating the thread capability, whereby itemsina
document are linked to the location of a document section located €lsewhere. Compressed
sound fileswork well to store talks on the pros and cons of a particular technology. Video
or animations can be useful visudization tools used to display smulations of contaminant
plume trangport, etc. Links alows access to materids outsde GWI's domain, permitting

users to explore the resources of stes having materias relevant to groundwater topics.

The design begins with a homepage, shown in Figure 7, that provides access to the main
components of GWI

(http:/AMmww.ceevt.edu/program_areas/environmental /teach/gwi/index.html). GWI
Incorporates a three-tier learning approach based upon three mgjor sections; models,
quizzes, and primers. The Models and Softwar e page includes a variety of graphica and
interactive models for educationa use, aswell aslinksto public domain modes The
Quizzes page is a series of multiple-choice questions deding with ground water hydrology
and pollutant transport. The Ground Water Primer isa set of sudent-authored web pages
concerning contaminant trangport and remediation. Other sections include; Cour ses link to
the ground water courses currently taught at Virginia Tech. Authors describes the creators
of and contributors to Ground Water Interactive. Links are available to externa ground

water stesthat are of interest to students.
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Figure7. Ground Water | nteractive HomePage

Models
Thefirst gpproach is based on a series of groundwater hydrology and contaminant transport
models devel oped within the Microsoft Visua Basic environment and incorporating MS
ActiveX technology. ActiveX technology alows the development of components that
enable interactive content for the World Wide Web. Through ActiveX, Web stes can use
multimedia effects, interactive objects, and sophigticated applications to creste an interactive
user experience. These ActiveX modes emphasize interaction and visudization, while
teaching the important agpects of commercidly available groundwater models. GWI

currently offers five contaminant fate and transport models. Each is described briefly
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below. All modds are Windows-based with setup programs available for download. For
users of Microsoft Internet Explorer, dl of these models may aso be run directly from your

browser usng MS ActiveX technology. Additiona models will be added as devel oped.

Contaminant 1D: The god of this program isto graph the andytica solution to the
advective-dispersive contaminant transport equation for ground water flow (See Figure 8).
The modd assumes a homogeneous, 1-dimensiond aquifer. Either the concentration profile
with distance, or the concentration profile with time can be graphed. The modd is useful

for explaining critica concepts in contaminant trangport with inputs including distance or
time, average linear velocity, dispersion coefficient, retardation factor, decay rate, and
duration of therdlease. The modd assumes a contaminant release over afixed duration. To
mode a continuous release, sat the duration to be greater than the time on the graph.
Although the duration can be set quite low, the mode is not designed to handle an
ingtantaneous spill. Students set the vaues of the input parameters using diders. Changes
to the inputs can be made smply by diding the gppropriate parameter’ s dider bar up or
down. Boxesat the top and bottom of the diders can be used to set the range for each
parameter. The blue number underneath the dider shows the parameter'svaue. If the
retardation factor is set greater than 1, or the decay rate is greater than O, two predicted
curves are shown to illustrate the impact that these mechanisms have on the concentration
profile. The curvein red isfor the contaminant with sorption and decay. The curvein blue
isfor a nonsorbing, nonreacting contaminant. As the dider moves, the pollutant profile
output graph is automatically redrawn. This gpproach dlows for the rgpid visua evaluation

of awide variety of options and helps to gain a better understanding of the importance of the



model parameters, alowing the sengtivity of the predicted concentrations to be easily
asessed. The graph can be switched from plotting concentration vs. time to plotting
concentration vs. distance with the click of abutton. Different types of boundary conditions

can be examined as easly. The digplayed graph can be printed through a menu command.

¥ docformMain VBD - Microsoft Internet Explorer provided by Virginia Tech
J File Go Favortes  Contaml1D File  Contaml1D Help  Help |
L P »
SO < B G AN - BEa e B e
Back Fonward Stop HRefresh  Home Search Favortes  Histo tail it Edit
J.i\gldress I [r:\E dMendezgallagherprogrammingtAldoneB B contam 324 c 1 docformbd ain VB D j @Go |J Links *
Ground Water Contaminant 1D Model
o
()]
—_—
()]
Time (d)
Digtance (m) Welocity (m/fd) Dizper. [m™2/d) Retardation Decay [/d) Duration (d)
|1000 I I I |10 4 | I j0.001 [10000
| 240 | 0,28 | 7.1 | 1.9 | oooon | 250
BC: {* fixed conc. £ aradient £ wvar Hux X Axis: O Distance & Time
E l_l_ ty Computer P

Figure 8. Contaminant 1D Model

Random Walk: This gpplication is a dynamic, two-dimensgona groundwater contaminant
transport modd with graphicd interface that tracks particles of contamination. The mode is
based on the Random Walk approach described in various groundwater textbooks
(Charbeneau 2000). Modd assumptions include; a homogeneous, 2-dimensiond aquifer,

and steady State flow conditions. Modd inputs include spill location, number of



contaminant particles, number of stream lines, groundwater velocity, dispersvity,
retardation, decay, aquifer thickness and porosity, and well locations, flow rates, and start
times (See Figure 9). Modd resultsinclude duration of smulation, and number of
contaminant particles captured, escaped, and decayed. The graphical animation shows
contaminant particle tracking, water flow paths, and well locations (See Figure 10). The
model incorporates the effects of pumping/injection wells and can be used to evauate well
capture zones as well as pump and treat remediation. Users can very easly “ingal” welsto
capture the pollution, and can evaduate different wel locations and pumping rates. This
verson dlows for wels to turn on during the mode run, thus changing the flow pattern.
Under these flow conditions the model assumes ingtantaneous equilibrium. File access
capabilities enable project information and model parameters to be saved to afile for

documentation, or for retrieval and smulation & alater date.
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Figure 10. Random Walk Model: Output Screen

Soil Partitioning: This gpplication isagraphica evauation of a soil fugacity modd
incorporating contaminant sorption and partitioning among the various soil phases (air,

water, organic, and inorganic) (MacKay 1991). Users sdect a contaminant from a
predefined dropdown ligt or enter data for an unlisted contaminant. The built-in sample data
sets dlow the quick andlysis of sorption parameters. Mode input parameters include
chemica data such as temperature, molecular weight, solubility, vapor pressure, and

reaction coefficients, as well as environmenta data such as chemica dosage and leaching
rate, soil factors, diffuson distance, and volume and mass fractions (See Figure 11). The

user selectsthe basisfor graphing model results using radio buttons (See Figure 12). Users
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may view graphs of various soil properties for dl phases as well as graphs of different

representations of chemical distributions among the soil phases. Users may aso view

reaction graphs for each remova process. Datain tabular format is generated for dl

chemica and environmental data, soil properties and contaminant distributions, and remova

processes. File access capabilities enable model parameters to be saved to afile for

documentation, or for retrieval and Smulation at alater date. Command buttons enable the

displayed graph and tabular data to be printed.
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Figure 11. Soil Partitioning Model: Input Screen
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Figure 12. Soil Partitioning Model: Output Screen

Drawdown: The purpose of this program isto graphicaly illugtrate the drawdown of the
potentiometric surface in the vicinity of apumping well (See Figure 13). The modd
assumes a homogenous, isotropic, confined aquifer, with radid flow to the pumping well.
The program estimates the drawdown from the Theis equation and illustrates the
development of the cone of depression as a function of elther distance a a congtant time, or
time a a condant disance. The modd is useful for explaining critical conceptsin wel
drawdown with inputsincluding distance or time, flow (pumping rate), transmissvity, and
dorativity. Students set the vaues of the input parameters using diders. Changesto the
inputs can be made smply by diding the appropriate parameter’ s dider bar up or down.

Boxes at the top and bottom of the diders can be used to set the range for each parameter.
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The blue number underneath the dider shows the parameter's value. Asthe dider moves,
the output graph is automatically redrawn. This gpproach dlows for the rapid visud
evaluation of awide variety of options and helps to gain a better understanding of the
importance of the model parameters, alowing the sengtivity of the cone of depresson to be
eadly assessed. The graph can be switched from plotting drawdown vs. time to plotting
drawdown vs. distance with the click of abutton. The scale of the maximum drawdown

displayed on the graph may aso be varied. The displayed graph can be printed through a

menu command.
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Figure 13. Well Drawdown Modd

pCpH Diagrammer: This program can graph the pCpH diagram (See Figure 14) and

charge balance (See Figure 15) for avariety of organic and inorganic acids. Modd inputs



include compound, total concentration of al acid species, meta concentration if any of the
acid is added as ametal sdt, and charge of the meta ion. The program assumes a
temperature of 25 °C, and that the activity coefficients of al species are unity. A predefined
acid may be sdlected from the dropdown box, and the appropriate pKas will automatically
be entered. If the acid is not listed, pKas can be entered directly. If used to plot bases, the
pKas, not the pKbs, must be entered. The model assumesthat if the metal concentration
exceeds the total concentration, the additional metd isto be added as metd hydroxide. The
charge balance can frequently be used to estimate the equilibrium pH at the intersection of
the positive and negative charge curves. Some cases, in which the curves are quite flat and
the intersection is difficult to distinguish, the proton condition may need to be applied by
hand to find the pH. The charge balance will not be correct for compounds that are +
charged at low pH and - charged at high pH. File access capabilities enable input
parameters to be saved to afile for documentation, or for retrieval and Smulation at alater

date. The displayed graph can be printed through a menu command.



ﬂ docpCpH YBD - Microsoft Internet Explorer provided by
i J File Go Favortes  pCpH File  pCpH Help  Help

J¢,=:>_9

Back Farward Stop

B A

Refresh  Home

@ ] 3

Search Favontes  Higtory

B = Bl B

GE Eiti Edit  Discuss

J Address I D:\EdMendezhgallagher programmingtaldonet'B 64pophtpl tdocpCpH YBD

] @60 ||Links >

pCpH Diagrammer

Select Compound: ! DE+DD_§
1.0e-01
Phosphoric Acid [H3PD4) j 108 sz 2 He
He-U.lg
1.0e-033
CT (M) ||]_l]l]l]l]5 :
1.0e-04- bk
5. —
- > 1.0e-05+4 \
pKa 'S 1.0e-0fi4 et
2 1.0e-074
Metal Conc [M] Iu_[|[||]3 = E J HIRO4
1.0e-084
Metal charge I:Tﬁ 1.09_095
108-104 -
1.0e-11-
1 E # HPO42
o 1.0e-12+
Charge Balance 3
i 1.0e-13
1 P
Graph e e e e e e L ]
a 2 3 4 8 B 7 8 910111213 14
pH
i |@ l_ l_ My Computer 4

Figure 14. pCpH Diagrammer: pC pH Screen
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Figure 15. pCpH Diagrammer: Charge Balance Screen

Quizzes
The second approach, the quizzes section, incorporates web-based interactive review and
problem solving exercises for groundwater hydrology and contaminant transport. These
quizzes are in the form of multiple-choice and short answer questions that provide feedback
and guidance through explanations of solution methods and typica errors. Figure 16 shows
screen capture of aquiz question. Figure 17 is a screen capture of page that islinked to if
question is answered incorrectly (provides additiona educationa information). There are
currently four quizzes, one from each contributing professor of Ground Water Interactive.

Additiond quizzes will be added as developed. Since the courses involved often emphasize
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quantitetive problem solving skills, this approach will strengthen the skills of the students
who are used to more descriptive courses and provide areview of materia covered in class.
Quizzes were developed with HTML, VBScript, and JavaScript. VBScript, developed by
Microsoft, is a subset of the Microsoft Visud Basic programming system. Microsoft
Internet Explorer version 3.0 and higher, dong with other World Wide Web browsers, can
read VVBScript programs embedded in HTML pages. JavaScript, a cross-platform, World
Wide Web scripting language devel oped by Netscape Communications, may aso be
inserted directly into an HTML page. Interactive content is enabled through the use of
HTML form elements. Textboxes are used for numerica responses. Vdidation functions
were coded into textboxes to alow appropriate ranges to be entered for each answer.
Checkbox elements are provided for Yes/ No or True/ False statements where an answer
doesn't preclude other choices. Radio buttons are used to respond to questions with
multiple answvers that are mutudly exclusve. Submit buttons tells the browser when the
student thinks the answer to the question is complete and should be submitted for
evauation. Reset button empties the form inputs and resets any preselected choices to their
origina values. Command buttons enable the student to link back to previous parts of a

quiz question to review information, or to move on to the next question.
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Figure 16. Screen Capture: Quizzes Section
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Primers
The third gpproach, Ground Water Pollution Primer, is an ongoing project in an
interdisciplinary classin the Civil and Environmental Engineering Department and Crop
and Soil Environmental Science Department: CEE 4594 / CSES 4594 Soil and Groundwater
Pollution. Each term, teams of students are required to write aweb page on atopic of their
choice dedling with ground weter pollution. Webpages are organized and incorporated into
the Primer, which is a sudent-authored, web-based textbook designed to integrate with
course material. Figure 18 is a screen capture of one of the student-authored webpages.
Primer chaptersinclude; sources of pollution, types of contaminants, transport of
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contaminants, fate of contaminants, models, remediation, monitoring, and legd aspects.
Thisisalong-term project, in which further topics are added each semester that the classis
taught. The primer is designed to provide both degper learning on a particular topic aswell
astraining in technica writing, web page authoring, and multimedia development. This
approach not only benefits the student author, but also other students and the generd public,
because the primer serves as an additiona source of technicd information. The most
powerful part of the primer as an educationd experience is not its use, but rather the
sudents experiencein creating and developing thetool. Thisisided experientid and
cooperative learning, as students work together to publish their webpages in a continuing
and growing project that adds to the understanding of the materid. When students are
actively engaged in the design and development of GWI, the extent and the quality of their
learning increases as they become more involved and motivated to learn not only the
techniques of webpage design but aso the content that go into the design (Hapern 1994;

Brooks 1997; Tang and Johnson 1999).
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Figure 18. Screen Capture: Primer Section

Enactment of GWI
I mplementing GWI
A way to facilitete learning among students with different abilities and learning sylesisto
incorporate al four of Kolb's learning stages; concrete experience, reflective observation,
abstract conceptudization, and active experimentation. “The use of dl four stages
dtimulates students regardless of their learning preferences and chalenges them to develop
al the skills necessary for effective thinking and problemsolving.” (Brock and Cameron
1999). For activities at each learning stage, students with the corresponding learning
preference will excd, dlowing sudents to serve as role models for each other, and

37



increasing thelr sdf-confidence for learning new materia and skills. Through proper
Structuring of cooperative learning techniques with the GWI toal, al four of Kolb'slearning

stages will be incorporated and result in higher learning.

Research suggests spedific tips to implementing cooperative learning: initidly make
cooperative learning asmall part of the grade; use cooperative learning with criterion
referenced grading, as opposed to norm-referenced grading; introduce the technique well;
structure the learning activities S0 that sudents must learn something, not do something; and
provide clarity and organization. Discussing group functiondity isessentid. Students do
not learn from experience what they do not reflect on. “If learning groups are to improve,
members must receive feedback, reflect on how their actions may be more effective, and

plan to be even more skillful during the next activity.” (Johnson et d. 1991; Halpern 1994).

It is therefore recommended to incorporate forma and informa cooperative learning groups
into the existing curriculum such that experiential and cooperdtive learning techniques may
be dowly adapted to. Following is aproposed structure for utilizing informal cooperative
learning groups for GWI-based in-class activities, and forma cooperative learning groups
for primer projects. These two examples are a means of introducing the new learning
methodol ogies and technologies into a more traditiona classroom setting, and may be

adapted or expanded to other activities or projects, as the teacher deems appropriate.



In-Class

Lecturing with informa cooperdtive learning groups entails having focused discussons
before and after the lecture (bookends), and intersperaing pair discussons throughout the
lecture. Two important aspects of informa cooperative learning groups are, to make the
task and the instructions explicit and precise, and require the groups to produce a specific
product. Research on student attention span suggests that breaking up the lecture every 15-
20 minutes will result in much higher time-of-task among students. Research aso shows
that the rehearsd of information soon after its introduction resultsin greater retention
(Halpern 1994). An example procedure follows:

Introductory focused discusson

L ecture segment |

Par discusson |

o Formulate

0 Shae

0 Ligen

o0 Create

L ecture segment |1

Pair discusson 11

Repest lecture/ pair until lecture period is dmost over

Closure focused discussion

This procedure may aso be applied in arefined structure for out-of-class activities.



Out-of-Class
Theindructor'srolein using forma cooperative learning groups includes these parts:
specify the objectives for the lesson (academic and socid); explain tasks and goas, monitor
the effectiveness of the groups and intervene to provide assistance or to increase students
socid skills; evauate achievement and help students discuss how well they collaborated
with one ancther; and evauate the quaity and quantity of their learning (Johnson et d.

1991). Application of forma learning groups for primer projectsis asfollows:

Students are divided into teams of up to 3 members (Johnson 1994a) and pick atopic with
faculty guidance. The students must then write a technica web page that incorporates
multimedia (photos, drawings, sounds, animations, videos, etc.). Optional classes are
offered to teach the gppropriate software and web techniques. The Civil and Environmenta
Engineering computer laboratory provides dl the necessary equipment, hardware, and
software to devel op multimedia components and student webpages. The use of
programming languages and multimedia devel opment introduces students to experientia
learning techniques through system design and operation, information handling, and the
marmachine interface. The conceptua modd for the design project must fulfill three
criteria: learnability, functiondity, and usability. The projects incorporate aspects of
professona practice: topic approva is by means of a 1 page proposa, which enables
students to get advice on the suitability of their topic; progress reports are required and draft
versons are posted for faculty comment and revision before the fina project isdue. This
feedback mechanism enables students to elaborate on their ideas, and for faculty to make

suggestions for improvement. Revison dlows for improvement in technica writing skills.



The ingructor can aso match the difficulty of the project to the ability and experience of the

student (Nixon 1993).

Evaluation of GWI

Evduation and assessment are integra aspects to the incorporation of experientid and
cooperdive learning, and interactive multimedia as new methodol ogies and technologies.
Two important aspects to the evauation of experientia and cooperdtive ingtructiond
methodol ogies are the effectiveness for the sudent, and the motivationd level. Student
outcome and motivation can be measured through student feedback, asto the degree to
which the course comparesto traditiona instructionad methodologies (Schlager et al. 1999).
To assess the usability and ingtructiond effectiveness of GWI, it is recommended both
quantitative and quditative data would be collected at the beginning and end of the semester
and andyzed. Datawould come from feedback questionnaires (See Appendix A) and grade

distributions.

Two sample questionnaires, initid and conclusion, were developed to include both
methodologica and technologica assessment. Surveys contained both quantitative
questions (the degree with which a student agrees or disagrees with a atement) and
quditative questions (opertended questions). Initid surveys, used for a preiminary learner
anadyss, collect student demographic data, information about past computer use, and prior
knowledge of educationa methodologes and technologies. Conclusion surveyswould
assess the student views on the effectiveness of GWI activities and the cooperdtive

environment in helping them learn the materia and in making learning more interesting.
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This survey is designed to evauate how students perceived the usefulness of GWI and
alowsthem to expressther likes/ didikes about GWI as awhole or how any individud

module may be improved.

Class grade distributions would be used to quantitatively evauate the degree of learning that
was achieved. Grades such as from homework, quizzes, exams, and projects, would
compare sudents performance with those of previous classes. Students GPAswould aso
be compared with their final grades to determine the correlation between class and overdl

performance (Y arbrough and Gilbert 1999). (See Figure 19, Figure 20, and Figure 21)
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CEE 4594 Grade Distribution
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Standard web based gatistics should aso be collected for GWI, in particuar thethree main
tiers, models, quizzes, and primers sections. These gatistics include number of user hits,
and the percentage of users from the Virginia Tech community (based on IP address of
user). Counts of the number of assignments and the number of student web pages authored

would be maintained (See Figure 22).
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The standardized class evauation given a the end- of-semester to assess the students
overal perception of the course would also be incorporated (See Appendix B: Standardized

Course Evduations for questions included in the course evauation).



Continuous Operation and Maintenance

A Graduate Teaching Assstant (GTA) would be required to maintain the GWI ste, program
or convert, and/or revise interactive modds, develop and/or revise problembased review
quizzes, organize and post the student pages, and maintain the eva uation and assessment
tools and records. Faculty members would be responsible for overseeing the GTA, for
conducting optiona classes in web authoring and multimedia development, for continued
development of groundwater models and software, for devel oping suitable questions for the
problem review quizzes, for developing homeworks and projects based on the interactive
models and quizzes, and for conducting the assessment protocols. Additional GTA/faculty
support isrequired to maintain the web server, for working with students during the web
projects, and for addressing general GWI user issues. Continued monetary resources would

be needed for hardware and software updates and revisions.



Discussion

Experiential and Cooperative Learning Issues
Often in the gpplication of experientid learning programs, discrepancies appear between
theory and practice. Asnot every experienceisvauable, not dl experientia learning
activities are valuable in their connection to student learning. A criticism isthat few faculty
members are trained in the * Principles of Best Practices’ to accomplish experientid
learning. The*Principles of Best Practices include intention, authentication, planning,
clarity, orientation, training and mentoring, monitoring and assessment, reflection,
continuous improvement, evauation and acknowledgement. “ Experientia education
programs will reach their god of enhancing student learning only when the adminigtration
supports a program for training faculty members to participate in it, and when those faculty
members can facilitate student comprehension of the meaning of learning through such
experiences. Experientia education programs that work are those that are supported by
adminigrators who are committed to programs that facilitate faculty understanding on this
learning model and where incentives are given to those teachers who engage in them.”

(Katulaand Threnhauser 1999).

Concerns of ingructors about adopting cooperative learning in the classroom include not
being able to cover as much content in lectures, not having time to prepare cooperative
learning activities, and what happens when some students work and others don'’t.
Considering the use of these teaching methodologies, it is not surprisng that some materia
may have to be omitted to provide time for group member activities. Instructors, therefore,

need to access whether such methods are feasible for their course. Also, these teaching



methodol ogies may be more time consuming for the ingructor than traditiond lecture-

oriented teaching. Again, the ingructor must weigh the benefits and costs (Johnson 1999).

Another concern with the cooperative learning methodology is thet the greater the positive
Interdependence within alearning group, the greater the chance of disagreement and conflict
among group members as they share their different information, perceptions, and
conclusons. These controversies can be congtructive or destructive, depending on how they
are managed and the sudents' leve of interpersona and small group skills. “When
managed congtructively, controversy promotes uncertainty about the correctness of one's
conclusions, an active search for more information, a reconceptualization of one's
knowledge and conclusions, and consequently, greater mastery and retention of the materid,

and more frequent use of higher-level reasoning strategies.” (Johnson et a. 1994b)

Educational Technology and Technical Issues
Identifying promising advanced technologies and planning how to integrate them into
ingruction are two very different issues. An important finding was that it usualy takes
years for educationa software to be developed and properly implemented (Ehrmann 1995).
Reasons for thisinclude under-funded support such that faculty cannot be certain that the
required hardware and software will be consistently available and operable, and thet it is
amogt impossible for an unsupported faculty member to find the time and resources
necessary for efficient and effective implementation (Ehrmann 1995). The limited teacher
support for integrating unfamiliar technologiesinto education is mgor concern with the use

of technology in schools. Asaresult, teachers frequently avoid new technologies or use
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them for purposes other than they were designed for. Changing a course involves shifting to
unfamiliar materids, cregting new types of assgnments, and inventing new way's of

asessing student learning. Different ingtructors, therefore, may respond to technological
change in different ways. The challenge they face may cause uneasiness with technologica
development because it may change persond habits, or the existing culture or power
gructure (Gerard et d. 1996). Research shows that alarge number of faculty members are
willing to adopt and implement a technologica innovation only if an expert on the subject is
avalable to assist them. Having a gpecidist available to work with faculty members, and
develop new curriculum that incorporates modern technology, should have ahigh reward in

improved learning (Light 1992).

The interactive modds are based on Microsoft’s new ActiveX Documents technology,
which isan extenson of their ActiveX Control gpproach. ActiveX documents run within a
container program, in this case the web browser, and gppear to the user to be fully web
based. ActiveX technology was chosen over the more open Java programming, another
technology for creeting interactive content. ActiveX components, as opposed to Java
applets, register themselves with the operating system so they only need to be downloaded
the first time the user accesses the page. ActiveX supports alarge number of existing
controls, particularly for graphs and spreadshests, which were not generdly availablein
Javaat the time thiswork was started. ActiveX was aso preferred because of its portability
from Visud Basic, because of speed concerns for the numerica based models, and because
of itsfile access capabilities. A problem with ActiveX technology isthat only some

browsers support it. Internet Explorer is currently the only browser that makes wide use of



ActiveX technology (dthough a plug-in from NCompass Labs, called ScriptActive, dlows
Netscape Navigator to access ActiveX controls). Another potentid downsideto ActiveX is
that, unlike Common Gateway Interface (CGlI) or Active Server Pages (ASP), the models
are actualy run on the user’s computer, not on the web server. ActiveX components need to
be downloaded and permanently installed on the user’ s machine (using up hard disk space).
Some users may have security concerns about this method. The firgt time you run the

model, the download times may be rather long. After that, the model should download very
quickly, since only changes are checked. Discrepancies have dso been noticed with

ActiveX Document not be able to run on some machines. If thisis the case, the web-based
version of the modd may not be run, and the setup package for the stand-alone executable

of the modd will have to be downloaded instead.
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Conclusions

A framework was initiated for improved learning in cross-discipline, groundwater courses,
through the development of an interdisciplinary webste incorporating new learning
methodologies and technologies. A variety of graphica and interactive software models
have been developed and are being used as additiona educationa tools in the groundwater
curriculum. Multiple interactive quizzes have been developed by the participating faculty
and encompass a broad range of knowledge from across the many groundwater disciplines.
Over the past few years, the student-authored websites have grown into a comprehensive
primer, not only being a vauable learning experience for the authors, but dso serving asa
learning resource for other sudents and the generd public. The website, Groundwater
Interactive, merges these educationa tools together in aformat easily accessible by al those
involved in the teaching-learning process. GWI serves as the foundation of interactive
multimedia available for gpplication of the experientid and cooperative learning techniques
discussed in this paper. An assessment Strategy to evaluate the effectiveness of these new
learning methods and techniques was developed but not implemented as part of this work.
To determine the success of GWI as alearning tool, this strategy must be incorporated into
the continuous operation and maintenance of GWI. With assessment and ingtructor- student
feedback, the technol ogies and methodologies used in GWI could then be revised and

improved upon in future versons.
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Appendix A: Questionnaires



Virginia
m TECh Ground Water Interactive Web-Site

Initial Survey
Virginia Pol ytechnic Institute

and State Univer sity

Class: Date:

When applicable, choose the rating that most accuratdly reflects your opinion according to ascaeof 1to 5
with 1 being negetive and 5 being positive. Please fed free to include commentsin the space below each

question, and on the back of the pages, if needed.

1. Department :

2. Mgor / Program of Study :

3. Year: junior / senior / masters / doctorate / other:

4. Reason for taking class: required / eective / other:

5. Any previous experience with, or classes related to, this course’s materia : yes / no

6. Rateyour quantitetive problem solving ability : 1 2 3 45
7. Rateyour knowledge of the sciences (i.e. chemigtry, biology, physics) : 1 2 3 45

8. Raeyour proficiency in computer / software/ internet use : 1 2 3 45

5




9. Any previous experience using ground water related computer models yes / no

If s0, which one(s):

10. Rate your technica writing gbility : 1 2 3 45
11. Have you ever developed web-pages before : yes / no
If S0, rate your &bility : 1 2 3 45

12. What' s your experience, if any, in the development of multimedia (i.e. audio, visud, graphicd)

13. Would you be interested in attending optiona classes to learn appropriate

software and web authoring techniques: yes / no

14. Do you have the ability to access the internet from homewith

Microsoft Internet Explorer 4.0+ : yes / no

15. What is your opinion of using the internet/ computer- based gpplications as additiond learning tools:




Virginia
m TECh Ground Water Interactive Web-Site

Conclusion Survey
Virginia Polytechnic I nstitute

and State Univer sity

Class: Date:

When applicable, choose the rating that most accuratdly reflects your opinion according to ascaeof 1to 5
with 1 being negative and 5 being postive. Pleasefed free to include comments in the space below each

question, and on the back of the pages, if needed.

16. Rate your class experience of working with individuals from other departments,

mgors, and levels: P2
17. Rate your quantitative problem solving ability : 1 2 3
18. Rate your knowledge of the sciences (i.e. chemidry, biology, physics) : 1 2 3
19. Rate your proficiency in computer / software/ internet use : 1 2 3
20. Rate your web-page authoring ability : 1 2 3
21. Rate your technica writing ability : 1 2 3

22. If attended, rate the software and web authoring techniques classes : 1 2 3
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23. Rate the generd layout / usability of the Ground Water Interactive Site;

24. Rate the usability of the ground water models :
Contaminant 1D :
Soil Partitioning :
Random Walk :
Well Drawdown :

pCpH Diagrammer :

25. Rate the overdl difficulty level of the web quizzes:
Quiz1l:
Quiz2:
Quiz3:

Quiz4:

26. Rate the answer / feedback / guidance format of the web quizzes:

27. Rate the format of the primers:

28. Rate the usefulness of these web toalsin reviewing background materid :
Quizzes:

Modéls:




Primers: 1 2

29. Rate the usefulness of these web toolsin reinforcing / supporting materia covered in class:

Quizzes: 1 2
Models: 1 2
Primers: 1 2

30. Rate the usefulness of these web tools for the visudization of groundwater hydrology and contaminant

transport processes :

Quizzes: 1 2
Modedls: 1 2
Primers: 1 2

31. Rate the usefulness of these web tools for interaction with the user :

Quizzes: 1 2
Modedls: 1 2
Primers: 1 2

32. Which was your favorite modd, and why :
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33. Which was your favorite web quiz section, and why :

34. Which was your favorite specific primer or primer section, and why :

35. How much time (in hours) do you think you spent using thisste:

36. What is your opinion of using the internet/ computer-based applications as additiona learning tools :

37. Would you recommend this Site to others, outsde this class, to use as

agroundwater information resource: yes / no

38. Please comment on what you found most positive, most interesting, and most negative with the site and/or

how it was administered within the class:




Appendix B: Standardized Course Evaluations
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Questions to be included in the Standardized Course Evaluation

What do you like best about this class

What do you like least

Do you think that working on the assigned projects enhances your understanding of the
subject matter

Do you like working with your team

Are the teams reasonably uniform in terms of ability to do the work
Does everyone on your team contribute

Would you prefer to have homework rather than team projects

Do the projects seem relevant

Arethe lectures interesting

How can this course be improved

Would you like to see more courses taught this way

Other comments (Johnson 1999)
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