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The Learning Enhanced Watershed Assessment System (LEWAS) is a high-frequency, real-time environmental

monitoring lab on the Virginia Tech campus that supports watershed research and education. Student-centered modules

that incorporate hands-on activities and LEWAS data have been implemented into a senior level hydrology course at VT

(30 students) and several freshman level introductory engineering courses at Virginia Western Community College (73

students). A multi-loop assessment plan demonstrates how researchers at a large public university can collaborate with

community college faculty to improve assessment methods and classroommodule development. Assessment results show

student learning gains through active and collaborative LEWAS-based learning modules. A pilot test of a LEWAS-based

interactive online educational tool called theOnlineWatershedLearning System (OWLS), which allows students to access

real-time data, virtually explore the LEWAS watershed, and examine case studies, has also produced results that indicate

that student learning improves through virtual access to real-time and historical watershed data.
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1. Introduction

In 2008, the US National Academy of Engineering

(NAE) announced 14 Grand Challenges in engi-

neering that are awaiting solutions in the 21st

century. This list includes the challenge to ‘‘Provide

Access to Clean Water’’ [1]. Water is the critical

element for supplying food and energy, safeguard-

ing human health, and maintaining national secur-

ity. Increasing pressures for water demand
worldwide present challenges to scientists and engi-

neers to attain sustainable management of water

resources. A recent United Nations report projects

that virtually every nation will face a water supply

problemwithin the next 20 years. It is also estimated

that currently more than a billion people have little

access to clean drinking water and that 2 billion live

in conditions of water scarcity [2]. The recent NAE
publication entitled ‘‘TheEngineer of 2020’’ empha-

sizes that water supplies will affect the future of the

world’s economy and stability. Further, the report

highlights the need for implementing ecologically

sustainable practices to preserve the environment

for future generations [3]. To face large-scale envir-

onmental challenges in the 21st century, the

National Research Council outlined the need for
fundamental knowledge of: (i) the sources of con-

taminants and how they are linked to different types

and levels of human activities; (ii) the persistence,
transport processes, and degradation mechanisms

of these contaminants; and (iii) the risks they pose to

the environment and humans [4]. Schnoor warns in

a 2008 NAE magazine article [5] that unless better

ways to protect and improve water supplies are

found, the future looks dire for billions of people.

A key component to any solution is to educate

our youth about critical hydrology related issues,
and to train them as future professionals who will

develop appropriate solutions to address these

challenges.Hydrology education plays a fundamen-

tal role in developing professionals who understand

critical components of the hydrologic cycle and the

impacts that humans have on our water resources.

To develop students that are equipped to handle the

challenges of the future, classrooms must focus on
student-centered approaches that engage the stu-

dents in hands-on activities [6]. Two of the greatest

challenges facing hydrology education in the 21st

century include providing student-centered activ-

ities and field experiences in the classroom, and

replacing historical stationary data with real-time,

dynamic, and temporally and spatially variable

hydrologic systems [7–8]. Replacing traditional
teaching methods with student-centered experi-
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ences will require advances in classroom tools and

teaching methods that capture the attention of

students through an active learning experience.

As part of an ongoingNSF/TUES (type I) project

at Virginia Tech (VT), a Learning Enhanced

Watershed Assessment System (LEWAS) lab has
been employed to improve water sustainability

education in university and community college

classrooms. The LEWAS is a watershedmonitoring

lab on the VT campus that measures water and

weather parameters in real-time at high-frequency

temporal intervals and distributes this data through

an online watershed education tool called the

Online Watershed Learning System (OWLS). The
educational aim of the lab is to enhance student

learning by incorporating LEWAS-based, hands-

on activities into the curriculum that engage the

students in active and cooperative learning while

supporting classroom goals. The LEWAS was

implemented into a senior level hydrology course

(CEE 4304) at VT in the fall 2012 semester (Year 1)

[9] and spring 2014 semester (Year 3), and was
implemented into two freshman level courses

(EGR 120 intro. to Engineering and EGR 124

Intro to Engineering and Engineering Methods) at

Virginia Western Community College (VWCC) in

the spring and fall 2013 semesters (Year 2) [10]. The

overarching goal of this study is to examine how the

LEWAS impacts student learning through active

and collaborative learning modules that engage
students in water-related hands-on activities both

within and outside of the classroom

This paper covers the details of the overall design,

implementation, and assessment results from the

LEWAS modules impacting more than 60 seniors

at VT and 90 freshmen at VWCC. Section 2 of this

paper provides the historical background of the

LEWAS lab and demonstrates how this lab helps
implement the research-to-practice innovation cycle

at VT. The theoretical framework on which the

engineering education research in this paper is built

is discussed in Section 3. Section 4 presents the

methodology of implementing real-time, high-

frequency environmental data into university and

communitycollegeengineeringeducationaswellasa

multi-loop feedback and assessment process that
improves student-centered classroom modules and

assessment methods. Results in Section 5 indicate

that LEWAS modules, which engage students in

active and cooperative learning through hands-on

classroomandfieldactivities, improvestudent learn-

ing. A pilot test of theOWLS, an online educational

tool where students can access real-time data, vir-

tually explore the watershed, and examine case
studies, has also produced results that indicate that

student learning improves through virtual access to

real-time and historical watershed data.

2. The Learning Enhanced Watershed
Assessment System (LEWAS)

The development of the LEWAS lab began in 2008

with partial support under an NSF Department-

Level Reform (DLR) project (2004–09) at VT. The

lab was then called the LabVIEW Enabled

Watershed Assessment System (LEWAS) since it

represented a research extension of LabVIEW

learning modules implemented into a freshman

engineering course within the College of Engineer-
ing (CoE) at VT [11–12]. Since LabVIEW is

replaced by Raspberry Pi as the data acquisition

and processing hardware/software, we decided to

change the lab’s name to the Learning Enhanced

Watershed Assessment System (LEWAS) begin-

ning in May 2014. The lab has been integrated

into courses across multiple departments including

Engineering Education (EngE), Civil and Environ-
mental Engineering (CEE), andGeosciences, reach-

ing over 5,000 students since 2009 at VT [9–10, 13–

14]. Prior studies involving the LEWAS lab have

revealed that giving students access to real-time

watershed data increases student motivation. For

example, in a study involving 150 engineering fresh-

men atVT in the springof 2012, itwas demonstrated

that giving students access to real-time water and
weather data improved students’ motivation to

learn about water sustainability issues [13].

The formation of the LEWAS lab is a good

example of how engineering education research in

EngE informs the educational practice in CEE at

VT. In this context, the development of the LEWAS

has followed the innovation cycle of educational

practice and research [15] as shown in the diagram in
Fig. 1. Block 1 illustrates implementation of the

LabVIEW modules into a freshman engineering

course (Engineering Exploration, EngE 1024)

offered by EngE that all freshmen (�1,600 each

year) at VT are required to take during their first

semester. Positive learning outcomes from the Lab-

VIEWmodules led to additional hands-on activities

that leveraged the data acquisition (DAQ) strength
of the LabVIEW software and introduced students

to water related issues on the VT campus by acces-

sing water data using sensors and DAQ features of

LabVIEW [11–12]. This ultimately led to the devel-

opment of the LEWAS lab (block 2) as a system that

provides students with a real world application of

LabVIEW. Out of this project came a PhD disserta-

tion that demonstrated the educational value of the
LEWAS data using the theoretical foundation of

the expectancy value theory of motivation (block 3)

[13, 16]. In order to expand the application of the

LEWAS beyond EngE, the 3rd author collaborated

with the 4th and 5th authors and their team won a

NSF/TUES (Type I) grant in 2012 that led to
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incorporation of the LEWAS into a senior level

hydrology course at VT (fall 2012 and spring 2014)
and two introductory engineering courses atVWCC

(fall and spring 2013) (block 4). The implementation

of the LEWAS modules into these courses led to

further research questions that ultimately resulted

in development of the OWLS [17], part of an

ongoing PhD dissertation in EngE, which was

pilot tested in the spring 2014 hydrology course

(block 5). Promising results highlighted in this
paper have also led to future research ideas and

proposals (block 6) involving the LEWAS lab.

The LEWAS lab is positioned to capture water

and weather data in an environmentally significant

location on the VT campus. The LEWASfield site is

located at the outlet of the Webb Branch within the

Stroubles Creek watershed, just upstream of a

retention pond known as the Duck Pond. The
watershed has an area of 2.78 km2 and is highly

urbanized with residential and commercial devel-

opment encompassing portions of the Town of

Blacksburg and VT campus (Fig. 2). These condi-

tions enable the lab to study the quick response

times of a small urban watershed using real-time,
high frequency resolution (0.1–3 minute sampling

intervals) water and weather monitoring equip-

ment. Webb Branch was chosen as the site of the

lab because of its location on theVTCampus and its

environmental significance, as Stroubles Creek was

found to have a benthic impairment for 8 km

starting at the outfall of the Duck Pond retention

facility, immediately downstream of the LEWAS
site. The streamwas 303 (d) listed as impaired by the

Virginia Department of Environmental Quality

(VDEQ) beginning in 1996 to the most recent

report in 2012 [18], and stressors of the stream

include sedimentation, urban pollutants, increased

development, and stream channel modifications

[19].

The instrumentation at the LEWAS site is com-
posed of a network camera and environmental

sensors that monitor water quality, flow, and

weather parameters (Fig. 3). The sensors and their

data collection specifications are given in Table 1.
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Data from the three environmental sensors are

collected using a Raspberry Pi computer that runs

custom software developed for each sensor (Fig. 4).
The sensors are connected to the Raspberry Pi

through underground conduit that runs from the

sensors to the primary control box. As data is

collected by the Raspberry Pi, it is transmitted

through the campus wireless network to a local

database that in turn stores and transmits it to a
live data-viewer within the OWLS. The system is

powered by two solar panels that charge two 12

Volt, 30 Amp Hour deep cycle batteries connected

Walter M. McDonald et al.1142

Table 1. LEWAS Sensors

Name Type Parameters Sampling Interval

Sontek Argonaut-SW Acoustic Doppler Current
Profiler (ADCP)

velocity and stage for flow
estimates

1 minute

Global Water 705 Ultrasonic level transducer
(ULT)

stage behind a weir for flow
estimates

1 minute

Hydrolab MS-5 Multi-parameter water quality
Sonde

pH, temperature, specific
conductance, oxidation
reduction potential (ORP),
dissolvedoxygen (DO), turbidity

3 minutes

Vaisala WXT520 Weather transmitter air temperature, barometric
pressure, relative humidity,
precipitation*

5 minutes, *instantaneously

Weathertronics Tipping Bucket Rain Gage precipitation instantaneously

Fig. 3. LEWAS Lab Physical Layout.

Fig. 4. LEWAS Lab Connectivity (http://www.lewas.centers.vt.edu/).



in series. The batteries, located in a metal housing

next to the primary control box, power the instru-

ment operation and data transmission 24 hours a

day.

The historical and live data from the LEWAS is

made freely available through the OWLS, which
acts as the front end of the LEWAS lab. The OWLS

was developed during the 2013–2014 academic year

and was introduced as a pilot study in the spring

2014 hydrology course. The OWLS uses an

HTML5-driven web-interface to deliver integrated

live and/or historical remote system data (e.g.,

visual, environmental, geographical, etc.) to end

users regardless of the hardware (e.g., desktop,
laptop, tablet, Smartphone, etc.) and software

(e.g., Windows, Linux, iOS, Android, etc.) plat-

forms used. One of the strengths of such a design

is the idea of anywhere, anytime access to live system

data. Another strength is the graphical and visual

integration of the data that virtually situates the

user at the remote measurement site.

3. Theoretical framework

3.1 Student-centered learning

The LEWAS-based modules promote student-cen-

tered activities through active and collaborative

learning methods. Active learning is a theory that
proposes that students learn most effectively when

they are engaged in the learning process by doing

meaningful activities that require them to think

about what they are doing. Active learning both

introduces student activity into the traditional lec-

turemethod and promotes student engagement [22].

Studies have shown that students who are interac-

tively engaged through hands-on classroom activ-
ities learn and retain more information [23].

Through activities in the classroom, active learning

methods promote thoughtful engagement that

center around important learning outcomes.

LEWAS course module development strategies

are based on active learning theories that increase

student attention and learning through course

designs that keep the student actively engaged in
the classroom.

In addition to promoting active learning,

LEWAS modules encourage social interactions

that promote collaborative and cooperative learn-

ing. Collaborative learning refers to any teaching

method in which students work together in groups

to achieve a common goal [24]. It emphasizes

student interactions as central to the learning pro-
cess rather than learning as a solitary activity and

creates classrooms that are student-centered where

students take a more active role in their own

learning. Cooperative learning is a specific colla-

borative learning method where students not only

work together in groups, butmust rely on eachother

to accomplish shared learning objectives while also

being assessed individually [25]. Collaborative and

cooperative learning methods are supported by

various learning theories [26]. Social interdepen-
dence theory views cooperation as a result of

positive interdependence among individuals in a

group [27]. Individuals in a group are each impor-

tant parts of a whole and how they interact deter-

mines the groups’ outcomes. If the interdependence

is positive, individuals will encourage and facilitate

one another’s efforts to learn, if it is negative, they

will discourage and obstruct each other’s efforts.
Cognitive-developmental theory views cooperation

among individuals as essential to cognitive growth

[28]. This theory suggests that learning will occur in

a group if members properly coordinate individual

perspectives to attain a common goal. Close work

between students and their peers in a cooperative

effort, to learn, understand, and solve problems,will

result in cognitive development and intellectual
growth. The LEWAS seeks to implement student-

centered teaching modules based on these sound

learning theories by using cooperative and colla-

borative learning techniques that foster positive

group interactions.

3.2 Blooms taxonomy

In its report on the Challenges and Opportunities in

the Hydrologic Sciences, the National Academy of

Sciences states that, ‘‘Ensuring clean water for the

future requires an ability to understand, predict and

manage changes in water quality’’ [1]. These three

abilities can be aligned with the levels of Bloom’s

revised cognitive taxonomy [29–30].Understanding,

as evidenced by an ability to explain the occurrence
of changes inwater quality, fits with the second level

of this taxonomy i.e., understanding. Predicting

what is going to happen as the result of a particular

event in a watershed fits with the fifth level of this

taxonomy, i.e., evaluating. Managing requires the

development of management plans for a watershed

which necessitates the synthesis of diverse factors

impacting this system. This ability fits with the top
level of the revised taxonomy, i.e., creating. As

students’ progress through various academic

levels, they should likewise advance through all six

levels of cognition. Having a high level of cognition

about such water systems allows individuals to

move beyond solving water sustainability problems

to defining water sustainability problems, which

allows them to effectively manage water systems
[31].

The research design in this paper seeks to assess

students’ learning of critical hydrology topics.

Using Bloom’s revised cognitive taxonomy as a

Integrating a Real-Time Environmental Monitoring Lab into University and Community College Courses 1143



guide, Fig. 5 suggests topics that are appropriate for

each course level and can be used to help students

learn these topics. Levels 1–2 are applicable to
freshman-level community college courses. Here

students are (1) remembering concepts like what is

a watershed, and where does its water go, and, (2)

understanding topics such as water quantity and

quality parameters, data sensors, and human devel-

opment impacts on a watershed. Levels 3–5 are

applicable to the senior level hydrology course. At

this level students are (3) applying what they know
such as water flow represented as a hydrograph and

precipitation represented as a hyetograph, (4) ana-

lyzing data such as in computing runoff to rainfall

ratios, and (5) evaluating problems such as the

impacts from land cover changes and different

watershed events. The highest level, (6) creating, is

more applicable to a graduate level course where

students use their knowledge to create watershed
management plans.

3.3 Virtual learning environments

It has been demonstrated that students learn more

about the environment they are studying if they

have the opportunity to connect classroom learning

to experiences in that physical environment through

experiential learning [32]. These experiences that

bring about associations between the classroom

and the real world can be a combination of physical

field visits and virtual field visits. Whereas many of
the modules in this study include physical site visits

for the student, the OWLS virtually situates the

users at the field site through an interactive

watershed exploration experience. This fits under

the framework of situated learning, which argues

that knowledge is ‘‘distributed among people and

their environments’’ [33–34]. This definition divides

situated learning into two primary areas, i.e. knowl-
edge is distributed across people, e.g. a community

of practice [35], and knowledge is dependent on the

learning environment [36]. The former follows the

sociocultural tradition, while the latter follows the

sociocognitive tradition [37]. While no two learning

environments are exactly alike [38], we are able to

make judgments about the best previously learned

knowledge to apply to new learning environments

based on common features [39].

According to Newstetter and Svinicki, ‘‘Effective
learning environments support the learner in devel-

oping an ability to integrate the external environ-

ment structures and internal knowledge in problem

solving’’ [40]. Graphs and images are types of data

representations that engineers often use to help

themunderstand systems, and these representations

are increasingly being communicated via digital

technology. Within the context of water sustain-
ability, technology advances have increased our

ability to integrate remotely sensed environmental

data into the learning environment [41]. The ways in

which physical objects and data representations

alter the learning environment is called mediation

[37]. One of the strengths of the OWLS is its ability

to interactively integrate graphs and images in order

to virtually situate users at the LEWAS field site. In
this way, the OWLS can be used as a remote lab.

Remote labs, which allow users to be situated at the

study site without physically being present, are

spreading within engineering curricula [42–44].

Additionally, it has been estimated that there will

be over 220million Smartphone users in theU.S. by

2018 [45] and platform-independence allows the

OWLS to reach a larger number of people by work-
ing across mobile platforms.

Remote labs rely on digital technology to provide

remote access to users, and this technology is

especially powerful when it is interactive [46].Multi-

media uses digital technology to reach users via

multiple types of content, e.g. text, imagery, video

and audio. Many types of interactive multimedia

can be used in learning, e.g. open-ended learning
environments, tutorials and serious games [47].

However, according to Johri et al., ‘‘The role of

technological tools, particularly digital tools, is

extremely under-theorized in engineering education

and a perspective of mediation can prove useful to

develop a deeper understanding of technology use

and design’’ [37]. They have listed ‘‘Empirical stu-

dies of mediation by tools used in learning and
practice’’ as a potential engineering learning

research topic, which is an excellent match for the

OWLS.

4. Methodology

4.1 Goal and objectives

Theoverarching goal of this study is to examine how

the LEWAS impacts student learning through

active and collaborative learning modules that

engage students in water-related hands-on activities

Walter M. McDonald et al.1144

Fig. 5. Lesson plan guide including examples of water sustain-
ability education topics appropriate for each level of Bloom’s
revised cognitive taxonomy. Examples of the Hydrology Educa-
tion topics are covered in sections 4.3.1 and 4.4.1.



both within and outside of the classroom. The

objectives to meet this goal are to:

1. Create and implement student-centered learn-

ingmodules for a university senior level hydrol-

ogy course and community college freshman

level introduction to engineering courses.

2. Develop and implement tools to assess student

learning in each course over the span of
three years through a multi-loop assessment

approach.

3. Pilot-test application of the OWLS in the

Hydrology course in order to assess its impact

on student learning.

4.2 Assessment and evaluation procedures

The goal of the assessment approach is to support

the research goals that seek to determine how

student learning is impacted by LEWAS-based

modules. The assessment approach followed a

looped process [48–50] that occurred in four

phases: (1) planning of the assessment methods

based on the desire to improve student learning

using LEWAS-based modules, (2) implementing
the assessment plan, (3) analyzing and interpreting

the data collected, and (4) using the results to

improve LEWAS modules and the assessment pro-

cess. This method, applied across two institutions

(i.e., VT and VWCC), created a multi-looped pro-

cess where the two institutions (university and

community college) learned from and informed

one another by sharing assessment data (Fig. 6).
By following a looped process, the assessment not

only provides information on how LEWAS mod-

ules improve student learning, but also informs

future assessment activities. Thus, assessment

results from year 1 were used to improve upon

LEWAS modules and assessment methods imple-

mented in year 2, and results from year 2 led to

improvements for year 3.
The assessment plan used a sequential triangula-

tion mixed-methods design [51–52] that included

both quantitative and qualitative assessment meth-

ods in order to develop an understanding of trends

in the overall student population aswell as to obtain

detailed information about student perceptions of

participating in LEWAS modules. The mixed-
methods approach was developed in a way that

offered the best chance to obtain useful results

related to the research objectives. Data triangula-

tionwas deployed through various quantitative and

qualitative methods and data sources, in order to

produce valid, reliable, and trustworthy results.

Eachmethodwas chosen to be complementary to

the other by offsetting weaknesses in themethods or
data sources of each approach [53–54]. The quanti-

tative datawas collected through pre- and post-tests

as well as in-class assignments. Qualitative data was

collected through pre- and post-tests, in-class

assignments, class blogs, and informal discussions.

The quantitative data gives an objective representa-

tion of the class population, allowing for inferences

on the effectiveness of meeting the stated research
objectives. On the other hand, qualitative data takes

a more inductive approach, allowing for in-depth

answers that can be analyzed without preconcep-

tions or pre-determined categories. Taken together,

the quantitative and qualitative data complement

each other, producing detailed explanations to gen-

eralized data by comparing the results of each.

Some of the qualitative questions were also
‘‘quantitized’’ by applying a framework of categor-

ization to identify themes or categories of responses

to open-ended questions [55–57]. The qualitative

responses from the assessment questionswere quan-

titized by enumerating the frequency of themes

within the sample responses. This allows the quali-

tative data to be statistically compared to the

quantitative data and for the identification of
whether or not qualitative responses contain certain

themes. Themes were extracted using NVivo soft-

ware and two different investigators to ensure inter-
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rater reliability of the assessment instruments,

resulting in an average Cohens kappa coefficient

of 0.8 [58–59].

Student assessment was collected through three

methods: (1) pre- and post-tests, (2) class assign-

ments, and (3) informal discussions. The pre- and
post-tests were given to students before and after

LEWAS based modules were implemented in their

respective courses. To establish content-related

validity [58], experts in hydrology and water quality

developed the pre- and post-test questions to assess

student learning related to the course objectives and

ABETa-k student outcomes [60]. The pre- andpost-

tests contained amix of concurrent quantitative and
qualitative questions including categorical, ordinal,

numerical, and discussion questions. In addition to

pre- and post-tests, students were given assignments

in class that asked them to use the LEWAS system

to answer homework questions directly related to

classroom objectives and to reflect on their experi-

ences. These assessments provided quantitative

information from student responses to specific
questions that require quantitative or categorical

answers. Some questions in the assignments were

qualitative and designed to provide detailed

responses that further describe quantitative find-

ings. Some students in the 2014 Hydrology course

(Year 3) also shared their experiences through

informal discussions after class. These discussions

sought to gain thick descriptions from students
related to their experiences using the LEWAS.

Taken together, the student assessment data

sources are designed to give a good representation

of the overall student experiences and learning out-

comes from implementation of the LEWAS mod-

ules. Figure 7 illustrates the assessment procedure

for year 3. The multi-looped assessment procedure

led to the development of improved assessment
methods throughout the study. In years 1 and 2,

the assessment focused only on the pretest, posttest,

and class assignments. However, results that pro-

vided thick descriptions of the student experience

and detailed activities were lacking in the data. In

order to obtain deeper insight into the student

experience, informal discussions were added in the

final year. Results from the assessments are pro-

vided in sections 5.1–5.3.
There are multiple limitations that should be

considered given the experimental design. The

design is subject to internal validity threats due to

history (i.e., an event could occur during treatment

that influences the outcomes), maturation (i.e.,

participants could mature or change throughout

the treatment thereby influencing the results), test-

ing (i.e., the pretest could cause the participants to
become familiar with the material), selection (i.e.

students in the class will not be randomly selected

but are chosen due to accessibility and resource

constraints) or interaction effects through a combi-

nation of threats [61]. In addition, non-random

sampling may introduce systematic errors such as

selection bias, which undermines the external valid-

ity of the assessments. The samples will contain
students from the same course and will not be

statistically representative of a greater population,

therefore limiting the generalizability of the results.

4.3 Hydrology course at VT

The LEWAS was implemented into a senior level

hydrology course at VT during the fall 2012 and

spring 2014 semesters. Hydrology is an elective
course for senior and graduate students and is

taught once per year with an enrollment between

30 and 70 students, approximately 10%ofwhomare

graduate students. The course covers the funda-

mentals of hydrology including basic issues and

mechanisms of precipitation, infiltration, evapo-

transpiration, runoff, and subsurface flow, and

accompanying computational methods. Special
emphasis is placed on surface runoff quantity gen-

eration, including flood routing and forecasting and

urban hydrology issues. The primary goal of inte-

Walter M. McDonald et al.1146
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grating the LEWAS into the hydrology course was

to enhance student learning by incorporating

LEWAS-based active learningmodules throughout

the semester as the students were learning hydro-

logic topics. Distinct advantages of implementing

the LEWAS in a course on the VT campus are that
the students become familiar with the watershed in

which the classroom is located, and students have

direct access to the field site located on campus.

4.3.1 Hydrology learning modules

The LEWAS was introduced to the students with a

presentation at the beginning of the course that
covered the outdoor lab and its components, the

watershed, and the purpose of monitoring the

stream. Table 2 presents the LEWAS hydrology

learning modules that were implemented into the

hydrology courses. For the spring 2014 Hydrology

course implementation, three additional modules

(Storm Data Water Quality Analysis; Flow Com-

putations; Soil Saturation Impacts) were created to
further capitalize on the LEWAS’ capabilities to

reinforce hydrologic concepts. These additional

modules were motivated by the assessment results

from fall 2012 implementation in year 1 as well as

implementation of the LEWAS into VWCC curri-

culum in year 2.

In addition to the new modules, students were

given an OWLS-based assignment near the end of
the course as a pilot implementation of the educa-

tional tool. Studentswere required to use theOWLS

over the course of a week and answer questions

related to environmental data, graphical represen-

tations, case studies, and other observations.

During this week, students were given access to

historical data that was incrementally added to the

OWLS to give the appearance of being live.A screen
shot of the single graph view within OWLS in Fig. 8

gives an example of the data that students used

throughout the week. This allowed the students to

use the OWLS during a simulated week of data that

had multiple watershed events captured by pictures

andflow,water quality, andweather data.Details of

the OWLS development can be found in previous

works [17, 63].
These modules and activities required the stu-

dents to engage inmultiple higher levels of cognitive

thinking as related to Blooms taxonomy. Students

are required to apply (level 3 Blooms) what they

learn in class, such as hydrographs and hyeto-

graphs, to multiple problems involving LEWAS

data. The modules also require students to analyze

(level 4 Blooms) the LEWAS data, such as comput-
ing storm flows and testing runoff/rainfall ratios.

Finally students are required to evaluate (level 5

Blooms) their results in a greater context, such as

discussing how land cover or the factors surround-

ing a rainfall event affect the runoff/rainfall ratios.

4.4 VWCC courses

The LEWAS modules were implemented into one

freshman level introduction to engineering course at
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Table 2. Hydrology Learning Module Descriptions

Module Title Content Objective Student Assignment

Storm Characteristics hyetographs, hydrographs, land
cover, abstraction

Give students experience with
LEWAS data

Compute rainfall-runoff
coefficientswithLEWASrainfall
and flow data

Land Cover—Peak Flow—
Water Quality Correlation

land cover, storm flow quality
and quantity, peak flow rate,
runoff coefficients

Understand impact land cover
has on water quality

Evaluate runoff coefficients
using digitized land cover,
comment on error types in runoff
coefficients

Watershed Wiki weather, flow, water quality,
data analysis, data quality

Promote active and
collaborative learning through
hands-on group assignments

Monitor the watershed as a
group for a week and write a
daily blog on stream conditions
and submit a comprehensive
report [62–63]

Storm Data Water Quality
Analysis

water quantity, water quality,
stormwater

Understand the linkages
between water quantity and
water quality

Students analyze LEWAS data
and discuss how certain water
qualityparameterwere related to
flow

Flow Computations flow measurement methods,
contemporary flow sensors

Understand different flow
measurement methods and
techniques

Over a week groups compare
their own stage and flow
measurements with
measurements from LEWAS
sensors

Soil Saturation Impacts antecedent moisture condition,
soil saturation, overland flow

Understand the effect that
antecedent soil moisture
conditions have on infiltration
and runoff rates

Students analyze consecutive
and standalone storms to
calculate the impact of soil
moisture on runoff



VWCC in the spring 2013 semester, and again into
two courses in the fall 2013 semester. In total

approximately 90 students were exposed to the

LEWAS modules at VWCC. Unlike in the Hydrol-

ogy course where the LEWAS was introduced in

modules spread out over the duration of the seme-

ster, the LEWAS was implemented into the VWCC

courses over a span of 2 weeks (4 total classroom

sessions) near the end of the semester. This is due to
the structure and content of the freshman-level

community college introduction to engineering

courses. Whereas the hydrology course has topics

throughout the semester that are consistently

related to LEWAS data, topics in the introduction

to engineering courses are not directly associated

with hydrologic data. In EGR120, students are

introduced to the basics of engineering including
statistical analysis and LabVIEW programming,

and in EGR 124 students are introduced to the

engineering calculations, worksheets, and elemen-

tary numerical methods. The LEWAS effectively

addresses these course topics in a two week module

by providing real-world engineering problems and

an application of LabVIEW programming. The

implementation of LEWAS into these courses illus-
trates themultidisciplinary nature of the LEWAS in

that it can be applied to courses that are outside of

hydrology education but that still deal with pro-

gramming and data.

Multiple seminars and workshops were held to

develop VWCC LEWAS sessions and train VWCC

instructors in the LEWAS system. Seminars were

held in fall 2012 and spring 2013 to train VWCC
instructors in critical components of the LEWAS

including the sensors, data, and hydrologic con-

cepts. These seminars also resulted in initial discus-

sions that led to the development of the LEWAS

module for VWCC classes. In addition, VT team
members visited VWCC to assist in the pilot imple-

mentation of the LEWAS module in the first week

of the spring 2013 semester. Two workshops were

also held in the summers of 2013 and 2014 to discuss

the results of the implementation and prepare plans

for the coming year. These workshops allowed

researchers from VT and VWCC to come together

as a team to discuss the previous year’s assessment
data and to create improvements to themodules and

assessment methods for the upcoming year.

4.4.1 Intro. to engineering module

The module was developed to support the class

goals and outcomes through a real world applica-

tion of LabVIEW programming, data acquisition,

and data analysis. Specific learning objectives of the
LEWAS sessions were to introduce students to a

practical application of LabVIEW, problem solving

strategies via LabVIEW and Microsoft Excel soft-

ware, hands-on data collection, hand calculations

and unit conversions, basics of water quality mon-

itoring, water sustainability, and ethics.Description

of the sessions including the content, objectives and

student assignments of each are shown in Table 3.
Sessions from the spring to the fall semester

remained relatively constant with minor changes

in the homework and in-class assignments as a result

of student feedback from the assessments and the

availability of new data captured by the LEWAS.

These modules required students to engage at the

multiple cognitive levels outlined in Blooms taxon-

omy. Students were challenged on their ability to
remember an (level 1 Blooms) important watershed

concept such as where their water flows and what

defines a watershed. Students were also required to

understand (level 2 Blooms) their data, where it
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comes from, and how it is an indicator of overall
stream health. In sessions 3 and 4, students were

required to apply (level 3 Blooms) statistical meth-

ods they learned in class to the data they collected

and then analyze (level 4 Blooms) their results.

5. Results and discussion

5.1 2012 Hydrology (Year 1)

The 2012 Hydrology course was the pilot course for

LEWAS-based modules, and pre- and post-test

assessment questions were focused on understand-
ing students’ perceived usefulness of the modules

and recommended improvements. Table 4 contains

a sample of the pre- and post-test questions that

directly correspond with each other, along with

results and example responses. Overall results indi-

cated that the majority of students found the

LEWAS modules to be useful in understanding
hydrologic concepts, and recommended that the

LEWAS be included extensively in future hydrol-

ogy courses.

To understand what difficulties students would

experience in implementing LEWAS classroom

modules into the course, students were asked in

the pre- and post-tests what challenges they

expected andwhat challenges they faced in complet-
ing the assignments. Students in the pre-test cited

their biggest concern in understanding the data

(39%), followed by bad weather (27%). However,

in thepost-test only 8%of the students cited a lackof

understanding, and no students mentioned chal-

lenges with bad weather. These results suggest that

students in the beginning of the course lacked self-

efficacy or confidence in themselves that they would
be able to understand the data. However, as indi-
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Table 3. VWCC Class Session Descriptions

Session Title Content Objective Student Assignment

Watershed Concepts water cycle, watersheds and
runoff, pollution, ecosystem
functions

Promote active and
collaborative learning through
hands-on group assignments

Students test water quality at the
Roanoke River, blog about their
experiences [65–67], and analyze
the data

Stormwater Quality stormwater Best Management
Practices (BMP), flow, weather
and water quality sensors,
LabVIEW

Introduce students to
contemporarywatershed sensors
and a real world application of
LabVIEW

In class exercises with
understanding how the LEWAS
is connected with LabVIEW

Data Analysis I flow rate, pollutant
concentrations, pollutant loads,
runoff ratios

Use data analysis to understand
what goes on within a watershed

In class exercises computing
runoff ratios, pollutant loads,
watershed area, etc.

Data Analysis II population statistics,
distributions

Use data collected by the class to
compute summary statistics

In class exercise computing
summary statistics and plotting
data time series

Table 4. Fall 2012 Hydrology Pre-test and Post-Test

Pre-test (n = 26) Post-test (n = 26)

How can this system help you learn hydrologic concepts?

Real time data (23), Monitoring events in the watershed (3)

How did this system help you learn hydrologic concepts?

Real-world data (23), Not useful (3)

How can this system help educate you about sustainable
development?

‘‘It will give insight into how development effects water quality, and
how to avoid adverse effects’’*

How did this system help educate you about sustainable
development?

‘‘It helped me understand how development does affect downstream
areas’’*

What difficulties can you anticipate in your oneweek assignment to
monitor the water quantity, quality and weather parameters?

Understanding data (10), Bad weather (7), Lack of live data (3),
Unknown variations in data (2), Availability for site visits (2), Lack
of rain (2)

Whatdifficulties did you experience in youroneweekassignment to
monitor the water quantity, quality and weather parameters?

Availability for site visits (5), Unknown variations in data (4), None
(4), Visual assessments (3), Lack of rain (3), Errors from debris
(2), Understanding data (2), Crossing Street (1), Lack of live data
(1)

How can this system be used for advancing research questions
relevant to hydrology?

‘‘This systemwill greatly benefit hydrology because it provides a way
to quantify and record parameters of a stream in real time’’*

How can this system be used for advancing research questions
relevant to hydrology?

‘‘This system can be used to identifying some of the major causes to
change in water quantity and quality’’*

*Example Response.



cated by post-test responses, most of these students

did not have challenges understanding the data. As

a follow-up question, students were asked how their

difficulties differed from the difficulties they antici-

pated experiencing. The majority of student

responses indicated that they were unsure of what
to expect since the system, data, and concepts were

new to them. Others mentioned that in the begin-

ning they expected that they would not be able

understand the assignments. For example, one

student stated ‘‘I was expecting that we wouldn’t

be able to interpret the reason for changes in the

data provided.’’ This indicates that the students

were able to not only understand the data, but
also interpret the meaning behind LEWAS data, a

primary desired outcome of the LEWASmodules in

the hydrology course.

During the Watershed Wiki Module, students

began to understand the interactions and behaviors

of the stream before ever looking at the data. In

student blog posts, most students were able to

describe the relationships between their own
observed conditions in the stream and what in the

watershed caused those conditions. For instance,

one group wrote, ‘‘The water was clear with no oily

sheen, but there were some bubbles and foam

present, potentially a sign of pollution caused

from runoff from the adjacent parking lots.’’

Another group was able to connect the high water

temperature in the stream to runoff from hot park-
ing lot surfaces in the watershed. By making these

connections before seeing the data, students are

better able to make sense of the data that they see

from the LEWAS sensors and provide reasons for

trends in the data.

To assess the student-perceived value of the

system, students in the post-test were asked what

value they saw in real-time monitoring of water
quantity and quality data. The majority (67%)

stated that real-time monitoring was useful for

assessing the effects of various inputs into the

watershed, followed by the use of real-world data

in the classroom (17%), and the use of data forwater

quantity and quality monitoring (17%). These

results indicate that students understood the need

for real-time data to capture events that may occur
in the watershed due to human induced effects and

the value that this has for research and education.

Overall results from this assessment indicated

that students were able to understand important

hydrologic concepts through the LEWASmodules.

These results were used to improve assessment

questions and inform future module development

in the following years. Additional information
specifically on how high-frequency data improved

student learning in the fall 2012 Hydrology course

can be found in McDonald et al. [10].

5.2 2013 VWCC (Year 2)

Year 1 demonstrated howhands-onmodules helped

senior level students learn important hydrologic

concepts. Considering the assessment data and

feedback received from year 1, a similar assessment
and hands-on module development approach was

taken for the VWCC courses in year 2. The goal of

the assessment was to determine how this system

improved student learning through active and col-

laborative learning modules. Table 5 contains a

sample of the pre-test and post-test questions that

directly correspond with each other, along with

results and example responses from the spring and
fall 2013 classes. Results indicated that students in

these courses were able to understand, apply, and

synthesize the data.

To assess students’ understanding of the spatial

difference between the LEWAS watershed and the

Roanokewatershedwhere their collegewas located,

students in the pre- and post-test were asked where

the water in the Roanoke River and in the LEWAS
site ultimately drains to. Acceptable answers for

where the Roanoke River ultimately drains to

improved from 57% of student responses in the

pre-test to 74% in the post-test. Similar results

were seen for a question asking where water flowing

at the LEWAS site ultimately drains to with an

increase of 36% of acceptable student responses in

the pre-test to 85% in the post-test. Improvement in
student responses to these questions reveals that the

modules improved the students’ recollection of

where their rainwater drains to and of their local

water cycle.

A desired outcome of these modules was for

students to be able to understand what effects

humans have on our water resources. Students

were asked to comment on how this system
helped them understand the effects of man-made

activities on water quality and quantity in a

watershed. The majority of responses in the pre-

test were general and commented on how the

system will help them to understand what impacts

humans have on water quality. One student stated

that ‘‘it can help us learn about the long-term effects

of man-made activities by analyzing data.’’ In the
post-test responses the majority of students went

from a general answer to more specific examples

such as ‘‘from the data we collected I was able to

infer that things such as construction runoff and

erosion had an effect on the living organisms’’, and

‘‘I learned the negative impacts of pollution and

runoff due to paved areas surrounding creeks,

streams and rivers.’’ The responses demonstrate
that students were able to take what they learned

in class, along with the data that they analyzed in

the modules, and draw specific conclusions as to
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how man-made infrastructure and development

affects water quality.

To determine if students could take what they

learned and apply it to another concept, students
were asked to comment on how this system could

help (pre-test) or did help (post-test) educate them

about sustainable development. Throughout the

modules, sustainable development, defined as

‘‘development that meets the needs of the present

without compromising the ability of future genera-

tions to meet their own needs’’, is not explicitly

addressed in reference to the LEWAS system.
Thus, students are asked to think more deeply

about sustainable development and how they

could interpret their LEWAS experience in such a

context. In the pre-test, 39% of students indicated

that they didn’t know how it could help educate

them about sustainable development, 31% indi-

cated that it could help in developing some sort of

sustainable solutions in the future, and 18% indi-
cated that it could help in understanding effects on

the environment. In the post-test 38% of the stu-

dents indicated that it could help in developing

sustainable solutions, 30% citedmore specific exam-

ples, 17% indicated that it could help in under-

standing effects on the environment, and 13%

indicated that it did not help educate them about

sustainable development. More specific examples

included one student who stated ‘‘I have learned

about permeable pavement to help naturally filter

water’’, and another who stated ‘‘I learned some of

the limits thatmust bemaintained inwater’’, referring

to the United States Environmental Protection

Agency (USEPA) regulations. The vast majority

(87%) in the post-test were able to make a connec-

tion between LEWAS modules focused on water-

sheds and sustainable development. This
demonstrates how students were able to take what

they learned and apply that understanding to a

contemporary concept.

Another question asked students how the system

can be used to educate the public about sustainable

development. This required the students to think

about how they would teach someone else about

sustainable development using this system, now
that they had hands-on experience with it. The

majority of students responded that the data could

be used to educate the public about the health of the

watershed. One student noted that ‘‘we can use the

data we collected to show how certain things affect the
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Table 5. Community College Spring and Fall 2013 Pre-test and Post-test

Pre-test (n = 73) Post-test (n = 54)

The water flowing in the Roanoke River ultimately drains into The water flowing in the Roanoke River ultimately drains into

Atlantic Ocean (42) Atlantic Ocean(40)

The water flowing at the LEWAS Site (Blacksburg) ultimately
drains into

Gulf of Mexico (26)

The water flowing at the LEWAS Site (Blacksburg) ultimately
drains into the

Gulf of Mexico (46)

How can this system help you learn the effects of man-made
activities on water quality and quantity in a watershed?

How did this system help you learn the effects of man-made
activities on water quality and quantity in a watershed?

‘‘By monitoring the measurements over a period of time, the
measurements can be used to interpret the effects of activities of how
that relates to water quality and quantity’’*

‘‘The man-made activities made real, measureable differences in the
water quality in our watershed. These differences can have a huge
effect on organism survival.’’*

How can this system help educate you about sustainable
development? (Sustainable development is defined as
‘‘Development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs’’

How did this system help educate you about sustainable
development? (Sustainable development is defined as
‘‘Development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs’’

‘‘So we can learn how to properly use the watershed without
destroying it for future generations to come’’*

‘‘I learned there are many ways that have been developed to lower the
amount of runoff in urban areas.’’*

What difficulties do you anticipate in your two week assignment to
monitor the water quantity, quality and weather parameters?

Whatdifficultiesdid youexperience in your twoweekassignment to
monitor the water quantity, quality and weather parameters?

Scheduling (13) Weather (17), Lack of Understanding (3),
Equipment (1), Quality of Data (5), Unknown (15), None (3)

Weather (24), Scheduling (15), Lack of Understanding (1), None
(3)

How can this systembe used to educate the public (whowon’t have
your hands-on experience) about sustainable development?

How can this system be used to educate the public (who don’t have
your hands-on experience) about sustainable development?

‘‘It can be used to educate the public about howare humanactivity can
affect the water quality and how that effect the future generations.’’*

‘‘We can use the data we collected to show how certain things effect
the ecosystem.’’*

*Example Response.



ecosystem’’ and another stated that it can be used to

‘‘show how our actions really do impact the ecosystem

around us.’’ These students were able to synthesize

their experiences and propose their own public

education plans.

The student assessment results indicate that stu-
dents were able to remember important ideas,

understand the concepts and data that were pre-

sented, apply that data to other concepts such as

water sustainability, and synthesize their experi-

ences to propose future action. Although the stu-

dents were not actually taking their skills learned in

the two week module and applying those skills to

solve specific problems, they were able to articulate
the methods and strategies by which they would

apply their knowledge to water sustainability pro-

blems and educate others using their experiences.

5.3 2014 Hydrology (Year 3)

Year 1 results indicated that students were able to

learn hydrologic concepts using the LEWAS mod-

ules and year 2 results demonstrated that freshman

level students were able to understand concepts and
apply environmental data. What was lacking in the

assessment data was in-depth insights into how the

LEWAS modules help students learn. Assessment

methods in year 3 sought to gain a deeper under-

standing of how LEWAS modules improved stu-

dent learning. This was done through additional

open-ended questions developed for the pre- and

post-tests as well as through informal discussions
that provided thick descriptions of the student

experience. In addition, another goal was to under-

stand how student experiences with an online inter-

active watershed exploration tool (OWLS)

improved student learning.

Both the pre- and post-test questions asked the

students ‘‘How can this system help you to learn

Hydrologic concepts?’’ Results indicate that stu-

dents anticipated that having real-world data

would help the most in aiding their understanding

of hydrologic concepts (Fig. 9a).However, post-test

results show that having access to livemonitoring of
events in the watershed had the greatest impact in

understanding concepts in class (Fig. 9b). One

student stated that ‘‘by observing conditions and

then watching the data, it helps us understand how

weather is related to water data.’’ This indicates that

giving students access to real-time data ofwatershed

events has the greatest impact from a student

perspective on helping them learn hydrologic con-
cepts. In addition, three students indicated that data

visualization through theOWLSandotherLEWAS

modules was the most beneficial to them. One

student stated that the data visualization helped

students learn hydrologic concepts because ‘‘it can

show graphically the relationship between precipita-

tion events and flow in streams in a watershed.’’

Just as in the first two years, students were asked
in the pre- and post-test what challenges they

expected andwhat challenges they faced in complet-

ing the assignment in order to compare what

difficulties students expected and actually experi-

enced (Fig. 10). From the pre-test, the majority of

students anticipated that their lack of understand-

ing of the equipment, parameters, and systemwould

be the greatest challenge. However, in the post-test,
none of the students cited a lack of understanding as

a challenge. The results reveal that although in the

beginning a large number of students had a self-

perception that they would have a difficult time

understanding environmental sensors and water

quality, none of them in the end recognized this as

a challenge. Although typical hydrology classes do
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Fig. 9. Student Answers to ‘‘How can this system help you learn hydrologic
concepts?’’ from the pretest (a) and ‘‘How did this system help you learn
hydrologic concepts?’’ from the posttest (b) (n = 30).



not address water, weather, and flow instrumenta-

tion or discuss the relationship between water qual-
ity and water quantity, these results show that

students in this course expressed no problems in

grasping these concepts.

In fact, at the end of the course, the majority of

students were able to make the connection between

water quantity and its effect on water quality.When

asked to describe the relationship between pH

during and after a rain event, 80% of students in
the post-test, as opposed to 32% of the students in

the pre-test, indicated that during a rain event the

flow would increase and the pHwould decrease due

to acidity of rainfall and contaminants that runoff

into the stream. Enabling students to make this

connection and others like it is essential to develop-

ing hydrologists that understand the important

linkages between water quantity and quality.
In informal discussions, some students described

an ‘‘aha’’ moment that gave them new insights into

hydrologic concepts. One student defined such a

moment as observing a rainfall event and watching

the water level rise and then relating that to the

hydrograph that they had learned about in class.

Another student mentioned being able to visually

see the difference in turbidity from a day with clear
water to a day when the water was murky and relate

what was seen to the difference in the turbidity data.

A third student discussed an experience of watching

data within the OWLS and seeing a storm event in

which water quality parameters changed in a way

the student had not thought about before. Each of

these experiences enabled the students to relatewhat

they saw in the field to what they were learning in
class and tomake ameaningful connection between

in-class topics and real-world action. Students

agreed that being able to see things happen both in

the field and through the OWLS helped them to

make sense of what they learned in class.

The pre- and post-tests also asked the students

questions directly related to their OWLS exercise.

The students were asked what they thought is ‘‘the
added value of the OWLS that delivers live and/or

historical remote systemdata to endusers regardless

of the hardware and software platforms of their

choice.’’ Pre-test results indicated that the majority

of students (31%) thought that the greatest value in a

system like the OWLS was accessibility. However,

after the students hadaccess to theOWLS, this value

increased to 80% of students, indicating that the
accessibility of the OWLS was of the greatest value.

One student stated, ‘‘This allows for widespread

application and study by people of various back-

grounds andmakes the information readily accessible

and reduces issues with obtaining the data.’’ This

student recognized that systems such as the OWLS

greatly improveaccessibilitynotonly tostudentsbut

to diverse user groups. Other students recognized
that the visualization of datawas amajor advantage

of theOWLSenvironment.One student commented

that it was beneficial to be able ‘‘to see trends and

analyze changes in the system’’, and another student

stated that it was valuable to be able to ‘‘view charts/

maps/data at any point during your day.’’ Overall
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Fig. 10. Student responses to ‘‘What difficulties can you anticipate in your one
week assignment to monitor the water quantity, quality and weather para-
meters?’’ from the pretest (a), and ‘‘What difficulties did you experience in your
one week assignment to monitor the water quanity, quality, and weather
parameters?’’ from the posttest (b) (n = 30).



student responses indicated that the OWLS does

have added value and that having visual access to

data, both real-time and historical, is one of the

biggest advantages of a system like the OWLS.

Students were asked other questions to determine

if the system was effective at facilitating student
learning. To see if students thought that the

OWLS had an impact on their learning, students

were asked if the OWLS helped them learn hydrol-

ogy concepts with 97% indicating either ‘‘agree’’ or

‘‘strongly agree.’’ This clearly indicates that stu-

dents, when asked to think about how their learning

was impacted by the OWLS, agreed that the OWLS

helped them to learn hydrologic concepts in class. In
addition, students were asked in their OWLS home-

work assignment to observe the LEWAS data and

describe how precipitation events impact water

quality in the stream. Students were able to observe

trends in simulated LEWAS data and draw conclu-

sions about the watershed behaviors. For instance,

one homework group noted that ‘‘due to a higher

dissolved solids concentration introduced into the

stream by runoff, the specific conductivity increased

to approximately 800 �S/cm’’, and another group

stated ‘‘The water temperature increased from 58 8F
to about 64 8F due to the amount of higher tempera-

ture runoff volume flowing into the stream.’’ These

students were able to make the connection between

the data they saw and the reasons for trends that

they were noticing. The implications from these
results are that access to real-time data through

systems such as OWLS can improve student learn-

ing and be used to improve hydrology education.

6. Conclusion

This paper has demonstrated how high-frequency,
real-time environmental data can be used to

improve student learning through student-centered

modules at the university and community college

level. Furthermore, it demonstrates how engineer-

ing education research at VT is impacting educa-

tional practice. Results indicate that LEWAS

modules that utilize active, collaborative, and coop-

erative learning methods can be implemented into
the classroom to improve hydrology education.

Through access to real-time data, students are able

tomake connections from the classroom to the real-

world environment around them. In a pilot study of

an environmental watershed exploration tool, the

OWLS modules have demonstrated that student

access to live data improves student learning. An

assessment methodology that utilizes a multi-loop
process demonstrates how university and commu-

nity college institutions can work together to

improve assessment methods and module develop-

ment.

Future work will include student-centered

LEWAS modules in future offerings of the hydrol-

ogy course at VT and the introduction to engineer-

ing courses at VWCC. Assessment results from this

study have led to improved assessmentmethods and

modules for future courses. Each course will include
new modules that utilize the virtual experience of

the OWLS to support course objectives. The goal of

future modules will be to further understand what

effect OWLS access, through a live-data virtual

environment, has on student learning.Additionally,

the LEWAS will be integrated into VWCC courses

as a set of modules throughout the entire semester

instead of as a single 2 week module. This approach
will take full advantage of the LEWAS data and

technologies to further support classroom objec-

tives. Assessment methods will be similar to year 3,

but instead of informal discussions there will be a

formal focus group led by an assessment expert. In

addition, LEWAS use will be expanded into other

courses at VT. In fact, aworkshopwas organized on

May 14, 2014 to explore the use of the LEWAS/
OWLS into a variety of courses in the Civil and

Environmental Engineering, Geosciences, Biologi-

cal Sciences, and Crop and Soil Environmental

Sciences departments at VT. The authors have

collaborated with a number of faculty from these

departments to develop LEWAS modules for their

courses in upcoming semesters.

The importance of training hydrology profes-
sionals to solve increasing global water crises has

never been greater, and improvement to hydrology

education is a critical component in any solution.

Systems such as the LEWAS will be essential in

improving engineering education at all levels of

higher education. Student centered modules that

give students access to real-time data enable them to

make connections between what is happening in the
classroom and the real world. As the need for new

ways to improve hydrology education increases,

systems such as the LEWAS will play an important

role in advancing water education to meet the

challenges facing hydrology in the 21st century.

7. Glossary of Acronyms

LEWAS – Learning Enhanced Watershed Assess-

ment System

OWLS – Online Watershed Learning System

VT – Virginia Tech

VWCC – Virginia Western Community College

EngE – Engineering Education
CEE – Civil and Environmental Engineering

DAQ – Data Acquisition

NAE – National Academy of Engineering

DLR – Department Level Reform
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