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ABSTRACT 

Cyberlearning has the ability to connect learners from diverse settings to educational resources 

regardless of the learners’ proximities to traditional classroom environments. Prior research has 

shown that hybrid learning systems more effectively improve student learning than do either 

traditional or cyberlearning approaches used individually. The Online Watershed Learning 

System (OWLS) is an interactive cyberlearning system for use in hybrid education. It serves as 

the end user interface of the Learning Enhanced Watershed Assessment System (LEWAS), a 

watershed monitoring system for use in research and education. The LEWAS/OWLS has been 

integrated into 26 courses. Within the theoretical framework of situated learning, the OWLS 

uses data and imagery to situate users at the LEWAS site. The current research has the dual 

goals of developing the OWLS and evaluating its effectiveness within a hybrid learning 

environment as part of watershed monitoring education. Within goal 1, HTML5, CSS and 

JavaScript code (11,112 lines) were used to achieve platform independence, and student and 

faculty feedback suggests a hierarchy of cyberlearning interface features, where 

anywhere/anytime access is the most important class of features for these users followed by 

real-time data visualization, system background information and how-to-use information in 

descending order. For students at the community college freshmen, university senior and 

graduate levels, goal 2 investigated how much the OWLS increases student learning of 

environmental monitoring topics and motivates them to study these topics. For this goal, use of 



   

the LEWAS/OWLS increased learning and motivation for most students with the caveats that 

the these gains were not always statistically significant and that these gains may be caused by 

use of the LEWAS in general rather than by the OWLS component of it. Additional studies are 

needed to resolve these issues. Additionally, a pilot test of anonymous user tracking (11,231 

page views) showed how it can be used to obtain general information about which groups of 

users are accessing a cyberlearning system, how they are accessing it, and how navigation 

through the system can be improved to better match user goals. The full results and their 

limitations are included along with areas for future work. 
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GENERAL AUDIENCE ABSTRACT 

 
Online learning has the ability to connect learners from diverse settings to educational 

resources regardless of the learners’ proximities to traditional classroom environments. The 

Online Watershed Learning System (OWLS), which runs in any modern web browser on 

desktops, laptops, tablets and smartphones, is an interactive online learning system for use in 

learning settings that combine online and traditional classroom components. The OWLS 

delivers integrated video, weather data and water quantity and quality data collected by the 

Learning Enhanced Watershed Assessment System (LEWAS) to users. The goals of this research 

were 1) to develop the OWLS and 2) to evaluate its effectiveness as part of watershed 

monitoring education. Within goal 1, student and faculty feedback suggests that 

anywhere/anytime access to the OWLS and near-current data availability are two of the OWLS 

most important features. For students at the community college freshmen, university senior 

and graduate levels, the results for goal 2 indicate that use of the LEWAS/OWLS increased 

learning and motivation for most students. However, the statistical results were not always 

conclusive and further research in this area is needed.  
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Chapter 1. Introduction and Motivation 

1.1. Cyberlearning 

Imagine a high school student in the year 2015. She has grown up 

in a world where learning is as accessible through technologies at home 

as it is in the classroom, and digital content is as real to her as paper, lab 

equipment, or textbooks. At school, she and her classmates engage in 

creative problem-solving activities by manipulating simulations in a 

virtual laboratory or by downloading and analyzing visualizations of real-

time data from remote sensors. Away from the classroom, she has 

seamless access to school materials and homework assignments using 

inexpensive mobile technologies. (Borgman et al., 2008, p. 5)  

The above quote from the NSF Taskforce on Cyberlearning describes education in 2015 

as fully utilizing cyberlearning via hybrid learning systems, where cyberlearning relies on 

networks of interconnected computing devices, e.g., desktop and laptop computers, tablets 

and smartphones, to support learning, and hybrid learning systems combine traditional 

classrooms with various cyberlearning approaches. Furthermore, this quote implies that this 

learning environment is available to all high school students, and, by extension, to all college 

students. Within this context, the U.S. Department of Education has called for a learning 

infrastructure that “is always on, available to students, educators, and administrators 

regardless of their location or the time of day” and “unleashes new ways of capturing and 

sharing knowledge based on multimedia that integrate text, still and moving images, audio, and 



  2 

applications that run on a variety of devices” to enable “seamless integration of in- and out-of-

school learning” (U.S. Department of Education, 2010, p. ix). Likewise, the President’s Council of 

Advisors on Science and Technology has called for the creation of ‘broadly useful technology 

platforms and well-designed and validated examples of comprehensive, integrated “deeply 

digital” instructional materials” (2010, p. ix). 

Cyberlearning has the ability to connect learners from academic, commercial and 

political organizations, as well as independent learners, to learning resources regardless of the 

learners’ proximities to traditional classroom environments. (Borgman et al., 2008; U.S. 

Department of Education, 2012) The U.S. Department of Education has defined the goal to 

“Design, implement, and evaluate technology-powered programs and interventions to ensure 

that students progress through our K-16 education system and emerge prepared for the 

workplace and citizenship” (2010, p. xiv). When access to cyberlearning is provided publically 

for free, it has the potential to reach the students from low-income and underrepresented 

communities that are essential for the growth of the STEM workforce in the United States 

(National Research Council, 2011). Beyond the students in this country, cyberlearning has the 

potential to reach the multitudes of potential students in Africa, Asia and Latin America who 

currently are seeking, but do not have access to, traditional academic programs for various 

reasons including both a shortage of institutions and prohibitive costs of attendance 

(Dunderstadt, 2008; Lakhan & Jhunjhunwala, 2008).  

1.2. Hybrid Instruction via Remote Laboratories 

As for the benefits of hybrid learning systems, prior research has shown that they more 

effectively improve student learning than do either traditional or online classroom approaches 
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used individually, yet this integration must be thoughtfully designed in order to be successful 

(Peercy & Cramer, 2011). One group of applications for hybrid instruction in traditional course 

settings is laboratory experiences. Laboratory courses are an important component of 

undergraduate engineering programs (Lindsay & Good, 2009). Unlike practicing engineers and 

academic researchers who use laboratories to advance the state of the field, students typically 

use laboratories to learn practical engineering skills that are already established in the field. 

Although laboratory courses have been used in engineering curricula since the 1870s (Lindsay & 

Wankat, 2012) and are a well-established component of engineering curricula, computer and 

internet technology are rapidly changing the ways that these laboratories are structured (Feisel 

& Rosa, 2005).  

There are many types of laboratories (labs) that are used in engineering courses 

including hands-on labs (also physical labs), remote labs, virtual labs (also simulation labs), 

hybrid labs and augmented reality labs (Andújar, Mejias, & Marquez, 2011; Balamuralithara & 

Woods, 2009; Henke, Ostendorff, Wuttke, & Simon, 2013; Ma & Nickerson, 2006; Nedic, 

Machotkd, & Najhlsk, 2003). Henke, Ostendorff, Wuttke, & Simon (2013) have proposed a 

framework that incorporates all of these types of laboratories (Figure 1-1). Traditional labs are 

both real and local. Local engineering labs are increasingly incorporating computer simulations 

(Feisel & Rosa, 2005), which deal with virtual objects. However, the term “virtual lab” typically 

refers to simulated labs which are used remotely. The first known virtual lab was a flight 

simulator developed by Edwin Link in 1928 (Balamuralithara & Woods, 2009). More recently, 

virtual labs have been used in many areas including chemical engineering (Abdulwahed & Nagy, 

2011), computing (Burd, Conway, & Seazzu, 2009), controls engineering (Amadou, Kenné, Saad, 
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& Nerguizian, 2006; Dominguez Gonzalez, Prada, Morán Álvarez, Alonso Castro, & Barrientos, 

n.d.; Duro et al., 2008; Rivas, Guzmán, Rodríguez, Berenguel, & Dormido, 2012), electrical 

engineering (Choi et al., 2009; Díaz et al., 2013), physics (Harms, 2000), industrial engineering 

(Barros, Read, & Verdejo, 2008), pharmacology (S. Chen et al., 2012), pollution monitoring 

(Caldararu, Patrascu, Caldararu, & Paraschiv, 2003) and robotics (Chaos, Chacón, Lopez-Orozco, 

& Dormido, 2013; Jara, Candelas, Puente, & Torres, 2011).  

 
Figure 1-1. “Classification of lab experiments” (Figure 1 from Henke et al., 2013 (Fair Use)). 

On the other hand, remote labs typically refer to labs that access physical objects 

remotely. Remote labs have been used in many areas including chemical engineering 

(Abdulwahed & Nagy, 2011), computer engineering (Andújar et al., 2011; Genci, 2009; Hua & 

Ganz, 2003; Kafadarova, Mileva, & Stoyanova, 2013), controls engineering (Amadou et al., 

2006; Dominguez Gonzalez et al., n.d.; Duro et al., 2008; Macías & Méndez, 2008; Rivas et al., 

2012), electrical engineering (Araújo & Cardoso, 2009; Deniz, Ozcan, & Bulancak, 2003; Díaz et 

al., 2013; Elawady & Tolba, 2011; Gilibert et al., 2006; Macías & Méndez, 2007; Mejías Borrero 

& Andújar Márquez, 2011; Samuelsen & Graven, 2011), industrial engineering (Andújar et al., 
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2011; Barros et al., 2008; Choi et al., 2009), physics (Gröber, Vetter, Eckert, & Jodl, 2007; 

Harms, 2000) and robotics (Coelho et al., 2007; Jara et al., 2011).  

Although combined remote and virtual labs have been around for several years, e.g., 

(Barros et al., 2008; Choi et al., 2009; Duro et al., 2008; Hua-zhong, Jun, & Hua, 2012; Rivas et 

al., 2012), hybrid labs and hybrid online labs, which combine real and virtual worlds, are recent 

classifications added by Henke et al. (2013). Another growing classification of laboratories is 

augmented (reality) labs (Andújar et al., 2011; Armstrong & Bennett, 2005; Y. Li, 2010; Mejías 

Borrero & Andújar Márquez, 2011; Odeh, Shanab, Anabtawi, & Hodrob, 2012). Augmented labs 

combine real-time, real content with virtual content, which makes them a subclass of hybrid 

labs. An important component of augmented labs is 3-D spatial registration that defines a 

spatial context for the lab participant (Andújar et al., 2011). 

Environmental monitoring is one of the important educational areas where hybrid 

instruction can be utilized. The sustainability of water resources is one of the major engineering 

challenges facing us in this century (National Academy of Engineering, 2012), and the solution 

to the complex water-related challenges facing society today begins with education (Committee 

on Challenges and Opportunities in the Hydrologic Sciences - Water Science and Technology 

Board - Division on Earth and Life Studies, 2012). For more than forty years there has been a 

realization that water quality is difficult for people to describe (Ditton & Goodale, 1974). Covitt, 

Gunckel, & Anderson (2009) determined that water literacy is not sufficiently taught to 

students in grades 3-12, and recommended that, “Instruction should first address the structure 

and movement of water and other substances in individual systems, and then it should 
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gradually move toward building connections among these systems to help students develop 

deep, meaningful understanding.”  

This progressive level of instruction across academic levels suggests the need for the 

development of spiral curricula related to environmental monitoring (DiBiasio, Clark, Dixon, 

Comparini, & O’Connor, 1999; Dowding, 1993; Lohani, Wolfe, Wildman, Mallikarjunan, & 

Connor, 2010). Fisman (2005) helped third and fifth grade students learn about water quality by 

visiting a local pond. Bodzin (2008) used a similar approach by having fourth grade students in 

an after school program investigate a pond in their schoolyard. In this case, the students 

gathered temperature, pH and conductivity data from the pond, observed man-made pollution 

objects in the pond and investigated the watershed using GIS and Google Earth software. 

Studying the environment they were familiar with increased their sense of ownership and 

responsibility. At the middle and high school levels, students in the SENSE IT (Student Enabled 

Network of Sensors for the Environment using Innovative Technology) program build, calibrate, 

test and deploy water quality sensors to measure water temperature, salinity (conductivity), 

turbidity and depth of local waterways (Hotaling et al., 2012). These students also investigate 

the relationships between these parameters. Overholt & MacKenzie (2005) review the long 

term stream monitoring projects that fifteen high school teachers have created to add physical 

meaning to theoretical classroom concepts. For life-long learners, Wagenet, Pfeffer, Sutphin, & 

Stycos (1999) investigated the impact of adult watershed education. At the undergraduate 

level, Iqbal (2013) combined classroom learning with physical laboratory analysis of chemical, 

biological and hydrological characteristics of various water samples collected during field visits 

for senior hydrology students. 
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Several virtual, remote and augmented reality labs have previously been used in 

environmental monitoring education. Kamarainen et al. (2013) and Armstrong & Bennett 

(2005) used augmented reality approaches at the K-12 and undergraduate levels, respectively, 

to enhance physical field visits via location-aware mobile computing platforms. Looking at the 

water quantity aspect of hydrology education, Habib, Ma, Williams, Sharif, & Hossain (2012) 

investigated the use of a “web-based, student-centered, educational tool called HydroViz 

designed to support active learning in the field of Engineering Hydrology” (Ibid, p. 3778). They 

attempted to create “authentic and hands-on inquiry-based activities that can improve 

students’ learning” (Ibid, p. 3771) by using an interactive, visual web-based interface that 

integrated geospatial, in-situ and model-generated data. HydroViz contains a combination of 

remote labs and virtual labs. Delgoshaei (2012; Delgoshaei & Lohani, 2014) used the Learning 

Enhanced Watershed Assessment System (LEWAS) as a remote lab to investigate the impact of 

student exposure to real-time watershed data. Prior analysis found two major themes from 

these studies (Brogan, Lohani, & Dymond, 2014). These are “the desire to provide students with 

more authentic learning experiences by exposing them, either physically or virtually, to the 

physical environments where the theory they are taught becomes practice” and “the utilization 

of technological advances to integrate this exposure into the students’ learning experiences” 

(Ibid). 

1.3. The Role of Mediation 

While technological innovation is increasing the number of students that can access 

laboratory resources, it is also changing the ways that students experience these labs. One 

major change is a physical separation between lab participants and the lab space including both 



  8 

equipment and other people. Another major change is the addition of a technology-driven 

mediation interface that attempts to reconnect lab participants to the lab space. Mediation 

deals with the ways that physical objects and data representations alter the learning 

environment (Johri et al., 2013). Because both of these changes have been shown to impact 

learning, remote, virtual and hybrid labs are not pedagogically equivalent substitutions for 

hands-on labs (Lindsay, Naidu, & Good, 2007). However, remote labs can provide a close 

approximation for certain types of hands-on labs. 

The theoretical framework of situated learning argues that knowledge is “distributed 

among people and their environments” (Greeno, Collins, & Resnick, 1996, p. 17). These two 

sub-areas form the sociocultural and sociocognitive traditions of situated learning, respectively 

(Johri, Olds, & O’Connor, 2013). The separation caused by the technical infrastructure of 

remote, virtual and hybrid labs alters both the sociocultural and sociocognitive environments. 

Thus, the mediation interface must attempt to connect participants to both the lab equipment 

and to other participants (Lindsay et al., 2007). However, Ma & Nickerson (2006) point out that 

it may be less important that remote and virtual labs are like hands-on labs than it is that 

students perceive them as being like the real world. This perception gives them a mental 

presence in that world. Quoting others, Sauter et al. (2013, p. 38) defines presence as ‘“the 

subjective experience of being in one place or environment, even when one is physically 

situated in another” (Witmer & Singer, 1998, p. 225) such that the “the virtuality of experience 

is unnoticed” (Lee, 2004, p. 32).’ Sheridan (1992) defined the following three types of presence: 

physical presence, telepresence, virtual presence. Telepresence is the feeling of being physically 

present in the physical environment, and virtual presence is the feeling of being physically 



  9 

present in the virtual environment. In order to increase presence, the interface should be as 

transparent as possible to participants (Lindsay et al., 2007). This fits with the concept that 

presence is significantly increased by realism in the computer-based environment (Sauter et al., 

2013). However, presence is not enough to overcome poor functionality in remote and virtual 

labs (Ma & Nickerson, 2006). 

Different attributes of mediation interfaces impact different aspects of participants’ 

learning. For example, a common chat interface, a shared whiteboard, shared notes and real-

time video and audio are attributes that contribute to participants’ concurrency and 

collaboration, and video streaming of the lab setting increases participants’ presence in the lab 

setting. (Mougharbel, Hajj, Artail, & Riman, 2006). Additionally, some other attributes that have 

emerged recently, including QR Codes that give information a situational context and 

geotagging that gives information a spatial context for use with electronic maps, increase 

students’ presence in the lab setting (Cochrane & Bateman, 2010). Haptic devices add the touch 

attribute to remote and virtual labs, which can increase students’ presence there (Machado, 

Pereira, Costa, Restivo, & Moraes, 2007). Looking forward from 2009, Lowe, Murray, Lindsay, & 

Liu (2009) viewed remote lab access to real-world equipment rather than structured 

laboratories as a future attribute that would enhance learning.  

The impact of the technology-driven media used in mediated interfaces has been 

strongly debated (R. E. Clark, 1983; Kozma, 1994; McLuhan, 1964; Reiser, 1994). However, E. 

Lindsay, Naidu, et al. (2007) have concluded from this debate that it is the attributes of media 

that impact the participants’ experiences rather than the specific media themselves. As such, 

media with equivalent attributes become interchangeable. However, a possible exception to 
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this is biases that participants have toward certain media. The key benefit of new media is in 

additional attributes that they contain that can alter the learning environment in new ways 

(Lindsay et al., 2007).  

The attributes that can be included in mediation interfaces are often limited by the 

processing power of the hardware and software of users’ computing devices (X. Chen, Song, & 

Zhang, 2010). While mobile devices have been adding the attribute of anywhere and anytime 

learning to remote labs since at least 2002 (Rochadel et al., 2013; Waterson, Landay, Berkeley, 

& Matthews, 2002), processing power limitations can be especially severe in mobile computing 

devices. In the early days of mobile computing, mobile devices were often “thin” devices that 

lacked significant processing power and pushed much of their required processing to remote 

servers. This contrasted to “thick” devices that were capable of performing their own 

processing. Various measures of processing power include processor performance, the amount 

of RAM, the amount of long-term storage, the wireless connection speed, and for mobile 

devices, the battery energy density (Starner, 2002).  

The concept of “thick” and “thin” has been transferred from hardware platforms to 

software platforms with web browsers being “thin” clients having little processing power and 

desktop software being “thick” clients with significantly more processing power (X. Chen et al., 

2010). The main reason that this difference becomes significant is that the wide variety of 

mobile device operating systems available, e.g., Symbian, Android, iPhone, Windows Mobile, 

LiMo and BlackBerry, has made developing remote and virtual labs for all platforms a 

complicated and expensive process, which makes web technologies such as AJAX and HTML5, 

which are available on nearly all mobile devices via web browsers, an attractive choice for 
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developers of remote, virtual and hybrid labs who wish to utilize the anywhere and anytime 

attribute of mobile computing. However, because web technologies depend on “thin” clients, 

they tend to have fewer attributes than native technologies within each operating system have 

(Orduña, García-zubia, Irurzun, López-de-ipiña, & Rodriguez-gil, 2011). The “thickness” of web 

technologies can be enhanced using plug-ins. For example, Java Applets and the Java media 

framework allow audio and video to be embedded within a web site (Mougharbel et al., 2006). 

In alignment with this goal, the streamlined versions of Flash and Java, e.g., Adobe Flash Lite 

and Java ME, have been developed for mobile devices (X. Chen et al., 2010; Maiti & Tripathy, 

2012). However, “relying on a plug-in will exhaustively decrease the number of supported 

users” because many mobile devices do not support common plug-ins (Orduña, García-zubia, 

Irurzun, López-de-ipiña, & Rodriguez-gil, 2011, p. 313). Overall, compared to Adobe Flash Lite 

and Java ME, Maiti & Tripathy (2012) believe that “HTML5 is obviously the best choice for 

creating learning environment[s] since, the html standards are universal and easy to program 

compared to Adobe Flash or Java ME. HTML5 does not require any special platform to run and 

performs almost equally in speed and efficiency to both without compromising interface 

flexibility. This makes it run on most devices, which is a big advantage” 

Given the processing limitations of “thin” web browser clients, it is important to 

consider which attributes of mediation interfaces used in remote, virtual and hybrid labs can be 

included in an HTML5-driven system that runs in a web browser client without plugins. In 

addition to the minimal attributes of a visual display and a text-entry interface, multiple 

attributes found in traditional desktop and laptop platforms are now typical in mobile devices 

including capabilities for generating 3-D graphics, capturing videos and photos, connecting via 
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Bluetooth to other devices, accessing the user’s file structure, accessing the user’s calendar and 

contacts, and playing music and videos from local storage. Additionally, mobile devices often 

have GPS positioning capabilities and device accelerometers that can be used as haptic, i.e., 

touch, devices (Orduña et al., 2011). Traditionally, “thick” software applications have been able 

to access these attributes, while “thin” web technologies have not. The HTML5 standard, which 

is undergoing constant development, adds access to the GPS positioning system, 

accelerometers, camera and limited local storage to “thin” browsers (Casario, Elst, Brown, & 

Wormser, 2011a, 2011b; Juntunen, Jalonen, & Luukkainen, 2013). However, one negative of 

HTML5 is that the final mediation interface is based on ways that the user’s web browser 

renders the HTML5 script and the CSS that adds formatting to it, thereby adding a mediation 

layer (Juntunen et al., 2013).  

1.4. The Effectiveness of Laboratory Types 

Many approaches have been used for evaluating the relative success of these laboratory 

types, e.g., (Balamuralithara & Woods, 2009; Feisel & Rosa, 2005; Lindsay & Good, 2005; Nedic 

et al., 2003; Nickerson, Corter, Esche, & Chassapis, 2007; Tokdemir & Bilgen, 2008). In 

comparing hands-on, virtual and remote labs, Nedic et al. (2003) found the advantages and 

disadvantages shown in Table 1-1, and Balamuralithara & Woods (2009) produced the 

comparison shown in Table 1-2. These authors included comparisons on the basis of cost, 

similarity to hands-on experiences, temporal and spatial availability of the labs, students’ 

interactions with peers, students’ access to instructor support, lab maintenance and safety. 

However, neither article addresses these lab types’ effectiveness in the area of student 

learning, which is the focus of this paper.  
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Table 1-1. Comparative list of advantages and disadvantages or real [hands-on], virtual and 
remote laboratories (Content quoted from Table 1 of (Nedic et al., 2003) (Fair Use)). 

Laboratory Type Advantages Disadvantages 

Real [Hands-On] Realistic data 
Interaction with real equipment 
Collaborative work 
Interaction with supervisor 

Time and place restrictions 
Requires scheduling 
Expensive 
Supervision required 

Virtual Good for concept explanation 
No time and place restrictions 
Interactive medium 
Lost cost 

Idealized data 
Lack of collaboration 
No interaction with real equipment 

Remote Interaction with real equipment 
Calibration 
Realistic data 
No time and place restrictions 
Medium cost 

Only “virtual” presence in the lab 

 
Table 1-2. Comparisons Between Physical [Hands-On], Online [Remote] and Simulation [Virtual] 
Labs (Table 3 from (Balamuralithara & Woods, 2009) (Fair Use)). 

 

Within the area of pedagogical effectiveness, Ma & Nickerson (2006) found that there 

are no standard criteria to evaluate the effectiveness of these lab types and that advocates of 

each type use different measures in order to show that their own approach is superior to that 

of others. Furthermore, they found that during the past fifteen years there has been confusion 
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among authors as to which labs fall into which categories. However, a major theme in assessing 

the effectiveness of remote, virtual and hybrid labs has been comparing them to traditional 

hands-on labs (Tokdemir & Bilgen, 2008). An early study in this area was carried out by Ogot, 

Elliott, & Glumac (2003). They defined a laboratory to be “the entire experimental experience 

including, detailed background and contextual information, sources of additional resources, 

description of the experimental apparatus and laboratory write up information” (Ogot et al., 

2003, p.57). They developed the following four requirements for remote labs to make them 

pedagogically similar to hands-on labs:  

1)  “High visual and audio (if applicable) components”  
2)  “Students are able to remotely run the labs using a regular Web-browser without 

the need to install specialized software”  
3)  “The experiments are sufficiently complex making simulation difficult or 

impossible” 
4)  “The labs provide an integrated learning environment (Ogot et al., 2003, p. 58)”  

Another approach was developed by ABET with help from the Sloan Foundation who 

funded a colloquy of engineering educators to develop the following “objectives for evaluating 

the efficacy of distance-delivered engineering laboratory programs” (Feisel & Rosa, 2005, p. 

127): 

“By completing the laboratories in the engineering undergraduate curriculum, you 
will be able to….” 
1) “Instrumentation.  

Apply appropriate sensors, instrumentation, and/or software tools to make 
measurements of physical quantities.” 

2)  “Models.  
Identify the strengths and limitations of theoretical models as predictors of real-
world behaviors. This may include evaluating whether a theory adequately 
describes a physical event and establishing or validating a relationship between 
measured data and underlying physical principles.” 

3) “Experiment.  
Devise an experimental approach, specify appropriate equipment and 
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procedures, implement these procedures, and interpret the resulting data to 
characterize an engineering material, component, or system.” 

4) “Data Analysis.  
Demonstrate the ability to collect, analyze, and interpret data, and to form and 
support conclusions. Make order of magnitude judgments and use measurement 
unit systems and conversions.” 

5) “Design.  
Design, build, or assemble a part, product, or system, including using specific 
methodologies, equipment, or materials; meeting client requirements; 
developing system specifications from requirements; and testing and debugging 
a prototype, system, or process using appropriate tools to satisfy requirements.” 

6) “Learn from Failure.  
Identify unsuccessful outcomes due to faulty equipment, parts, code, 
construction, process, or design, and then re-engineer effective solutions.” 

7) “Creativity.  
Demonstrate appropriate levels of independent thought, creativity, and 
capability in real-world problem solving.” 

8) “Psychomotor.  
Demonstrate competence in selection, modification, and operation of 
appropriate engineering tools and resources.” 

9) “Safety.  
Identify health, safety, and environmental issues related to technological 
processes and activities, and deal with them responsibly.” 

10) “Communication.  
Communicate effectively about laboratory work with a specific audience, both 
orally and in writing, at levels ranging from executive summaries to 
comprehensive technical reports.” 

11) “Teamwork.  
Work effectively in teams, including structure individual and joint accountability; 
assign roles, responsibilities, and tasks; monitor progress; meet deadlines; and 
integrate individual contributions into a final deliverable.” 

12) “Ethics in the Laboratory.  
Behave with highest ethical standards, including reporting information 
objectively and interacting with integrity.” 

13) “Sensory Awareness.  
Use the human senses to gather information and to make sound engineering 
judgments in formulating conclusions about real-world problems.” 

Of these, E. D. Lindsay & Wankat (2012) found that 3) Experiment, 5) Design, 8) Psychomotor, 

9) Safety and 13) Sensory Awareness can be troublesome objectives for remote labs. Using the 



  16 

concept of fungibility, i.e., equivalent replacement, they separate the transition of learning 

outcomes from hands-on to remote labs into the following three categories:  

1) “those that can be detached and re-anchored—the fungible outcomes” 
2) “those that cannot be detached and re-anchored—the non-fungible outcomes” 
3) “those that could never be done hands-on, but can now be done remotely—the 

new outcomes (E. D. Lindsay & Wankat, 2012, p. 197)” 

Concerning the Experiment outcome (3), some portions of the implementation may be non-

fungible, e.g., the methods of connecting and operating equipment are typically different in 

hands-on and remote labs. Concerning the Design outcome (5), building and assembling a part, 

product or system is typically not possible in a remote lab, especially not in an open-ended 

manner. Concerning the Psychomotor outcome (8), everything about selecting, modifying and 

operating engineering tools and resources can be accomplished through a remote lab interface 

except for the tactile operation. Concerning the Safety outcome (9), it is not fungible at this 

time to provide students with practical safety-related experience through a remote interface 

(Lindsay & Wankat, 2012). Concerning the Sensory Awareness outcome (13), mediating objects 

through a remote interface is not the same as interacting with them in person (Lindsay & Good, 

2005). Video and audio provide a limited perspective and haptic, i.e., touch based, devices can 

provide limited sensory information. However, temperature, taste and olfactory information, 

e.g., the smell of burning equipment, cannot be conveyed through remote interfaces at this 

time. Beyond the existing outcomes of hands-on labs, remote labs add the learning outcome of 

remote equipment operation and the benefits of reaching a larger number of students, 

allowing students to complete labs at their own paces, allowing students to complete labs at 

their preferred times and increasing student safety (Lindsay & Wankat, 2012). 
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Because of the complexity of differences between hands-on, virtual and remote labs, 

Nickerson et al. (2007) developed a model for investigating their relative effectiveness. This 

model contains the learning outcomes “Test scores” and “Lab scores”, students’ preferences 

concerning lab formats and students’ motivation. The authors point out that student 

motivation becomes an important component of learning in learning environments that are less 

constrained. Finally, Matute & Vadillo (2007) point out the need for frequent assessment during 

the learning process because the paths that students take in learning can reveal additional 

information. For those taking a Constructivist viewpoint, the journeys that students take to 

achieve the stated learning objectives can be just as important as learning the objectives 

(Lindsay & Wankat, 2012). 

Following the themes of Nickerson et al.'s (2007) model, the small number of studies 

that have assessed the pedagogical effectiveness of remote labs have generally assessed one of 

more of the following: 

1) The stated outcomes of the labs 
2) The learning of the students 
3) The students’ perceptions of their learning 
4) The students’ motivation to learn  

While students’ perceptions of their learning are not proof that they learned, they still provide 

important information. Additionally, students’ motivation can improve their learning (Lindsay & 

Good, 2005). The remainder of this chapter reviews some previously published studies in this 

area listed in chronological order. 

Ogot et al. (2003) used rubrics applied to lab reports to assess student learning. They 

found no statistically significant difference in learning between hands-on and remote lab 

sections. However, they did find a statistically significant difference between remote students 
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who completed a prelab in class and those who completed the prelab at their own 

convenience, with students completing the prelab in class performing better. They also found 

that students who collected their data in hands-on labs had more confidence in their data than 

did students in remote labs. However, the hands-on students were also much more concerned 

with making mistakes in the data collection process.  

E. D. Lindsay & Good (2005) scored student lab reports based on the presence of 

learning outcomes contained in the reports. They found that students in both remote and 

virtual lab sections significantly outperformed students in hands-on sections in exception 

handling, primarily because students in the hands-on sections failed to mention one key idea in 

their reports. They also found that students in simulation labs significantly underperformed the 

other students when assessing the accuracy of their results, possibly because of the degree of 

abstraction involved in simulation labs. The students were also given a post-test with seven 

open-ended questions about their lab experiences. Students in all lab types indicated that they 

were intellectually stimulated by the labs, although they differed in their reasoning for why this 

was so.  

Tzafestas, Palaiologou, & Alifragis (2006) used a scoring rubric filled by an examiner 

during live student sessions to assess students. They found no statistically significant 

differences in overall results between students in hands-on, remote and virtual labs.  

Ma & Nickerson (2006) developed a model based on the ABET remote laboratory 

objectives (Feisel & Rosa, 2005), which they reduced into the following categories: conceptual 

understanding, design skills, social skills and professional skills. They applied this model to sixty 

papers about hands-on, remote and/or virtual labs. While they found all four categories to be 



  19 

addressed in hands-on labs, and to a lesser extent in simulated labs, they found that only one 

remote lab paper addressed design skills (Ma & Nickerson, 2006). This fits with E. D. Lindsay & 

Wankat's (2012) finding that remote labs are not well suited for the design outcome.  

Araújo & Cardoso (2009) evaluated students’ perceptions of their learning in remote 

labs (no control group) using questionnaires and individual and group interviews. They found 

that students were motivated to complete remote labs and that they found them easy to 

access. However, students viewed the labs as being better for consolidating learning about 

known topics than for learning new ones. Students also valued the autonomy in the learning 

process that was provided by the remote labs.  

Fabregas, Farias, Dormido-Canto, Dormido, & Esquembre (2011) found that 59% of 

students expressed added value in remote labs over hands-on labs. They also found slightly 

better lab report and exam scores for students using the remote lab, but they did not include 

any statistical comparisons.  

Sauter, Uttal, Rapp, Downing, & Jona (2013) used rubrics to assess the learning of 

students in the hands-on, remote and virtual sections of a radioactivity lab. Additionally, they 

gave either a photo or a video feed to the students in both remote lab and virtual lab 

categories. Overall, they found that student learning occurred in the lab, but they found that 

remote lab students with the video feed had superior learning in some areas. They also found 

that from students’ perspectives, remote labs with live video provided the closest equivalent to 

hands-on labs of all the combinations tested. In remote labs, students perceived that being able 

to collect real data was more authentic than using simulated data in simulation labs.  



  20 

Delgoshaei & Lohani (2014) assessed the motivation of students to learn using the 

expectancy-value theory of motivation, which includes subcategories on attainment value, e.g., 

the ability to do well, intrinsic value, utility value, i.e., the perceived usefulness, and cost. Their 

paper does not contain the results of their analysis. However, it does contain results from their 

preliminary work showing that students’ perceived that remote access to real-time data made 

their labs easier. 
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Chapter 2. Research Goals 

This research concerns the development and course integration of the Online 

Watershed Learning System (OWLS), which acts as an end user interface for the LEWAS. This 

research expands on the work completed by Delgoshaei (2012) and Delgoshaei & Lohani (2014) 

using the LEWAS Lab (Figure 2-1). Based on classroom needs in a freshmen engineering course, 

they laid the foundation of the LEWAS and assessed the impact of access to live environmental 

data from a site on a creek on the VT campus via the LEWAS on student motivation. This was 

the first cycle of educational research and practice (Jamieson & Lohmann, 2009). The current 

research follows a similar pattern based on LEWAS classroom implementations at Virginia Tech 

and Virginia Western Community College (VWCC) and the need for effective remote labs as part 

of hybrid instruction in cyberlearning environments, as discussed in the previous section.  
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Figure 2-1. Innovation cycle leading to the OWLS. The dates for each block are the beginning 
time of that block. For blocks 1-3, see (Delgoshaei, 2012; Delgoshaei & Lohani, 2012, 2014; 
Delgoshaei, Lohani, & Green, 2010; Lohani, Delgoshaei, & Green, 2009). For block 4, see 
(Dymond, Lohani, Brogan, & Martinez, 2013; McDonald, Brogan, Lohani, & Dymond, 2015; 
McDonald, Brogan, Lohani, Dymond, & Clark, Richard Lee, 2015; McDonald, Dymond, Lohani, 
Brogan, & Clark, Richard Lee, 2014; McDonald, Lohani, Dymond, & Brogan, 2015). For blocks 5 
and 6, see (Basu, Purviance, Maczka, Brogan, & Lohani, 2015; Brogan et al., 2014; Brogan, 
McDonald, Lohani, Dymond, & Bradner, 2016; McDonald, Brogan, Lohani, & Dymond, 2015). 

This research consists of the following two major goals (Figure 2-1): 

1) Development of the Online Watershed Learning System 

2) Evaluation of the effectiveness of the Online Watershed Learning System in 

environmental monitoring education 

The OWLS is an interactive cyberlearning system that delivers integrated live and/or historical 

environmental monitoring data (atmospheric, hydrologic, geographical, etc.) and imagery from 

the LEWAS to end users regardless of the hardware and software platforms used (Figure 2-2). 
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These two research goals are elaborated on in Section 2.1 and Section 2.2, respectively, and the 

corresponding research methods used to accomplish them are presented in Chapter 3. 

 
Figure 2-2. The OWLS reaches users across many platforms (Basu, Purviance, Maczka, Brogan, 
& Lohani, 2015, Figure 3) (Fair Use). 

2.1. Development of the Online Watershed Learning System (OWLS) 

This section on the development of the OWLS elaborates on elaborates on the 

background of the LEWAS (Section 2.1.1), the motivation for developing the OWLS as the final 

stage of the LEWAS (Section 2.1.2) and the role of Interdisciplinarity in the development of the 

LEWAS/OWLS (Section 2.1.3). 

2.1.1. Background 

Development of the LEWAS Lab, which was previously known as the LabVIEW-Enabled 

Watershed Assessment System, began in 2008 as a research extension of LabVIEW-based 

learning modules implemented into a freshman engineering course at Virginia Tech. Much of 

the early work was led by Delgoshaei under the supervision of Lohani (Delgoshaei, 2012; 

Delgoshaei & Lohani, 2012, 2014; Delgoshaei et al., 2010; Lohani et al., 2009). The strengths of 

this initial system were continuous, real-time weather and water quantity and quality data 
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generated using solar power and delivered to students through a common LabVIEW-driven web 

interface.  

The LEWAS Lab field site is located on the Virginia Tech campus in the town of 

Blacksburg, VA (37.2282 deg N, 80.4270 deg W). It monitors the Webb Branch sub-watershed 

(2.78 km2), which is part of the Stroubles Creek Watershed. The Webb Branch watershed 

contains commercial and residential neighborhoods just to the north of downtown Blacksburg 

as well as northern portions of the Virginia Tech campus. Just downstream from the LEWAS 

field site, the Webb Branch drains into the Upper Duck Pond on the Virginia Tech campus. The 

first 8 km of Stroubles Creek below the Upper and Lower Duck Ponds has been classified as 

benthically impaired in all Virginia Department of Environmental Quality (VDEQ) reports from 

1996 to the present (Committee, Engineering, & Center, 2006; McDonald, Brogan, Lohani, 

Dymond, et al., 2015; Virginia Department of Environmental Quality (VDEQ), 2012, 2016). 

Figure 2-3 shows the LEWAS data flow and Figure 2-4 shows the LEWAS field site. The 

physical environment is monitored by multiple instruments including a weather transmitter and 

a rain gage to monitor weather conditions, an ultrasonic transducer and a flow meter to 

monitor flow rate, a sonde to monitor water quality and a camera to provide visual reference to 

the monitored parameters. The LEWAS system has been frequently upgraded from its original 

design during the past four years (Basu, McDonald, Brogan, Maczka, & Lohani, 2016; Basu et al., 

2015; Brogan et al., 2014, 2016; H. A. Clark, McDonald, Lohani, & Dymond, 2015; McDonald, 

Dymond, Lohani, & Brogan, 2014; McDonald, Lohani, et al., 2015). The rain gage and ultrasonic 

transducer were upgrades that added alternate measurement techniques for use in data 

verification. The local processor integrates data from the instruments and sends it to a 
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database on a server. A Raspberry Pi has been implemented as the local processor by other 

members of the LEWAS team as another upgrade to the LEWAS data flow system. In 

comparison to the CompactRIO system used by Delgoshaei, the Raspberry Pi has the benefits of 

lower power consumption, lower cost, increased instrument connections and increased 

programming language compatibility (Basu et al., 2015). The database and the application 

programming interface (API) that defines its communication standards have been implemented 

by other members of the LEWAS team, and an improved API is currently under development. 

The current research concerns the OWLS, which is an end device user application that upgrades 

both the accessibility and the mediation interface of the LEWAS compared to previous 

implementations. The OWLS development is discussed in detail below. 

 
Figure 2-3. LEWAS data measurement, processing, storage and application. 
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Figure 2-4. The LEWAS Field Site. 
 

2.1.2. Motivation 

The OWLS, which was earlier called the Platform-Independent Remote Monitoring 

System (PIRMS) (Brogan et al., 2014), has been designed as a cyberlearning system that takes 

advantage of the strengths of the increasing integration of internet-based technology into 

global society. Its development adds the following six improvements to the original LEWAS 

system:  

1)  The OWLS remotely situates users at the LEWAS field site. 

2)  It works on multiple hardware and software platforms as shown in Figure 2-2. This 

allows users on a wide variety of devices to access the system. 

3)  It does not require installation of the LabVIEW runtime engine. 

4)  It adds the ability to use historical data. 

5)  It does not crash when accessed simultaneously by a large number of users. 

6) It adds anonymous tracking data that allows user trends to be analyzed.  

Improvements 4 and 5 were aided by the parallel development of a database, and the first 

three and the last were exclusively improvements from the OWLS development. Given the 
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increasing diversity of hardware (desktop, laptop, tablet, smartphone, etc.) and software 

(Windows, Linux, iOS, Android, etc.) platforms being used (International Data Corporation, 

2012) and the goal of reaching the broadest possible audience, the OWLS development was 

undertaken with the intent of interactively delivering integrated live and/or historical 

environmental monitoring data (atmospheric, hydrologic, geographical, etc.) and imagery to 

end users regardless of the hardware and software platforms used (Figure 2-2). Such a design 

has two primary strengths. The first is access to live and historical data at any time from 

anywhere the end user has internet access. The second is the integration of visual and graphical 

environmental data that remotely situates the end user at the LEWAS site and provides 

interactive means of mediating aspects of the physical environment within the OWLS 

environment. 

2.1.3. Interdisciplinarity 

The development of the LEWAS has required integrating knowledge from a wide variety 

of fields including hydrology, environmental science, renewable energy, embedded system 

programming, database programming and learning interface design. It was only through the 

combined strength of a multidisciplinary team including faculty, graduate students and 

undergraduate students with backgrounds in engineering education, civil and environmental 

engineering, electrical engineering, computer engineering, computer science, environmental 

science, biology, chemistry and chemical engineering that this development has been possible. 

One of the strengths of this interdisciplinary team is that team members in one field have the 

opportunity to learn regularly from those in other fields. For example, electrical and computer 

engineers are now able to converse knowledgeably about hydrology concepts and civil 
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engineers are now able to converse knowledgeably about programming and renewable energy 

concepts. This integration of knowledge allows team members to publicly present the lab to 

those outside of their own disciplines. Beyond this Interdisciplinarity, the author, who has a 

background in electrical engineering, has developed a glossary of terms related to urban 

hydrology as part of the preliminary exam and has integrated this glossary into the OWLS. 

Overall, the current research would not have been possible without the interdisciplinary 

environment of the LEWAS team. 

2.2. Evaluating the Effectiveness of the OWLS in Environmental Monitoring Education 

This section elaborates on the second research goal, i.e., evaluation of the effectiveness 

of the Online Watershed Learning System in environmental monitoring education, including the 

background and motivation of this goal (Section 2.2.1), the research questions (Section 2.2.2) 

and the theoretical frameworks used (Section 2.2.3). 

2.2.1. Background and Motivation 

The application of the OWLS in educational settings builds on previous educational 

research by the LEWAS Lab team. Delgoshaei (2012) evaluated use of the original LEWAS 

system in a freshman engineering course at Virginia Tech. He adapted Q. Li, McCoach, 

Swaminathan, & Tang's (2008) four types of expectancy value in engineering education, i.e., 

intrinsic value, attainment value, utility value and cost value, to watershed education and found 

that exposure to real-time data increased the value students perceived in environmental 

monitoring education. Subsequently, as part of a TUES type I grant from the National Science 

Foundation (NSF), the LEWAS was used to teach environmental monitoring concepts to 

freshmen community college students in general engineering courses and senior civil and 
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environmental students in hydrology courses during the 2012-13 and 2013-14 academic years 

(Dymond et al., 2013; McDonald, Brogan, Lohani, Dymond, et al., 2015; McDonald, Dymond, 

Lohani, Brogan, et al., 2014). In this research, Bloom’s Revised Cognitive Taxonomy (A 

Committee of College and University Examiners, 1956; Anderson et al., 2000) was used as a 

guide to identify environmental monitoring topics that are appropriate for students at various 

academic levels and the components of the OWLS that could be used for environmental 

monitoring education at those levels (Figure 2-5). This research utilized primarily qualitative 

open-ended survey questions with only a few quantitative questions used in the last year. Some 

of the outcomes of the TUES course integration were that students were able to remember 

important ideas and understand important hydrologic concepts, make conclusions about the 

impacts of man-made infrastructure and development on water quality and propose public 

education plans based on their own educational experiences (McDonald, Lohani, et al., 2015). 
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Figure 2-5. Lesson plan guide including examples of environmental monitoring education topics 
appropriate for each level of Bloom’s revised cognitive taxonomy and the corresponding OWLS 
components that are appropriate for learning these topics. Levels 1-2 are applicable to 
introductory undergraduate courses, and levels 3-5 are applicable to a junior or senior level 
hydrology course. Level 6 would apply to a graduate-level hydrology course. 

2.2.2. Research Questions 

Building on the prior educational research, the educational research questions for 

research goal 2 were  

1) How effective is the OWLS at increasing student learning of environmental monitoring 
topics at different academic levels? 

 
2) How does providing access to the OWLS increase student motivation to study 

environmental monitoring at different academic levels? 

2.2.3. Theoretical Frameworks 

In order to evaluate these research questions, multiple theoretical frameworks are 

required. From the analysis of prior studies, it is apparent that the learning environment 

impacts student learning. This suggests the use of situated learning, which argues that 

knowledge is “distributed among people and their environments” (Greeno et al., 1996, p. 17). 
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These two sub-areas form the sociocultural and sociocognitive traditions of situated learning, 

respectively (Johri et al., 2013). Within the sociocognitive tradition, remote labs utilize digital 

technology to virtually situate users at remote field sites. This was the approach used by (Habib 

et al., 2012) and (Delgoshaei, 2012; Delgoshaei & Lohani, 2014) above. In the current research, 

situated learning was used to assess the impact of the remote learning environment on student 

learning. The learning community impact has been kept for future work. 

Concerning the measurement of student outcomes for question 1, using Bloom’s 

Revised Cognitive Taxonomy continues the previous research completed by the LEWAS Lab 

team. According to the National Academy of Sciences, “Ensuring clean water for the future 

requires an ability to understand, predict and manage changes in water quality.” (Committee 

on Challenges and Opportunities in the Hydrologic Sciences - Water Science and Technology 

Board - Division on Earth and Life Studies, 2012, p.8) These three abilities can be aligned with 

levels 2, 5 and 6 of Bloom’s revised cognitive taxonomy, respectively (A Committee of College 

and University Examiners, 1956; Anderson et al., 2000). Wagenet et al. (1999) used Bloom’s 

original cognitive taxonomy to assess their students’ learning of environmental monitoring 

topics. Concept inventories provide one convenient method for quantitatively assessing 

students’ learning relative to Bloom’s Revised Cognitive Taxonomy (Castles, 2010). Wagenet et 

al.’s questions can be used as concept inventory questions for life-long learners, and Zint & 

Kraemer (2012) have developed concept inventory questions about coastal watersheds for 

middle and high school students. However, watershed-focused concept inventories at the 

undergraduate and graduate level have not been found. As an alternative to concept 

inventories, Marshall, Castillo, & Cardenas (2013) used scoring rubrics to generate numerical 
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scores from qualitative writing for physical hydrology students. In this research content experts 

produced concept inventory questions at the undergraduate level based on the levels of 

Bloom’s Revised Cognitive Taxonomy. For student learning, the current research serves as a 

quantitative study informed by a primarily qualitative study similar to a sequential mixed 

methods research design (Johnson & Onwuegbuzie, 2004). 

Concerning the measurement of student outcomes for research question 2, several 

common theoretical frameworks related to student motivation are shown in Figure 2-6. Nearly 

all of these can be measured using Jones’ MUSIC Model of Academic Motivation (Jones, 2009). 

His model consists of the following five primary components of motivation: 1) eMpowerment, 

2) Usefulness, 3) Success, 4) Interest and 5) Caring. Empowerment relates to self-determination 

theory, which states that people are more motivated if they perceive that they have control 

over some aspects of their learning (Deci & Ryan, 1990; Ryan & Deci, 2000). Usefulness relates 

to the future value that students perceive in what they are learning. Students who have clearly 

defined long-term goals and who believe what they are learning aligns with those goals are 

more motivated (Simons, Vansteenkiste, Lens, & Lacante, 2004; Van Calster, Lens, & Nuttin, 

1987). Utility Value from Eccles and Wigfield’s expectancy-value theory of motivation is also 

related to usefulness (Eccles, 1983; Wigfield & Eccles, 2000). Success is related to many 

theoretical frameworks including self-efficacy theory (Bandura, 1986, 1997), self-concept 

theory (Marsh, 1990; Marsh & Yeung, 1997; Schavelson & Bolus, 1982), self-worth theory 

(Meece & Covington, 1993), goal orientation theory (Ames, 1992) and the intrinsic and 

attainment values in expectancy-value theory. These theories deal with such aspects of success 

as the perceived importance and enjoyment of succeeding, belief in one’s ability to succeed and 
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setting goals to achieve. Self-efficacy theory was used by Kamarainen et al. (2013) in their 

augmented reality lab. Interest can be assessed using Hidi & Renninger (2006) four-phase 

model of interest, which increases from fleeting situational interest to long-term internalized 

interest. Bloom’s affective taxonomy (A Committee of College and University Examiners, 1956) 

is another important scale of measuring interest in a topic. Finally, caring contains two major 

components, i.e., students’ personal interactions with faculty and students’ perceived level of 

caring by faculty (Baumeister & Leary, 1995).  
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Figure 2-6. Common theoretical frameworks of student motivation and how they relate. 

 
Because the MUSIC model is more inclusive than the expectancy-value theory used by 

Delgoshaei (2012) in the previous LEWAS research, the MUSIC model was selected for the 

current research. However, because the MUSIC model does not contain any measure of the 

learning costs perceived by students, this portion of the data is not available for the current 
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research. For student motivation, the current research served as a quantitative study informed 

by a prior quantitative study using the original LEWAS system study without the OWLS. 
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Chapter 3. Research Methods 

In alignment with the two research goals, this chapter is divided into OWLS 

development and classroom implementation sections. The first section follows the 

development of the OWLS from the storyboarding process, to development of the full version 

to the addition of anonymous user tracking for use in a pilot test. The second section contains 

sections covering the expected effectiveness of the OWLS based on the literature, the design of 

classroom implementations of the OWLS (including two pilot tests and full data collection in 

four courses) and the statistical methods used to evaluate the results that are included in the 

next chapter. 

3.1. Development of the Online Watershed Learning System (OWLS) 

This section explores the approach used for developing the OWLS including the 

storyboarding process (Section 3.1.1), the features of the full version (Section 3.1.2) and the 

integration of user tracking (Section 3.1.3). 

3.1.1. Storyboarding 

The OWLS concept was developed using the storyboarding process (Golombisky & 

Hagen, 2010) (including the development of a process book and a design document) as a 

guided open-ended cyberlearning environment (Alessi & Trollip, 2000). This design process, 

which was completed in the spring of 2013 as a semester project in the course Interactive 

Learning Media Development taught by two faculty from the department of Instructional 

Design and Technology at Virginia Tech, included multiple revisions that progressed through the 
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following steps: 1) sticky notes and data flow brainstorming (Figure 3-1), 2) images of potential 

content (Figure 3-2), 3) hand sketches of the user interface (Figure 3-3), 4) digital mockups of 

the user interface (Figure 3-4), 5) proposed user navigation through the digital interface (Figure 

3-5), and 6) an interactive prototype with working navigation links (Figure 3-6). A team of other 

designers reviewed each version in order to integrate multiple perspectives into the final design 

and a team of experts offered feedback on the interactive prototype at the end of the course. 

Using these multiple design revisions allowed for careful consideration of the user experience. 

The final design document and storyboard with notes are included in Appendix A. 
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Figure 3-1. Stage one of the OWLS storyboarding process – sticky notes and data flow 
brainstorming. 
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Figure 3-2. Stage two of the OWLS storyboarding process – images of potential content. 
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Figure 3-3. Stage three of the OWLS storyboarding process – hand sketches of the user interface 
(Brogan et al., 2016, Figure 4) (Fair Use). 

 
Figure 3-4. Stage four of the OWLS storyboarding process – digital mockups of the user 
interface. 
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Figure 3-5. Stage five of the OWLS storyboarding process – proposed user navigation through 
the digital interface. 
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Figure 3-6. Stage six of the OWLS storyboarding process – an interactive prototype with working 
navigation links. 

 

3.1.2. Full Version 

After completion of the storyboarding process, a beta version of the OWLS was 

developed. While the OWLS development and the transition to the Raspberry Pi brought many 

benefits, they also increased the complexity of the software used in the data flow process 

(Figure 3-7). When the LEWAS used the CompactRIO running LabVIEW, LabVIEW ran the data 

flow process from communication with the instruments through data delivery to end users. In 

the current system, an application programming interface (API) defines standardized methods 

for connecting data collection systems and user applications to the database, which is 

programmed in the MySQL language. The API, which runs on the database server, is written in 

Python, as is the Raspberry Pi software that extracts data from the various instruments and 

sends it to the database, via the API. The extraction of data from the database via the output 
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API defines the starting point of the OWLS software development. In order to achieve the 

desired platform independence, an HTML5 driven-web interface has been used for the 

implementation of the OWLS. In addition to HTML5, the OWLS uses CSS and JavaScript. These 

languages are also widely supported across platforms via web browsers. Within the OWLS, 

HTML5 is used to define the user interface structure, CSS is used format the user interface 

structure and JavaScript is used to access data via the API, to add interactive features 

(described below) to the user mediation interface and to anonymously track users’ activity 

within the OWLS. OWLS version 3.3 (March 2016) can be accessed at 

www.lewas.centers.vt.edu/dataviewer/. 

 
Figure 3-7. Software used in the LEWAS/OWLS. 

 
There are several key features of the OWLS interface that can be reached from the 

Home Screen or Site Map (Figure 3-8 and Figure 3-9). These include a How-To-Use Guide, a 

summary of the Webb Branch watershed, and virtual placements in the local geographic setting 

via the Overhead View and weather radar, in the field site via interactive graphs and imagery, 

and in watershed events via case studies. Since this a guided, open-ended cyberlearning 

file:///C:/Users/Daniel/Desktop/www.lewas.centers.vt.edu/dataviewer/
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environment, the user is able to navigate through the interface, but is limited to the guided 

structure defined by the Site Map. The OWLS is an adaptable system that can be used with 

other watersheds or generalized to other remote measurement systems. The Site Map, as 

illustrated in Figure 3-9, is already generalized for these adaptations. 

 
Figure 3-8. OWLS Home Screen (http://www.lewas.centers.vt.edu/dataviewer/index.html). 

 
Figure 3-9. OWLS Site Map (http://www.lewas.centers.vt.edu/dataviewer/site_map.html) 
(Brogan et al., 2016, Figure 6) (Fair Use). 

 
One mediation feature of the OWLS interface is the Overhead View, which places the 

user in the local geographic setting using a Google Maps plugin (Figure 3-10). In this 

http://www.lewas.centers.vt.edu/dataviewer/index.html
http://www.lewas.centers.vt.edu/dataviewer/site_map.html
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implementation, the geographic features include Webb Branch of Stroubles Creek, a 

downstream retention pond (Upper Duck Pond), the LEWAS field site, and the watershed 

delineated by the LEWAS team. The plugin allows the features to be shown over local streets or 

satellite imagery. Future versions will include maps of land use, topography, slopes, stormwater 

inlets and pipes, and other important features. Users are able to explore the watershed using 

their keyboard, mouse or touch screen and can get further information about the 

instrumentation at the site by clicking on the LEWAS field site marker. 

 
Figure 3-10. OWLS Overhead View 
(http://www.lewas.centers.vt.edu/dataviewer/overhead.html) (Brogan et al., 2016, Figure 7) 
(Fair Use). 

 
The Single Graph View places the user at the LEWAS field site using interactive graphs 

and time-stamped imagery/video (Figure 3-11). In this view, the user is able to plot any three of 

eighteen environmental parameters measured by the LEWAS in either SI or English units. The y-

axes auto scales to match the selected data. In addition to the interactive graph, time-stamped 

imagery from the camera at the field site provides users with a visual representation of the field 

site at the time of the data they are viewing. At the heart of the Single Graph View is an HTML5 

http://www.lewas.centers.vt.edu/dataviewer/overhead.html
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canvas object that acts as a blank canvas that is drawn on using JavaScript to draw lines, text 

and data (Grady, 2010; Zhu, 2012). While the OWLS is a visualization tool running in a “thin” 

web browser client and does not have the capability for user-defined analysis, users are able to 

save data locally via the “Data Download” link for further analysis. 

 
Figure 3-11. OWLS interactive Single Graph View showing impacts of rain events on March 13 
and 14, 2015 and impacts of accumulated water pumped off of a construction site during 
business hours on March 16-18, 2015 
(http://www.lewas.centers.vt.edu/dataviewer/single_graph.html) (Brogan et al., 2016, Figure 
8) (Fair Use). 

3.1.3. User Tracking 

Beyond the interface seen by OWLS users, anonymous user tracking was added to 

monitor the paths that users take through the OWLS, how long they spend using various 

components of the OWLS and how frequently they return. This information provides additional 

insights into the importance of various components of the OWLS. Because the user tracking was 

anonymous, i.e., not requiring a user login, the actions of individual users could not be matched 

with their performance on course-related activities. However, the goals of implementing this 

anonymous user tracking were to gain general insights about students in a class as a whole and 

http://www.lewas.centers.vt.edu/dataviewer/single_graph.html
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to lay a foundation for future research in this area. The following three sections concern how 

users are tracked and clustered and how clusters that represent groups of people using the 

OWLS in a short period of time are identified. 

3.1.3.1. Tracking Users 

The anonymous user tracking was accomplished using Google Analytics (Baltierra et al., 

2016). In addition to adding the Google Analytics components to all of the HTML source files, 

the UUID.js library was used to assign an alpha-numeric universally unique identifier (UUID) to 

each device-browser pair. This UUID was stored in a tracking cookie. This approach does have 

some tracking limitations. For example, a single user accessing the OWLS from multiple 

browsers on one or more devices will appear as multiple users because the UUID is assigned to 

the device-browser pair rather than to an individual. Another limitation is that users whose 

cookies are erased after a session cannot be tracked from one session to the next. A third 

limitation is that some users may have disabled tracking cookies completely. A fourth limitation 

is that browser updates often erase tracking cookies. Some alternative approaches are to 

develop unique IDs based on the hardware and software configurations of each device or to use 

device-specific hardware IDs such as MAC addresses or Apple or Google hardware IDs. While 

these approaches do allow a device to be tracked across browsers, they still cannot identify a 

user across devices. For this reason, user logins are suggested for future versions.  

3.1.3.2. Clustering Users 

One challenge in analyzing the data collected by Google Analytics is to cluster groups of 

users and to identify those groups of users. This was accomplished by collecting 16 different 

pieces of identifying information from each OWLS page visit, i.e., the unique device-browser 
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UUID, the UTC time at page load in ms, the local URL, the user’s current country, the user’s 

current region (e.g., state), the user’s current city, the device category (e.g., desktop, tablet, 

mobile), the operating system, the OS version, the browser, the browser version, the screen 

resolution, the internet service provider (ISP), the referring website, the time on the page, and 

if the next webpage viewed by the user was outside of the OWLS. For analysis, this information 

was manually exported from Google Analytics, and each page view from October 9, 2015 to 

May 25, 2016 was assigned a known user ID and user group. For example, The lab director’s IDs 

were Dr. Vinod Lohani and LEWAS. These IDs were determined for Dr. Lohani and other LEWAS 

team members by asking them to access specific pages in the OWLS and report the time of this 

access. Using their device-browser UUIDs and the UTC time stamps, these LEWAS personnel 

could be separated from other groups of users. Most remaining known users and user groups 

were identified by noting their physical location and the use or not of a school-owned ISP. This 

process was iterative because a device-browser UUID could be used in multiple physical 

locations on multiple ISPs. Based on the expected use of the OWLS during this time period, a 

known user appearing in multiple locations was assigned the highest ranking group he or she 

appeared in from the following list: 1) LEWAS, 2) VT ISP, 3) other Blacksburg region, 4) VWCC 

ISP, 5) other Roanoke region, 6) Floyd County High School (FCHS), 7) John Tyler Community 

College (JTCC), 8) Piedmont Virginia Community College (PVCC), 9) other Virginia region, 10) 

East Carolina University (ECU), 11) Central State University (CSU), 12) other US region, 13) KLE 

Technological University (KLE Tech), 14) other India region, 15) University of Queensland (UQ), 

16) Brazil and 17) other international. 
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3.1.3.3. Cluster Scores 

Once known users and user groups were manually assigned, the next step in identifying 

use of the OWLS in specific courses was to find clusters of known user use within each user 

group. In order to automate this process, two versions of a cluster score were developed. In 

this process, a moving window was moved across the page view data ordered sequentially. The 

cluster scores were based on two components, i.e., the median time between the page views in 

the moving window and the number of device-browser IDs in the moving window. These 

parameters were chosen on the assumption that a cluster would contain multiple users viewing 

the OWLS within a short period of time. The cluster scores are defined as follows using a 

moving window of 10 samples: 

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒1 = 𝑉𝑖𝑒𝑤𝑠𝑆𝑐𝑜𝑟𝑒 ∙ 𝑈𝑠𝑒𝑟𝑠𝑆𝑐𝑜𝑟𝑒1  (1) 

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒2 = 𝑉𝑖𝑒𝑤𝑠𝑆𝑐𝑜𝑟𝑒 ∙ 𝑈𝑠𝑒𝑟𝑠𝑆𝑐𝑜𝑟𝑒2  (2) 

𝑉𝑖𝑒𝑤𝑠𝑆𝑐𝑜𝑟𝑒 =
1000

𝑚𝑒𝑑𝑖𝑎𝑛{𝑡𝑛−4−𝑡𝑛−5,𝑡𝑛−3−𝑡𝑛−4,…,𝑡𝑛+4−𝑡𝑛+3}+1
   (3) 

𝑈𝑠𝑒𝑟𝑠𝑆𝑐𝑜𝑟𝑒1 = 1.5∑ 𝑖𝑠𝐷𝑖𝑓𝑓{𝐼𝐷𝑛−5,𝐼𝐷𝑛−4,…,𝐼𝐷𝑛+4} (𝑢𝑛𝑖𝑡𝑙𝑒𝑠𝑠)  (4) 

𝑈𝑠𝑒𝑟𝑠𝑆𝑐𝑜𝑟𝑒2 = 1.5(∑ 𝐷𝑖𝑠𝑡𝑖𝑛𝑐𝑡{𝐼𝐷𝑛−5,𝐼𝐷𝑛−4,…,𝐼𝐷𝑛+4}−1) (unitless) (5) 

The ViewsScore (3) is approximately the inverse of the median time in seconds between page 

views by all users in the moving window, where t is measured in ms. The 1 in the denominator 

avoids divide by zero errors. Thus, the view scores for median times of 1 s, 10 s and 1 min are 

roughly 1, 0.1 and 1/60, respectively. The two user scores (4) and (5) correspond to the two 

cluster scores (1) and (2), respectively. UserScore1 (4) checks to see if each page view is from a 

different known user than the previous page view was. UserScore2 counts the number of 

different known users within the window of 10 page views. Each of these user scores is a non-
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linear measure that emphasizes multiple known users within the moving window, e.g., 0 Diff. 

 1, 1 Diff.  1.5, 2 Diff.  2.25, … , 9 Diff.  38.44 for UserScore1 or 1 Dist.  1, 2 Dist.  

1.5, 3 Dist.  2.25, … , 10 Dist.  38.44 for UserScore2. However, UserScore2 can never be 

greater than UserScore1 because, e.g., two known users with alternating page views would 

appear as many known users changes in UserScore1 but only two distinct users in UserScore2. 

The ViewScore and user scores are designed such that the cluster score for 10 users each 

viewing one page with a median separation of 1 minute is of the same order of magnitude as a 

single user viewing ten pages with a median separation of 1 second. Thus, the highest cluster 

scores are achieved when 10 different users each view a page in well under a second. Empirical 

results discussed in the next chapter indicate that a cluster score of 10+ represents a definite 

user event, a cluster score of under 0.5 almost certainly does not represent a user event, and a 

cluster score in the middle represents a possible user event (Figure 3-12). Clustering results are 

discussed in the next chapter. 



  51 

 
Figure 3-12. ClusterScore2 as a function of median time between page views and numbers of 
distinct users. 
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3.2. Evaluating the Effectiveness of the OWLS in Environmental Monitoring Education 

This section explores the approach used for evaluating the effectiveness of the OWLS in 

environmental monitoring education including its expected effectiveness (Section 3.2.1), pilot 

tests that were conducted (Section 3.2.2), the research settings for the full course 

implementations (Section 3.2.3), the data that was collected from these implementations 

(Section 3.2.4) and how this data was analyzed (Section 3.2.5). 

3.2.1. Expected Effectiveness of the OWLS  

Given that the current research uses the sociocognitive tradition within the framework 

of situated learning (Johri et al., 2013), this framework plays in important role in assessing the 

pedagogical effectiveness of the proposed research. Recent research by Sauter et al. (2013) 

showed significant improvement for remote students given video access to the laboratory site, 

but not necessarily for students with access to photos of the laboratory site. This fits with the 

concept that presence is significantly increased by realism in the computer-based environment. 

Furthermore higher quality photographs and video can increase realism (Sauter et al., 2013). 

The OWLS attempts to situate users at the Learning Enhanced Watershed Monitoring System 

(LEWAS) lab site by showing them time-stamped, georeferenced images. Live video of the field 

site is also available in the OWLS, but not in the same view as the interactive Single Graph view. 

Additionally, the time stamps in the imagery allow users to access the LEWAS video archive 

(http://lewaspedia.enge.vt.edu:8080/videos/stroubles1/) to obtain visual references for past 

events shown in the recorded data. Beyond local photographs, the OWLS uses maps and 

satellite imagery to situate users in the local watershed by identifying local streets and 

buildings, the watershed boundary, the stream location, the LEWAS site and local topography. 

http://lewaspedia.enge.vt.edu:8080/videos/stroubles1/
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Ogot et al.'s (2003) four requirements for remote labs are used as a guide for evaluating 

the pedagogical effectiveness of the OWLS. The OWLS meets the first requirement, i.e., “High 

visual and audio (if applicable) components (Ogot et al., 2003, p.58)”, by including time-

stamped, georeferenced photographs and video. However, no audio components are included 

at this time. The second requirement is that students are able to run the software in a regular 

web browser without special software because this allows the lab to be completed from many 

locations. Given the rapid expansion of mobile technology, the HTML5 platform used by the 

OWLS exceeds this requirement by having the added benefits of not requiring browser plugins 

and of working across a wide range of mobile devices (Maiti & Tripathy, 2012). The third 

requirement is that the complexity of the data be too great for simulation to be realistically 

achieved. This is certainly the case with data from the LEWAS lab, which contains multiple 

events for which faculty and graduate students in the LEWAS lab team are still trying to 

determine a cause. The final requirement is that the lab provides an integrated learning 

environment. This has been a goal of the OWLS from the beginning of its development and was 

integral in the storyboarding process. The integration of the learning environment is essential 

to the concepts of presence and situated learning discussed above. Thus, the OWLS satisfies all 

four requirements for remote labs.  

Concerning the ABET outcomes for remote labs, the five ABET outcomes that E. D. 

Lindsay & Wankat (2012) found can be troublesome for remote labs, i.e., 3) Experiment, 5) 

Design, 8) Psychomotor, 9) Safety and 13) Sensory Awareness, have minimal impact for the 

OWLS. Due to prohibitive equipment costs, students using the LEWAS Lab are not able to 

operate the equipment themselves with or without the OWLS. Rather, without the OWLS, 



  54 

students are given data from the LEWAS lab in common file formats, e.g., MS Excel. Thus, the 

OWLS changes for the Experiment, Psychomotor and Sensory Awareness outcomes are from a 

spreadsheet computer interface to another computer interface that is more interactive and 

provides a sense of presence. Additionally, the Design and Safety outcomes are not included 

with or without the OWLS. Thus, on the basis of these outcomes, the OWLS provides a superior 

learning environment to the previous one. 

3.2.2. Pilot Tests 

The proposed research also builds on two pilot tests of the OWLS. These occurred in the 

courses VT CEE 4304 Hydrology, and VWCC EGR 124 Intro to Engineering and Engineering 

Methods in the spring and fall 2014 semesters, respectively. 

3.2.2.1. VT CEE 4304 Hydrology, Spring 2014 

For the first pilot test, the LEWAS Lab team integrated the OWLS into a senior level 

hydrology course (VT CEE 4304 Hydrology, 31 students) as one of six LEWAS-related modules 

implemented into this course during the spring 2014 semester as part of the TUES grant. The 

OWLS module consisted of three primary components: 1) students used the OWLS to view and 

analyze a “simulated” real-time case study that used historical data and imagery, 2) students 

answered questions related to the watershed, case studies, data viewer, and watershed 

behavior and 3) students provided feedback on the usefulness of the OWLS. 

3.2.2.2. VWCC EGR 124 Intro to Engineering and Engineering Methods, Fall 2014 

For the second pilot test, the LEWAS Lab team integrated the OWLS into an introductory 

engineering course at VWCC (EGR 124 124 Intro. To Eng. and Eng. Methods, n = 27) as an 

activity within a single class period. Due to implementation constraints, this pilot test used a 
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post-test only design. This post-test assessed students’ qualitative perceptions of their learning, 

quantitative measures of students’ learning and quantitative measures of students’ motivation. 

This included an additional assessment component that was developed for the VWCC pilot test 

to test how the OWLS affects engineering students’ motivation levels. The students were given 

post-test questions based on a theoretical model of motivation known as the MUSIC Model of 

Academic Motivation (Jones, 2009) (see Section 2.2.3). This model tests students’ level of 

motivation based upon five recommended components that an instructor should consider 

when designing instruction: eMpowerment, Usefulness, Success, Interest, and Caring. Each 

component is based on the results of 4-6 questions scored using the following 6-point Likert-

type scale: Strongly Disagree = 1, Disagree = 2, Somewhat Disagree = 3, Somewhat Agree = 4, 

Agree = 5 and Strongly Agree = 6 (Jones, 2015). The assessment questions were modified by 

changing them to reflect the students’ use of the OWLS according to the recommendations by 

(Jones, 2009) to test specifically how use of the OWLS by engineering students impacts their 

motivation levels. 

3.2.3. Research Setting 

In order to continue the existing partnerships, data collection using the OWLS was 

planned in the same two courses used in the pilot tests above, i.e., a first-year general 

engineering course at Virginia Western Community College (EGR 124 124 Intro. To Eng. and 

Eng. Methods) and senior-level hydrology course at Virginia Tech (CEE 4034 Hydrology). The 

community college course typically has three sections of 15-20 students each. The hydrology 

course typically has one section of roughly ten female and twenty male students with about 

10% graduate students. Two additional related courses unexpectedly became available and 
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were also used for data collection. The first was VT CEE 5734 Urban Hydrology, which is a 

graduate course that builds on the material in CEE 4304 Hydrology. This course was taught by 

the same instructor who taught CEE 4304 during the pilot test. The second additional course 

was VWCC EGR 216 Computer Methods in Eng. and Tech., which was taught by the same 

instructors as EGR 124. Altogether, data was collected from 4 courses for this research and the 

data collection process is described next. 

3.2.4. Data Collection 

As discussed previously, Nickerson et al. (2007) categorized the assessment of the 

pedagogical effectiveness of remote labs into the following four areas: 

1) The stated outcomes of the labs 
2) The learning of the students 
3) The students’ perceptions of their learning 
4) The students’ motivation to learn  

Using this approach as a guide, LEWAS learning module implementations have been expanded 

from using only student self-perceived learning during pre-OWLS LEWAS implementations in 

2012 to using student self-perceived learning, student learning and student motivation during 

this research (Table 3-1). Prior to the development of the OWLS, LEWAS module assessment 

began with students’ perceptions and added some measures of student learning. During the 

OWLS pilot testing phase, student motivation was added, and in the current research, students’ 

learning, their perceptions of their learning and their motivation can all be used to assess the 

effectiveness of the learning modules. This has been an adaptive process with open-ended 

questions primarily used to obtain qualitative student feedback in earlier implementations 

leading to the use of a more quantitative assessment in later implementations. Figure 3-13 
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illustrates the module development progression this process for the two pilot tests and four 

course implementations using the OWLS. 

Table 3-1. Assessing pedagogical effectiveness. (Except for fall 2014, all are pre-post designs.) 

 

 
Figure 3-13. OWLS module implementation development path. 
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3.2.4.1. VT CEE 4304 Hydrology, Spring 2015  

Table 3-2 outlines the details of the one group pretest-posttest pre-experimental 

research design (Leedy & Ormrod, 2005) for the senior-level Hydrology course at Virginia Tech. 

Since this course has only a single section of upper-class students who were likely to have pre-

existing working relationships, a single group design was chosen over a control group design in 

order to avoid the threat to internal validity of diffusion of treatments between groups 

(Pedhazur & Schmelkin, 1991). In the first half of the course, the students were exposed to the 

LEWAS through introductory material and through physically visiting the LEWAS field site. 

Similarly to prior LEWAS implementations in the course in the fall 2012 and spring 2014 

semesters, these students worked in groups of 3-5 students, and each group was given one 

week of responsibility for monitoring the stream. This rotation of groups was finished by the 

middle of the spring semester. At this time, the students were given the pre-test. In the second 

half of the semester, the student groups repeated their cycle of weekly observations before 

completing the post-test. Subsequently, a focus group was used to investigate specific portions 

of the pre- and post-test results where further clarification was needed. By having the pre-test 

be at the middle of the semester, the students were already at the level of experience that they 

were in previous semesters, without access to the OWLS. Thus, the differences between the 

pre- and post-tests can more clearly be attributed to the OWLS rather than the LEWAS as a 

whole. Both the pre-test and post-test began with the same twenty six Likert-style MUSIC 

Model of Academic Motivation questions (research question 2). The order of these questions 

was changed so that questions from the same subgroup are not asked consecutively. 

Subsequently, the pre- and post-tests both had five circle the answer and five true / false 
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questions (research question 1). These learning questions were levels three to five of Bloom’s 

Revised Cognitive Taxonomy (Figure 2-5). However, these questions were different on the pre- 

and post-tests. A content expert developed these two sets of questions to be of equivalent 

difficulty and cover similar content. Finally, the post-test added a section seeking general 

feedback about students’ experiences using the OWLS and asking students to rate the learning 

value of various components of the OWLS. The overall structure of the pre- and post-tests has 

been developed in collaboration with Dr. John Muffo, who served as the assessment expert for 

prior LEWAS implementations in this course as part of the NSF TUES grant. Dr. Muffo also 

conducted the focus group using the set of questions designed as part of this research. The 

complete set of instruments used in data collection for this course can be found in Table 3-4 at 

the end of this section on page 66. These instruments are contained in Appendix B. 
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Table 3-2. Research Methods - Senior Undergraduate Level 

Senior Level: CEE 4304 Hydrology class at Virginia Tech 

Instrument Used in Data Collection – Example pre-test and post-test sample prompts: 
A. Quantitative measures of students’ learning (direct measure for question 1) 

1) Specific conductance will usually (increase / decrease) during a winter storm event. 
2) Turbidity typically (increases / decreases) as flowrate increases. 

B. Students’ qualitative perceptions of their learning (indirect meas. for question 1) 
3) Was the OWLS a valuable tool for learning in this course? If so, how? 

C. Quantitative measures of students’ motivation (direct measure for question 2) 
4) The instructional methods engaged me in the course. 
5) Throughout the course, I felt that I could be successful on the coursework. 
6) I had flexibility in what I was allowed to do in this course. 

Instrument Used in Data Collection – Example focus group prompts: 
7) Concerning your weekly observation groups, please describe the benefits of observing 

the stream physically by visiting the LEWAS site vs. observing the stream virtually via 
the OWLS. 

8) How will what you learned in the LEWAS/OWLS assignments be useful for meeting 
your goals for your academic program? 

Timeline: Student recruitment: Spring 2015; Data collection: Spring 2015; Data analysis and 
interpretation: Summer 2015. 

Experimental Procedure: Pre-test, post-test, focus group 

Student 
Population 

Treatment 1 

P
re

-t
es

t 

Treatment 2 

P
o

st
-t

es
t 

  
Fo

cu
s 

G
ro

u
p

 

Students from 
single section 
Hydrology 
course (n = 30 
to 35) 

Students will monitor the 
LEWAS field site in a 
rotation of small groups 
with each group physically 
monitoring for one week 
by visiting the field site. 

In the second half of the 
semester, these groups will 
repeat their monitoring using 
virtual monitoring via the 
OWLS. 

Variables  Statistical Test and Inferential Hypothesis 

Dependent: 
Student scores pre- and post-tests. 
Independent: 
Time (Pre-post), course level 
(comparing motivation levels with 
VWCC course). 

2-sample pooled t-test, 2-sample Welch’s t-test and/or 
Wilcoxon Rank Sum non-parametric test (depending on 
sample sizes and variances) to assess differences in 
response and interactions among independent 
variables. Correlation to assess relationships between 
dependent variables, e.g., learning vs. motivation. (Ott 
& Longnecker, 2008) 

Several factors have been taken into consideration in the development of this research 

design. It was originally considered to use students from a previous year as a control group. 

However, this was considered to be a poor choice since this would likely introduce several 
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confounding variables (Creswell, 2009). The history and maturation threats to internal validity 

may result for this course since there the time between the pre- and post-tests was be about 

eight weeks, during which time the students will continue studying and being taught hydrology 

concepts through non-OWLS course components (Pedhazur & Schmelkin, 1991). However, the 

test-retest threat to reliability (Creswell, 2009) is reduced by the eight week period between 

the pre- and post-tests. Additionally, the learning questions in the pre- and post-tests were 

changed to reduce this threat. However, although a content expert helped to develop two sets 

of questions of equivalent difficulty, the instrumentation threat to internal validity may still 

exist because the questions are not identical. Because some students may have dropped the 

course during the treatment period, and because students were not identified in the pre- and 

post-tests, the mortality threat to internal validity may impact the results. However, based on 

prior semesters, typically no more than one student drops the course during this period. Thus, 

the impact on the results should be minimal (Pedhazur & Schmelkin, 1991).  

3.2.4.2. VT CEE 5734 Urban Hydrology, Spring 2015 

The Urban Hydrology course (CEE 5734) followed similar research methods to those of 

the Hydrology students in Table 3-2, above including having the same pre- and post-tests. 

However students in the Urban Hydrology course did not have treatment 1, completed a 

LEWAS-related assignment in addition to one similar to treatment 2 and had different focus 

group questions. Please see Table 3-4 at the end of this section on page 66 for the full list of 

instruments used in data collection for this course. 
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3.2.4.3. VWCC EGR 124 Intro to Engineering and Engineering Methods, Fall 2015 

Table 3-3 outlines the details of the nonrandomized control group pretest-posttest quasi 

experimental design (Leedy & Ormrod, 2005) for the VWCC freshman-level course. This design 

was constrained to two fifty-minute class periods. In this course, the students self-selected into 

the course sections of their choice. Students in all three sections were given a common pre-test 

and common post-tests. The pre- and post-tests were identical to those from the senior level 

hydrology course except that the quantitative learning questions will consist of four multiple 

choice and three true / false questions. Also, these learning questions will be based on levels 

one and two of Bloom’s Revised Cognitive Taxonomy (Figure 2-5) rather than on levels three to 

five. For this course, Dr. Muffo conducted a focus group in both the control and experimental 

groups. The first three focus group questions were identical for the control and experimental 

groups, but the last few questions differed so that features of the OWLS interface could be 

explored in the experimental group. The complete set of instruments used in data collection for 

this course can be found in Table 3-4 at the end of this section on page 66. Finally, additional 

information about the paths that users took through the OWLS, how long they spent using 

various components of the OWLS and how frequently they returned was determined from the 

user tracking feature of the OWLS. This information provides additional insights into the 

importance of various components of the OWLS. The tracking component of the proposed 

research serves as a pilot test for further exploration in this area.  
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Table 3-3. Research Methods – Freshman Undergraduate Level. 

Freshman Level: EGR 124 Intro to Engineering and Engineering Methods at VWCC 

Instrument Used in Data Collection – Example pre-test and post-test sample prompts: 
A. Quantitative measures of students’ learning (direct measure for question 1) 

1) The water flowing in the Roanoke River ultimately drains into the Atlantic Ocean via 
A. The Chesapeake Bay 
B. The Gulf of Mexico 
C. The Atlantic Ocean (directly) 
D. The Great Lakes 

2) ( true / false ) Data measured by the sensors have no uncertainty. 
B. Students’ qualitative perceptions of their learning (indirect meas. for question 1) 

3) Comment on your overall experience using the LEWAS. 
C. Quantitative measures of students’ motivation (direct measure for question 2) 

4) In general, the coursework was useful to me. 
5) I was confident that I could succeed in the coursework. 
6) I was capable of getting a high grade in this course. 

Instrument Used in Data Collection – Example focus group prompts: 
7) Looking back at the course assignments that involved Stroubles Creek and the 

Learning Enhanced Watershed Assessment System (LEWAS) Lab including the Online 
Watershed Learning System (OWLS), please describe any times that you had an “aha” 
moment that gave you new insights into hydrologic concepts. 

8) How much control did you have over the LEWAS/OWLS assignments? (How much did 
you feel like you were doing what you wanted to be doing during this activity?) 

Instrument Used in Data Collection – User Tracking: 
The OWLS will be enhanced to enable tracking the paths that users take through the system, 
how long they spend using various components and how frequently they return. 

Experimental Procedure: Pre-test, post-test, focus group 

Student 
Population 

Self-selection  

P
re

-t
es

t 

Treatment 

P
o

st
-t

es
t 

  
Fo

cu
s 

G
ro

u
p

 Students from 3 
sections of EGR 
124 (n = 15 each) 
 

Course 
Sections A & 
B 

(experimental) Students will complete 
LEWAS-based activities by observing and 
collecting data via the OWLS 

Course 
Section C 

(control) Students will complete LEWAS-
based activities by using realistic historical 
data in MS Office documents (e.g., data in 
Excel and overview and images in Word). 

Variables  Statistical Test and Inferential Hypothesis 

Dependent: 
Student scores pre- and post-tests. 
Independent: 
Time (Pre-post), course section 
(control-experimental), course level 
(comparing motivation levels with 
Virginia Tech Hydrology course). 

2-sample pooled t-test, 2-sample Welch’s t-test 
and/or Wilcoxon Rank Sum non-parametric test 
(depending on sample sizes and variances) to assess 
differences in response and interactions among 
independent variables. Correlation to assess 
relationships between dependent variables, e.g., 
learning vs. motivation. (Ott & Longnecker, 2008) 
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Unlike the senior-level hydrology course, the experimental design for this course has 

control and experimental groups. However, because these groups consisted of first semester 

freshmen who are in different course sections at a non-residential institution, the students in 

different groups were expected not to have working relationships. Thus, the threat to internal 

validity of diffusion of treatments between groups is expected to be minimal. Likewise, because 

the time between pre- and post-tests was only a few weeks, the history and maturation threats 

to internal validity are not expected to be significant (Pedhazur & Schmelkin, 1991). However, 

the test-retest threat to reliability (Creswell, 2009) may be more significant due to the same 

short interval. The instrumentation threat to internal validity did not exist because the learning 

questions in the pre- and post-tests were identical. The mortality threat to internal validity is 

likely to be a larger issue for this course than it was for the hydrology course (Pedhazur & 

Schmelkin, 1991). In prior implementations, up to a third of the students failed to complete the 

post-test. However, given the short duration, it is likely that they did not drop the course, but 

rather did not attend class on that particular day or simply chose not to complete the post-test. 

Given the mortality threat, students were asked to identify themselves on pre- and post-tests 

using pseudonyms so that comparisons between the same group of students could be made. 

3.2.4.4. VWCC EGR 216 Computer Methods in Engineering and Technology, Fall 2015 

The computer methods course (EGR 216) at VWCC used the identical assignments and 

assessments used in EGR 124 except for changing the course name and number on the 

documents. Two sections of this course were included. One of the sections was a traditional in-

class section, and the other section was a hybrid section where the students would meet in 

class once a week and work remotely for the other class every week. However, because the 
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instructors of these two sections were different, the interaction of setting and treatment threat 

to external validity (Creswell, 2009) exists and may make it difficult to compare the results of 

the two sections. 

3.2.4.5. Data Collection Instruments 

Please see Table 3-3 below for the full list of instruments used in data collection for this 

course. 
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Table 3-4. Student Assignments and Assessment Instruments Index. 

Course 
(section) 

Pre-test 
Instrument 

Assignment(s) Post-test 
Instrument 

Focus Group 

CEE 4304 
(S14 Pilot) 

Appendix B.1  Appendix B.2 Appendix B.3  N/A 

EGR 124 
(F14 Pilot) 

N/A Appendix B.4 Appendix B.5 N/A 

CEE 4304 
(S15) 

Appendix B.6  Appendix B.7 Appendix B.8  Appendix B.9 
(recruitment) 
Appendix B.10 
(consent) 
Appendix B.11 
(questions) 

CEE 5734 
(S15) 

Appendix B.12  Appendix B.13 
(assignment 8) 
Appendix B.14 
(assignment 9) 

Appendix B.15  
Appendix B.16 
(early version) 

Appendix B.9 
(recruitment) 
Appendix B.10 
(consent) 
Appendix B.17 
(questions) 

EGR 124  
(F15 Control) 

Appendix B.18  Appendix B.19 
(activity) 
Appendix B.20 
(homework) 

Appendix B.21  Appendix B.22 
(consent) 
Appendix B.23 
(questions) 

EGR 124 
(F15 Exp. 1) 

Appendix B.18  Appendix B.24 
(activity) 
Appendix B.20 
(homework) 

Appendix B.25  Appendix B.22 
(consent) 
Appendix B.26 
(questions) 

EGR 124 
(F15 Exp. 2) 

Appendix B.18  Appendix B.24 
(activity) 
Appendix B.20 
(homework) 

Appendix B.25  N/A 

EGR 216 
(F15 In-class) 

Appendix B.27  Appendix B.28 
(activity) 
Appendix B.29 
(homework) 

Appendix B.30 N/A 

EGR 216 
(F15 Hybrid) 

Appendix B.27  Appendix B.28 
(activity) 
Appendix B.29 
(homework)  

Appendix B.30  N/A 
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3.2.5. Data Analysis 

Various statistical techniques were used in the data analysis. The 2-sample pooled t-test, 

the 2-sample Welch’s t-test were proposed to be used. However this was not possible due to 

sample sizes being too small. Rather, the Wilcoxon Rank Sum test with normal approximation 

and/or the Wilcoxon Signed Rank Test were used to compare the freshman and senior level 

courses or the experimental and control sections of a single course depending on whether or 

not the assumptions of the specific tests were satisfied (Ott & Longnecker, 2008). Additionally, 

correlation allowed for analysis of relationships between learning and motivation variables. 

3.2.5.1. Wilcoxon Rank Sum non-parametric test 

In the cases where the central limit theorem is not satisfied due to relatively small 

sample sizes and non-normal distributions, the Wilcoxon Rank Sum non-parametric test with 

normal approximation can be used to compare the means of samples from two populations 

when both sample sizes are greater than 10, as is often to be the case in the present research. 

The assumptions for this test are 1) that the samples are independent and 2) that the 

populations have identical distributions except for a possible shift. This method, which involves 

ranking the values in each population from largest to smallest, has the following definitions 

concerning the difference 𝜇1 − 𝜇2: 

Mean: 𝜇𝑇 =
𝑛1(𝑛1+𝑛2+1)

2
 

Variance: 𝜎𝑇
2 =

𝑛1𝑛2

12
((𝑛1 + 𝑛2 + 1) −

∑ 𝑡𝑗(𝑡𝑗
2−1)𝑘

𝑗=1

(𝑛1+𝑛2)(𝑛1+𝑛2−1)
)  

where 𝑇 is the sum of the ranks from sample 1, 𝑘 is the number of tied groups and 𝑡𝑗 is the 

number of ties in the 𝑗th group. 
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Test Statistic: 𝑧𝑜𝑏𝑠 =
𝑇−𝜇𝑇

𝜎𝑇
 

These definitions can be used with the following three hypothesis tests of the null hypothesis, 

𝐻0, and the alternative hypothesis, 𝐻𝑎. 

Left-shift test:  {
𝐻0: The Populations are Identical.

𝐻𝑎: Population 1 is shifted to the left of population 2.
  

 Reject 𝐻0 if 𝑧𝑜𝑏𝑠 ≤ −𝑧𝛼 

Right-shift test:  {
𝐻0: The Populations are Identical.

𝐻𝑎: Population 1 is shifted to the right of population 2.
  

 Reject 𝐻0 if 𝑧 ≥ 𝑧𝛼  

Some-shift test:  {
𝐻0: The Populations are Identical.

𝐻𝑎: Populations 1 and 2 are shifted from each other.
  

 Reject 𝐻0 if |𝑧𝑜𝑏𝑠| ≥ 𝑧𝛼 2⁄   

(Ott & Longnecker, 2008) 

3.2.5.2. Wilcoxon Signed Rank non-parametric test 

In the cases where the central limit theorem is not satisfied due to relatively small 

sample sizes and non-normal distributions and the data are paired, e.g., pre-test to post-test for 

the same set of individuals, the Wilcoxon Signed Rank Test can be used. It assumes that the 

distribution of differences around the median is symmetric. The mother here is for fewer than 

50 samples, as is the case in this research. This method involves ranking the absolute values of 

the differences from largest to smallest with ties assigned the same rank. 𝑇 is the smaller of the 

sum of the ranks of the positive differences and the sum of the ranks of the negative 

differences. For fewer than 50 samples, the test statistic cannot be easily calculated, but the 

appropriate p-value may be looked up in a reference table using 𝑇, e.g., Table 3-4 on page 1177 

of (Ott & Longnecker, 2008). 
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3.2.5.3. Correlation 

Correlation is a method for relating how a change in one variable is likely to relate to a 

change in another variable. However, correlation does not prove causality, i.e., it does not 

prove that one change caused the other change. The correlation coefficient is an important 

measure of the correlation between two variables. For two samples 𝑥 and 𝑦 from a single 

population, the correlation coefficient is defined as 

𝑟 =
𝑆𝑥𝑦

√𝑆𝑥𝑥𝑆𝑦𝑦
  where 𝑆𝑥𝑥 = ∑ (𝑥𝑖 − �̅�)2𝑛

𝑖=1 , 𝑆𝑦𝑦 = ∑ (𝑦𝑖 − �̅�)2𝑛
𝑖=1  and 𝑆𝑥𝑦 = ∑ (𝑥𝑖 − �̅�)(𝑦 − �̅�)𝑛

𝑖=1   

The square of the correlation coefficient is known as the coefficient of determination. It 

represents the percent of variation in 𝑦 that can be explained by variations in 𝑥, and vice versa. 

Correlation rests on the following assumptions: 1) the relationship between 𝑥 and 𝑦 must be 

linear or non-existent, 2) 𝑥 and 𝑦 must be random variables measured on interval or ratio 

scales, and 3) 𝑥 and 𝑦 must have a joint normal distribution. Assumption 1 is needed because 

the correlation consists of summations, a non-linear relationship such as a parabolic 

relationship can yield a correlation coefficient of zero. A correlation matrix replicates 

calculation of the correlation coefficient for pairwise comparisons between multiple 

parameters. This matrix is symmetrical with a main diagonal of ones (Kachigan, 1991).  
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Chapter 4. Results 

This chapter contains the summary of the assessment results for both research goals 

discussed in Chapter 2. Section 4.1 contains the results for the development of the OWLS (goal 

1). Following a general description of the OWLS final design, this section analyzes tracking data 

to show how students and others have been using the OWLS. Additionally, this section contains 

student feedback about OWLS features from the four courses described in Chapter 3 (VT CEE 

4304 Hydrology, VT CEE 5734 Urban Hydrology, VWCC EGR 124 Intro to Engineering and 

Engineering Methods and VWCC EGR 216 Computer Methods in Engineering and Technology) 

as well as feedback about OWLS features from faculty who participated in the 1st Virginia Tech 

Engineering Education Workshop at KLE Technological University in Hubli, Karnataka, India held 

on 14-18 July 2015. Section 4.2 contains the assessment of the learning (measured and self-

perceived) and motivation of the OWLS in environmental monitoring education (goal 2).  

4.1. Development of the Online Watershed Learning System (OWLS) 

The development of the OWLS has been an iterative process involving storyboarding, 

developing beta and full implementations using HTML5, JavaScript and CSS and seeking user 

feedback for OWLS improvement. In addition to the feedback sought during the storyboarding 

process (Section 3.1.1), feedback was sought from the 30 students who completed the post-test 

during the VT CEE 4304 Hydrology pilot test in the spring of 2014. When asked what difficulties 

and recommendations they would make, the students made suggestions related to the usability 

of the system, improvements to the data visualization components, and inclusion of more 

pictures. One student said it would be helpful to be able to view more than two parameters at a 
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time. In response the ability to concurrently show a third parameter was added to the Single 

Graph View. Another student wanted to be able to download the data directly to Excel. This 

concern has been addressed by adding the option of downloading data in CSV format. Other 

changes that were suggested by students and incorporated into the current version include the 

ability to select from multiple time scales and the ability to refresh the graph without changing 

menu parameters. One final area suggested by multiple students was the addition of more 

photographs into the OWLS. The LEWAS team addressed that suggestion by adding the live 

video camera and creating a historical video archive (Brogan et al., 2016). 

Overall, OWLS version 3.3 (March 2016, www.lewas.centers.vt.edu/dataviewer/) 

consists of 78 HTML files, 65 image files, 3 JavaScript files and 1 CSS file (listed in Appendix C). 

Out of the 78 HTML files, 53 of them are for glossary items. Overall, the 82 script files contain 

11,112 lines of code. Of this, almost 1,500 lines are pasted Google Analytics tracking code and 

more than 2,300 lines are the OWLS.js code that plots the interactive graph. The following two 

subsections assess the OWLS using user tracking and student and faculty evaluations, 

respectively.  

4.1.1. User Tracking 

4.1.1.1. User Groups 

From October 9, 2015 at 10:38 AM through May 25, 2016 at 9:13 PM, there were 

11,231 page views within the OWLS. These were assigned to the following user groups using 

the approach discussed in Section 3.1.3.1:  

file:///C:/Users/Daniel/Desktop/www.lewas.centers.vt.edu/dataviewer/
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1) LEWAS:  3,694 
2) VT ISP:  511 
3) Other Blacksburg region:  3,182 
4) VWCC ISP:  1,329 
5) Other Roanoke region:  215 
6) Floyd County High School (FCHS):  116 
7) John Tyler Community College (JTCC):  551 
8) Piedmont Virginia Community College (PVCC):  2 
9) Other Virginia region:  371 
10) East Carolina University (ECU):  4 
11) Central State University (CSU):  1 
12) Other US region:  218 
13) KLE Technological University (KLE Tech):  470 
14) Other Indian region:  49 
15) University of Queensland (UQ):  547 
16) Brazil:  7 
17) Other international:  61 

The VT ISP (Internet Service Provider) group is smaller than expected compared to the Other 

Blacksburg region group. This trend began around the time that VT switched to the Eduroam 

(https://www.eduroam.us/) login system, which suggests that the infrastructure system 

registers users as being in Blacksburg, but not part of the Virginia Tech ISP. Rather, ISP 

information is missing for a large number of Other Blacksburg region entries. Figure 4-1 shows 

the number of page views per day for large user groups. Note that students in particular 

courses use the OWLS extensively for no more than a few days before moving on to other 

topics but the LEWAS team members have a regular background presence. Thus, it is important 

to remove known LEWAS team members’ page views from analysis of the intended users.  

https://www.eduroam.us/


  73 

 
Figure 4-1. OWLS page views per day by user groups. Courses: 1) VWCC EGR 124 & EGR 216; 2) 
JTCC EGR 124; 3) FCHS Eng. Course; 4) VT CEE 4304; 5) VT CSES 4314, ENSC 4314 & ENSC 4414; 
6) KLE Tech ECRP 101; 7) VT AHRM 4604; and 8) UQ CIVL 2130. 

4.1.1.2. Cluster Scores 

Figure 4-2 shows the cluster scores (Section 3.1.3.3) for the page views shown in Figure 

4-1. For a given number of daily users, some groups produce larger cluster scores than do 

others. For example, the JTCC group early in the week of November 15, 2015, and the VWCC 

group in the week of December 6, 2015 had days with very similar numbers of page view, but 

the cluster score for the JTCC event is an order of magnitude smaller than the cluster score for 

the VWCC event is. This is the result of the density of users and/or page views being lower for 

the JTCC event than it was for the VWCC event. As a more extreme case, the VT event in the 

week of February 21, 2016 had a small percentage fewer daily page views than the ones just 
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mentioned, but its cluster score barely reaches above the noise threshold. By calculating peak 

cluster scores from known user events it has been determined that that a cluster score of 10+ 

represents a definite user event, a cluster score of under 0.5 almost certainly does not 

represent a user event, and a cluster score in the middle represents a possible user event. 

 
Figure 4-2. ClusterScore2 vs. date for pages views sorted by time. Labels identify clusters of 
users. Empirical results indicate that a cluster score of 10+ represents a definite user event, a 
cluster score of under 0.5 almost certainly does not represent a user event, and a cluster score in 
the middle represents a possible user event. 

4.1.1.3. Page Views 

Of the 7,525 page views during the period from October 9, 2015 at 10:38 AM through 

May 25, 2016 at 9:13 PM by people other than the LEWAS team1, the home page (Index.html), 

                                                       
1 also excluding a few page views for test pages not linked in the OWLS 
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interactive graph (single_graph.html), data download (rawData.html) and live camera 

(camera.html) were by far the most commonly visited, accounting for 86.3% of page views 

(Figure 4-3). This may be the result of exercises requiring students to download data for 

analysis. Thus, no claim can be made that these are the pages a random user would visit. 

Rather, it implies that these are the likely paths taken by students in order to complete a set of 

tasks required in an assignment.  

 
Figure 4-3. Number of page views for each OWLS page during the period from October 9, 2015 
at 10:38 AM through May 25, 2016 at 9:13 PM. 

4.1.1.4. Paths Through The OWLS 

In order to better understand how the OWLS was used, Table 4-1 and Table 4-2 show 

the paths that users took through the OWLS in terms of raw numbers of page transitions and in 

terms of the chance that a user on one page will next move to another, respectively. The white 
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shaded cells indicate transitions that exist within the OWLS, and the grey shaded cells indicate 

transitions that do not. The green shaded cells indicate transitions that do not exist in the OWLS 

but do exist in reverse. These transitions can be achieved using the back button in the browser. 

For example, a user transitioned from rawData.html to data_corrections.html 22 times, 

probably using the link on rawData.html most of the time. However, the reverse transition 

occurred 15 times, even though such a link does not exist within the OWLS. This was likely 

caused by users reviewing the data corrections and using the back button to return to the data 

download page. This unintended transitions accounts for 45.5% of all transitions from the data 

corrections page, suggesting that the inclusion of such a link from data_corrections.html to 

rawData.html should be considered. This is supported by the EGR124 focus group result ‘it 

would be helpful to have a “download raw data” button on the front page.’ Finally, the orange 

shaded cells indicate repeated visits to the same page, probably from the page reload 

functionality of the web browser. The high number of repeated visits for the glossary (g_*.html) 

is an artifact of all 53 glossary pages being grouped for this analysis. These repeated views are 

more likely to be users navigating within the glossary. Another important fact from these tables 

is that most users enter the OWLS starting with the home page or the interactive graph (38.1% 

and 40.9%, respectively), nearly half of the remaining users enter the OWLS starting with the 

data download page (9.3%) and the rest of the users (11.7%) start with one of the other OWLS 

pages. 
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Table 4-1. Paths through the OWLS: Numbers of transitions from one page to the next during 
the period from October 9, 2015 at 10:38 AM through May 25, 2016 at 9:13 PM. 
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index.html 80 853 7 304 21 19 24 22 32 35 37 21 7 2 12 24 40 27 0 19 19 3 284

single_graph.html 210 298 742 203 0 0 0 1 37 3 0 0 25 0 2 0 0 0 0 0 0 0 988

rawData.html 207 210 501 2 0 0 0 0 12 0 0 0 2 22 0 2 1 1 0 0 0 0 531

camera.html 194 179 9 34 0 0 1 5 7 2 0 0 1 0 0 0 1 0 0 0 0 0 166

LEWAS_intro.html 17 2 0 0 2 0 0 0 0 2 0 0 0 0 0 0 5 2 0 0 0 0 6

caseStudy_weir.html 15 0 0 1 0 2 2 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 22

caseStudy_waterMain.html 21 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 10

photo_index.html 21 3 0 2 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 2

g_*.html 35 16 4 6 0 0 0 2 217 0 0 1 1 1 1 0 0 2 0 0 1 0 89

overhead.html 27 3 0 1 0 0 0 0 1 2 1 0 0 0 0 0 0 1 3 0 0 0 11

caseStudy_chloride.html 28 4 0 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 8

caseStudy_sedimentation.html 22 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14

radar.html 13 21 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

data_corrections.html 7 1 15 0 0 1 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 6

credits.html 62 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 4

site_map.html 11 0 3 0 1 1 1 0 0 0 2 0 1 3 0 2 0 1 2 0 1 1 4

watershed_summary.html 34 6 1 1 1 1 0 0 0 0 0 0 0 0 0 1 2 4 0 0 0 0 39

components.html 11 7 0 0 5 0 0 0 5 2 0 0 1 0 0 4 3 0 0 1 0 0 4

site_LEWAS1.html 2 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0 0 0

caseStudy_waterMain2015_08.html 13 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 5

caseStudy_highFlow2015_09.html 17 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4

references.html 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12

Out of Site 844 905 207 44 4 18 6 0 59 3 3 14 1 2 54 0 38 3 0 0 1 9 NaN  
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Table 4-2. Paths through the OWLS: Percents of transitions from one page to the next during the 
period from October 9, 2015 at 10:38 AM through May 25, 2016 at 9:13 PM. 
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index.html 4.2 45.1 0.4 16.1 1.1 1.0 1.3 1.2 1.7 1.8 2.0 1.1 0.4 0.1 0.6 1.3 2.1 1.4 0.0 1.0 1.0 0.2 15.0

single_graph.html 8.4 11.9 29.6 8.1 0.0 0.0 0.0 0.0 1.5 0.1 0.0 0.0 1.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 39.4

rawData.html 13.9 14.1 33.6 0.1 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.1 1.5 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 35.6

camera.html 32.4 29.9 1.5 5.7 0.0 0.0 0.2 0.8 1.2 0.3 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 27.7

LEWAS_intro.html 47.2 5.6 0.0 0.0 5.6 0.0 0.0 0.0 0.0 5.6 0.0 0.0 0.0 0.0 0.0 0.0 13.9 5.6 0.0 0.0 0.0 0.0 16.7

caseStudy_weir.html 34.1 0.0 0.0 2.3 0.0 4.5 4.5 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 0.0 50.0

caseStudy_waterMain.html 56.8 2.7 0.0 0.0 2.7 2.7 0.0 0.0 2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.7 0.0 2.7 0.0 0.0 27.0

photo_index.html 67.7 9.7 0.0 6.5 0.0 0.0 0.0 0.0 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.5

g_*.html 9.3 4.3 1.1 1.6 0.0 0.0 0.0 0.5 57.7 0.0 0.0 0.3 0.3 0.3 0.3 0.0 0.0 0.5 0.0 0.0 0.3 0.0 23.7

overhead.html 54.0 6.0 0.0 2.0 0.0 0.0 0.0 0.0 2.0 4.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 6.0 0.0 0.0 0.0 22.0

caseStudy_chloride.html 63.6 9.1 0.0 0.0 2.3 2.3 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2

caseStudy_sedimentation.html 56.4 0.0 0.0 2.6 0.0 0.0 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.9

radar.html 33.3 53.8 5.1 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1

data_corrections.html 21.2 3.0 45.5 0.0 0.0 3.0 0.0 0.0 6.1 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2

credits.html 87.3 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.0 0.0 0.0 0.0 0.0 0.0 1.4 5.6

site_map.html 32.4 0.0 8.8 0.0 2.9 2.9 2.9 0.0 0.0 0.0 5.9 0.0 2.9 8.8 0.0 5.9 0.0 2.9 5.9 0.0 2.9 2.9 11.8

watershed_summary.html 37.8 6.7 1.1 1.1 1.1 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 2.2 4.4 0.0 0.0 0.0 0.0 43.3

components.html 25.6 16.3 0.0 0.0 11.6 0.0 0.0 0.0 11.6 4.7 0.0 0.0 2.3 0.0 0.0 9.3 7.0 0.0 0.0 2.3 0.0 0.0 9.3

site_LEWAS1.html 33.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.7 0.0 0.0 0.0 16.7 0.0 16.7 0.0 0.0 16.7 0.0 0.0 0.0 0.0

caseStudy_waterMain2015_08.html 61.9 0.0 0.0 0.0 0.0 0.0 4.8 0.0 0.0 0.0 0.0 4.8 0.0 4.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.8

caseStudy_highFlow2015_09.html 77.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.2

references.html 14.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 85.7

Out of Site 38.1 40.9 9.3 2.0 0.2 0.8 0.3 0.0 2.7 0.1 0.1 0.6 0.0 0.1 2.4 0.0 1.7 0.1 0.0 0.0 0.0 0.4 NaN

  
These tables indicate some details of the OWLS structure. For example, a user can go 

from the home page to most other pages and from all pages to the home page. Users can also 

go from the site map to all pages, from the key components page to several pages and from 

most pages to the glossary. However, most unlinked and back-button-linked page transitions 

(grey and green) are relatively rare, accounting for just a combined 3.1% of within-OWLS page 

transitions. This is the open-ended, guided aspect of the OWLS design because users are able to 

go to any OWLS page of their choosing but typically follow the navigational paths included for 

them within the OWLS.  
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4.1.2. Student and Faculty Ratings of the OWLS 

Another way to evaluate the OWLS is to ask users about their experiences. The post-

tests of the 2015 VT and VWCC course sections that used the OWLS included an item worded 

“What was the learning value of the following components of the OWLS (circle your choices):” 

followed by ranking levels for several OWLS features. For VT CEE 5734 Urban Hydrology the ranking 

levels were {not valuable, somewhat valuable, valuable, very valuable, extremely valuable}. 

However, following the advice of the assessment expert working with our NSF/TUES project 

discussed in Section 2.2.1, which partially funded this study, the “very valuable” level was dropped 

for other courses because it was not distinguishable enough from “extremely valuable.” For this 

section, the results from students in all courses at VWCC have been grouped because their OWLS 

experiences were quite similar. This same survey item with the 4 remaining ranking levels was given 

to faculty from KLE Technological University (KLE Tech) in Hubli, Karnataka, India who were 

participating in the 1st Virginia Tech Engineering Education Workshop at KLE Tech held on July 4-18, 

2015. For the purposes of comparing the features of the OWLS, the ranking levels were assigned 

integer numeric values of 1 to 4 or 1 to 5 for each group, depending on the number of ranking 

levels, and these values were averaged for each group to determine scores for each feature with a 

score of 1 being the worst and a score of 4 (or 5 for Urban Hydrology) being the best. The results 

are shown in Figure 4-4 to Figure 4-7.  
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Figure 4-4. VT CEE 4304 Hydrology students’ rankings OWLS features’ scores. 
 

 
Figure 4-5. VT CEE 5734 Urban Hydrology students’ OWLS features’ scores. 
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Figure 4-6. VWCC courses’ students’ OWLS features’ scores. 

 
Figure 4-7. KLT Tech faculty’s OWLS features’ scores. 

In order to compare the students and faculty’s rankings of the OWLS features 

consistently (since they were scored using different ranking scales), the features were ranked 

for each group with the highest score receiving a rank of 1, the second highest a rank of 2, and 

so on. The results of this comparison are shown in Figure 4-8. Because the same OWLS features 

were not included for each group, there are some gaps in Figure 4-8. However, a consistent 

theme shows up in the ranking orders for these groups, despite the fact that they had widely 
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varying levels of experience with the OWLS, i.e., the Hydrology students had spent multiple 

days using the OWLS to monitor watershed conditions for the purpose of making a formal 

report, the Urban Hydrology students had spent one day doing the same, the VWCC students 

completing an in-class exercise using the OWLS and the KLE Tech faculty had only seen 

presentations about the OWLS. The blue arrows in Figure 4-8 show the few cases where the 

ranking orders change. However, the order never changes more than 2 ranks for any feature 

among all the groups. Furthermore, the four categories shown at the right of Figure 4-8 group 

types of features into {data availability, data visualization, supporting information about the 

watershed, OWLS operating instructions}, and the ranks only change with these groups. These 

results imply that the most important features of the OWLS are not those of the interface but 

those that keep the data current and those that allow the OWLS to be used at any time from 

anywhere that the user had internet access in a modern web browser (HTML5 support). 

Following this group are real-time visualization features such as the interactive graph, live video 

and weather radar. These are followed by background about the watershed including case 

studies, the map of the watershed and additional background about the watershed in general. 

Finally, the how-to-use guide was ranked last. However, this category of features was only 

assessed by faculty from KLE Tech. More studies in a variety of contexts are needed to further 

validate these findings, which are useful for designing open-ended learning interfaces, such as 

the OWLS. 
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Figure 4-8. Faculty and students’ rankings of OWLS features. 

4.1.3. Achieving Research Goal 1 

The first goal of this research was the “Development of the Online Watershed Learning 

System.” As of March, 2016, this goal was accomplished with fully functional version 3.3 of the 

OWLS consisted of 11,112 lines of code and 65 image files. Additionally, the OWLS was widely 

used, as evidenced by the user tracking results showing 11,231 page views within the OWLS  

from October 9, 2015 at 10:38 AM through May 25, 2016 at 9:13 PM. These views included 

users from courses at 1 high school, 2 community colleges and 3 universities across 3 

continents. One important finding related to goal 1 is a ranking of the importance OWLS 

features for learning based on the perceived learning value rated by community college 

freshmen, university seniors, graduate students and faculty across 3 institutions. This ranking 

has implications for the design of cyberlearning systems in general. 
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4.2. Evaluating the Effectiveness of the OWLS in Environmental Monitoring Education 

Following the approach discussed in Section 3.2.4, the pedagogical effectiveness of the 

OWLS was assessed using student self-perceived learning, student learning and student 

motivation. The first two are indirect and direct measures, respectively, of goal 2 research 

question 1 and the third is a direct measure of goal 2 research question 2. The rest of this 

chapter is divided along these lines. Section 4.2.1 includes student self-perceived learning from 

all the pilot and full OWLS implementations. For the fall 2015 VWCC courses, these results are 

compared with data from the tracking pilot test. The results of this section are supplemented 

using focus group results when available. Section 4.2.2 includes learning question results from 

the full OWLS implementations. Section 4.2.3 presents motivation results from the OWLS pilot 

at VWCC and all the full OWLS implementations. Finally, Section 4.2.4 includes a comparison of 

the learning and motivation results. The threats to validity and reliability of these results are 

discussed in Section 3.2.4.  

Table 4-3 summarizes the number of students who were enrolled in each course section 

of the pilot tests and current research and the number of students who participated in each 

assessment type. Table 4-4 provides an index to the raw assessment data from these 

assessments that are included in Appendix D. However, Table 4-3 shows instructor consistency 

from the pilot tests to the current research. For the fall 2015 courses, students were asked to 

use pseudonyms for the pre-tests, post-tests and in-class assignments so that individual results 

from these assessments could be compared. The following numbers of students used the same 

acronym in their pre- and post-tests: EGR 124 Control – 15, EGR 124 Exp1 – 13, EGR 124 Exp2 – 

0 (no post-test), EGR 216 In-Class – 12 and EGR 216 Hybrid Online – 4. The numbers of students 



  85 

who completed the in-class activity and the pre- and post-test with the same pseudonyms are 

7, 8, 0, 2 and 4, for these same five courses respectively. 

Table 4-3. Means of assessing pedagogical effectiveness with the numbers of students 
completing each component. (Except for fall 2014, all are pre-post designs.) 

Course 
(Section) 

Instructor 
(Assistants) 

Enrolled Pre-
test 

In-Class 
Activity 

Homework Post-
test 

Focus 
Group 

CEE 4304 
(S14 Pilot) 

Professor 1 
(Assistant 1) 

31 31 N/A 31 30 N/A 

EGR 124 
(F14 Pilot) 

Instructor 1 about 40 N/A unknown N/A 27 N/A 

CEE 4304 
(S15) 

Professor 2 
(Assistant 1) 

30 28 N/A 30 23  3 

CEE 5734 
(S15) 

Professor 1 15 14 N/A 15 14  5 

EGR 124  
(F15 Control) 

Instructor 1 21 20 10 11 16  17 

EGR 124 
(F15 Exp. 1) 

Instructor 1 22 18 13 12 17  16 

EGR 124 
(F15 Exp. 2) 

Instructor 2 18 14 N/A N/A N/A N/A 

EGR 216 
(F15 In-class) 

Instructor 2 22 17 9 6 18 N/A 

EGR 216 
(F15 Hybrid) 

Instructor 1 13 8 8 7 9 N/A 
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Table 4-4. Assessment Results Index. 

Course Pre-test 
Instrument 

Assignment(s) Post-test 
Instrument 

Focus Group 

CEE 4304 
(S14 Pilot) 

Appendix D.1 
(mot. & learn.) 

(not included) Appendix D.2  
(mot. & learn.) 

N/A 

EGR 124 
(F14 Pilot) 

N/A  (not included) Appendix D.3 
(mot. & learn.) 
Appendix D.4  
(short ans.) 

N/A 

CEE 4304 
(S15) 

Appendix D.5  
(mot. & learn.) 

(not included) Appendix D.6  
(mot. & learn.) 
Appendix D.7 
(OWLS)  

Appendix D.8 
 

CEE 5734 
(S15) 

Appendix D.9  
(mot. & learn.) 

(not included) Appendix D.10  
(mot. & learn.) 
Appendix D.11 
(OWLS) 

Appendix D.12 

EGR 124  
(F15 Control) 

Appendix D.13  
(mot. & learn.) 

Appendix D.14  
(activity) 
(homework not 
included) 

Appendix D.15  
(mot. & learn.) 

Appendix D.16  

EGR 124 
(F15 Exp. 1) 

Appendix D.17  
(mot. & learn.) 

Appendix D.18  
(activity)  
(homework not 
included) 

Appendix D.19 
(mot. & learn.) 
Appendix D.20  
(OWLS) 

Appendix D.21 

EGR 124 
(F15 Exp. 2) 

Appendix D.22 
(mot. & learn.)  

N/A N/A N/A 

EGR 216 
(F15 In-class) 

Appendix D.23  
(mot. & learn.) 

Appendix D.24  
(activity) 
(homework not 
included) 

Appendix D.25  
(mot. & learn.) 
Appendix D.26  
(OWLS) 

N/A 

EGR 216 
(F15 Hybrid) 

Appendix D.27  
(mot. & learn.) 

Appendix D.28  
(activity) 
(homework not 
included) 

Appendix D.29  
(mot. & learn.) 
Appendix D.30  
(OWLS) 

N/A 

KLE Tech 
Faculty 
Workshop 

N/A N/A Appendix D.31 
(OWLS) 

N/A 
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4.2.1. Self-Perceived Learning and User Tracking 

Self-perceived learning was assessed using students’ responses to Likert-style and open-

ended prompts about the OWLS. Their ratings of various features of the OWLS were discussed 

in Section 4.1 above. Students in the VT courses were also asked about their agreement with 

the prompt “The OWLS helped you to learn hydrology concepts.” {strongly disagree, disagree, 

neither agree nor disagree, agree, strongly agree}. For the full implementations at VWCC, this 

was changed to “The OWLS helped you to learn watershed monitoring concepts.” Table 4-5 

shows the number of students responding for each category for all courses including this item 

and the average scores for each group of students using a numeric score of 1 to 5 for the five 

categories. Overall, students agreed (3.83) with these statements with only 6 of 108 students 

selecting disagreeing or strongly disagreeing, 16 of 108 students neutral and 86 of 108 students 

agreeing or strongly agreeing. There was some variability between the course sections with the 

CEE 4304 pilot being the highest (4.20) and the EGR 216 in-class implementation being the 

lowest (3.17). However, all sections scored within 0.73 of agree (4). 
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Table 4-5. Students’ post-test agreement with the statement “The OWLS helped you to learn 
{hydrology, watershed monitoring} concepts.” 

Course Strongly 
Disagree 
(1) 

Disagree 
 
(2) 

Neither agree 
nor disagreed 
(3) 

Agree  
 
(4) 

Strongly 
agree 
(5) 

Average 

CEE 4304 Pilot 0 0 1 22 7 4.20 

EGR 124 Pilot N/A N/A N/A N/A N/A N/A 

CEE 4304 0 0 1 19 3 4.09 

CEE 5734 1 0 3 9 1 3.64 

EGR124 Exp1 0 1 3 13 0 3.71 

EGR124 Exp2 N/A N/A N/A N/A N/A N/A 

EGR216 In-class 0 3 6 5 1 3.27 

EGR216 Hybrid 
Online 1 0 2 6 0 3.44 

Total 2 4 16 74 12 3.83 

 
The pilot tests and the full implementations both included open-ended prompts. 

However, these were different for the various implementations. The remainder of this section 

is divided into 4 subsections for pilot tests and full implementations at VT and VWCC. 

Additionally, the full implementation at VWCC included the tracking pilot test. A comparison of 

VWCC implementation results with those students’ tracking data is included at the end of this 

subsection. 

4.2.1.1. Pilot Test: VT CEE 4304 Hydrology, Spring 2014  

In total, 31 students were enrolled in the spring 2014 VT CEE 4304 Hydrology course. Of 

these, 31 students completed a pre-test and 30 students completed a post-test based on all six 

LEWAS-related modules. The complete results are included in Appendices D.1 and D.2. Overall, 

the students believed that the LEWAS and the OWLS were helpful for learning environmental 

monitoring concepts (Table 4-6). The primary strengths of the OWLS noted by students were 

anywhere, anytime access to the data and imagery, which was mentioned by 80% of students in 

the post test, and the interactive graphical representations in the Single Graph View. Students 
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valued being able to easily access real-time data and connect the graphical representations of 

data to the real-environment through environmental representations within the OWLS. These 

results are consistent with the ranking of OWLS components in the previous section. Additional 

information about the OWLS pilot test and the five other LEWAS-based modules in the 

hydrology course can be found in (Dymond et al., 2013; McDonald, Brogan, Lohani, Dymond, et 

al., 2015; McDonald, Dymond, Lohani, Brogan, et al., 2014). These six modules have become an 

integral part of the hydrology course and continue to be used. 

Table 4-6. OWLS-related pre-test and post-test questions and assessment results for the 
hydrology course (Brogan et al., 2016, Table 1) (Fair Use). 

Pre-test Questions (n = 31) 

What would be the added value of a product that delivers live and/or historical remote 
system data (visual, environmental, geographical, etc.) to end users regardless of the 
hardware (desktop, laptop, tablet, smartphone, etc.) and software (Windows, Linux, iOS, 
Android, etc.) platforms of their choice? 

Accessibility (13), Greater information (8), Real-time data (7) 
 Post-test Questions (n = 30) 

What is the added value of the OWLS that delivers live and/or historical remote system data 
(visual, environmental, geographical, etc.) to end users regardless of the hardware (desktop, 
laptop, tablet, smartphone, etc.) and software (Windows, Linux, iOS, Android, etc.) platforms 
of their choice? 

Accessibility (24), Data visualization (4), Real-time data (4) 

The OWLS helped you to learn hydrology concepts. (circle one) {Strongly disagree, Disagree, 
Neither agree nor disagree, Agree, Strongly agree} 

Strongly disagree (0), Disagree (0), Neither agree nor disagree (1), Agree (22), Strongly 
agree (7) 

Please describe any parts of the OWLS that were difficult to use and recommend 
improvements. 

Usability (5), Data visualization (5), More pictures (3) 

 
4.2.1.2. Pilot Test: VWCC EGR 124 Intro to Engineering and Engineering Methods, Fall 2014 

Following the pilot test at VT, a pilot test was completed in VWCC EGR 124 Intro to 

Engineering and Engineering Methods, which was another course that was part of the existing 

NSF/TUES project. In total, approximately 40 students were enrolled in the this course, and 27 
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completed the post-test. This post-test assessed students’ qualitative perceptions of their 

learning (Appendix D.4), quantitative measures of students’ learning (Appendix D.3) and 

quantitative measures of students’ motivation (Appendix D.3). The qualitative open-ended 

questions and themes from their responses are shown in Table 4-7. Open-ended qualitative 

questions were used to gain a greater insight into the student perceived learning through 

reflection and application questions. Unlike the full VWCC implementations that follow, these 

questions were focused on the overall LEWAS system rather than the OWLS only.  

Table 4-7. Qualitative post-test questions and assessment results for the community college 
course (Brogan et al., 2016, Table 2) (Fair Use). 

 Post-test Questions (n = 27) 

What value, if any, do you see in real-time monitoring of water quantity and quality? 
Track changes in data (11), Public benefits (6), Real-world data (4) 

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

Data trends reflect man-made impacts (7), Real-time data tracking of events (5), Specific 
case studies (5) 

How can the LEWAS be used to educate the public about watershed health? 
Increase awareness of human impacts (9), Illustrate cause-effect relationships from 
events (9), Influence public decisions (7) 

If you were designing an introductory engineering course, in what way(s), if any, would you 
incorporate a system similar to LEWAS into the course? Why? 

[No specific themes] 

 
4.2.1.3. VT Courses, Spring 2015 

Following the above pilot tests, a full OWLS module implementation was completed at 

VT. The following two open-ended prompts were given to students who completed post-tests 

in CEE 4304 Hydrology (n = 23) and CEE 5734 Urban Hydrology (n = 14): 1) “Was the OWLS a 

valuable tool for learning in this course? If so, how?” and 2) “Comment on your overall 

experience using the OWLS.” While all 37 of these students believed that the OWLS was a 

valuable tool for learning, the reasons varied. Many of the reasons aligned with the OWLS 
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features discussed previously. For example, one Hydrology student commented, “Yes, it was 

very easy and convenient to look up various LEWAS characteristics from anywhere at any time.” 

Another student found the data download to be useful, “I found OWLS to be user friendly. I 

enjoyed seeing the real-time data, but more importantly liked being able to download data 

from the website.” Several students commented on the value of having a “real world” 

application for concepts discussed in class, e.g., a hydrology student stated, “Yes, seeing real 

data was very powerful. I could see real, current trends I learned in class & it drove the point 

home.”, and an Urban Hydrology student stated “Yes, it allowed a better understanding of 

water quality data by looking at real time data in a real world setting.” One Urban Hydrology 

student valued having data from the local area, “Yes, showed real world conditions immediately 

for a stream in our area.” Another found the OWLS to be “more interesting and useful than 

traditional homework”, which fits two of the 5 areas in the motivation assessment. One 

comment from the Hydrology focus group results shows the importance to student motivation 

of having live data, “What sparks your interest is what’s occurring at the moment. It’s 

interesting to see what’s happening at the moment; a week later you don’t care as much.” 

Looking at the OWLS as a whole, there were a few negative comments from these 

students due to gaps that occurred in the data during their OWLS activities, but this is a 

symptom of the LEWAS as a whole, rather than the OWLS. Another student suggested that 

displaying data in a tabular format would be helpful, which is a feature being investigated for a 

future version of the OWLS. Another student stated that while the OWLS was beneficial, he or 

she did not gain much knowledge due to use of the OWLS in a prior course. This type of past 

OWLS experience is a threat to the validity of the results. 
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Overall, the students in these courses (n = 37) believed that the OWLS was a valuable 

part of the course including one Hydrology student who “enjoyed how it was incorporated” and 

another who believed that it “helped class become more interactive.” Another Hydrology 

student “would have hoped to use more of [the OWLS] during class throughout the semester to 

help learn”, and an Urban Hydrology student “would recommend further curriculum 

development integrating OWLS.” 

4.2.1.4. VWCC Courses with User Tracking, Fall 2015 

Finally, a full OWLS module implementation was completed in two courses at VWCC. 

The same two open-ended prompts were given to students who completed post-tests in EGR 

124 Exp1: Intro to Engineering and Engineering Methods (n = 17), EGR 216 In-class: Computer 

Methods in Engineering and Technology (n = 18) and EGR 216 Hybrid Online (n = 9). The 

responses at VWCC were less enthusiastic than those of the students in the VT courses with 29 

of 44 students believing that the OWLS was a valuable tool for learning, 6 students disagreeing, 

and 9 students leaving the first prompt blank. For those students who found the OWLS to be a 

valuable learning tool, the reasons were appropriate to their level as freshmen and the way in 

which the OWLS was used in their course, which was primarily to introduce environmental 

engineering to the engineering curriculum for the first time and to provide real-world data for 

practice completing data analysis in Microsoft Excel. Accordingly, one student found the OWLS 

to be valuable “because it provided quick and easy access to the data”, and another found “it 

provided real life situations as examples for plotting graphs + data points on Excel.” Discussing 

this process, another student found that the OWLS activities, “let me know somewhat methods 

about scientific research.” 
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However, some students found the features of the OWLS to be beneficial. For example, 

on student wrote, “it allowed us to see changes in the conditions of the creek in real time as 

well as seeing trends in the data”, and another wrote, “very helpful, because of interactive 

graphs real time data and live camera.” 

As for the 6 students who did not believe that the OWLS was valuable for their learning, 

their responses indicate that their disagreement came not from the OWLS but from the 

inclusion of environmental engineering topics in their curricula. For example, one student 

stated, “Engineering has nothing to do with biology or the study of watersheds … not useful to 

my major.” Another wrote, “Not really. It doesn't apply to my field. … I just did the work to get a 

good grade.” A third student believed that the OWLS activities were “just more work when all I 

want to do is program … Horrid. Waste of time. Unhelpful experience for my future.” These 

students are in sharp contrast to another student whose comment on his or her overall 

experience of using the OWLS was, “It was incredibly exciting.” Ironically, the remarks of those 

students who believed that the OWLS was not useful for their learning revealed their incredibly 

siloed views of what the practice of engineering encompasses and the need for including more 

multidisciplinary experiences, such as the LEWAS/OWLS in their curriculum. 

Students in these courses also participated in the user tracking pilot test on October 13, 

20, 21, 26 and 28, 2015. They also used the OWLS outside of class hours from the VWCC ISP on 

those dates and October 27, 29 and 30, 2015 and from other Roanoke, VA, ISPs on October 27 

and 28, 2015. Very few page views were recorded from these ISPs in the weeks surrounding 

these dates, which suggests that the views on the dates listed here were all related to the 

OWLS implementations. A total of 173 device-browser pairs (UUIDs) were recorded from these 
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implementations. However, one UUID was excluded as being that of an instructor who visited 

the OWLS before introducing it in various course sections. One challenge to analyzing this data 

is that the campus computers that students used appear to erase tracking data on browser 

close because these UUIDs never repeated after the initial sessions. This explains the large 

number of UUIDs relative to the numbers of students enrolled in these courses.  

Figure 4-9 shows the distribution of the number of pages that each user visited during a 

session. Approximately 27.9% of users viewed three pages within the OWLS before leaving. At 

the other extreme, 10 users (5.8%) viewed 17 or more pages with the two longest user paths 

being 40 and 44 pages before leaving the OWLS. Figure 4-10 shows the path taken by the user 

who viewed 44 pages. These pages consist of 7 unique sub paths starting at the home screen, 

some of which are repeated to create 13 total sub paths from the home screen to various 

pages. For the repeated blue paths, the user was visiting 4 different case studies. The yellow 

and purple circular arrows indicate repeated movement through the glossary. This user 

ultimately left the OWLS from the camera page at the end of sub path 13. 
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Figure 4-9. Histogram of the number of page views for each user from the full VWCC 
implementation (October 13, 20-21 and 26-30, 2015). 
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Figure 4-10. Paths taken through the OWLS by the user who visited 44 pages before leaving the 
OWLS. This user visited outside of class time and may have been completing a course 
assignment or exploring on his or her own. 

Due to the nature of the OWLS activities at VWCC, many of these students went to the 

homepage then the interactive graph to reach the data download page. This was the case on 

the first day that the OWLS was introduced into the EGR 216 Hybrid Online section as shown in 

Figure 4-11. The group codes are the day of the month followed by a 2 digit code identifying the 

order of when in the class period each user first appeared. The smaller blocks at the right ends 

of users’ interactions with the OWLS are of unknown temporal duration and are indicated by a 

reduced vertical thickness of constant length. These are users’ final pages in the OWLS. The fact 

that several users transitioned between OWLS pages at approximately the same times (within a 

few seconds of each other) suggests that they were following the actions of the instructor on 

the projected display. Thus, designed instruction, rather than open-ended exploration, drove 

which pages students visited when first introduced to the OWLS. This also accounts for the 
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large percent of users who viewed three pages in the OWLS before leaving. Accordingly, the 

homepage (index.html), the interactive graph (single_graph.html) and the data download page 

(rawData.html) were the three most visited OWLS pages by the students in these courses 

(Figure 4-12). The bottom four pages in Figure 4-12 did not receive any views from this group of 

students. 

 
Figure 4-11. Use of the OWLS on October 13, 2015 in EGR 216 Hybrid Online. The first two digits 
of the group code are the day of the month, and the last two digits are the number of the user 
within that class in order of the time when they first accessed the OWLS. 



  98 

 
Figure 4-12. Number of page views from the full VWCC implementation (October 13, 20-21 and 
26-30, 2015) for each OWLS page. 

Figure 4-13 compares the 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒2 with two overlapping cluster events from 

different courses at VWCC. 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒2, which was developed in Section 3.1.3.3, is a non-

linear measure of user density over time. It is seen that the user cluster in one course began 

around 8 minutes after the class started and that the user cluster from the other course began 

around 29 minutes after the class started. Both of these cluster events produce peak 

𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒2 values of about 100. However, even within these user clusters, several periods 

of the class are characterized by 𝐶𝑙𝑢𝑠𝑡𝑒𝑟𝑆𝑐𝑜𝑟𝑒2 values below 1. Thus it is the presentation type 

of event where students go to a new page within a very short period of time that produced a 

strong cluster score.  
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Figure 4-13. Use of the OWLS on October 21, 2015 in EGR 124 Exp1 and EGR 216 In-Class. 

In order to compare user tracking data with students’ self-perceived learning, the web 

pages in Figure 4-12 were grouped according to the OWLS features shown in Figure 4-8 in 

Section 4.1.2. Thus, all case studies were grouped as “Case Studies”, the site map and key 

components were grouped as “How-to-use Information”, and the LEWAS intro, data 

corrections, credits, watershed summary, LEWAS site description and references were grouped 

as “Background Information.” Figure 4-14 shows the numbers of page views for these features 

and the corresponding ranks (in red) for those features students rated for their learning value. 

Because the students viewed the Interactive Graph and Live Camera during class time when 

they were directed to view them according to the results shown in Figure 4-11 and Figure 4-13 

above, they gained increased exposure to these pages, which may have increased their rankings 

of these components compared to components that they did not interact with very much. This 

is a potential source of bias in the ranking of OWLS components. 
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Figure 4-14. Number of page views from the full VWCC implementation (October 13, 20-21 and 
26-30, 2015) for each OWLS feature. The numbers on the right are the rankings of the OWLS 
features given students in these courses following “real-time data” (1) and “anywhere / 
anytime access” (2). 

4.2.1.5. Perceived Learning Increases From OWLS Implementations 

Within the second research goal of “Evaluation of the effectiveness of the Online 

Watershed Learning System in environmental monitoring education,” students’ perceptions of 

the learning value of the OWLS is an indirect measure of research question 1, i.e., “How 

effective is the OWLS at increasing student learning of environmental monitoring topics at 

different academic levels?” When students were asked if the OWLS helped them to learn 

LEWAS/OWLS module concepts, i.e., hydrology or watershed monitoring, 86 students from the 

pilot and full OWLS implementations either agreed or strongly agreed with this statement. This 

compares to 6 students who either disagreed or strongly disagreed and 16 students who 
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neither agreed nor disagreed. These results matched those of the open-ended questions in 

which most students wrote positively of the OWLS experience, pointing out such benefits as 

access to real-world data to illustrate conceptual material covered in the courses, anywhere 

anytime access to this data and access to this data in near real time. The small dissenting voice 

came from a few VWCC students who did not believe that watershed-related topics were part 

of engineering. This dissent was likely the result of the LEWAS/OWLS learning module being the 

first inclusion of environmental engineering concepts in the engineering transfer curricula at 

VWCC. Overall, these indirect measures strongly support the position that the OWLS increases 

student learning for community college freshmen, university seniors and graduate students. 

However, because they are indirect measures, they cannot answer quantitatively “how 

effective” the learning modules are in this area.  

One important finding from the user tracking pilot test at VWCC is that students were 

not using the OWLS as an open-ended guided cyberlearning system. Rather, they were 

following the instructors’ paths through the system, not to explore, but to access a particular 

feature they would use in their learning module. This may have biased students’ rankings of 

OWLS features, as evidenced by the fact that they gave higher rankings to features that they 

spent more time using. Additionally, their lack of exposure to some OWLS components may 

cause them to do poorly on quantitative learning questions related to those components and 

may impact their quantitative motivation scores because they are not using the system as it 

was designed to be used. 
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4.2.2. Learning 

Learning questions were included in all pilot test and full implementation courses. In the 

CEE 4304 Hydrology pilot test, these were in the form of short answer questions. The learning 

results for the other implementations were taken from multiple choice and true-false questions 

included in the pre- and post-tests. For the VWCC courses of the full implementation, learning 

results could also be taken from the in-class activity. However, this activity was designed in such 

a way that it does not have correct answers, but instead encouraged the students to explore 

the OWLS system. Thus, the activity results are not included here.  

4.2.2.1. Pilot Test: VT CEE 4304 Hydrology, Spring 2014  

Two learning items were included in the Hydrology pilot test pre- and post-tests. They 

were item 6) “Describe the relationship between water quantity and pH during and after a rain 

event.” and item 7) “What are the typical and extreme values of water flow at the LEWAS site in 

cfs?” The former question is not easily quantified. However, Figure 4-15 and Figure 4-16 

compare the pre- and post-test responses to question 7 to the histograms of the actual flow at 

the LEWAS site during 2012 and 2013 for typical (base) flow and extreme flow, respectively. The 

purpose of item 7 was to help students develop an understanding of flow estimation for 

periods with and without rainfall when measurements are not available. Figure 4-15 shows that 

87.1% of LEWAS site flow during 2012 and 2013 was below 2.5 cfs. Students chose typical flow 

below 2.5 cfs 63.3% of the time in the post-test compared to 35.3% of the time in the pre-test. 

For extreme flows, there is not a specific range of correct values. However, more students 

correctly picked extreme flows consistent with those observed at the LEWAS site in the post-

test than in the pre-test. However, multiple students selected a value of 0-0.5 cfs in the post-
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test, which was not selected by any students in the pre-test. This implementation was the 

beginning of the transition from open-ended learning questions to easily quantifiable learning 

questions. A larger number of quantifiable learning questions were included in subsequent 

implementations.  

 
Figure 4-15. Normalized histograms of the 2012-13 LEWAS Site flow vs. students’ predictions of 
base flow. 
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Figure 4-16. Normalized histograms of the 2012-13 LEWAS Site flow vs. students’ predictions of 
extreme flow. 

4.2.2.2. Pilot Test: VWCC EGR 124 Intro to Engineering and Engineering Methods, Fall 2014 

Results from the multiple-choice questions used to quantitatively assess student 

learning for the 27 students who completed the VWCC EGR 124 Intro to Engineering and 

Engineering Methods pilot test (Appendix D.3) are difficult to interpret given that there was not 

a control group or pre-test to serve as a comparison for the course. However, this was the first 

time that multiple choice questions were used to quantitatively collected learning data from 

students using the LEWAS/OWLS. This assessment focused on questions that students would 

understand based on their experience with the LEWAS and OWLS. Six total learning questions 

were asked and the students averaged 34.6% correct responses compared to a 25.0% expected 

average for answers selected at random. However, due to lack of a comparison group, no 
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conclusions about the impacts of the OWLS pilot on student learning can be drawn from these 

results. 

4.2.2.3. VT Courses, Spring 2015 

As discussed in Section 3.2.4, different multiple choice and true false questions were 

used in the pre- and post-tests for these courses. However, the questions were the same for 

CEE 4304 Hydrology and CEE 5734 Urban Hydrology. Table 4-8 shows a comparison of the pre- 

and post-test learning questions. These questions were numbered 27 to 36 in the pre-test and 

in the Hydrology post-test. For the Urban Hydrology post-test, the instructor accidentally gave 

the students an earlier version of the instrument. For the learning questions, the only 

difference was the numbering of the questions (31-40), and the results are not impacted.  

The 10 learning questions in both the pre- and post-tests include 6 that are effectively 

identical between the pre- and post-tests, 1 that is about the same topic (July rain in Virginia vs. 

summer thunderstorm) and 3 that are unrelated between the pre- and post-tests. All of these 

questions were given a Bloom’s Revised Cognitive Taxonomy level by the content expert who 

helped to develop these questions. Of the seven question pairs, 5 were assigned the same 

Bloom’s level, 1 was a level higher in the pre-test and 1 was a level lower in the pre-test. Thus, 

the paired questions are of approximately the same level of difficulty in the pre- and post-tests. 

In this chapter, these paired questions are referred to by pre-test number/Hydrology post-test 

number(Urban Hydrology post-test number), e.g., 27/32(36). Questions appearing in only the 

pre- or post-tests use an X for the missing number, e.g. 33/X or X/28(32). 
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Table 4-8. VT CEE 4304 Hydrology and CEE 5734 Urban Hydrology pre- and post-test learning 
questions with Bloom’s Revised Cognitive Taxonomy Level in brackets. 

Pre-test question Post-test question 

27.Typically in a freshwater stream dissolved 
oxygen will (increase / decrease) during the day. 
[Understanding (2)] 

32. Typically in a freshwater stream dissolved 
oxygen will decrease during the day. (true / 
false) [Understanding (2)] 

28. During the month of July in Virginia, a 
precipitation event in an urban watershed will 
typically cause the temperature of water in a 
stream to (increase / decrease). [Applying (3)] 

33. During a summer thunderstorm the 
temperature in the stream will increase. (true / 
false) [Understanding (2)] 

29. Flowrate can be measured using a weir and a 
(depth / velocity) measurement. [Understanding 
(2)] 

34. Flowrate is measured using a weir and a 
velocity measurement. (true / false) 
[Understanding (2)] 

30. A (larger / smaller) amount of precipitation 
will turn into runoff in an urban watershed in 
comparison to a rural watershed. [Applying (3)] 

30. A larger amount of precipitation will turn into 
runoff in an (urban / rural) watershed in 
comparison to a (urban / rural) watershed. 
[Applying (3)] 

31. The pH in a small urban watershed (increases 
/ decreases) in the afternoon. [Understanding (2)] 

31. The pH in a small urban watershed (increases 
/ decreases) in the afternoon. [Understanding 
(2)] 

32. Specific conductance is a direct measure of 
the salinity of water. (true / false) [Remembering 
(1)] 

27. Specific conductance will usually (increase / 
decrease) during a winter storm event. 
[Understanding (2)] 

33. Pollutant loads can be calculated using only a 
hydrograph and a pollutograph. (true / false) 
[Understanding (2)] 

 

34. Urban watersheds can be delineated using 
only a topographic map. (true / false) 
[Remembering (1)] 

 

35. A typical average value of pH in a small urban 
watershed in this region is 6.7. (true / false) 
[Remembering (1)] 

 

36. Turbidity usually decreases as flow rate 
increases. (true / false) [Understanding (2)] 

29. Turbidity typically (increases / decreases) as 
flowrate increases. [Understanding (2)] 

 28. Water flows (parallel / perpendicular) to 
topographic elevation contours. [Understanding 
(2)] 

 35. Over a given storm event, stormflow volume 
is always greater than the baseflow volume. 
(true / false) [Applying (3)] 

 36. Data errors from the LEWAS can always be 
attributed to environmental factors. (true / false) 
[Understanding (2)] 

  

Bloom’s Revised Cognitive Taxonomy Remembering (1) Understanding (2) Applying (3) 
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Although the questions were changed between the pre- and post-tests to reduce the 

test-retest threat to reliability, this brings the chance that the assessments are not equivalent, 

which is the instrumentation threat to internal validity. Since all of these questions have a 50% 

chance of a correct guess, changing the styles of the questions between multiple choice and 

true false will not bias the instruments. The mortality threat to internal validity may be a factor 

in the hydrology course (CEE 4304), which dropped from 28 to 23 students from the pre-test to 

the post-test. However, this threat did not significantly impact the urban hydrology course (CEE 

5734) because 14 of 15 possible students completed the pre- and post-test.  

The average student responses to the pre- and post-test learning questions are shown in 

Table 4-9 and Table 4-10 for CEE 4304 and CEE 5734, respectively. For CEE4304, all of the 7 

repeated questions except pair 29/34(38) showed improvement from the pre-test to the post-

test. For CEE 5734, question 29/34(38) again showed a decrease with questions 27/32(36) and 

28/33(37) showing small decreases, and all other repeated questions showing an increase. Note 

that the overall learning averages are much closer between the pre- and post-tests for the 7 

paired questions than are the overall learning averages for the all 10 questions in the pre- and 

post-tests. Thus, learning gains were not as great as initially thought. This is a danger in using 

different pre- and post-test questions. 
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Table 4-9. Pre- and post-test learning results for CEE 4304: Hydrology. 

Pre-test question Post-test question Pre-test Average (%) 
(n = 28) 

Post-test Average (%) 
(n = 23) 

27 32 64.29 65.22 

28 33 57.14 78.26 

29 34 92.86 30.43 

30 30 92.86 100.00 

31 31 50.00 65.22 

32 27 50.00 82.61 

33  21.43  

34  39.29  

35  14.29  

36 29 92.86 95.65 

 28  100.00 

 35  34.78 

 36  91.30 

Average Average 57.50 74.35 

Average 7 
(w/o 33, 34 & 35) 

Average 7 
(w/o 28, 35 & 36) 

71.43 73.91 

 
Table 4-10. Pre- and post-test learning results for CEE 5734: Urban Hydrology. (Actual post-test 
question numbers in parentheses) 

Pre-test question Post-test question Pre-test Average (%) 
(n = 14) 

Post-test Average (%) 
(n = 14) 

27 32 (36) 35.71 28.57 

28 33 (37) 64.29 57.14 

29 34 (38) 71.43 42.86 

30 30 (34) 50.00 92.86 

31 31 (35) 42.86 50.00 

32 27 (31) 42.86 92.86 

33  57.14  

34  64.29  

35  28.57  

36 29 (33) 71.43 92.86 

 28 (32)  92.86 

 35 (39)  42.86 

 36 (40)  92.86 

Average Average 52.86 68.57 

Average 7 
(w/o 33, 34 & 35) 

Average 7 
(w/o 28, 35 & 36) 

54.08 65.31 
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The statistical significance of these differences was calculated using the Wilcoxon Rank 

Sum non-parametric test (Section 3.2.5.1). Although the assumption of independent pre- and 

post-test samples was clearly not satisfied because the majority of students in both groups 

were the same, the lack of pre-test-post-test pairing data prevented the use of the more 

appropriate Wilcoxon Signed Rank test. The resulting p-values are shown in Table 4-11 with 

green shading used to indicate the level of significance of post-test improvement and red used 

to show the level of post-test decline. Overall, the improvement from the 10 pre-test to the 10 

post-test learning questions was statistically significant with the improvement in CEE 4304 

being very significant (p-value = 0.0002).  

Table 4-11. Statistical significance of pre- and post-test learning results for CEE 4304: Hydrology 
and CEE 5734: Urban Hydrology. (Actual CEE 5734 post-test question numbers in parentheses) 

Pre-test question Post-test question CEE 4304 p-value CEE 5734 p-value 

27 32 (36) 0.4729 (post > pre) 0.3455 (post < pre) 

28 33 (37) 0.0575 (post > pre) 0.3520 (post < pre) 

29 34 (38) <0.00001 (post < pre) 0.0668 (post < pre) 

30 30 (34) 0.0978 (post > pre) 0.0069 (post > pre) 

31 31 (35) 0.1398 (post > pre) 0.3549 (post > pre) 

32 27 (31) 0.0082 (post > pre) 0.0027 (post > pre) 

33  N/A N/A 

34  N/A N/A 

35  N/A N/A 

36 29 (33) 0.3383 (post > pre) 0.0731 (post > pre) 

 28 (32) N/A N/A 

 35 (39) N/A N/A 

 36 (40) N/A N/A 

Average Average 0.0002 (post > pre) 0.0150 (post > pre) 

Average 7 
(w/o 33, 34 & 35) 

Average 7 
(w/o 28(32), 35(39) 
& 36(40)) 

0.2333 (post > pre) 0.1245 (post > pre) 

 
Although this very significant p-value (0.0002) suggests excellent results, it is an 

artificially biased result since 3 of the 10 questions in each instrument are not equivalent. 
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Although improvements from the pre-test to the post-test do occur in both courses when 

comparing only the 7 paired questions, the improvement is not statistically significant at the 0.1 

p-value level in either course. The cause of this is likely to be question 29/34(38), which 

concerns the use of weirs for measuring flowrate. The OWLS contains a nice case study about 

the use of weirs. However, this case study was not part of the students’ learning module. Thus, 

it could be argued that this question is not relevant to assessing learning from the OWLS 

modules used in these courses. Indeed, questions 28/33(37), 29/34(38), 30/30(34), 32/27(31), 

33/X, 34/X, X/28(32) and X/35(39) are not directly related to topics that students could be 

expected to learn from the OWLS modules. Thus, although several of these questions related to 

other LEWAS-related learning outcomes, only 4 of 10 questions in both the pre- and post-tests 

were relevant to the OWLS learning that should have been assessed. These include common 

questions 27/32(36), 31/31(35) and 36/29(33). However, repeating these calculations for the 

total correct answers from these three questions produces learning gain p-values of 0.1650 and 

0.3040, for CEE 4304 and CEE 5734, respectively. Thus, the OWLS-related learning gains from 

the OWLS learning modules in the VT courses are not statistically significant using even a p-

value threshold of 0.10. 

4.2.2.4. VWCC Courses, Fall 2015 

Unlike the VT full implementation courses, the full implementations at VWCC used the 

same pre- and post-test learning questions (Table 4-12). While, this brought in the test-retest 

threat to reliability, it did make the results directly comparable. The same content expert who 

assigned Bloom’s Revised Cognitive Taxonomy levels to the VT course questions, assigned 6 of 
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the 7 learning questions for VWCC courses as level 2 (understanding) and other remaining one 

as level 1 (remembering).  

Table 4-12. VWCC pre- and post-test learning questions with Bloom’s Revised Cognitive 
Taxonomy Level in brackets. 

27. The water flowing in the Roanoke River ultimately drains into the Atlantic Ocean via  
A. The Chesapeake Bay  
B. The Gulf of Mexico  
C. The Atlantic Ocean (directly)  
D. The Great Lakes  

[Remembering (1)] 

28. What weather parameter correlates with temperature?  
A. Air Pressure  
B. Wind Speed  
C. Relative Humidity  
D. pH  

[Understanding (2)] 

29. Which of the following statements is true?  
A. Temperature is higher in the evening than the daytime  
B. Relative humidity is higher in the evening than the daytime  
C. Wind speed and relative humidity are lower in the evening  
D. None of the above 

[Understanding (2)]  

30. During and after a rain event in the Roanoke River watershed, pH  
A. Initially rises before returning to normal levels  
B. Initially drops before returning to normal levels  
C. Initially rises, then drops below normal levels before returning to normal levels  
D. Does not change  

[Understanding (2)] 

( true / false ) 31. Air temperature is linearly correlated with wind speed. 
[Understanding (2)] 

( true / false ) 32. Data measured by the sensors have no uncertainty. 
[Understanding (2)] 

( true / false ) 33. In a time series, the x-axis is always in days. 
[Understanding (2)] 
  

Bloom’s Revised Cognitive Taxonomy Remembering (1) Understanding (2) Applying (3) 

 
Table 4-13 and Table 4-14 show the pre- and post-test averages for all sections of EGR 

124 Intro. to Eng. and Eng. Methods and EGR 216 Computer Methods in Eng. and Tech., 

respectively. In general, students scored better on the post-tests than on the pre-tests in all 
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course sections. Additionally, because students in this implementation were asked to use 

pseudonyms for the pre- and post-tests, the learning gains of individual students can be 

compared. Table 4-15 and Table 4-16 show the same results as Table 4-13 and Table 4-14 do, 

but including only students who used the same pseudonym for the pre- and post-tests. Overall, 

students’ average learning scores improved in EGR 214 Control, EGR Exp1 and EGR 216 Hybrid 

Online, which were all taught by Instructor 1, but did not improve for EGR 216 In-class, which 

was taught by instructor 2, who also taught EGR 124 Exp2 and did not prioritize the OWLS in 

that course enough to have the students complete the post-test at the assigned time. Thus, 

different instructors can have a significant impact on the results, and comparison of results 

between course sections with different instructors is not recommended due to confounding 

variables. Accordingly, EGR 124 Control and EGR 124 Exp1 are the only two sections of the 

same course with the same instructor that allow a direct comparison of learning gains. 

Table 4-13. Pre- and post-test learning results for EGR 124: Intro. to Eng. and Eng. Methods for 
all students in the course. 

Question 
Number 

EGR 124 Control EGR 124 Exp1 EGR 124 Exp2 

Pre-test 
Average 
(%) 
(n = 20) 

Post-test 
Average 
(%) 
(n = 16) 

Pre-test 
Average 
(%) 
(n = 18) 

Post-test 
Average 
(%) 
(n = 17) 

Pre-test 
Average 
(%) 
(n = 14) 

Post-test 
Average 
(%) 
(n = 0) 

27 10.00 50.00 16.67 76.47 14.29 N/A 

28 40.00 93.75 38.89 35.29 50.00 N/A 

29 30.00 31.25 22.22 47.06 35.71 N/A 

30 30.00 68.75 11.11 64.71 14.29 N/A 

31 55.00 62.50 50.00 41.18 57.14 N/A 

32 100.00 100.00 83.33 94.12 92.86 N/A 

33 35.00 43.75 50.00 47.06 71.43 N/A 

Average 42.86 64.29 38.89 57.98 47.96 N/A 
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Table 4-14. Pre- and post-test learning results for EGR 216: Computer Methods in Eng. and Tech. 
for all students in the course. 

Question 
Number 

EGR 216 In-Class EGR 216 Hybrid Online 

Pre-test  
Average (%) 
(n = 17) 

Post-test Average 
(%) 
(n = 18) 

Pre-test  
Average (%) 
(n = 8) 

Post-test Average 
(%) 
(n = 9) 

27 0.00 16.67 12.50 66.67 

28 52.94 27.78 37.50 33.33 

29 17.65 38.89 50.00 44.44 

30 29.41 38.89 25.00 55.56 

31 52.94 50.00 37.50 55.56 

32 76.47 66.67 75.00 88.89 

33 35.29 38.89 12.50 55.56 

Average 37.82 39.68 35.71 57.14 

 
Table 4-15. Pre- and post-test learning results for EGR 124: Intro. to Eng. and Eng. Methods for 
common students in the pre- and post-tests. 

Question 
Number 

EGR 124 Control 
(n = 15) 

EGR 124 Exp1 
(n = 13) 

EGR 124 Exp2 
(n = 0) 

Pre-test 
Average 
(%) 

Post-test 
Average 
(%) 

Pre-test 
Average 
(%) 

Post-test 
Average 
(%) 

Pre-test 
Average 
(%) 

Post-test 
Average 
(%) 

27 13.33 53.33 23.08 84.62 N/A N/A 

28 46.67 93.33 30.77 23.08 N/A N/A 

29 33.33 33.33 30.77 53.85 N/A N/A 

30 33.33 73.33 7.69 69.23 N/A N/A 

31 53.33 60.00 38.46 46.15 N/A N/A 

32 100.00 100.00 84.62 92.31 N/A N/A 

33 20.00 40.00 46.15 38.46 N/A N/A 

Average 42.86 64.76 37.36 58.24 N/A N/A 



  114 

 
Table 4-16. Statistical significance of pre- and post-test learning results for EGR 216: Computer 
Methods in Eng. and Tech. for common students in the pre- and post-tests. 

Question 
Number 

EGR 216 In-Class 
(n = 12) 

EGR 216 Hybrid Online 
(n = 4) 

Pre-test  
Average (%) 

Post-test Average 
(%) 

Pre-test  
Average (%) 

Post-test Average 
(%) 

27 0.00 8.33 25.00 100.00 

28 66.67 25.00 25.00 0.00 

29 8.33 50.00 50.00 50.00 

30 33.33 50.00 50.00 50.00 

31 58.33 41.67 50.00 50.00 

32 83.33 75.00 75.00 100.00 

33 33.33 33.33 0.00 25.00 

Average 40.48 40.48 39.29 53.57 

 
Pre-test-post-test tracking of individual students allowed the more appropriate 

Wilcoxon Signed Rank Test to be used for assessing this implementation. Table 4-17 shows the 

p-values for the VWCC full implementation. Due to the nature of the Wilcoxon Signed Rank 

Test, statistical results cannot be obtained if fewer than 5 students showed either an increase 

or a decrease, which for individual questions, is a state change from right to wrong or wrong to 

right. Thus, several cells in Table 4-17 had insufficient N for comparison. In general, students 

showed improvement from the pre-tests to the post-tests, with the only statistically significant 

decrease being for question 28 in EGR 216 In-class. 
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Table 4-17. Pre- and post-test learning results for EGR 124: Intro. to Eng. and Eng. Methods and 
EGR 216: Computer Methods in Eng. and Tech. for common students in the pre- and post-tests. 

Question 
Number 

EGR 124 
Control 
p-value 
(n = 15) 

EGR 124 Exp1  
p-value 
(n = 13) 

EGR 124 Exp2  
p-value 
(n = 0) 

EGR 216 
In-Class  
p-value 
(n = 12) 

EGR 216 
Hybrid Online  
p-value 
(n = 4) 

27 < 0.05  
(post > pre) 

< 0.05  
(post > pre) 

N/A Equal ranks Insufficient N 

28 < 0.01  
(post > pre) 

Insufficient N N/A < 0.05  
(post < pre) 

Insufficient N 

29 Insufficient N > 0.1  
(post > pre) 

N/A < 0.05  
(post > pre) 

Insufficient N 

30 < 0.05  
(post > pre) 

< 0.025  
(post > pre) 

N/A Insufficient N Insufficient N 

31 > 0.1  
(post > pre) 

> 0.1  
(post > pre) 

N/A Insufficient N Insufficient N 

32 Insufficient N Insufficient N N/A Insufficient N Insufficient N 

33 > 0.1  
(post > pre) 

> 0.1  
(post < pre) 

N/A Insufficient N Insufficient N 

Average < 0.001  
(post > pre) 

< 0.01  
(post > pre) 

N/A > 0.1 
(post > pre) 

Insufficient N 

 
The students average learning scores showed statistically significant learning gains for 

both EGR 124 Control and EGR 124 Exp1. Table 4-18 compares the learning gains of these 

courses, with the gain for question 28 in EGR 124 Control compared to EGR 124 Exp1 being the 

only statistically significant difference. Thus, general claims about the learning gains with the 

OWLS vs with the LEWAS only cannot be made from these results. As a word of caution, this 

method of comparison does not take into account the relative starting or ending points of the 

students’ learning scores and ignores the practical effects of limiting bounds such as 0% or 

100% correct responses. 
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Table 4-18. Pre- and post-test learning gains for EGR 124: Intro. to Eng. and Eng. Methods for 
common students in the pre- and post-tests – Control section vs. Exp1 section. 

Question 
Number 

EGR 124 Control 
pre-post gain (%) 

EGR 124 Exp1 
pre-post gain (%) 

EGR 124 Control vs.  
EGR 124 Exp1 p-value 

27 40.00 61.54 0.1859 (exp1 > control) 

28 46.67 -7.69 0.0060 (control > exp1) 

29 0.00 23.08 0.1604 (exp1 > control) 

30 40.00 61.54 0.1466 (exp1 > control) 

31 6.67 7.69 0.4896 (exp1 > control) 

32 0.00 7.69 0.1414 (exp1 > control) 

33 20.00 -7.69 0.1166 (control > exp1) 

Average 21.90 20.88 0.4431 (exp1 > control) 

 
4.2.2.5. Learning Increases From OWLS Implementations 

Research question 1 from goal 2 asked “How effective is the OWLS at increasing student 

learning of environmental monitoring topics at different academic levels?” The quantitative 

learning results presented above showed statistically insignificant learning gains for seniors and 

graduate students at VT and for students in the course of one instructor at VWCC. However, the 

learning gains for students in the courses taught by the other instructor at VWCC were 

statistically significant with p-values below 0.01 for the 2 course sections with sufficient sample 

sizes for non-parametric tests. The VT students were given pre- and post-test questions rated 

by a content expert at Bloom’s Revised Cognitive Taxonomy levels 1-3, but their LEWAS/OWLS 

activities were rated at levels 3-5 by the same content expert. Thus, their lack of learning gain 

may be due to the use of assessment instruments that were not able to accurately capture their 

higher level learning gains.  

This is in contrast with VWCC, where activities at levels 2-3 were better aligned with 

learning questions at levels 1-3. The 2 VWCC courses where students showed statistically 

significant learning gains were the control and experimental sections of EGR 124. When the 
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gains in these two sections were compared, no statistically significant differences were found. 

Thus, this data does not support the argument that the LEWAS with the OWLS was more 

effective at increasing student learning compared to the LEWAS without the OWLS. This answer 

to research question 1 contradicts the perceived learning results discussed previously where 

the perceived value of the real-time data and anywhere-anytime access were emphasized. One 

possible source of error in the quantitative data is that the OWLS was not being used in the 

exploratory way it was designed to be used, which meant that students may not have accessed 

the components of the OWLS that would help them to answer some of the learning questions. 

Although the statistical tests did not show conclusively that the OWLS enhanced 

learning results compared to use of the LEWAS data only, learning gains did occur consistently 

across LEWAS/OWLS learning module implementations. The above analysis included the mean 

learning scores for each course, but additional insights can be drawn from the quantiles shown 

in the box and whisker plot in Figure 4-17 with means overlaid. Note that increases occurred in 

most cases for the 0%, 25%, 50% (median), 75% and 100% quantiles as well as the mean for all 

courses. These increases are not those of individual students. Rather, they are a comparison of 

a given quantile within the class in the pre- and post-tests. They answer questions such as “How 

does a median student in the post-test compare with a median student in the pre-test for a 

given course?”  
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Figure 4-17. Pre-test to post-test increases in class learning for full OWLS implementations 
(2015). 

The increases from pre- to post-test for each of these 6 levels (5 quantiles and the 

mean) within each course are shown in Table 4-19. Because these are results for 7 learning 

questions for each pre- and post-test, the % Correct for these quantiles are multiples of one 

half of one seventh of 100%, i.e., 7.14%. Accordingly, Table 4-19 also shows the pre- to post-

test changes in terms of numbers of questions. Across 6 completed course sections in the full 

implementation and across these 6 levels within each course, 25 of 36 levels showed a learning 

increase, and only 3 of 36 levels showed a learning decrease. This data supports the idea that 

LEWAS/OWLS modules are increasing learning for most students in most of these courses. 
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Table 4-19. Increases in class learning for full OWLS implementations (2015) as measured by 
increases in the percent of correct answers and the number of correct answers for 7 learning 
questions. 

Course Student Quantile 

0%  25% 50% 
(Median) 

Mean 75% 100% 

CEE4304 
(n=28,23) 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

0.00 % 
0.0 Q. 

2.45 % 
0.2 Q. 

7.14 % 
0.5 Q 

0.00 % 
0.0 Q. 

CEE5734 
(n=14,14) 

0.00 % 
0.0 Q. 

28.57 % 
2.0 Q. 

0.00 % 
0.0 Q. 

11.23 % 
0.8 Q. 

14.29 % 
1.0 Q. 

14.29 % 
1.0 Q. 

EGR124 Control 
(n=15 pairs) 

14.29 % 
1.0 Q. 

14.29 % 
1.0 Q. 

28.57 % 
2.0 Q. 

21.90 % 
1.5 Q. 

14.29 % 
1.0 Q. 

42.86 % 
3.0 Q. 

EGR124 Exp1 
(n=13 pairs) 

28.57 % 
2.0 Q. 

14.29 % 
1.0 Q. 

28.57 % 
2.0 Q. 

20.80 % 
1.5 Q. 

14.29 % 
1.0 Q. 

28.57 % 
2.0 Q. 

EGR216 In-class 
(n=12 pairs) 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

0.00 % 
0.0 Q. 

-0.02 % 
-0.0 Q. 

14.29 % 
1.0 Q. 

14.29 % 
1.0 Q. 

EGR216 Hybrid Online 
(n=4 pairs) 

14.29 % 
1.0 Q. 

21.43 % 
1.5 Q. 

21.43 % 
1.5 Q. 

14.30 % 
1.0 Q. 

7.14 % 
0.5 Q. 

0.00 % 
0.0 Q. 

  
Figure 4-18 shows the box and whisker plot for the distributions of pre- to post-test 

learning gains of individual students. Because these distributions represent the learning gains of 

the students in each course, they answer questions such as “What is the median learning gain 

from pre-test to post-test for the students in a given course?” For the courses at VWCC, 

students were paired from the pre-test to the post-test, and the learning gains of individual 

students were easily computed. For the courses at VT, this was not the case. Rather, every 

possible learning gain from each pre-test result to each post-test result was calculated (23*28 = 

644 pairs for CEE4304 and 14*14 = 196 pairs CEE5734) to create an approximate distribution of 

learning gains. Because this increased the number of pairs for each course by roughly 20 times, 

the middle of the upper and lower twentieths of the distributions, i.e., 2.5% and 97.5% 

quantiles, were used to estimate the endpoints.  
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Figure 4-18. Pre-test to post-test increases in individual student learning for full OWLS 
implementations (2015). 
 

The increases for the 0%, 25%, 50% (median), 75% and 100% quantiles and the mean of 

the distribution of learning gains for each course are shown in Table 4-20. Whereas Table 4-19 

contains the differences of pre- and post-test distributions, Table 4-20 contains the distribution 

of differences between the pre- and post-tests. Because this is a distribution of differences, 

students at the bottom did much worse on the post-test than they did on the pre-test, and the 

opposite is true for students at the top. Once again, the learning gains outnumber the learning 

declines with 24 of 36 groups showing a learning increase and only 9 of 36 groups showing a 

learning decrease. This data also supports the idea that LEWAS/OWLS modules are increasing 

learning for most students in most of these courses. 
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Table 4-20. Increases in individual student learning for full OWLS implementations (2015) as 
measured by increases in the percent of correct answers and the number of correct answers for 
7 learning questions 

Course Increase Quantile 

0%  25% 50% 
(Median) 

Mean 75% 100% 

CEE4304 
(n=28,23) [estimated] 

-42.86 % 
-3.0 Q. 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

2.48 % 
0.2 Q. 

14.29 % 
1.0 Q. 

42.86 % 
3.0 Q. 

CEE5734 
(n=14,14) [estimated] 

-57.14 % 
-4.0 Q. 

-14.29 % 
-1.0 Q. 

14.29 % 
1.0 Q. 

11.22 % 
0.8 Q. 

28.57 % 
2.0 Q. 

71.43 % 
5.0 Q. 

EGR124 Control 
(n=15 pairs) 

-14.29 % 
-1.0 Q. 

14.29 % 
1.0 Q. 

28.57 % 
2.0 Q. 

21.90 % 
1.5 Q. 

28.57 % 
2.0 Q. 

42.86 % 
3.0 Q. 

EGR124 Exp1 
(n=13 pairs) 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

28.57 % 
2.0 Q. 

20.88 % 
1.5 Q. 

42.86 % 
3.0 Q. 

42.86 % 
3.0 Q. 

EGR216 In-class 
(n=12 pairs) 

-28.57 % 
-2.0 Q. 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

2.38 % 
0.2 Q. 

21.43 % 
1.5 Q. 

28.57 % 
2.0 Q. 

EGR216 Hybrid Online 
(n=4 pairs) 

-14.29 % 
-1.0 Q. 

0.00 % 
0.0 Q. 

21.43 % 
1.5 Q. 

14.28 % 
1.0 Q. 

28.57 % 
2.0 Q. 

28.57 % 
2.0 Q. 

 

4.2.3. Motivation 

Motivation questions using the 26 Likert-style questions from Jones’ MUSIC Model of 

Academic Motivation (Jones & Wilkins, 2013) were first used in the post-test only pilot test in 

EGR 124 at VWCC in the fall of 2014 and were using in all subsequent implementations. This 

section contains these results. 

4.2.3.1. Pilot Test: VWCC EGR 124 Intro to Engineering and Engineering Methods, Fall 2014 

The MUSIC model results for the 27 students who completed the post-test for the VWCC 

EGR 124 Intro to Engineering and Engineering Methods pilot test indicate the motivation levels 

of the students in the course. Table 4-21 shows the averages and standard deviations of the 

assessment data from the MUSIC model as summarized across all 5 categories {eMpowerment, 

Understanding, Success, Interest, Caring}. These results are similar to motivation levels 
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published for other courses (Jones, Epler, Morki, Bryant, & Paretti, 2013; Jones, Paretti, Hein, & 

Knott, 2010). However, due to recent modifications to the MUSIC model, these articles use 

slightly different forms of the instrument than the form used in this research.  

Table 4-21. EGR 124 Pilot Test MUSIC Model Results (n = 27). 

  M U S I C All 

Average 4.7 4.6 5.3 4.7 5.4 4.9 
StDev 1.5 1.6 1.5 1.6 1.6 1.4 

 
For this course, the students scored the highest on the categories of caring, indicating 

that they believed that the instructor cared whether or not they met the course objectives, and 

success, showing that they believed they could succeed if they put forth the necessary effort. 

Interestingly the students scored the lowest on understanding why the content is useful. The 

qualitative results hint at one reason why this may have been the case: although the majority of 

students provided positive comments concerning the usefulness of the OWLS, some students 

felt that the OWLS, which was compressed into part of one lecture in the last week of the 

semester due to scheduling issues, was not an essential part of their course. Based on these 

comments, modules in the courses used for the full implementations were moved up to an 

earlier time in the semester and spread out over more of the semester. Overall, it is difficult to 

draw conclusions from this data due to a lack of a comparison group. This issue was addressed 

in subsequent implementations by including pre- and post-tests. 

4.2.3.2. VT Courses, Spring 2015 

The average learning results and p-values from the Wilcoxon Rank Sum Test for all 5 

categories for the full implementations at VT are shown in Table 4-22. Because of the 

preliminary version of the post-test that was inadvertently given to the students in CEE 5734 

Urban Hydrology by the instructor, the motivation questions in their post-test referred to the 
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OWLS or the OWLS modules instead of to the coursework or the course. This may have biased 

the results. However, motivation levels did not change significantly in these courses for most 

categories. The exceptions are significant motivation gains for usefulness and interest in CEE 

4304 Hydrology and success in CEE 5734 Urban Hydrology. These results indicate that students 

in CEE 4304 Hydrology believed that the course was more useful and interesting after 

completing the OWLS module than they believed before completing it. The same could be said 

for the beliefs of students in CEE 5734 Urban Hydrology about their ability to succeed in the 

course, with the caveat that the wording in their post-test questions was slightly changed. 

Table 4-22. Statistical significance of pre- and post-test motivation results for CEE 4304: 
Hydrology and CEE 5734: Urban Hydrology. 

Section CEE 4304 Hydrology CEE 5734 Urban Hydrology 

Pre-test 
Average 
(%) 
(n = 28) 

Post-test 
Average 
(%) 
(n = 23) 

p-value Pre-test 
Average 
(%) 
(n = 14) 

Post-test 
Average 
(%) 
(n = 14) 

p-value 

eMpowerment 3.96 3.86 0.2201 
(post < pre) 

4.11 4.39 0.1779 
(post > pre) 

Usefulness 4.69 4.90 0.0832 
(post > pre) 

5.03 4.83 0.3906 
(post < pre) 

Success 4.79 4.63 0.3874 
(post < pre) 

4.89 5.41 0.0090 
(post > pre) 

Interest 4.33 4.49 0.0498 
(post > pre) 

4.58 4.64 0.4264 
(post > pre) 

Caring 5.11 4.78 0.2488 
(post < pre) 

5.30 5.25 0.4815 
(post < pre) 

 
4.2.3.3. VWCC Courses, Fall 2015 

Like the learning questions at VWCC, student pseudonyms allowed the Wilcoxon Signed 

Rank Test to be used for motivation results in the VWCC full implementations. Unlike the 

motivation results from the full implementations at VT, students in the EGR 124 Control and 

EGR 124 Exp1 sections showed significant motivation gains in nearly every category (Table 4-23 



  124 

and Table 4-24, respectively). This could be the result of students at VWCC starting with much 

lower motivation scores than the students at VT started with. One possible explanation for this 

is that, unlike the students at VT, the students at VWCC were being exposed to water-related 

engineering issues for the first time. The other 3 course sections at VWCC contained insufficient 

N to obtain any statistically significant motivation gains (Table 4-25 to Table 4-27).  

Table 4-23. Statistical significance of pre- and post-test motivation results for EGR 124: Intro. to 
Eng. and Eng. Methods – Control. 

Section Pre-test 
Average (%) 
(n = 20) 

Post-test 
Average (%) 
(n = 16) 

Pre-test 
Pairs 
Average (%) 
(n = 15) 

Post-test 
Pairs 
Average (%) 
(n = 15) 

p-value 

eMpowerment 2.73 4.84 2.65 4.89 < 0.001 
(post > pre) 

Usefulness 2.80 4.66 2.72 4.70 < 0.0025 
(post > pre) 

Success 2.75 4.80 2.70 4.82 < 0.001 
(post > pre) 

Interest 2.81 4.70 2.72 4.71 < 0.005 
(post > pre) 

Caring 3.15 5.30 3.20 5.37 < 0.005 
(post > pre) 
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Table 4-24. Statistical significance of pre- and post-test motivation results for EGR 124: Intro. to 
Eng. and Eng. Methods – Exp1. 

Section Pre-test 
Average (%) 
(n = 17) 

Post-test 
Average (%) 
(n = 17) 

Pre-test 
Pairs 
Average (%) 
(n = 13) 

Post-test 
Pairs 
Average (%) 
(n = 13) 

p-value 

eMpowerment 2.42 3.27 2.20 3.02 < 0.1 
(post > pre) 

Usefulness 2.53 3.28 2.35 2.97 > 0.1 
(post > pre) 

Success 2.42 3.90 2.29 3.63 < 0.025 
(post > pre) 

Interest 2.38 3.52 2.23 3.26 < 0.1 
(post > pre) 

Caring 2.64 4.49 2.42 4.21 < 0.025 
(post > pre) 

 
Table 4-25. Statistical significance of pre- and post-test motivation results for EGR 124: Intro. to 
Eng. and Eng. Methods – Exp2. 

Section Pre-test 
Average (%) 
(n = 7) 

Post-test 
Average (%) 
(n = 0) 

Pre-test 
Pairs 
Average (%) 
(n = 0) 

Post-test 
Pairs 
Average (%) 
(n = 0) 

p-value 

eMpowerment 4.83 N/A N/A N/A N/A 

Usefulness 4.94 N/A N/A N/A N/A 

Success 4.57 N/A N/A N/A N/A 

Interest 4.45 N/A N/A N/A N/A 

Caring 5.50 N/A N/A N/A N/A 

 
Table 4-26. Statistical significance of pre- and post-test motivation results for EGR 216: 
Computer Methods in Eng. and Tech. – In-Class. 

Section Pre-test 
Average (%) 
(n = 8) 

Post-test 
Average (%) 
(n = 17) 

Pre-test 
Pairs 
Average (%) 
(n = 5) 

Post-test 
Pairs 
Average (%) 
(n = 5) 

p-value 

eMpowerment 2.63 4.11 2.64 4.20 Insufficient n 

Usefulness 2.73 3.05 2.80 3.24 Insufficient n 

Success 3.22 3.93 3.60 4.40 Insufficient n 

Interest 3.02 3.31 2.93 3.60 > 0.1 
(post > pre) 

Caring 4.31 4.75 4.57 5.17 > 0.1 
(post > pre) 
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Table 4-27. Statistical significance of pre- and post-test motivation results for EGR 216: 
Computer Methods in Eng. and Tech. – Hybrid Online. 

Section Pre-test 
Average (%) 
(n = 8) 

Post-test 
Average (%) 
(n = 9) 

Pre-test 
Pairs 
Average (%) 
(n = 4) 

Post-test 
Pairs 
Average (%) 
(n = 4) 

p-value 

eMpowerment 2.50 4.33 2.00 3.35 Insufficient n 

Usefulness 2.50 4.29 2.00 3.35 Insufficient n 

Success 2.66 4.58 2.00 3.50 Insufficient n 

Interest 2.50 4.44 2.00 3.46 Insufficient n 

Caring 2.56 5.13 2.00 4.08 Insufficient n 

 
Although both EGR 124 Control and EGR 124 Exp1 showed significant motivation gains 

in nearly every category, it is important to compare these gains just as it was for learning. The 

same limitations of bounds (e.g., minimum of 1 and maximum of 6) apply as in the learning 

case. However, for motivation there are statistically significant results for empowerment, 

usefulness and interest, but with the gains in the control group being more than the gains in the 

experimental group Table 4-28. This implies that students are more motivated from using 

LEWAS data in traditional MS Office formats than through the interactive OWLS. These results 

are in conflict with previously discussed results indicating that the data availability and data 

visualization features of the OWLS were among its strengths. One possible cause for this 

discrepancy is that students self-selected into these course sections rather than being a truly 

randomized sample. Also, the relatively small sample sizes are susceptible to the biases caused 

by the inclusion of a small number of students with more interest in watershed monitoring 

topics than other students had. Overall, one of the weaknesses of this implementation is a lack 

of control of the learning environment such that confounding variables may have had a bigger 

impact on the students motivation levels than did a one week LEWAS/OWLS module. An 

improved research design might have participants use the LEWAS data using both MS Office 
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and OWLS interfaces and ask them to compare their experiences in order to definitely assess 

the difference. 

Table 4-28. Pre- and post-test motivation gains for EGR 124: Intro. to Eng. and Eng. Methods for 
common students in the pre- and post-tests – Control section vs. Exp1 section. 

Category EGR 124 Control EGR 124 Exp1 p-value 

Pre Post Gain Pre Post Gain 

eMpowerment 2.65 4.89 2.24 2.20 3.02 0.82 0.031 
(control > exp1) 

Usefulness 2.72 4.7 1.98 2.35 2.97 0.62 0.048 
(control > exp1) 

Success 2.70 4.82 2.12 2.29 3.63 1.34 0.111 
(control > exp1) 

Interest 2.72 4.71 1.99 2.23 3.26 1.03 0.098 
(control > exp1) 

Caring 3.20 5.37 2.17 2.42 4.21 1.79 0.418 
(control > exp1) 

 
4.2.3.4. Instrument Quality 

Especially in the pre-tests in the full implementation at VWCC, many students 

responded to the 26 motivation questions with the same number for all questions. In some 

cases, students even wrote a number for the first motivation question and drew an arrow from 

their through all the motivation questions. However, this behavior was not observed in the 

post-tests. It was suspected that these students were too unmotivated to answer the questions 

honestly in the pre-test but that by the post-test they had increased sufficiently in motivation 

to give honest answers. This was in agreement with the EGR124 focus group result, “In the pre-

test, there was some cynicism toward an unfamiliar topic and why it would relate to the 

course.” However, no standard method was found to be able to determine if the responses of 

certain students should be excluded. Due to this observation, it was determined to assess the 

appropriateness of the MUSIC mode instrument for such very poorly motivated students. 
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Various methods can be used to assess the fit of the 5 factors in the MUSIC Model of 

Academic Motivation to the to the 26 questions contained in their survey instrument. Jones and 

Wilkins (2013) used Cronbach’s alpha and confirmatory factor analysis to assess the 

appropriateness of their categories. Cronbach’s alpha can be used to assess the reliability of 

multiple measurements of the same construct. In this case, it is a measure of the multiple 

questions used to assess a given category. Table 4-29 shows the Cronbach’s alpha values 

obtained by Jones and Wilkins and those for the courses included in this research. Jones and 

Wilkins’ results have two values for both interest and caring because they were validating an 

earlier version of the model that split each of these into two subcategories. The values for the 

courses in this research were generally similar to those found by Jones and Wilkins with the 

exception of some categories for the pre-tests, and show that by the times of the post-tests, 

each construct was consistently assessed by all the questions that it contained. 
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Table 4-29. Comparison of Cronbach’s alpha for motivation results for all courses with Jones and 
Wilkins’ results. 

Course eMpowerment 
(n=5) 

Usefulness 
(n=5) 

Success 
(n=4) 

Interest 
(n=6) 

Caring 
(n=6) 

Jones & Wilkins online 
health (n=609) 0.93 0.95 0.93 

0.90 
0.84 

0.92 
0.92 

Jones & Wilkins face-to-
face health (n=245) 0.84 0.87 0.86 

0.88 
0.74 

0.87 
0.84 

Jones & Wilkins 
engineering (n=374) 0.94 0.92 0.94 

0.96 
0.95 

0.96 
0.93 

CEE4304 Pre-test (n=28) 0.885 0.901 0.849 0.893 0.740 

CEE4304 Post-test (n=23) 0.954 0.932 0.957 0.911 0.938 

CEE5734 Pre-test (n=14) 0.880 0.942 0.719 0.946 0.784 

CEE5734 Post-test (n=14) 0.815 0.947 0.938 0.971 0.919 

EGR124 Control Pre-test 
(n=20) 0.970 0.990 0.972 0.988 0.975 

EGR124 Control Post-test 
(n=16) 0.907 0.823 0.877 0.918 0.852 

EGR124 Exp1 Pre-test 
(n=17) 0.988 0.992 0.994 0.994 0.997 

EGR124 Exp1 Post-test 
(n=17) 0.973 0.943 0.967 0.973 0.992 

EGR124 Exp2 Pre-test 
(n=7) -0.047 0.793 0.520 0.852 0.818 

EGR124 Exp2 Post-test 
(n=0) N/A N/A N/A N/A N/A 

EGR216 In-class Pre-test 
(n=8) 0.945 0.901 0.576 0.897 0.916 

EGR216 In-class Post-test 
(n=17) 0.920 0.960 0.957 0.937 0.948 

EGR216 Hybrid Online Pre-
test (n=8) 1.000 1.000 0.965 1.000 0.984 

EGR216 Hybrid Online 
Post-test (n=9) 0.972 0.979 0.962 0.986 0.997 
      

Scale 0.95 < 𝛼 0.90 < 𝛼 ≤ 0.95 0.85 < 𝛼 ≤ 0.90 0.80 < 𝛼 ≤ 0.85 
0.75 < 𝛼 ≤ 0.80 0.70 < 𝛼 ≤ 0.75 0.50 < 𝛼 ≤ 0.70 𝛼 ≤ 0.50 

 
For the confirmatory factor analysis, Jones and Wilkins used SPSS Amos to complete 

their calculations, and the same software was used for this research. Unlike regular factor 

analysis, which analyzes a set of values to try to find constructs from them, confirmatory factor 
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analysis compares the fit of an existing set of constructs to the data to confirm whether or not 

the constructs are a good fit for the data. Figure 4-19 shows the SPSS Amos model for the 

current research based on the model from Figure 1 of (Jones & Wilkins, 2013). This one is 

slightly different from the one they used, and it has 289 degrees of freedom compared to 285 

for theirs. 
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Figure 4-19. The MUSIC Model of Academic Motivation hypothesized as a hierarchical, 
intercorrelated five-factor structure comprised of empowerment, usefulness, success, interest, 
and caring. Based on the model in Figure 1 of (Jones & Wilkins, 2013). 

The confirmatory factor analysis metrics that Jones and Wilkins used included the 

comparative fit index (CFI), the standardized root mean square residual (SRMR) and the root 

mean square error of approximation. One of the limitations of this analysis for the current 

research is that at least 26 sets of responses are needed to analyze a model of this size. Thus, 
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with the exception of the pre-test in CEE 4304 Hydrology, none of the full implementations 

contained enough responses to be analyzed. For this reason, the results from various course 

sections were combined in order to obtain sufficiently large sample sizes. Table 4-30 shows the 

results of the confirmatory factor analysis. Results meeting preferred levels are shown in 

orange and results meeting usable, but not preferred, levels are shown in light orange. Jones 

and Wilkins’ results all come within 0.01 of the usable threshold or better. However, for the this 

research, the results typically meet usable levels for only SRMR but not for the other two 

measures. This implies that the 5 constructs of the MUSIC model are not a good fit for these 

students.  
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Table 4-30. Measures of the quality of the factor analysis. 

Course CFI SRMR RMSEA 

Jones & Wilkins online health (n=609) 0.927 0.063 0.079 

Jones & Wilkins face-to-face health (n=245) 0.899 0.062 0.074 

Jones & Wilkins engineering (n=374) 0.963 0.038 0.064 

CEE4304 Pre-test (n=28) 0.455 0.157 0.230 

CEE4304 Post-test (n=23) N/A N/A N/A 

CEE5734 Pre-test (n=14) N/A N/A N/A 

CEE5734 Post-test (n=14) N/A N/A N/A 

EGR124 Control Pre-test (n=20) N/A N/A N/A 

EGR124 Control Post-test (n=16) N/A N/A N/A 

EGR124 Exp1 Pre-test (n=17) N/A N/A N/A 

EGR124 Exp1 Post-test (n=17) N/A N/A N/A 

EGR124 Exp2 Pre-test (n=7) N/A N/A N/A 

EGR124 Exp2 Post-test (n=0) N/A N/A N/A 

EGR216 In-class Pre-test (n=8) N/A N/A N/A 

EGR216 In-class Post-test (n=17) N/A N/A N/A 

EGR216 Hybrid Online Pre-test (n=8) N/A N/A N/A 

EGR216 Hybrid Online Post-test (n=9) N/A N/A N/A 

VT pre-tests (n=42) 0.727 0.1331 0.133 

VT post-tests (n=35) (ignored blanks) 0.754 0.0936 0.180 

VWCC pre-tests (n=59) (ignored blanks) 0.789 0.0402 0.216 

VWCC post-tests (n=59) 0.872 0.0561 0.136 

All pre- and post-tests (n=195) 0.924 0.0309 0.108 
    

Preferred > 0.95 < 0.05 < 0.05 

Usable > 0.90 < 0.10 < 0.08 

 
One possible reason for the poor fit is that students who answered the same number for 

all 26 questions have reduced the expected differences distinguish the constructs. One way of 

assessing this is to correlate the results of the 5 MUSIC model constructs. Table 4-31 shows the 

correlation coefficients for the 5 constructs for all pre- and post-tests from the full OWLS 

implementations. Notice that for the pre-tests of full implementations at VWCC where several 

students gave the same answer for all motivation questions (EGR 124 Control, EGR 124 Exp1 

and EGR 216 Hybrid Online) that the correlation values are very high. This suggests that the 

category differences have been hidden by such student behaviors. Thus reducing the success of 
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the confirmatory factor analysis. This is confirmed by the scree plots in Figure 4-20 and Figure 

4-21 for all of the 195 pre- and post-test responses from the full OWLS implementations. The 

first shows the result for the data as students gave it. There is only one significant factor in this 

scree plot. The second shows the results after subtracting the average motivation score from 

each student’s responses. This has the effect of setting to zero the responses from a student 

who answered the same score for all motivation questions and enhances the differences 

between constructs. This plot shows 5-7 significant factors, which fits with the MUSIC model. 

Thus, the students giving the same answer for every question are masking the differences 

between constructs and reducing the quality of the confirmatory factor analysis results.  
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Table 4-31. Learning-motivation correlation coefficients (using averages of the 7 paired learning 
questions in each course and students with completely filled motivation results). 

Course M-U M-S M-I M-C U-S U-I U-C S-I S-C I-C 

CEE4304 
Pre-test (n=28) 0.22 -0.03 0.29 0.22 -0.09 0.71 0.37 0.04 0.34 0.41 

CEE4304 
Post-test (n=23) 0.45 0.73 0.57 0.76 0.72 0.78 0.67 0.70 0.86 0.76 

CEE5734 
Pre-test (n=14) 0.44 0.27 0.52 0.53 0.37 0.88 0.51 0.45 0.45 0.57 

CEE5734 
Post-test (n=14) 0.78 0.64 0.85 0.88 0.75 0.95 0.84 0.62 0.75 0.85 

EGR124 Control 
Pre-test (n=20) 0.96 0.92 0.98 0.93 0.94 0.98 0.92 0.92 0.91 0.92 

EGR124 Control 
Post-test (n=16) 0.75 0.88 0.84 0.59 0.79 0.89 0.65 0.80 0.48 0.49 

EGR124 Exp1 
Pre-test (n=17) 0.99 0.99 0.99 0.98 0.99 0.99 1.00 1.00 0.98 0.99 

EGR124 Exp1 
Post-test (n=17) 0.92 0.85 0.89 0.70 0.86 0.93 0.71 0.91 0.91 0.79 

EGR124 Exp2 
Pre-test (n=7) 0.69 0.64 0.24 -0.24 0.69 0.57 0.32 0.03 -0.12 0.76 

EGR124 Exp2 
Post-test (n=0) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

EGR216 In-class 
Pre-test (n=8) 0.98 0.59 0.84 0.47 0.65 0.82 0.47 0.66 0.76 0.78 

EGR216 In-class 
Post-test (n=17) 0.58 0.70 0.73 0.66 0.61 0.91 0.61 0.79 0.76 0.74 

EGR216 Hybrid 
Online 
Pre-test (n=8) 1.00 0.95 1.00 0.99 0.95 1.00 0.99 0.95 0.98 0.99 

EGR216 Hybrid 
Online 
Post-test (n=9) 0.88 0.96 0.94 0.91 0.89 0.96 0.82 0.95 0.93 0.90 
      

Scale 0.9 < 𝛼 0.7 < 𝛼 ≤ 0.9 0.4 < 𝛼 ≤ 0.7 0.0 < 𝛼 ≤ 0.4 
−0.4 < 𝛼 ≤ 0.0 −0.7 < 𝛼 ≤ −0.4 −0.9 < 𝛼 ≤ −0.7 𝛼 ≤ −0.9 
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Figure 4-20. Factor analysis scree plot for the 195 pre- and post-test responses from full 
implementation courses. 

 
Figure 4-21. Factor analysis scree plot for the 195 pre- and post-test responses from full 
implementation courses with the mean of each set of 26 questions subtracted out. 

Although too much correlation between constructs is not good, student motivation is 

expected to be somewhat correlated across categories. For the courses shown in Table 4-31, 
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the average post-test correlation coefficients for each courses (in order) are as follows: 0.70, 

0.79, 0.72, 0.85, 0.71 and 0.91. In every case, the pre-test values (0.25, 0.50, 0.94, 0.99, 0.70, 

0.98) moved closer to the mean of the post-test values (0.78) in the post-test, suggesting 

convergence to an ideal amount of correlation that should exist in an honestly answered 

survey. 

4.2.3.5. Motivation Increases From OWLS Implementations 

Research question 2 from goal 2 asked “How does providing access to the OWLS 

increase student motivation to study environmental monitoring at different academic levels?” 

This was addressed by the quantitative motivation results presented above. For the courses at 

VT, a few motivation categories had a statistically significant increase at the  < 0.1 level for 

one of the courses, but most of the motivation changes from pre- to post-tests were not 

statistically significant. At VWCC, the increase in motivation levels from the pre-test to the post-

test were statistically significant at the  < 0.1 level for nearly all of the 5 motivation categories 

for the Control and Exp1 sections of EGR 124. However, the increases in mean student 

motivation were larger in the Control section than in the Exp1 section at the  < 0.1 level for 3 

of the 5 motivation categories. For the other courses at VWCC, there were not enough 

responses to complete the non-parametric tests. As was the case with the learning gains, this 

data does not support the argument that the LEWAS with the OWLS was more effective at 

increasing student motivation compared to the LEWAS without the OWLS.  

There were some possible weaknesses in the collection of motivation data. One possible 

weakness was that, in the pre-test, VWCC students often would give all of the motivation 

questions the same answer. Sometimes they would just write one number and draw an arrow 
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down the page. This suggests that they did not answer the questions honestly and that Jones’ 

instrument may not be able to measure the motivation levels of students who are so 

unmotivated that they are not willing to thoughtfully complete the instrument. At the other 

extreme, the qualitative results indicate that the VT students were often excited about the 

OWLS, but their mean motivation levels did not increase from the pre- to the post-tests, 

probably because they were already very high during the pre-tests. Thus, this instrument may 

not work well for student populations who are highly motivated or highly unmotivated. 

Additionally, analysis of the instrument quality for these results showed a poor fit with Jones’ 

MUSIC model, possibly due to the very small sample sizes in these courses. Finally, the length of 

the learning modules, which was only a few lecture periods at VWCC may not have been long 

enough to significantly impact student motivation, and longer implementations are 

recommended. 

Using the approach developed for analyzing quantitative learning increases, Figure 4-22 

and Table 4-32 show the that motivation gains did occur consistently across LEWAS/OWLS 

learning module implementations. In order to make these comparisons the averages of the 5 

motivation categories were averaged for each pre- and post-test collected. This is not the same 

result as averaging the original 26 questions. This created a single motivation score for use in 

direct comparisons. One interesting case occurred in the pre-test for EGR216 Hybrid, when all 

responses were identical, making all levels the same. In other cases, the mean and the median 

levels are quite different from each other. This indicates a lack of symmetry in the distributions. 

Across 6 completed course sections in the full implementation and across the 6 levels within 

each course, 29 of 36 levels showed a motivation increase, and only 6 of 36 levels showed a 
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motivation decrease. This data supports the idea that LEWAS/OWLS modules are increasing 

motivation for most students in most of these courses. 

 
Figure 4-22. Pre-test to post-test increases in class motivation for full OWLS implementations 
(2015). 
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Table 4-32. Increases in class motivation for full OWLS implementations (2015) as measured by 
the averages of 5 motivation categories. 

Course Student Quantile 

0%  25% 50% 
(Median) 

Mean 75% 100% 

CEE4304 
(n=28,23) -1.57 -0.03 0.06 -0.05 0.17 0.05 

CEE5734 
(n=14,14) -0.13 0.04 0.15 0.12 0.43 0.16 

EGR124 Control 
(n=15 pairs) 2.60 2.86 3.26 2.10 0.77 0.12 

EGR124 Exp1 
(n=13 pairs) 0.00 1.47 2.34 1.12 1.32 -0.79 

EGR216 In-class 
(n=5 pairs) 0.32 0.61 1.02 0.80 1.19 0.66 

EGR216 Hybrid Online 
(n=4 pairs) -0.92 0.54 2.22 1.50 2.56 2.68 

  
Figure 4-23 and Table 4-33 show the distributions of pre- to post-test motivation gains 

of individual students. As in the learning case, for each course at VT, each pre-test motivation 

score was matched with each post-test motivation score to create and estimate of the 

motivation distribution for that course. Once again, the motivation gains outnumber the 

motivation declines with 25 of 36 groups showing a motivation increase and only 11 of 36 

groups showing a motivation decrease. This data also supports the idea that LEWAS/OWLS 

modules are increasing motivation for most students in most of these courses. 
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Figure 4-23. Pre-test to post-test increases in individual student motivation for full OWLS 
implementations (2015). 
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Table 4-33. Increases in individual student motivation for full OWLS implementations (2015) as 
measured by the averages of 5 motivation categories. 

Course Increase Quantile 

0%  25% 50% 
(Median) 

Mean 75% 100% 

CEE4304 
(n=28,23) [estimated] -2.87 -0.33 0.11 -0.04 0.50 1.41 

CEE5734 
(n=14,14) [estimated] -1.78 -0.55 0.19 0.12 0.80 1.72 

EGR124 Control 
(n=15 pairs) -1.18 0.06 2.91 2.10 3.34 4.10 

EGR124 Exp1 
(n=13 pairs) -1.69 -0.25 1.66 1.12 2.14 4.21 

EGR216 In-class 
(n=5 pairs) -0.55 -0.53 0.20 0.81 2.16 3.08 

EGR216 Hybrid Online 
(n=4 pairs) -0.92 0.54 2.22 1.55 2.56 2.68 

 

4.2.4. Learning vs. Motivation 

In addition to assessing learning and motivation individually, it is valuable to see if they 

are linked in any way. Table 4-34 shows the correlation coefficients for the averages of the 7 

paired learning questions (Sections 4.2.2.3 and 4.2.2.4) vs. the motivation constructs for the 

pre- and post-tests for all full OWLS implementations. With the exception of the EGR 124 Exp1 

post-test, learning and motivation are not generally correlated to any significant degree. Even 

in that post-test, it is not a strong correlation with the strongest correlation for all courses being 

between learning and usefulness for the EGR 216 In-class post-test with a correlation 

coefficient of 0.53. 
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Table 4-34. Learning-motivation correlation coefficients (using averages of the 7 paired learning 
questions (Sections 4.2.2.3 and 4.2.2.4) in each course and students with completely filled 
motivation results). 

Course L7-M L7-U L7-S L7-I L7-C 

CEE4304 
Pre-test (n=28) -0.13 0.01 0.06 -0.04 -0.39 

CEE4304 
Post-test (n=23) -0.28 0.04 -0.13 -0.06 -0.12 

CEE5734 
Pre-test (n=14) 0.06 -0.17 -0.33 -0.32 0.10 

CEE5734 
Post-test (n=14) -0.22 -0.36 0.09 -0.39 -0.30 

EGR124 Control 
Pre-test (n=20) -0.05 -0.10 -0.15 -0.03 -0.16 

EGR124 Control 
Post-test (n=16) -0.05 0.01 -0.01 0.03 -0.13 

EGR124 Exp1 
Pre-test (n=17) -0.27 -0.36 -0.30 -0.30 -0.36 

EGR124 Exp1 
Post-test (n=17) 0.46 0.42 0.42 0.48 0.44 

EGR124 Exp2 
Pre-test (n=7) -0.23 -0.14 -0.14 -0.47 -0.09 

EGR124 Exp2 
Post-test (n=0) N/A N/A N/A N/A N/A 

EGR216 In-class 
Pre-test (n=8) 0.18 0.11 -0.14 0.40 0.21 

EGR216 In-class 
Post-test (n=17) -0.07 0.53 0.22 0.40 0.13 

EGR216 Hybrid 
Online 
Pre-test (n=8) -0.27 -0.27 -0.35 -0.27 -0.30 

EGR216 Hybrid 
Online 
Post-test (n=9) -0.08 -0.21 -0.01 -0.10 0.03 
      

Scale 0.9 < 𝛼 0.7 < 𝛼 ≤ 0.9 0.4 < 𝛼 ≤ 0.7 0.0 < 𝛼 ≤ 0.4 
−0.4 < 𝛼 ≤ 0.0 −0.7 < 𝛼 ≤ −0.4 −0.9 < 𝛼 ≤ −0.7 𝛼 ≤ −0.9 

  
Although the learning and motivation results are not strongly correlated, some insights 

can be gained from showing pre-test-post-test learning and motivation gains for all full OWLS 

implementations. Figure 4-24 shows these results for all learning questions and all students 
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who completed the pre- or post-tests. In contrast, Figure 4-25 shows these results for only the 7 

paired learning questions at VT and only the VWCC students paired from pre- to post-tests. The 

motivation results were obtained by taking the averages of the 5 motivation constructs. For 

some sections N is smaller for motivation than it is for learning because students did not 

completely fill out the motivation portion of the instruments.  

 
Figure 4-24. Motivation and learning gains for all learning and motivation questions. The 
arrows go from pre-test scores to post-test scores. For example, the green arrow for EGR124 
Control has 20 students who completed the pre-test and 16 students who completed the post-
test. 
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Figure 4-25. Motivation and learning gains for 7 paired learning and motivation questions 
including only VWCC students paired from pre- to post-tests. The arrows go from pre-test scores 
to post-test scores. For example, the green arrow for EGR124 Control has 15 common students 
who completed both the pre-test and the post-test. 

Concerning learning, the grayed out areas indicate the learning scores expected from 

random guessing. Typically, in the pre-tests, students only slightly outperformed random 

guessing. However, by the post-tests, they had typically improved noticeably. The exceptions to 

this are the CEE 4304 Hydrology students for the 7 paired questions and the students in EGR 

124 Exp2. In the former section, students in the pre-test outperformed the results of any other 

course in the post-test, and thus did not improve significantly during the OWLS activities. The 

latter section was with Instructor 2 whose less motivated results were previously discussed.  
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The motivation differences between students at VT and VWCC were similar to the 

learning differences. For the upper level courses, the students at VT were already highly 

motivated during the pre-tests and did not change much between pre- and post-tests. 

However, students in all VWCC sections shown increased motivation scores moving toward 

those of the upper level students at VT.  

The only direct comparison that can be made between two course sections is the 

comparison between EGR 124 Control and EGR 124 Exp1 that can be seen in the green and 

purple arrows. Although the students in both sections showed significant learning and 

motivation gains, the motivation gains were superior in the control section while the learning 

gains were similar for both sections. Despite the sometimes inconclusive or conflicting 

statistical results, these figures show a strong overall trend for increased student learning and 

motivation from LEWAS/OWLS use for students at multiple academic levels. 

Overall, the results of this research show important results for research goals 1 and 2. 

For goal 1, the results show that anonymous user tracking can be used to identify which groups 

of users are accessing a system like the OWLS, when clusters of users are accessing the system 

within a short period of time, and how these users are navigating through the system. Feedback 

from OWLS users also suggests a hierarchy of the significance of certain types of features, 

although further studies are needed to verify this result and full OWLS implementations at 

VWCC suggest that the rankings given by students may be biased by their levels of exposure to 

certain features. For goal 2, students generally believed that the OWLS was beneficial to their 

learning, although some students at VWCC, who had not been previously exposed to 

environmental engineering concepts, believed that LEWAS/OWLS-related material was not 
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engineering. For both learning and motivation, the students showed increases in nearly every 

implementation. However, some of these improvements were not statistically significant. This 

lack of statistical significance may partially be due to shortcomings in the earlier research 

designs, which were iteratively improved throughout the research process. These conclusions 

are explored further in the next chapter along with recommendations for future work.  
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Chapter 5. Conclusions and Future Work 

Building on earlier work in the areas of cyberlearning and hybrid learning systems, this 

research had the dual goals of developing the Online Watershed Learning System (OWLS) and 

evaluating its effectiveness within a hybrid learning environment as part of watershed 

monitoring learning modules designed around the Learning Enhanced Watershed Assessment 

System (LEWAS). The overall results of this research suggested a hierarchy of user interface 

features for a cyberlearning system such as the OWLS and showed learning and motivation 

gains for students in most courses. Based on a thorough analysis of the results, suggestions for 

future work have been made. The remainder of this chapter addresses the contributions of this 

research (Section 5.1), LEWAS/OWLS growth and dissemination (Section 5.2) and potential 

areas for future work (Section 5.3). 

5.1. Research Contributions 

This research contained one engineering-focused goal, i.e. development of the OWLS, 

and one education-focused goal, i.e., evaluating the effectiveness of the OWLS as part of 

watershed monitoring learning. For the first goal, the OWLS was developed via the 

storyboarding process (Golombisky & Hagen, 2010) using HTML5 to maximize the number of 

users who could access it. The final version of the OWLS for this research (version 3.3, March 

2016, www.lewas.centers.vt.edu/dataviewer/) consists of 65 image files and 82 script files 

contain 11,112 lines of code. From October 9, 2015 at 10:38 AM through May 25, 2016 at 9:13 

PM, there were 11,231 page views within the OWLS. A pilot test of anonymous user tracking 

combined with clustering techniques was used to identify 22 user events that occurred when a 

file:///C:/Users/Daniel/Desktop/www.lewas.centers.vt.edu/dataviewer/
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large number of users accessed the OWLS within a short period of time. These events included 

students from courses at 6 known high schools, community colleges and universities across 

three continents. The user tracking also provided insights into the paths that users took through 

the OWLS. As an open-ended, guided cyberlearning system, these paths were intentionally 

constrained, and the user tracking revealed paths through the system that were popular with 

users, paths that were rarely used, and paths that users desired but were forced to reach 

indirectly due to the guided nature of the OWLS design being misaligned with some user goals. 

Thus, this research shows how anonymous user tracking can be used to obtain general 

information about which groups of users are accessing a cyberlearning system, how they are 

accessing it, and how navigation through the system can be improved to better match user 

goals. 

Related to goal 1 one contribution of this research was a cyberlearning interface feature 

classification hierarchy that was consistent across students and faculty from multiple 

institutions. This hierarchy indicates that anywhere/anytime access is the most important class 

of features for these users followed by real-time data visualization, system background 

information and how-to-use information in descending order. However, the user tracking pilot 

test at Virginia Western Community College suggested that these results may be biased by user 

exposure to particular features based on the task that they are attempting to complete. This 

was supported by the focus group in the Urban Hydrology course at VT, where one result was 

that, “The assignments for the class did not necessarily require the use of case studies and 

background information, so they were less likely to be noted as important for this question.” 
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Thus, more studies in a variety of contexts are needed to further validate these findings, which 

are useful for designing other open-ended learning interfaces similar to the OWLS. 

The second, education-focused goal of this research, which concerned the effectiveness 

of the OWLS in education, included two research questions. These were,  

1) How effective is the OWLS at increasing student learning of environmental monitoring 
topics at different academic levels? 

 
2) How does providing access to the OWLS increase student motivation to study 

environmental monitoring at different academic levels? 

Using Nickerson et al.'s (2007) approach for assessing the effectiveness of remote labs as a 

guide, research designs were implemented in undergraduate senior and graduate level 

hydrology courses at Virginia Tech (VT) and two engineering courses at Virginia Western 

Community College (VWCC) to assess student self-perceived learning (indirect measure of 

research question 1), student learning (direct measure of research question 1) and student 

motivation (direct measure of research question 2). For self-perceived learning, 86 of 108 

students from these courses agreed or strongly agreed that the OWLS was beneficial to their 

learning. However, some students at VWCC, who had not been previously exposed to 

environmental engineering concepts, believed that LEWAS/OWLS-related material was not 

engineering, and therefore did not find it to be useful for them. For both learning and 

motivation, the students showed increases in nearly every implementation. For the upper level 

courses, the students at VT were already highly motivated with relatively high learning levels 

during the pre-tests and did not change much between pre- and post-tests. However, students 

in VWCC courses typically showed increased motivation and learning scores that began low and 

moved toward those of the upper level students at VT. Accordingly, average learning and 
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motivation gains for students in the VT courses were typically not statistically significant at the 

 = 0.1 level, with a few exceptions for individual motivation categories in individual courses. 

An insufficient sample size did not allow for the calculation of learning and motivation results in 

all course sections at VWCC. However, for both experimental section 1 and the control group in 

EGR 124 at VWCC, students showed statistically significant gains for several learning questions 

and all motivation categories at the  = 0.1 level with some p-values below 0.001. 

The experimental and control sections were designed to compare use of the LEWAS 

watershed data with and without the OWLS, respectively. Unfortunately, when the learning and 

motivation gains in these sections were compared, the only statistically significant results at the 

 = 0.1 level all showed the that the control group outperformed the experimental group. 

These results are in conflict with previously discussed qualitative results indicating that the data 

availability and data visualization features of the OWLS were among its strengths. One possible 

cause for this discrepancy is that students self-selected into these course sections rather than 

being a truly randomized sample. Furthermore, given the short exposure that these students 

had to the LEWAS/OWLS over just a few class periods, any gains they had from exposure to this 

system are likely to be significantly smaller than the influences of other confounding variables 

that may have biased the results.  

There are a few research contributions and important recommendations for future work 

related to goals 2. One research contribution related to goal 2 is that the instrument for Jones’ 

MUSIC Model of Academic Motivation may not be able to accurately measure the motivation 

scores of highly motivated or highly unmotivated students, e.g., Hydrology and Urban 

Hydrology or VWCC freshmen, respectively. Similarly, for the learning increases, one research 



  152 

contribution is that, despite lackluster quantitative results, the qualitative indirect measure of 

self-perceived learning value strongly suggested that the OWLS was increasing student learning. 

Given these results, one important recommendation for future work is that such experiments 

be conducted in an environment that is much more controlled than that used in this research in 

order to better separate the impact of the OWLS from that of other components of the learning 

environment that become confounding variables. Another important recommendation is that 

the exposure to the OWLS be of sufficient depth that the students’ motivation levels will 

significantly change based on that exposure. The current research suggests that a few activities 

during a few class periods is not a sufficient level of exposure. 

5.2. LEWAS/OWLS Growth and Dissemination 

Beyond research goals 1 and 2, the impact of this research can be measured by the 

number of students it is reaching. Table 5-1 shows the courses where the LEWAS/OWLS has 

been used so far. This includes a high school course, 24 community college and university 

courses from 6 institutions on 3 continents (including courses from 5 different colleges at VT) 

and an online NSF C2GEN course. Overall, more than 11,000 students have used LEWAS data 

since 2009 and more than 3,600 students have used the OWLS. One of the challenges of 

developing a cyberlearning system that works across academic levels is that students at 

different levels work better with different types of interfaces. This research has tested 

LEWAS/OWLS learning modules for community college and university students, but its 

effectiveness for students at other learning levels is a potential area for future research. 
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Table 5-1. LEWAS/OWLS use in educational settings (US spring:S / fall:F). 

 

The use of the LEWAS/OWLS is just one component of the LEWAS/OWLS Growth & 

Dissemination Model (Figure 5-1). This model is based on the constant cycle between 

educational practice and engineering education research. It’s main tree representing VT has the 

three primary branches of research, education and service, in alignment with university goals. 

The courses listed in Table 5-1, above, fit within the education branch. Growth and 

dissemination beyond VT is a three stage process starting with forming partnerships to develop 

similar systems at partner institutions, followed by the free flow of information between these 

institutions and ending with fruit from these endeavors disseminating to reproduce similar 

systems via research publications (research), course students (education) and public outreach 

(service). Additionally, the OWLS has been designed in such a way that it can easily be adapted 

to a myriad of other remote systems containing sensor and visual data. Possible applications 
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include monitoring chemical plants, metal refineries, effluent treatment facilities and 

renewable energy production facilities. Through this model, the LEWAS/OWLS is expanding the 

global impact that it has on educational research and practice.  

 
Figure 5-1. LEWAS/OWLS Growth & Dissemination. 

5.3. Future Work 

This work can be extended in multiple areas. One such area is user tracking. Although 

this research was able to show how groups of students were using the OWLS, it was not able to 

link the use of the OWLS by individual students to their learning and motivation gains. 

Individual user tracking allows for monitoring students’ use of the OWLS components, which is 

a measure of engagement, which, in turn, is an indirect measure of learning (Brogan, Basu, & 

Lohani, 2017). Tracking individual students would require the development and integration of a 

user login system into the OWLS. 
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Another area of future work for user tracking is the use of Markov chains for monitoring 

the paths that users take through the system in order to predict how the OWLS might be used 

to a certain subset of users to accomplish a given task. However, Markov chains require the 

assumption that navigation through the system has no history, i.e., that it does not depend on 

anything by the current page the user is on, and more research is needed to determine if this is 

a valid assumption. The use of predictive modeling would allow the OWLS to have an interface 

that adapts to the anticipated needs of users, which leads to individualized learning.  

A third area of future work is an investigation into the possible bias in users’ ranking of 

OWLS features based on their non-uniform exposure to various OWLS features. This bias has 

the potential to change the hierarchy of feature categories. Indeed, preliminary assessment of a 

recent similar feature ranking by students at KLE Tech in Hubli, Karnataka, India, suggests 

possible changes to the OWLS feature hierarchy (McDonald, Brogan, Lohani, Joshi, & Shettar, 

2017). 

A fourth area of future work concerns the use of Jones’ MUSIC Model of Academic 

Motivation (Jones & Wilkins, 2013) for students with very low motivation levels or very high 

motivation levels. Results indicated that his model did not satisfy common measures of the 

quality of the factor analysis for the students in the courses in this research. Possible factors 

include small sample sizes and the apparent low motivation levels of students at VWCC during 

the pretest where the responses of several students indicated that students entered a single 

number for all 26 questions in the model without reading the questions. 

Because the overall learning and motivation results were often statistically inconclusive, 

a fifth area of future work is to further investigate these inconclusive areas using experiments in 
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a controlled setting rather than in classrooms because the gains sought are likely to be hidden 

by multiple confounding variables in classroom settings. 

This research investigated the sociocognitive component of situated learning. A sixth 

area for future work is the sociocultural component of situated learning to investigate the 

additional of social learning aspects to the OWLS. Within this area, the impact of students’ 

cultural backgrounds on their learning and motivation can be investigated. 

This research has investigated potential links between use of the OWLS and changes in 

students’ learning and motivation levels. However, this does not address the neurological 

reasons why these links exist. Such a study as a seventh area for future work. 

Finally, an eighth area for future work included in this document is the potential 

commercialization of this research. During the summer of 2016, this possibility was explored as 

part of an NSF I-Corps for learning (I-Corps L) project during an intensive 10 week training and 

customer discovery process. The potential of this area of future work is currently being 

pursued. 
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Appendix A. OWLS Storyboarding 
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A.1. Design Document 
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A.2. Storyboard With Notes 
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Appendix B. Student Assignments and 
Assessment Instruments 
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B.1. VT CEE 4304 Hydrology, Spring 2014 pre-test instrument 
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B.2. VT CEE 4304 Hydrology, Spring 2014 watershed monitoring assignment 
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B.3. VT CEE 4304 Hydrology, Spring 2014 post-test instrument 
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B.4. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2014 in-class activity 
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B.5. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2014 post-test instrument 
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B.6. VT CEE 4304 Hydrology, Spring 2015 pre-test instrument 
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B.7. VT CEE 4304 Hydrology, Spring 2015 watershed monitoring assignment 
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B.8. VT CEE 4304 Hydrology, Spring 2015 post-test instrument 
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B.9. VT CEE 4304 Hydrology & 5734 Urban Hydrology, Spring 2015 focus group recruitment 

Recruitment email text [from course faculty member or graduate teaching assistant]: 
 
“As I mentioned in class on [day/date], there will be a focus group interview for students 
in [course name] who are willing to discuss their experiences using the Learning 
Enhanced Watershed Assessment System (LEWAS) in the course this semester. 
Information from this focus group interview will be used to improve future versions of 
this course and other related courses. Pizza will be provided at the conclusion of the 
focus group interview. If you are interested in participating in this focus group interview, 
please come to [room] at [time] on [date]. This focus group interview will be completed 
in one hour. Your participation is voluntary but appreciated. Thank you.” 
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B.10. VT CEE 4304 Hydrology & 5734 Urban Hydrology, Spring 2015 focus group consent form 
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B.11. VT CEE 4304 Hydrology, Spring 2015 focus group questions 
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B.12. VT CEE 5734 Urban Hydrology, Spring 2015 pre-test instrument 
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B.13. VT CEE 5734 Urban Hydrology, Spring 2015 assignment 8 
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B.14. VT CEE 5734 Urban Hydrology, Spring 2015 assignment 9 
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B.15. VT CEE 5734 Urban Hydrology, Spring 2015 post-test instrument 
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B.16. VT CEE 5734 Urban Hydrology, Spring 2015 post-test instrument (early version) 
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B.17. VT CEE 5734 Urban Hydrology, Spring 2015 focus group questions 
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B.18. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 pre-test instrument 
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B.19. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control in-class activity 
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B.20. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 homework 
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B.21. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control post-test instrument 
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B.22. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 focus group consent form 
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B.23. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control focus group questions 
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B.24. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental in-class activity 
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B.25. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental post-test 
instrument 
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B.26. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental focus groups 
questions 

 



 

  262 

B.27. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 pre-test instrument 
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B.28. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 in-class activity 
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B.29. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 homework 
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B.30. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 post-test instrument 
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Appendix C. OWLS Files (version 3.3.0, May 
2016) 

Below is a list of the complete source code and image files of OWLS 3.3. Additional resources 
needed include the following: 

 https://ajax.googleapis.com/ajax/libs/jquery/2.1.3/jquery.min.js [database access] 

 https://cdnjs.cloudflare.com/ajax/libs/underscore.js/1.8.2/underscore.js [database 
access] 

 http://www.google-analytics.com/analytics.js [user tracking] 

 https://maps.googleapis.com/maps/api/js?key=AIzaSyAA9soDZfgrK9_x_67Ki4HNRbx8N
Rm-xd4&sensor=false [overhead view] 

 https://www.youtube.com/embed/KTl6jCxAs44 [LEWAS intro video] 

 https://www.youtube.com/embed/bTlFT6lsdzE [High flow video case study] 

 https://www.youtube.com/embed/wKXXUr04ul8 [LEWAS water main break video case 
study] 

 
CSS Files (1): 
owls.css [site styles] 
 
HTML Files (78): 
camera.html [display the live camera] 
caseStudy_chloride.html [event case study] 
caseStudy_highFlow2015_09.html [event video case study] 
caseStudy_sedimentation.html [event case study] 
caseStudy_waterMain.html [event case study] 
caseStudy_waterMain2015_08.html [event video case study] 
caseStudy_weir.html [event case study] 
components.html [key components of the OWLS] 
credits.html [credits] 
data_correction.html [corrections applied to the database data before display] 
g_alkalinity.html [glossary topic] 
g_anthropogenic.html [glossary topic] 
g_average_velocity.html [glossary topic] 
g_biofilter.html [glossary topic] 
g_bioretention.html [glossary topic] 
g_bod.html [glossary topic] 
g_continuousSampling.html [glossary topic] 
g_curve_number.html [glossary topic] 

https://ajax.googleapis.com/ajax/libs/jquery/2.1.3/jquery.min.js
https://cdnjs.cloudflare.com/ajax/libs/underscore.js/1.8.2/underscore.js
http://www.google-analytics.com/analytics.js
https://maps.googleapis.com/maps/api/js?key=AIzaSyAA9soDZfgrK9_x_67Ki4HNRbx8NRm-xd4&sensor=false
https://maps.googleapis.com/maps/api/js?key=AIzaSyAA9soDZfgrK9_x_67Ki4HNRbx8NRm-xd4&sensor=false
https://www.youtube.com/embed/KTl6jCxAs44
https://www.youtube.com/embed/bTlFT6lsdzE
https://www.youtube.com/embed/wKXXUr04ul8
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g_detention.html [glossary topic] 
g_do.html [glossary topic] 
g_drainage.html [glossary topic] 
g_EMC.html [glossary topic] 
g_eutrophication.html [glossary topic] 
g_extendedDetention.html [glossary topic] 
g_filterStrip.html [glossary topic] 
g_firstFlush.html [glossary topic] 
g_flow_rate.html [glossary topic] 
g_grabSampling.html [glossary topic] 
g_hardness.html [glossary topic] 
g_hotspot.html [glossary topic] 
g_hydrograph.html [glossary topic] 
g_hydroperiod.html [glossary topic] 
g_hyetograph.html [glossary topic] 
g_impervious.html [glossary topic] 
g_index.html [index of glossary topics] 
g_macrophyte.html [glossary topic] 
g_mass_load.html [glossary topic] 
g_nonpoint.html [glossary topic] 
g_nutrients.html [glossary topic] 
g_orp.html [glossary topic] 
g_pathogen.html [glossary topic] 
g_peakDischarge.html [glossary topic] 
g_pH.html [glossary topic] 
g_point.html [glossary topic] 
g_pollutant.html [glossary topic] 
g_pollutograph.html [glossary topic] 
g_rational_c.html [glossary topic] 
g_recharge.html [glossary topic] 
g_retention.html [glossary topic] 
g_riparian.html [glossary topic] 
g_runoff.html [glossary topic] 
g_runoff_coefficient.html [glossary topic] 
g_SCM.html [glossary topic] 
g_sediment.html [glossary topic] 
g_specific_conductance.html [glossary topic] 
g_specific_conductivity.html [glossary topic] 
g_stormwater.html [glossary topic] 
g_streamBuffer.html [glossary topic] 
g_tds.html [glossary topic] 
g_tmdl.html [glossary topic] 
g_turbidity.html [glossary topic] 
g_velocity_profile.html [glossary topic] 
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g_waterTemp.html [glossary topic] 
g_webbBranch.html [glossary topic] 
index.html [main home page] 
LEWAS_intro.html [introductory material] 
overhead.html [Google Maps plugin showing watershed] 
photo_index.html [selected photos from the field site] 
radar.html [NOAA Doppler weather radar] 
rain_graph.html [published for internal testing; not linked to the OWLS] 
rawData.html [download data] 
references.html [related publications] 
single_graph.html [live data graph] 
site_LEWAS1.html [summary of Webb Branch monitoring site] 
site_map.html [site map for navigation] 
stage_graph.html [published for internal testing; not linked to the OWLS] 
watershed_summary.html [summary of the local watershed] 
waterTemp_graph.html [published for internal testing; not linked to the OWLS] 
 
Image Files (65): 
favicon.ico [OWLS-wide icon for browser history/bookmarks] 
gallery/chlorideCaseStudy01a.png 
gallery/chlorideCaseStudy01b.png 
gallery/chlorideCaseStudy02.png 
gallery/chlorideCaseStudy03.png 
gallery/chlorideCaseStudy04.png 
gallery/chlorideCaseStudy05.png 
gallery/chlorideCaseStudy06.png 
gallery/IMG_20130117_115538m.png 
gallery/IMG_20130131_160000m.png 
gallery/IMG_20130206_142854m.png 
gallery/IMG_20130311_171239m.png 
gallery/IMG_20130318_122310m.png 
gallery/IMG_20130404_154226m.png 
gallery/sedimentCaseStudy01a.png 
gallery/sedimentCaseStudy01b.png 
gallery/sedimentCaseStudy02.png 
gallery/sedimentCaseStudy03.png 
gallery/sedimentCaseStudy04a.png 
gallery/sedimentCaseStudy04b.png 
gallery/sedimentCaseStudy04c.png 
gallery/sedimentCaseStudy05a.png 
gallery/sedimentCaseStudy05b.png 
gallery/sedimentCaseStudy05c.png 
gallery/sedimentCaseStudy06.png 
gallery/sedimentCaseStudy07a.png 
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gallery/sedimentCaseStudy07b.png 
gallery/sedimentCaseStudy08a.png 
gallery/sedimentCaseStudy08b.png 
gallery/sedimentCaseStudy08c.png 
gallery/sedimentCaseStudy08d.png 
gallery/sedimentCaseStudy08e.png 
gallery/sedimentCaseStudy08f.png 
gallery/waterMainCaseStudy01.png 
gallery/waterMainCaseStudy02a.png 
gallery/waterMainCaseStudy02b.png 
gallery/waterMainCaseStudy02c.png 
gallery/waterMainCaseStudy03.png 
gallery/waterMainCaseStudy04.png 
gallery/weirCaseStudy01a.jpg 
gallery/weirCaseStudy01b.jpg 
gallery/weirCaseStudy02.jpg 
gallery/weirCaseStudy03a.jpg 
gallery/weirCaseStudy03b.jpg 
gallery/weirCaseStudy04a.jpg 
gallery/weirCaseStudy04b.jpg 
gallery/weirCaseStudy05.jpg 
gallery/weirCaseStudy06.jpg 
gallery/weirCaseStudy07.jpg 
img/data_flow.png 
img/Debris.png 
img/field_site.png 
img/fig59_2.jpg 
img/fill.png [single pixel] 
img/gray.png [single pixel] 
img/image_index.png 
img/LEWAS_logo3_OWLS.png 
img/nsf_logo_new_transparent_small.png 
img/satellite_screenshot2.png 
img/singleGraph_screenshot.png 
img/site_map.png 
img/star.png 
img/Stroubles.png 
img/thunderstorm.png 
img/VTlogo180x39.png 
 
JavaScript Files (3): 
camera.js [JavaScript for live camera feed] 
owls.js [JavaScript for plotting] 
uuid.js [creates a UUID tag for each browser/device] 
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Appendix D. Student Assessment Data 

Multiple types of assessment data have been collected from several courses. The remainder of this Appendix D contains the 
assessment results 
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D.1. VT CEE 4304 Hydrology, Spring 2014 pre-test motivation and learning responses 

Student 1. What value, if any, do you see in real-
time monitoring of water quantity and 
quality? 

2. How can this system help you learn 
hydrologic concepts? 

3. What types of unusual water quality 
events might this system detect? 

1 The monitoring can assist in obtaining up-to-
data pertaining to activities which are going 
on within the watershed (such as the 
construction of the new engineering 
building and how it has affected the water 
quality) 

LEWAS can teach hydrologic concepts 
through visual and numerical models 
relating specific events to specific results 

It might detect the increase or decrease in 
conductivity and turbidity associated with 
precipitation events, and how these events 
affects the aquatic life & ecosystem. 

2 I see great value. The only way to tell 
whether a newly installed BMP is operating 
as expected is to monitor it. Without said 
monitoring no proof or data that supports 
the success of a BMP would exist which 
could create unrest in critical stakeholders 
who expect immediate results. Without the 
stakeholders, TMDLs and other water 
improvement measures will never last.  

The LEWAS system can help me learn 
hydrologic concepts by enabling my 
interaction with real datasets and by forcing 
me to understand the physics behind the 
data so that I can ensure that it is 
reasonable. 

Increased salinity via conductivity such as 
snow melt in urbanized areas. Temperature 
increase from summer rain events. 
Suspended solids during nearby 
construction. 

3 Real-time monitoring should aid in 
understanding sources of pollution and 
effects of development. 

It should cement the concept of a watershed 
as well as confirm concepts learned in the 
classroom environment. 

Salinity increases after rain events wash de-
icers off the roads. A drunk person peeing 
just upstream. 

4 Investigate pollution and runoff issues It provides hands on learning opportunities 
that are more engaging than classroom 
lectures. 

water main breaks. Construction pollution. 
Storm events (rain or snow). 

5 Being able to see the changing 
characteristics of a stream in response to 
changes in the environment 

Being able to observe and quantity 
characteristics of a stream 

Strong thunderstorms, rainy season, 
pollution 

6 It reveals the actual condition of our water 
supply/environment and how we are 
impacting it. 

LEWAS will give me a practical 
understanding of how the hydrologic 
behavior of a stream varies each week. 

Quantify impact of stream runoff or snow 
melt (salt) 

7 An incredibly accurate set of data with 
plenty of observations of what is going on in 
the area to explain the data 

[blank] events that occur randomly or irregularly 
such as data collected after a Tech football 
game 
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8 Water is a very important aspect of modern 
civilization, thus I believe a great deal of 
value should be placed on the monitoring 
aspect of water. 

It can introduce us to the current 
software/technology used to analyze 
hydrologic concepts. 

flash floods, blockages of water upstream, 
aquatic wildlife, and chemical contaminants. 

9 I think it holds a lot of value because it 
shows that these equations and concepts 
are real & have real application. 

I am looking forward to finding out. floods/spills 

10 Observe patterns, draw conclusions 
regarding meteorological phenomena, water 
conditions, and surrounding infrastructure. 

Link quantitative to meteorological 
conditions recorded at the same time. 

High pollutants loads. Flood events or flow 
fluctuations. Temperature anomalies. 

11 Accurate depictions of storm event 
timelines. 

Gives real data and can be used to check 
predictions. 

Large rainfalls. 

12 During a heavy rainstorm real time 
monitoring can help identify and track flash 
floods. It also could be beneficial if there is a 
spill of some sort and help track that. 

Analyzing the data from an actual nearby 
watershed can help me better understand 
how watersheds work. 

High flows or chemical spills. 

13 Helps to see trends on a small scale and can 
be used to measure fluctuations in quantity 
and quality. 

It allows me to put to practice concepts 
learned in class. 

Spikes in turbidity, changes in temperature. 

14 It can give you an idea of what is really 
happening in your area in terms of water. 

It can teach how a rainfall in an area 
upstream can affect conditions downstream 
in your area. 

High amounts of chemicals, leaks, spills, 
cloudy water. 

15 Very precise and accurate data. Can relate 
data to weather events easily. 

I could learn more about water quality. Runoff from parking lots w/ gas/oil spills. 

16 Ability to determine if there are any issues 
with the stream as soon as they happen - 
issues can be resolved much faster. 

Ability to analyze data to see how weather 
conditions make an impact on the stream in 
both quantity and quality. 

Excess oil from roadways. Potential 
chemicals from dumping. Increased 
sediment throughout the system. 

17 Real time monitoring can help hydrologists 
predict events in the future. 

LEWAS allows students to gain first hand 
experience with monitoring. This real-world 
experience is important to have so that one 
can better understand watershed systems. 

High/low flow rate or depth. 

18 There is a large value in this because 
monitoring can serve as a real time/early 
warning of contaminants of possible floods. 

Having a real physical example to look at 
serves to solidify concepts learned in the 
classroom. 

This system likely sees stange waste 
contaminants due to the college/urban 
setting. The is also a few construction 
projects nearby that can adversely effect 
quality. 
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19 It helps to predict what issues may arise in 
WTP. 

Teach us the effect of precipitation 
saturation of stream flow. 

High amounts of trash. 

20 To be able to know what weather patterns 
change the quality of water which can lead 
to appropriate measures to fix them. 

Practical hands on experience. A lot of trash and debris after parties / 
football games. 

21 Great value flow and quality of flow. change in pH or amt. of ?????? Present 

22 Help evaluate flow and compare the 
conditions to the what is happening in 
surrounding area to understand and create 
ways to protect water bodies. 

Learn how to apply concepts learned in the 
classroom to real world situations and put 
everything into practice. 

snow melt/rainstorms. Construction sites 
nearby. Car accidents. Oil spills. 

23 Allows predictions of small stream 
flooding/larger than normal flows. Allows 
tracking of a pollutant. 

It can help by applying concepts learned in 
class to a real-world problem. 

Salt/chemicals from winter weather events 
that was applied to roads. Trash/pollutants 
from runoff. Springtime --> spikes in 
fertilizer (N & P) 

24 You can look at how different events 
(weather or otherwise) affect the water 
quality and flow. 

It gives you real data that you can 
manipulate. 

Events on campus (ex. Relay, football 
games) 

25 We can see how water quality changes with 
events / seasons. 

I can learn about stream flow and how it 
fluctuates. 

This will detect runoff from many places in 
the town including debris, soil, gasoline, + 
possibly chemicals. 

26 It is very important to monitor water quality 
so that our water does not become 
dangerous & polluted. 

Analyzing data will help me understand 
affects on hydrology. 

Pollutedness of the water. 

27 [blank] learn about weather effects increased salt content - winter storms 

28 It would help us to better understand 
hydrologic processes and provide out of 
class experience, which I always find to be 
interesting and helpful. Also, this benefits 
the watershed being monitored 

It will help learn about return times after 
storms and the variance due to different 
ground material/classification. It will also 
show the pollution effects caused by runoff. 

High levels of turbidity after rainfall as well 
as concentrations of phosphorus and other 
chemicals. 

29 To predict flooding + pollution events to 
save money, injury or death. Very valuable. 

It gives a hands on visual example of the 
effects of storm water management. 

Drastic changes in temperature. 

30 Real-time monitoring is essential in helping 
engineers manage qualities in crucial "first-
flush" flows as well as to monitor how 
specific storms effect streams, ecology, etc. 

It will help to show live data of runoff and 
stream quality to help us understand the 
importance of our developments on local 
habitats. 

large snow melts with salt and brine; high 
temperature flux; large trash pollution 
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31 It helps identify the problems within 
watersheds, and perhaps even their 
source/cause. 

By applying the conceptual material to an 
actual watershed with which we are familiar 

Peak flows; heavy pollutant loads; high/low 
pH, etc. 

 
Item categories: 

Real-world data in class (2) Real-world data (18) None defined 

affects of inputs (17) Monitoring events in the watershed (10)  

Modeling (4) Not very useful/lack of rain (0)   

    

[blank] (1) [blank] (1)  

monitoring quantity/quality (6) learn about software (1)  

Great Value (1) "look forward to finding out" (1)  
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Student 4. Describe three limitations of the LEWAS 
system. 

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

6. Describe the relationship between water 
quantity and pH during and after a rain 
event. 

1 It is limited to Stroubles Creek which is quite 
contaminated to start with. It is stationary 
within the creek and cannot monitor 
multiple stations along the creek. 

As mentioned above, it can be used to 
determine how construction and 
precipitation events within the watershed 
(along with many other factors) play a role 
in the water quality and health of the 
aquatic ecosystem.  

Water quantity increases and depending on 
the pH of the rain, the waters pH could 
increase or decrease. 

2 It ain't perfect. This system can supply the data needed to 
begin answering question about hydrology. 

I believe that the pH of a water body during 
a rainfall event increases, peaks, then 
gradually returns to equilibrium. 

3 [blank] By monitoring a very urban watershed, 
understanding & seeing the impacts that 
might otherwise be considered too small or 
insignificant can be achieved. 

unsure 

4 maintenance. No multi-platform. Water 
quality data is measured at only one point. 

Measure snow melt and model runoff from 
it. 

Unusually pH is more acid (pH 7-1) during 
and after a rain event, and water quantity 
increases during and decreases after rain. 

5 Parts could break down and effect the 
operation. Only gives one sample. Requires 
constant supervision. 

[blank] After a rain event, the quantity should 
increase and the pH should decrease. 

6 [blank] It will provide data valuable to addressing 
questions. 

Post rain the pH rises and quality decreases 

7 [blank] More precise and accurate data with the 
ability to explain why an event is occurring 
because the data and observations collected 
can be compared. 

the change in water quantity before and 
after the events along with the pH can tell 
how acidic the rainfall was. 

8 only observes one location. Can be affected 
by environment/people. 

It allows multiple individuals to evaluate the 
site, thus raising more questions. 

after a rain event the pH level drops due to 
overload flow picking up chemicals on the 
surface, water quantity increases. 

9 some chemicals aren't included. Some 
attributes aren't accounted for. Some things 
aren't measured. 

Correlating rainfall with pollution in 
waterways. 

more rain = more acid. Therefore pH goes 
up when precipitation goes up. 

10 People use it --> human error. Exposed in 
outside environment --> potential damage. 
Only records data, cannot draw conclusions. 

Under what external conditions are 
potential personal/property hazards 
present? What changes can be made? 

Both generally increase with a continued pH 
increase long after water quantity stops 
increasing. 
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11 Only at one location. Not accurate for whole 
town. Not affected by duck pond. 

This system can provide data to back up or 
challenge a research project. 

pH goes down after a rainfall event due to 
runoff quantities carrying acidic matter into 
the streams. 

12 Measures a small watershed. By analyzing & studying the data. If a large amount of high or low pH water is 
introduced into a watershed or system, it 
can show the natural pH levels. 

13 1) Can't measure specific pollutants. 2) 
Limitations on how much data can be 
collected. 3) Only measures at one point. 

Can put theories to practice and can be used 
specifically to advance knowledge in highly 
urbanized watersheds. 

High pH at onset of a storm, then more 
neutral as the storm progresses. 

14 It could be expensive to install + provide 
maintenance. It might pose a hazard to 
wildlife. 

It can provide the basic data to monitor 
more difficult types of scenarios. 

I do not know how this affects it thoroughly. 

15 only effective if maintained regularly. Data 
must be checked regularly. Pulls data just for 
one watershed. 

Runoff rates can be analyzed following a 
storm event to see if infrastructure is 
adequate. 

After rain event, there will be a higher water 
quantity due to runoff from impermeable 
areas. pH will also increase. 

16 1. No real time video to show issues (would 
have to visit site). 2. Only measures one area 
of steam - no info up or downstream. 3. If 
broken. No replacement devises, data 
collection lost. 

Data can be analyzed immediately so that 
trends are much easier to spot and study. 

After a rain event the water quantity is 
much higher and the pH is much higher due 
to runoff from pavement w/ oils & 
chemicals. 

17 It is stationary, must be maintained and 
requires men in the field for certain 
measurements. 

It gives relevant data on the watershed and 
flow into Stroubles Creek. By pairing these 
observations with weather observations, 
etc. we can see trends in hydrology. 

During a rain event, the quantity increases 
and pH decreases. After the event, the 
water will move through the system at some 
rate, reducing the quantity & pH will be 
buffered naturally returning it to its original 
levels. 

18 scale of both stream and watershed. Though small, the system serves as a model 
for every watershed system and gives 
insight into why + how hydrologic events 
occur. Collected data by the "model system" 
can be extrapolated for larger systems. 

Water quantity obviously increases after a 
rain event. pH will also become more acidic 
due to runoff + contaminants collected. 

19 Place it's located. Limited to measuring flow 
at one depth. 

Helps give an understanding of what things 
greatly impact water quality. 

The closer to a rain event the lower the pH. 

20 location. Only one sample to get data from. 
Urbanized community may skew results. 

Developing better water quality systems to 
be used to access cleaner water. 

They would both increase after a rain event. 

21 [blank] how weather affects flow less flow before rain and high pH before. 
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22 1) at the mercy of mother nature, 2), 3) Find situations that are cause/effect and 
how related to each other. 

During a rain event, pH is affected by rain's 
pH. After a rain event, pH is affected by 
what the runoff collects as it drains 
overland. 

23 Sometimes it may break / need repair. Not 
sure of accuracy / can't detect subtle 
changes?? 

data collected continuous th?? extreme 
weather events can help better predict 
future responses to such events. 

After a rainfall event, the water quantity will 
be large and the pH should be lower (more 
acidic) 

24 cannot determine exact point of pollution. 
System failures can occur. Still need to visit 
site for instrument cleaning and physical 
properties. 

It can help with relating different 
parameters of a watershed, can look at how 
development affects water. 

Rain is likely to be acidic so water after a 
rain event is likely to have a lower pH than 
before. 

25 There is only one system, when parts go 
down, that part is missing and there will be 
gaps in the data. The time between data 
points taken. Weather events occurring at 
parts of the watershed but not others. 

Any real time data will provide greater 
insight into what a true system behaves like 
in an imperfect world instead of a model. 

There will be more water at a lower pH after 
a rain event. 

26 [blank] It will allow us to know what questions to 
ask about the outstanding unknowns. 

pH usually rises because sediment & other 
pollutants enter the water. 

27 monitors in one location [blank] pH changes due to runoff 

28 The watershed is fairly small. The watershed 
is greater than 95% impervious, which isn't a 
typical case. 

It gives real time and changing to apply to 
the principles of hydrology. 

During a rain event the pH changes slightly 
to reflect the pH of the falling rain, which 
affects water quality. Additionally, after a 
rain event when all water in the watershed 
travels to the source point, the pH and 
water quality will be greatly affected 
depending on the source of the rain and 
watershed. 

29 Does not measure pollution levels (nutrients 
and chemical compounds) 

To determine the effect impervious surfaces 
have on water temp + water flow level. 

Water quantity increases abruptly after a 
rain event. The pH is dependent on the 
runoff carried into the stream. (quantity and 
what it consists of. 

30 locale; trash prohibiting flow; specifics of 
quality. 

LEWAS can be used to advance research by 
giving direct impacts of development on 
runoff quality and quantity to improve 
practices. 

water quantity will increase as pH usually 
decreases becoming more acidic. 
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31 1) Mechanical/equipment failure; 2) Only 
studies one watershed; Such extensive data 
may be difficult to analyze. 

Helping to identify problems such as 
pollution, as well as causes, and perhaps 
help determine solutions. 

pH increases and volume increases after a 
storm event due to the pollutant runoff. 

 
Item categories: 

None defined None defined None defined 
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Student 7. What are the typical and extreme values 
of water flow at the LEWAS site in cfs? 

8. What would be the added value of a 
product that delivers live and/or historical 
remote system data (visual, environmental, 
geographical, etc.) to end users regardless 
of the hardware (desktop, laptop, tablet, 
smartphone, etc.) and software (Windows, 
Linux, iOS, Android, etc.) platforms of their 
choice? 

9. What difficulties can you anticipate in 
your one week assignment to monitor the 
water quantity, quality and weather 
parameters? 

1 I am not sure. It would allow users to connect certain 
events to the certain water quality data 
and consciously determine how to 
better handle water monitoring. 

Extremely high amounts of water flow 
from the melting snow. 

2 Typical: 24 cfs. Extreme: more than 24 
cfs. 

The added value would be in the 
increased accessibility of the data to a 
wider end user audience. The other 
added benefit with portable devices is 
data availability in the field or on the 
road. 

Coordinating meeting times and doing 
too well. 

3 typical --> 0.5 cfs. Extreme --> 5.0 cfs Being able to see the action of the rain 
event and the reactions of the water 
systems can be more revealing than just 
data in an excel sheet. 

none. 

4 typical flow = 5 cfs. Extreme flow = 20 
cfs. 

The average citizen could benefit from a 
product that is multi-platform. 

Water quality will be difficult because of 
snow melt and reading the flood stage. 

5 Typical: 1 cfs. Extreme: 5 cfs Everyone would be connected to the 
LEWAS and people could get constant 
updates. 

Being able to make it to the site every 
day to observe. 

6 [blank] Greater accessibility and ease of use as 
well as a more reachable user base. 

[blank] 

7 [blank] It is an open sources of information for 
anyone to look at no matter the level of 
expertise od the medium being used to 
access the information. It also al??ys for 
flexibility when someone uses it to 
check the data on the go. 

being able to explain why an event is 
occurring based on the data and 
observations we obtain. 
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8 3.56 cfs - typical. Extremes - 1 cfs to 6 
cfs 

Well it would just allow for more 
collaboration between professionals + 
thus stimulate ideas/solutions/issues. 

[blank] 

9 No idea The data can be more accurate to date 
& time and can be uploaded quickly. 

Time constraints. 

10 typical 2 cfs. Extreme 10 cfs. Generally increased availability of the 
information. Could reach more people if 
needed and more people could so their 
own research. 

Discerning important factors from ones 
of less importance. 

11 no idea information available to all public keeps 
the public educated. 

uncertainty of weather/conditions can 
make us question our findings. 

12 [blank] The system and its data could be 
accessed from anywhere by anyone. 

Adjusting to the software that the 
system uses and interpreting the data 
collected. 

13 5 cfs typical, 15 cfs high, 2 cfs low Anyone can then view the data Major fluctuations on an hourly basis, 
technical difficulties with equipment. 

14 typical - 3 cfs? Extreme - 10 cfs? The information could be obtained in 
more ways than one. More people could 
access it and it could be easier to view it. 
Safer. 

Unfavorable weather, time to visit, high 
water. 

15 Just guessing, the typical values could be 
approximately 5-10 cfs. Extreme values 
could be 20-30 cfs. 

It would save the steps of transferring 
high amounts of data and potentially 
altering the data. 

If there is no storm event during the 
week, the values may be very similar 
and harder to analyze. 

16 No idea - will know more after 
monitoring the stream 

would be able to immediately see issues 
arising in the stream & studies could be 
completed much more quickly. 

Uncertainty of what we should be 
looking for, unfamiliarity with the 
equipment. 

17 I have no idea This would allow for constant 
monitoring and predictions. These 
observations could help warn people of 
potential flooding events. 

Taking consistent measurements and 
observations. 

18 1-2 cfs Helps will better predicting how 
storm/weather events will effect the 
system/area. Better reaction time to 
problems due to live data. 

[blank] 
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19 35 cfs = typical. 60 cfs = extreme. Extremely valuable. It saves time and 
allows people to see things as it 
happens. 

[blank] 

20 50 cfs. So you are able to see real time data 
and how weather patterns influence the 
system. 

One week may not be enough time to 
get enough data to fully understand the 
capabilities of the LEWAS system. 

21 typical --> 30 cfs. Extremes --> 50 cfs 
(high), 15 cfs (low) 

[blank] Lack of knowledge experience. 

22 [blank] gives the user additional information to 
make predictions/raise questions off of 
or compare to similar sites. 

going at the same time each day. 
Unforeseen weather conditions. 

23 Typical --> 0.5 to 1 cfs. Extreme --> 3-5 
cfs. 

Easily accessible info for studies on 
trends of water quality conditions. 

[blank] 

24 [blank] You can monitor the data anywhere 
with almost any device. No problems 
with not being able to reach site, or 
incorrect soft/hardware. 

Difficulty properly describing quality of 
water. 

25 No idea More flexibility with when and how data 
can be viewed. 

Time management w/ other obligations 
or another 2ft snowstorm hinders 
accessibility. 

26 ? We would know the conditions & be 
able to guess what affected the data. 

Not knowing what is usual & unusual. 

27 [blank] [blank] [blank] 
28 typical --> 3-6 cfs. Extreme --> 15-20 cfs. [blank] variability in weather conditions. 
29 [blank] To understand the importance of proper 

storm water management + the effect it 
may have on freshwater in the area. 

Large fluctuations in weather. 
Understanding how to analyze the data. 

30 2 cfs to 50 cfs? If hardware + software are not the 
limiting factors than many different 
professionals can use and analyze the 
data from different fields of expertise. 

lack of precipitation; broken systems; 
low flows 

31 Typical: 5-10 cfs. Extreme: 50-100 cfs. Watersheds could be more easily 
studied and observed for evaluating 
streams and their level of Impairment. 

Inconsistency with measuring time, 
equipment malfunction. 
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Item categories: 

None defined None defined Unknown source of variations (0) 

  errors from debris/trash (0) 

  Crossing the street (0) 

  Visual assessment (2) 

  availability for field visits (5) 

  [blank] (6) 

  None, really (1) 

  Understanding what was measured (9) 

  Lack of live data (0) 

  Lack of rain (2) 

 
General Comments: 
Student 31: Seems interesting! 
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D.2. VT CEE 4304 Hydrology, Spring 2014 post-test motivation and learning responses 

Student 1. What value, if any, do you see in real-
time monitoring of water quantity and 
quality? 

2. How can the LEWAS system help you 
learn hydrologic concepts? 

3. What types of unusual water quality 
events might this system detect? 

1 I see great value in real-time monitoring. 
Monitoring is an essential step in validating 
TMDLs and other environmental programs 
as well as in maintaining stakeholder 
support in such programs. Additionally, it 
aids in the development of better watershed 
models. 

Having the ability to compare real time data 
to observed climate conditions reinforces 
the causative nature of meteorology and 
hydrology. 

High durability, temperature spikes, DO 
fluctuations, etc. 

2 Catch storms as they happen. Analyze data 
from long time periods. 

It connects theory with reality on the 
ground. 

Treated water being dumped into the creek. 
Chlorine levels over the EPA limit. Snow 
melt. Quick storms. 

3 Real-time monitoring is useful for water 
quantity & quality since it allows for 
immediate & up to date information 
regardless of where you may be in the 
world. 

It can be used in direct relation to what we 
conceptually do in class.  

It is capable of detecting a large spectrum of 
things resulting from high flow events, 
runoff events, etc., and their relationship to 
the quality in the receiving watershed 

4 You can become more detailed in how even 
small events affect water quantity + quality. 

It demonstrates how rainfall events effect 
the hydrologic quantity and quality aspects 
of a watershed 

Show storms, flash floods, long periods of 
rainfall 

5 The ability to link effects and their potential 
causes. 

LEWAS can aid understanding hydrologic 
concepts through real time data acquisition 
and display. 

Pollutant spills, heat flashes from summer 
pavement 

6 Helps to find trends in water quality as 
water quantity | weather conditions change 

Allows the easy view of hydrograph data 
such as flow 

Extreme changes in PH, changes in turbidity, 
changes in temperature 

7 I see it as valuable to know, but also 
understand that it can lack accuracy at 
times. 

By observing conditions and then watching 
the data, it helps us understand how 
weather related to water data. 

Floods, acid rain, pollution 

8 Local, long term data can give accurate 
predictions based on certain parameters 

system helps relate real, physical 
observations with concrete data trends to 
identify cause + effect of hydrology. 

Higher concentrations of pollutants than 
average. Post-storm data trends 

9 It can assist us in determining causes of 
issues if we can monitor real time, we can 
compare local issues + weather to the data. 

It can show you what different 
measurements are caused by + how we can 
improve or change them. 

Do levels, pH levels, turbidity 
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10 I think it has a lot of value. If you are trying 
to eliminate a source of water pollution, the 
progress can be evaluated. 

The data will show our precipitation and 
weather patterns affect the water in 
Stroubles Creek. 

Changes in DO, pH, turbidity, temperature. 

11 Great value as this teaches hydrology topics 
in real world application. It allows for better 
understanding of runoff associated with 
storm events and the many relationships 
(volume, pH, turbidity, etc.) 

It allows for the flow parameters to be 
studied before, during and after storm 
events 

Spikes in runoff volumes caused by large 
storms which lead to --> turbidity; changes 
in pH, DO; pollution 

12 High resolution data to establish 
relationship between weather, site 
conditions (WS), and stream flow quality 
/quantity. 

Qualitative observations can be reinforced 
by quantitative steam quality + quantity 
data (as well as precipitation. Weather 
data). 

Point source runoff from local construction. 

13 Trends can be spotted as they are occurring 
and any issues that arise can be detected 
and fixed immediately. Conditions can be 
observed as water data changes. 

Help to understand the effects of 
stormwater runoff, debris, and other factors 
on parameters like water quantity and 
quality (DO, turbidity, pH, etc.) 

Additional turbidity, higher DO or pH due to 
more sediment on chemical runoff in the 
watershed. 

14 If you know how certain precipitation events 
affect water quantity/quality, you can work 
to design solutions to help prevent negative 
effects when similar events occur. 

You can learn how certain precipitation 
events affect water quality/quantity. 

runoff from parking lots (oil spills) 

15 Helps design for stormwater See how storm events effect flow / water 
quality 

turbidity; temperature; DO 

16 It can help to predict future problems that 
may arise in a watershed 

LEWAS gives students hands on experience 
with watershed data. Physically interacting 
with a watershed helps students apply what 
they learn in the classroom and see the 
impacts in real life 

High turbidity, increased flow rates/flooding, 
a sudden drop in DO 

17 Being able to actively track pollution or 
stormwater surges as they occur and 
progress through a watershed 

It can show you what happens before, 
during & after a rain event 

Turbidity; pH levels 

18 Extremely valuable. It allows for the 
prediction of future runoff + how a storm 
will impact water quality. 

It helps show the time lag of runoff that 
takes place after a storm event, as well as 
water quality impacts 

Large changes in pH 
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19 It helps to reveal relationships between 
common activities (construction, road 
salting) and water quantity/quality that 
wouldn't be available w/o high resolution 
data 

Realtime flow data can show real life 
hydrographs and other data on storms that 
are actually happening in Blacksburg, 
making it very relevant to the class 

Temperature spikes; turbidity spikes; rapid 
pH changes; changes in dissolved oxygen 

20 There is great value, because it can give you 
lots of ideas about the entire wshed based 
on the results 

Help you learn the runoff response to a 
precipitation event, and how the event 
affects the water characteristics 

Water main breaks; extreme sedimentation; 
chloride toxicity 

21 It may help WTPs prepare for certain events 
and may help monitor and anticipate any 
rainfall events. 

It can show graphically the relationship 
between precipitation events and flow in 
streams in a watershed 

increased/decreased pH, DO, temperature, 
and other quality monitoring 

22 Students are able to physically see changes 
in weather patterns and how that affects 
the LEWAS site. We get a better grasp of 
what is actually happening at the site. 

By using some of the methods learned in 
class in a real world example; hands on 
experience 

Trash over football game weekends; Large 
amounts of sedimentation 

23 Monitor flooding occurrence and volume 
and the how storms affect water quality 

How size of storm affects runoff; how runoff 
affects stream quality and quantity 

changes in pH, DO, and turbidity 

24 It is important because it can give warning 
to health + safety hazards 

It demonstrates how quickly streams + 
water systems respond to events + how 
these events affect water quality. 

High levels of salt from road de-icing; 
contaminants from tailgate/football events. 

25 Greater detail regarding the data collected, 
compared to the hourly or daily collection of 
other studies. 

Relating storm events with changes in water 
quality observations. 

Drastic changes in DO, sediment, turbidity, 
and pH to name a few 

26 Better, more consistent data available for 
analysis and design 

It provides real-time data that is visually 
shown along w/ direct impacts of large 
rainfall/runoff events. 

High chloride due to raid salting; High temp 
change; High turbidity from construction 
erosion. 

27 a lot --> it gives info about a watershed and 
outlet that can't be determined if it is only 
monitored once a day or so. 

apply real rainfall data + flow through an 
outlet to look at + understand what is 
happening in a watershed 

high rainfall; turbid conditions - pollutants in 
runoff; changes in pH 

28 prediction of floods (urban & small stream); 
recreational use; safety; aquatic life 

monitoring data & seeing how each of the 
hydrologic concepts change in response to 
precipitation events 

floods; drought - minimal flow in stream; 
algal blooms; low pH/DO 

29 You can monitor events around the 
watershed and their effects on the water 
quality. Also it gives you data that can be 
used for future building/stormwater mgmt 

you can see the affects that different 
weather event have on the stream, and how 
different concepts are related 

pollution from construction sites, runoff. 
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30 This can be helpful understanding the 
intricacies of a watershed. 

We get to participate + see it hands on oil spills, temperature changes 

 
Item categories: 

Real-world data in class (2) Real-world data (7) None defined 

affects of inputs (16) Monitoring events in the watershed (21)  

Modeling (10) Visualization (2)  

Anywhere, anytime (1)    

other (1) Not very useful/lack of rain (0)  

[blank] (0) [blank] (0)  
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Student 4. Describe three limitations of the LEWAS 
system. 

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

6. Describe the relationship between water 
quantity and pH during and after a rain 
event. 

1 1) The physical components are subject to 
physical & environmental damage including 
freezing, trash, sharks, etc. 2) The 
sensors/software has the potential to be 
bugging or otherwise inaccurate. 3) The 
system is only able to measure 
quality/quantity at 1 location. 

24/7 data collection allows for the capturing 
of significant / unusual storm events or 
other events of interest, which could prove 
very useful for many different directions or 
research. 

What is typically observed when the water 
quantity increases (likely due to a large 
storm event) is the pH drops. This is due to 
the dilution of Hydrogen in the water due to 
the excess quantity of H2O. 

2 It is hard to measure extremely high flows. 
Sedimentations and debris can disrupt 
measures. Water quality is measured at only 
one point. 

Urban problems of sedimentation can be 
studied as correlated to storms. Snow melt 
studies. 

Water quality decreases during a rain event 
and recovers afterwards. The pH also 
decreases during a rain event and recovers 
afterwards. So they are directly 
proportionally related. 

3 Power running out if solar panel is covered 
(snow). Could have a better way to measure 
water depth behind weir. 

By operating 24/7 it can be used towards 
research in matching specific 
events/occurrences with stream 
parameters. 

Water quantity increases while pH 
decreases, whereas they subside back to 
normal levels. 

4 not a 24/7 system, can be disturbed by 
mother nature 

[blank] water quantity increases + pH decreases 

5 During large rain events, stream stage is 
difficult to attain. Trash buildup on the 
station can mess with readouts. Sediment 
buildup in channel can throw off turbidity 
values. 

Can help answer questions like: how does 
construction / E?SL Perform  

during: quantity = low, PH = high; after: 
quantity high, PH = low 

6 Currently cannot measure flow in real time, 
can't measure BOD for water quality 
purposes, and can only take measurements 
at the watershed outlet. 

Find trends between storm events/flow and 
water quality parameters. Test hydrograph 
modelling against observed conditions. 

pH typically went down during storm events. 

7 In very harsh weather, the testing device 
might not be able to read the data. It could 
get a false reading based on point source 
pollution. The power could go out and no 
readings are taken. 

Comparing precipitation events to pH and 
dissolved solids and other factors relevant to 
water. 

pH goes down after rain because it is more 
acidic. 
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8 instruments can be tampered with. Only 
monitors one spot in watershed. Weather 
can interfere with accuracy. 

If more instances of LEWAS are 
implemented, we can see regional trends 
and explore indepth variations in these 
trends. 

pH goes down after rainfall. 

9 Its reliance on advanced technology. The 
possible damaging of equipment. Errors can 
arise if there is damage without us knowing. 

It can help with experimental situations, 
maybe put in "fake data" and see how other 
parameters are effected. 

The water quantity will rise + the pH will 
drop. 

10 [blank] Constant monitoring can be done which 
allows you to tell the affects of any 
hydrologic change. Testing can be done. 

pH will fluctuate depending on the nutrients 
& chemicals that flow into the stream from 
runoff. 

11 [blank] By giving real time data from local storm 
events that allow for considerations to be 
studied and applied for other municipalities. 

After a rain event the water quantity 
increases and the pH will fluctuate as well 
depending on the chemical composition of 
the pollution in the runoff. 

12 Susceptible to exposure. Requires 
maintenance. Can only make observations, 
not conclusions or decisions. 

Serves as a real model as opposed to a 
theoretical computer model (or lab model). 

Inverse relationship. 

13 Data is not broadcasted in real time online. 
Errors can occur to the equipment and data 
collection may be affected. Only measures a 
small part of watershed. 

Monitors the behavior of a typical urban 
watershed in real time so that flow, runoff, 
and quality can be observed & analyzed. 

Quantity increases during rainfall and pH 
decreases. After the rainfall, quantity 
decreases and pH rises from increased 
runoff. 

14 1) It is currently not live online 
2) It can get messed up by floating 
debris/trash 
3) It stops working after extreme events 
sometimes 

You could figure out how the watershed 
upstream (construction sites/parking lots) 
affect stream 

As water quantity increases, the pH 
decreases 

15 One location over a large watershed; debris 
buildup can affect readings 

[blank] pH decreases with a rain event 

16 1. People are not physically at the site 24/7 
2. Equipment can malfunction 
3. It only collects data for one area. There 
aren't multiple data collection stations. 

Collecting data 24/7 can help to model 
trends and predict future events. 

Water quantity and pH will both increase 
during a rain event but will return to a 
typical value afterwards 

17 It is very local, only measures a small area, 
and has limited capacity 

By studying data generated by the station. Water quantity will increase and pH will 
decrease after a rain event 
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18 Pollution in the stream may impact the data Helps show the affect of urbanization on 
water quality. Altering building materials / 
surfaces could tested to see if quality 
improves. 

Water quantity increases while pH 
decreases. pH decreases due to the water 
collecting runoff on the way to the stream 

19 [blank] It can reveal more accurate quantity and 
quality responses for a watershed, thus 
making data available for more accurate 
flow predictions. 

Quantity increases to peak flow rate during 
event then decreases to base flow level. 
Water pH usually decreases due to acidic 
rainfall and contaminants in runoff. Both 
eventually stabilize. 

20 Needs maintenance Gives insight to the characteristics of the 
watershed in question 

During a rain event, the pH will drop and 
then gradually even back out 

21 Only measures flow at specific point in 
stream; not completely accurate 

It can help to show the correlation of rainfall 
events and other upstream characteristics 
on downstream. 

pH drastically decreases as the quantity of 
water increases 

22 Location - not in central location on campus; 
Not all the gauges were working, so we 
didn't get as much data as we would have 
liked regarding water quality 

By understanding patterns within the 
system to properly prepare for changes in 
hydrology in the future 

water quantity and pH increase after a rain 
event 

23 [blank] provides hydrologic data to answer existing 
questions and form new questions 

pH down as quantity up 

24 Size both of system and watershed; Highly 
urbanized runoff contributions; faulty 
equipment 

Real time monitoring can quickly show 
results. 

pH decreases and water quantity increases. 

25 1) Power loss due to inclimate weather 
2) Equipment failure /malfunction 

The high resolution data helps evaluate 
more subtle changes. 

As water quantity increases, the pH 
decreases 

26 Solar powered; 24/7 is difficult to maintain; 
altering channels due to sedimentation 

It provides detailed info on how water 
quality corresponds to water quantity. 

as water quantity up pH down after an event 
pH will stabilize 

27 not knowing site conditions 24/7; 
equipment breaking; reading stage could be 
difficult depending on time of day 

looking at real data in an everchanging 
watershed to analyze effects within a 
watershed on stormwater 

[blank] 

28 failure of equipment; can't monitor in 
person 24/7 

How urban development affects the 
stormwater runoff 

up water quantity = down pH 

29 Doesn't monitor visual elements of the 
stream 

It is real data that can help create new (or 
adjust old) models for hydrology 

[blank] 

30 it has high maintenance lots of real time data more water, lower pH after rain 

 
 



 

  305 

Item categories: 

None defined None defined None defined 
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Student 7. What are the typical and extreme values 
of water flow at the LEWAS site in cfs? 

8. What difficulties did you experience in 
your one week assignment to monitor the 
water quantity, quality and weather 
parameters? How were these difficulties 
different from the difficulties that you 
expected to experience when you began 
the assignment? 

9. If you were designing a hydrology course, 
in what way(s), if any, would you 
incorporate a system similar to LEWAS into 
the course? Why? 

1 Typical: 0.0-0.2 cfs 
Extreme: > 0.2 cfs 

Dfficulties: reading the stage of the weir, 
bugginess in some of the sensors. I expected 
more issues with the weather (stormy, cold, 
etc) 

I would design a single or multipart lab/field 
trip around LEWAS & the data. Similar to the 
HW assignment in this class, but in larger 
groups and more extensive. 

2 typical water flow = 1cfs 
extreme water flow = 10cfs 

The flow went too high to measure on the 
Friday of our measuring week due to snow 
melt. Yes, I did not expect them to happen. 

I would incorporate LEWAS just like this 
class here. 

3 Extreme values are 300+ cfs while normal 
values are around 10-20 cfs 

The difficulties I encountered were reading 
accurate water depths in the poor lighting 
behind the weir. They were no different 
than what was expected. 

I would like for the class to monitor the 
stream @ the LEWAS site but as well up 
stream from the site & compare the 
differences in quality/quantity. It would be 
good/useful for the students to understand 
how the steam quality can vary within a 
watershed 

4 typical was 1-2 cfs extreme was around 5-6 
cfs 

[blank] Maybe rather than just one week do a 
longer time period so all groups are 
guaranteed to see the effect of a rainfall 
event 

5 typical 0.05 - 0.20 cfs 
extreme 5 - 20 cfs 

none If possible I would try to use it to illustrate 
concepts such as tc, pollutant travel. Use 
dye to track water as it flows through 
watershed. 

6 0.5 - 150 cfs Making time to get visual data during storm 
events was difficult - making time to get our 
several times per day. 

Use LEWAS for hydrograph analysis since it 
is a good real world representation of a 
urban watershed. 

7 ? I thought the difficulties would be with 
reading the stick. I did not expect there to 
be days with inaccessible data. 

It worked the way it was. 
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8 Typical values =< 1 cfs 
After the storm were >5 cfs peak 

The only difficulty found was having an 
internet connection. I had not predicted any 
difficulties before starting this assignment. 

Giving extra credit to those with quick 
response times to storm events. 

9 typical - 0.5-7 cfs 
extreme - 10 cfs + 

The exact time we went out, we wouldn't 
know the air temp. The conditions we 
record are only when we go at a certain 
time rather than around the clock 
monitoring. Crossing the street was 
sometimes challenging. 

I would want students to assist in 
monitoring. After large events, I would tell 
students to do a small writeup on how the 
data changed from the normal data. 

10 [blank] Not being able to see the measuring stick in 
the culvert very well. I expected this to be 
difficult. 

I liked the way LEWAS was incorporated into 
the course. 

11 typical -> 5 cfs 
extreme -> 15 cfs 

The only difficulty was reading the height 
measurement device when conditions were 
gloomy or there was lots of sediment 
present. 

I would incorporate a LEWAS system in a 
similar way as to how it was in this class. An 
outside of class project that supplements 
the material in class is very beneficial. 

12 typical = 0.1 cfs 
extreme = 5-6 cfs 

The only difficulty was making sure 
someone was out there. Not really any 
different. 

I would because visual/physical examples 
are always great reinforcers of material, but 
I do not have enough info to decide how I 
would implement it. 

13 typical values: 1 cfs 
extreme value: 5 cfs 

The flow level was sometimes difficult to 
read and some of the data was inconsistent 
or missing. These issues were similar to 
those expected. 

Student monitoring was very effective but it 
would be great if students could view real 
time data & maybe answer questions on 
their observations. 

14 Typical flow levels are 15 cfs or so while 
extreme values can be upwards of 30 cfs 

The LEWAS system was not working 
properly / collecting data properly during 
our week. I did not expect to have this 
problem but expected some difficulty in 
reducing such large amounts of data. 

I think what was done in CEE 4304 was ideal: 
One indepth project/report on observations, 
thrown into HW assignments throughout 
year. 

15 [blank] [blank] Yes because it allows you to see the 
concepts learned in class 

16 I can't remember Our biggest issues was that we essentially 
monitored over two weeks since spring 
break was in the middle. As a result, we had 
a lot of days where we had to guess what 
had happened with the weather. 

I think having real time data to do 
homework would be an interesting way to 
use the LEWAS system because then 
students would see how weather events, 
etc. affected hydrology. 
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17 0.5 --> 3 cfs I have never actually had to classify a stream 
based on those characteristics, sit it was 
slightly difficult to accurately classify what I 
saw 

I think how LEWAS as implemented in this 
course was very well done 

18 [blank] It was hard to get an accurate reading of the 
stream gauge (esp. during heavy rainfall 
events) 

I would make the students do a similar week 
long monitoring + report, but make them do 
it twice. This would show them how changes 
in temp + season changes the data. 

19 [blank] [blank] Try to integrate it into more topics. Perhaps 
create a UH for the watershed and use it to 
predict flow at LEWAS and compare to 
actual data. 

20 [blank] Access to the site was easy but finding time 
everyday to get out there was difficult 

Like it was incorporated to this course, to 
give the students a little insight into it, but 
not make it the most important part of the 
course. 

21 [blank] It was difficult to distinguish differences in 
flow characteristics from one day to the 
next. 

I would show how a storm event effects 
runoff in order to provide more rain world 
exposure to students 

22 [blank] Difficulty getting the entire group together 
to take a picture. Did not expect many 
difficulties once we got down to the site. 

Same as we did in this class but somehow 
try to change it so every group gets to 
observe data during a storm 

23 5-20 reading the flow depth stick; other then that 
it was not too difficult to monitor quality 
and weather 

I would incorporate a system exactly like 
LEWAS b/c it shows real time monitoring of 
how storm events and other hydrologic 
processes affect a watershed 

24 [blank] No real difficulties. Maybe just scheduling to 
visit the site. 

I would use a system similarly to what was 
used in this class (4304) because it gives a 
live, hands on concrete examle of in class 
concepts. 

25 0.003 to about 500 cfs (not positive) Difficulty reading the stage durring high 
flows. This was unexpected because the 
flow gage was in repair that week. 

The current LEWAS assignment is helpful for 
understanding watershed characteristics, 
and it provides lots of data for class 
examples. 

26 ~ 1 cfs to ~ 8 cfs excessively high flows make it hard to get 
stage when flow meter is broken. Debris can 
block sonde. 

The interactive group assignment worked 
well and I would keep it that way. 
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27 [blank] time-trying to get out there at a reasonable 
time during the day 

similar to this course-maybe take a class trip 
to it during an event so everyone can 
experience it. 

28 typical 0.5 - 1 m^3/s 
extreme 5+ m^3/s 

rain guage not accurately reading; only had 
1 very minor precip event 

I like how it was incorporated into this 
course. 

29 [blank] trying to find time to monitor the visual 
elements and stage readings of the river. 

you can use the data to show real 
calculations for different hydrology methods 
so you can see practicality of material. 

30 typical around <1m^3/s 
[also put "?" under "cfs"] 
high 5.5 m^3/s 

nothing was difficult, but we had to go there 
every day luckily we had good weather. 

using the data would be interesting + helpful 

 
Item categories: 

None defined Visual assessment (2) None defined 

 availability for field visits (9)  

 [blank] (3)  

 None, really (1)  

 Lack of live data (2)  

 reading stage (11)  

 Equipment failure (1)  

 No internet (1)  
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Student 10. What is the added value of the PIRMS 
that delivers live and/or historical remote 
system data (visual, environmental, 
geographical, etc.) to end users regardless 
of the hardware (desktop, laptop, tablet, 
smartphone, etc.) and software (Windows, 
Linux, iOS, Android, etc.) platforms of their 
choice? 

11. The PIRMS helped you to learn 
hydrology concepts. (circle one) {Strongly 
disagree, Disagree, Neither agree nor 
disagree, Agree, Strongly agree} 

12. Please describe any parts of the PIRMS 
that were difficult to use and recommend 
improvements. 

1 The added value as I see it is the abillity to 
monitor data in the field, on the roads, and 
in the office. Accessibility! 

Agree The WS map could have incorporated visual 
depictions of some of the WS parameters 
such as Lc, LCA, etc. The ability to generate 
subwatersheds within the watershed by 
choosing a pour point would also be cool.  

2 Comsumer choose Agree None 

3 It is nonspecific & can be accessed by most 
people whenever they choose. 

Agree I would like to see a more user friendly 
interface although the actual parts of the 
PIRMS worked very well. 

4 [blank] Neither agree nor disagree [blank] 

5 Flexibility on the part of the user Agree More pictures of the site in various 
conditions. 

6 It allows anyone to view the data and it 
makes data interpretations for peopl who 
are less fmiliar with hydrolaugic analysis. 

Agree Figuring out the picture portion of the 
PIRMS took some time. Being able to view 
more that two parameters at a time would 
be helpful. 

7 It adds value due to how accessible it is. Agree It was fine. 

8 It is neat to be able to quickly view realtime 
data on a smart phone. 

Agree If you could download data staight to Excel, 
that would be useful. If the graph/data page 
left off on the category you were last 
accessing, that would save some time too. 

9 No matter the locatoin, the watershed could 
be monitored if no one could visit the site. It 
gives 24/7 data rather than data collected at 
sporadic times by people. 

Strongly agree On part was there were not multiple scales 
for time, only in days 

10 This helps a lot if you are trying to find 
certain parameters. Being able to monitor 
the watershed from your smart phone is 
very helpful. 

Agree I though it was very easy to use 
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11 This allows for widespread application and 
study by people of various backgrounds and 
makes the information readily accessible 
and reduces issues with attaining the data. 

Strongly agree [blank] 

12 Anytime, Anywhere. Can monitor site no 
matter what other activities you are also 
doing. 

Agree Get rid of dark green border on website and 
expand to full screen. Incorporate 
contemporary web design features. 

13 It is great to be able to monitor the system 
anywhere to see trends and analyze changes 
in the system with weather changes. 

Agree The single graph view would have been 
better if more parameters could be viewed 
at once Also if it stayed on yur same 
parameters after refreshing 

14 Researchers can check data 
anytime/anywhere. 

Agree N/A 

15 [blank] Agree [blank] 

16 All of the data is very accessible and would 
be used in a scenario as described in #9 

Agree One improvement to PIRMS might be to 
include more information on the map such 
as other watershed boundaries. Also, 
including more pictures could have been 
helpful for varying site conditions. 

17 It allows just about anyone to view and 
access the information from anywhere 

Agree [blank] 

18 It is nice because you can access the data at 
any time from any location. 

Agree Everything was straight forward and easy to 
understand. 

19 Makes the data much easier to access thus 
potentially capturing a greater audience. 

Strongly agree [blank] 

20 Lets people check in on what is happening 
anywhere and anytime 

Agree [blank] 

21 It makes acquiring data far easier and being 
able to see graphical representations of 
different characteristics + quality of water 
were very helpful. 

Agree n/a 

22 You can access the data at any point in time 
if you have a tablet or smart phone. It is also 
continuously updating with new data so 
your values will be up-to-date 

Agree No changes 

23 You can view charts/maps/data at any point 
during your day 

Strongly agree downloading data was difficult to read 
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24 Lets users see how a storm could/has 
effected them; when and whereever they'd 
like As always, an info right at your fingertips 
is useful. 

Agree The graphs were somewhat difficult to 
navigate on a mobile browser. They also did 
not always live update 

25 Allows more convenient access to data; Ex. 
Reading data on-site with a smart phone 

Strongly agree Use was straightforward and simple. 

26 Can be used in the field (tablet, phone) os in 
the lab (laptop, desktop) 

Agree more pictures would help show issues and 
site. 

27 shows what is/has been happening with 
LEWAS, to understand its history and 
concepts and what its purpose is 

Strongly agree [blank] 

28 Able to compare live data to historical data; 
keep track of current stream conditions. 

Strongly agree [blank] 

29 you can have a recorded history of all the 
data as well as being able to access it at any 
time 

Agree [blank] 

30 accessibility, though stiull best on computer Agree scrolling through data on iPhone does not 
work well, need a scroll bar. 

 
Item categories: 

None defined Strongly disagree (0) None defined 

 Disagree (0)  

 Neither agree nor disagree (1)  

 Agree (22)  

 Strongly agree (7)  

 [blank] ()  
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D.3. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2014 Experimental post-test motivation and learning responses 

Student

C B C B B C

Item --> 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 5 6 7 8 9 10

1 5 4 3 2 1 2 3 4 5 4 3 2 1 2 3 4 5 4 3 2 1 2 3 4 5 4 A A A A A A

2 3 3 2 2 2 1 1 1 1 1 3 6 6 6 1 1 1 1 1 1 6 6 6 6 6 6 C B B B B B

3 2 2 3 4 3 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 C B B B B B

4 2 2 2 2 2 2 2 2 2 2 4 4 4 4 1 4 4 4 4 1 5 5 5 5 5 5 A A A A A A

5 4 4 4 4 4 4 4 4 4 4 5 4 5 5 5 4 4 4 5 4 4 4 5 5 5 4 A A A A A A

6 4 4 3 4 3 3 4 3 4 5 4 4 4 5 4 4 4 4 5 5 6 6 6 6 6 6 C B B B B B

7 4 6 5 5 6 4 4 3 4 6 6 4 5 4 3 4 4 5 4 6 6 5 4 4 3 4 B B B B B B

8 5 5 5 5 4 5 4 3 2 1 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 6 C C C D C A

9 3 3 4 5 3 4 4 5 4 5 5 5 4 5 5 5 4 4 4 5 6 6 6 6 6 6 C B C B B C

10 3 4 3 4 4 5 5 3 3 3 5 5 6 5 5 5 4 4 4 5 4 5 5 6 6 6 A D B D A D

11 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 C B A B A B

12 1 1 2 1 2 1 2 3 2 4 2 3 1 2 3 1 2 2 1 2 1 3 1 2 1 B C A B C B

13 5 4 4 4 4 5 5 5 5 4 4 5 5 4 4 4 4 4 4 6 4 4 6 2 6 6 B A B A

14 4 4 6 4 4 4 4 4 4 4 6 4 4 6 4 4 4 4 4 4 4 4 5 6 6 6 B A C D C D

15 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 B D A B A

16 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 6 6 C B C D A C

17 1 1 1 2 2 2 1 2 1 1 2 1 1 2 1 1 1 1 1 2 1 1 1 1 1 1 A D C D B D

18 5 5 5 5 4 6 6 3 5 3 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 A C C C A C

19 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 C C A C B B

20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C C B C B C

21 4 4 4 4 4 1 1 1 2 2 4 4 5 4 1 1 1 1 1 1 5 5 5 5 5 5 A A A C C C

22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 B A B B B

23 2 2 4 2 2 1 1 2 3 2 4 4 5 4 4 2 4 4 3 2 6 2 1 2 2 2 A B C D

24 3 3 2 5 5 5 5 6 5 5 4 4 4 5 4 3 3 5 6 4 5 3 5 4 4

25 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A B C A B C

26 2 2 5 5 6 6 6 5 5 3 5 5 5 4 3 2 4 5 5 3 5 5 5 6 6 6 A A A D B C

27 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 C C A C B B

Motivaiton

eMpowerment Usefulness Success Interest Caring

Multiple Choice:

 
Note: Yellow highlighting for correct answers. 
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D.4. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2014 Experimental post-test short answer responses 

Student 1. What value, if any, do you see 
in real-time monitoring of water 
quantity and quality? 

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

3. How can the LEWAS be used 
to educate the public about 
watershed health? 

4. If you were designing an 
introductory engineering course, 
in what way(s), if any, would you 
incorporate a system similar to 
LEWAS into the course? Why? 

1 [blank] [blank] [blank] [blank] 

2 The ability to track pollution 
levels 

it cited specific examples presenting extreme data to the 
public 

it wouldn't; it would be a 
distraction from various other 
projects that are assigned 

3 It lets us keep track of the 
environmental changes and 
monitor the safety of our water. 

man-made activities have 
negative impact on water quality 
and reduce water quantity. 

It can demonstrate the large 
impact we have on our water 
and promote more efficient and 
cleaner ways to live with water. 

I would have a question from 
each test on LEWAS to make the 
students learn about LEWAS in 
order to improve their grade. 

4 [blank] [blank] [blank] [blank] 

5 [blank] [blank] [blank] [blank] 

6 It can help us keep our water 
supply clean 

Man has a major impact on how 
clean our water is 

It can show how clean/dirty our 
water is 

Yes, it helps us get a good idea 
on how many can impact our 
water supply 

7 was able to see change in data 
and was able to learn from that 

man made things are never 
perfect but the watershed is well 
built 

water quality and quantity 
before and after rain 

visiting actual site and explain 
each part. 

8 observing quality changes in 
water 

I honestly don't remember By showing them the quality of 
drinking water 

It was well done, so in the same 
way as my teacher 

9 Environmental safety and health 
safety 

The pH levels and contamination 
levels were interesting 

Explain the data with specific 
events, such as the water main 
break. Very interesting 

Great for data analysis and 
graphing/reading graphs 

10 Temperature It shows the immediate spike or 
drop in pH, DO, temperature, 
etc following events such as the 
water main break 

By presenting this data, showing 
the public how much man made 
activities affect the water quality 
and how that in turn affects the 
wildlife 

No idea 
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11 You measure the quality of 
water by its pH 

You can make cleaner water 
with man-made activities 
because the water is constantly 
being monitored 

Yes - it would allow the public 
how important it is to keep our 
water clean and make people 
think twice about their actions 
when it comes to water quality. 

This would all engineering 
students get familiar with 
recording + taking data w/ 
constant monitoring 

12 It helps keep our water our 
water quality at its best and it 
helps to know how much water 
is flowing 

It informed me about how we 
take care of our water 

It can be used to inform the 
public about pollution levels and 
runoff 

I would do what is similar to 
what was done in class because 
it is the best method 

13 [missing] [missing] [missing] [missing] 

14 [blank] [blank] [blank] [blank] 

15 IDK IDK IDK IDK 

16 [blank] [blank] [blank] [blank] 

17 Its useful to get accurate data on 
how our watershed is being 
affected 

When man-made disasters 
struct it showed how it affected 
the water. Ex: B???? Water main 

It can show how we affect our 
water and help teach the public 
to clean up our act 

I would introduce it to show 
how engineering affects the 
water quality on shire to make 
them to change engineering in 
the future to be more clean 

18 It is easier to understand 
information from real-time 
monitoring because there are no 
gaps in the data 

It helped to show how chemicals 
raised the harshness of the 
environment for aquatic life 

It can show the public what 
littering and dumping chemicals 
does to the water, and it could 
give suggestions on how to 
avoid those issues in the future 

I would have them split into 
teams and test a rive once a 
week so they can prevent 
pollution in the future. 

19 You can understand what is 
going on with real life 
phenomena 

It gave results instantly any time 
fertilizers were used nearby or 
grass was cut 

It shows proof that even the 
most trivial actions of our daily 
lives can have significant effects 
on our water supply 

If I were making an engineering 
course, I would incorporate a 
system that monitored air 
quality, something that could 
tell how many CFCs or other 
ozone destroying agents are in 
the air. 

20 I see a lot of value. It helps to 
see what is going on in our 
environment. 

By monitoring the water we can 
measure what effect man-made 
activities have on our 
environment 

By translating the data to 
information the public can 
understand and making it 
available to the public, it could 
affect peoples decisions to 
protect the environment 

I would set up multiple LEWAS in 
different water sources around 
the local area to better see what 
effect man has on the 
environment 
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21 to assess if water level is low & if 
polluted 

[blank] help decrease pollutants & 
increase awareness 

first week of class material. So 
much to cover already. 
Interesting but less important. 

22 The value of this ability is the 
real world application that it has 
and the data recorded. 

This system really let me 
understand how mankind can 
affect the watershed and the 
water quality with with usage of 
chemicals and trash 

It can help promote clean habits 
with the environment by actively 
showing the negative outcomes 
of water pollution. 

I would deffinitely show the 
LEWAS system as a final project 
and walk students through the 
entire process of its ??ection 
from conception to final design. 

23 Water is important to life and 
the real-time monitoring can 
allow us to see what is 
happening to the water, what 
the data will mean to the 
ecossytem, and be able to figure 
out ways to improve systems to 
change future results. 

We didn't really do much in class 
with the LEWAS so I didn't really 
learn about the effects of man-
made activities on water quality 
and quantity in a watershed. 

The Lewas can show people 
what is happening to their water 
and might motivate people to 
take steps to change bad habits 
and to care more about 
watershed health. 

I wouldn't incorporate a system 
similar to the LEWAS into the 
course because with the other 
assignments in the course are 
beneficial enough and relavant 
to the degree the students are 
pursuing that the LEWAS could 
be a side not. 

24 The water affects the 
environment. Each small event 
can be important and helps us 
manage any body of water and 
the environment around it. 

Small amounts of activity can 
change the quality/quantity in 
the long run. Real time 
monitoring helps us document 
each new variable. 

Each activity of small event can 
have reprecussions which can be 
shared to the general public. 

Real time monitoring can change 
how we approach each step. 
After seeing each 
positive/negative approach, we 
will then be able to fully 
understand like in an 
engineering course. 

25 you can see trends + even cause-
+-effect relationships 

The real-time monitoring can be 
tied to exact points in time 
which tell you what happened 
when the water was at a center 
quality 

Use the data to show what their 
activities do to the watershed 

I would present it at the 
beginning + keep tabs on it 
weekly. 

26 helps track pollution we make a mess in nature tracks changes in water and can 
be shown on graphs 

into environmental effects of 
engineering, nature can't be 
destroyed to make stuff. 

27 It to understand what is really 
going on. 

It gave out updated results 
regularly. 

It can show the people what the 
conditions of the water are 
either good or bad. 

I would first see if the student 
were good or not then try to 
figure out what best possible 
action I could take to improve 
my course so the student would 
feel at ease and be able to pass. 
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Item categories: 

Real answers (20) Real answers (19) Real answers (20) Real answers (20) 

Track Changes in Data (11) Specific case studies (5) Increase awarness of human 
impacts (9) 

Would not use (3) 

Public benefit (6) Real-time data tracking of 
events (5) 

Influence public decisions that 
effect watershed (7) 

In a way that improves grades 
(2) 

Real-world data (4) Data trends reflect impacts from 
man-made activties (7) 

Illustrate cause-effect 
relationships from events (9) 

Just like this course (2) 

    For a larger part of the semester 
(4) 

   More measurements than 
current (2) 

   General engineering skills (2) 

   Human impacts (3) 
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D.5. VT CEE 4304 Hydrology, Spring 2015 pre-test motivation and learning responses 

Student

increase increase depth larger increases F T F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33 34 35 36

1 3 1 3 1 3 4 5 6 5 5 6 5 6 6 5 5 4 3 4 4 5 4 4 6 6 6 increase increase depth larger increases T F F T T

2 5 3 4 4 4 4 4 5 5 5 5 6 5 5 5 4 4 4 5 3 5 5 5 6 5 5 increase decrease depth larger decreases T F T T F

3 5 4 5 4 5 3 4 5 5 5 6 6 6 6 5 2 2 3 2 5 5 5 5 6 4 5 increase increase depth smaller decreases F T F F F

4 5 4 5 4 4 4 4 4 4 4 5 5 6 6 5 5 5 4 5 5 6 6 5 6 6 6 increase decrease depth larger decreases T T F T F

5 4 4 5 4 4 4 5 5 4 5 4 4 4 3 4 4 4 4 4 4 4 3 4 4 4 4 increase increase depth larger increases F F F T F

6 4 2 3 3 3 5 5 5 5 5 5 5 5 5 5 5 4 4 5 4 5 4 4 5 5 4 increase decrease depth larger increases F F F T F

7 2 3 3 3 3 4 5 4 5 4 5 5 5 5 5 4 5 5 5 5 6 6 5 5 6 5 increase decrease depth larger increases T F T T F

8 3 4 4 3 3 5 5 4 4 4 4 4 4 4 4 4 6 6 6 4 5 5 5 5 5 5 decrease increase depth larger decreases F T T T F

9 5 4 6 3 4 5 5 4 5 5 6 5 5 5 5 4 4 5 4 4 6 6 5 6 6 4 decrease increase velocity larger increases T F T T F

10 5 5 5 5 5 6 6 6 5 5 4 5 4 5 6 5 5 5 5 5 6 6 5 5 6 5 decrease decrease depth larger decreases T F F T F

11 4 4 5 4 4 6 5 4 5 5 6 5 5 4 5 5 5 5 5 4 6 6 4 6 6 5 increase increase depth larger decreases F F F F F

12 4 3 4 3 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 5 6 5 5 increase increase depth larger increases F T F F F

13 4 3 3 4 3 3 4 5 5 5 4 3 3 3 4 3 3 2 4 3 4 5 4 5 5 5 decrease increase depth larger increases F T F T F

14 2 2 2 5 3 6 6 6 6 6 3 3 5 4 6 5 4 4 4 5 4 4 5 6 6 5 decrease increase depth larger "no idea" T T T F

15 5 3 4 3 5 4 4 4 4 4 3 4 5 4 4 4 4 4 4 4 5 5 4 5 5 5 increase increase depth smaller decreases T F F T F

16 5 5 5 4 5 3 4 4 4 4 5 4 4 5 4 5 4 5 4 4 5 5 4 5 5 4 decrease increase depth larger increases F F T T T

17 4 5 5 4 5 4 4 4 5 4 5 5 6 6 5 5 4 4 4 4 4 5 4 6 6 6 increase increase velocity larger increases T F F T F

18 5 4 5 4 4 5 5 6 6 6 6 4 5 5 4 5 4 4 4 4 5 6 6 6 6 6 increase increase depth larger decreases T F T T F

19 5 5 5 5 4 5 5 6 5 5 4 5 4 5 5 4 4 4 4 4 5 6 6 6 6 6 increase increase depth larger decreases F F T T F

20 3 3 1 1 3 2 2 2 2 2 5 6 6 5 2 1 1 2 1 2 5 5 2 5 5 6 increase decrease depth larger decreases F F T F F

21 4 5 5 5 3 4 4 5 5 5 4 5 6 4 5 4 3 3 3 4 6 5 4 5 5 4 increase decrease depth larger increases T F T T F

22 5 5 5 5 5 5 5 4 5 5 5 5 5 5 4 5 5 5 5 4 5 5 4 5 5 4 decrease decrease depth larger increases F T T T F

23 5 5 5 5 4 5 5 4 4 5 6 5 5 5 4 6 5 4 5 4 5 5 5 5 5 5 increase decrease depth larger increases F F T T F

24 5 4 4 5 5 5 6 4 5 5 4 5 4 5 5 5 5 6 5 5 6 6 4 6 6 6 increase decrease depth larger decreases T F T T F

25 4 5 5 5 4 5 5 6 6 6 4 5 4 4 6 5 6 4 5 2 5 5 5 6 6 6 decrease decrease depth larger decreases F F T T F

26 4 4 5 4 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 6 5 5 5 5 5 increase decrease depth larger increases T F T T F

27 2 2 3 2 2 4 5 4 3 6 5 5 5 4 5 4 4 4 4 4 5 6 4 6 5 4 decrease increase depth larger decreases F F T T F

28 4 4 5 3 5 4 5 4 5 4 4 3 4 4 5 4 4 4 3 4 5 4 4 5 6 4 decrease increase depth larger increases T F T T F

Motivaiton Circle the Answer: Circle: True / False

eMpowerment Usefulness Success Interest Caring

 
Note: Pre- and post-test student numbers are independent 
Note: Yellow highlighting for correct answers 
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D.6. VT CEE 4304 Hydrology, Spring 2015 post-test motivation and learning responses 

 
Note: Pre- and post-test student numbers are independent 
Note: Yellow highlighting for correct answers 
 
  

Student

increase perpendicular increases urban increases F T F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33 34 35 36

1 4 4 4 4 4 4 4 4 5 4 4 4 3 4 4 5 4 5 5 4 5 3 4 5 4 4 decrease perpendicular increases urban decreases T T F T F

2 4 4 4 4 4 6 5 6 6 6 5 5 5 5 5 5 5 5 5 4 5 6 6 6 6 6 increase perpendicular increases urban increases T T T T F

3 5 4 4 4 4 5 5 6 5 5 5 5 5 5 5 5 5 4 4 4 5 5 6 5 5 5 increase perpendicular increases urban increases F T F F F

4 5 6 6 5 4 5 5 4 6 5 6 6 6 5 5 5 6 5 5 4 5 6 5 6 6 5 increase perpendicular decreases urban decreases F F T T F

5 5 4 3 4 4 4 5 4 5 4 4 4 5 5 5 5 5 4 4 4 5 5 5 5 5 5 increase perpendicular increases urban decreases T T T T F

6 5 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 decrease perpendicular increases urban decreases T F T T F

7 5 5 5 5 5 5 5 6 6 6 6 5 6 6 6 6 6 5 5 2 6 5 6 6 6 6 decrease perpendicular increases urban increases T T T T F

8 4 4 4 4 4 6 6 6 6 6 4 5 5 5 5 5 5 6 5 6 5 5 5 6 6 5 increase perpendicular increases urban F T T T F

9 4 4 4 4 4 5 5 5 5 5 5 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 increase perpendicular increases urban increases F T T F F

10 4 4 4 4 4 4 5 4 5 4 4 4 4 4 5 5 5 4 4 4 4 5 4 4 4 4 increase perpendicular increases urban increases F T F T F

11 3 3 3 3 3 6 6 6 6 6 6 6 6 6 6 6 6 4 6 6 5 5 5 5 5 5 increase perpendicular increases urban increases F T F F F

12 3 4 3 4 2 5 5 6 6 6 4 4 5 4 5 5 3 4 4 4 5 5 4 5 4 3 increase perpendicular increases urban increases F F T F F

13 2 2 1 1 2 2 1 2 3 2 1 2 2 2 1 1 2 1 1 1 1 1 3 2 1 1 increase perpendicular increases urban increases F F T T F

14 5 3 4 5 5 5 5 4 5 5 6 6 5 5 5 2 1 2 2 5 5 6 4 4 increase perpendicular increases urban increases F T T F F

15 4 4 4 4 4 6 6 5 5 5 6 6 5 6 5 5 5 5 5 4 6 6 5 6 6 5 increase perpendicular increases urban decreases F T F F F

16 3 3 4 3 3 5 5 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 5 increase perpendicular increases urban increases F T T T T

17 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 increase perpendicular increases urban increases T T T T T

18 5 4 5 3 4 4 4 6 6 5 4 4 5 4 5 5 5 4 4 4 5 4 4 6 6 5 increase perpendicular increases urban increases F T T T F

19 1 1 1 1 1 4 4 4 5 4 3 2 2 2 5 4 2 2 4 2 4 4 1 3 3 1 decrease perpendicular increases urban increases F T F T F

20 4 4 4 4 4 5 5 6 6 5 5 5 5 4 5 5 5 5 4 4 5 5 4 6 5 5 increase perpendicular increases urban increases T F T F F

21 4 5 5 5 5 5 5 4 4 4 5 5 6 6 4 4 5 5 5 4 6 6 6 6 6 6 increase perpendicular increases urban decreases T T T T F

22 4 5 4 5 4 5 5 5 5 4 4 4 4 4 5 5 5 5 5 4 4 6 4 6 5 4 increase perpendicular increases urban increases F T F T F

23 4 3 4 3 3 5 5 6 5 5 4 5 5 4 5 4 5 5 5 4 4 6 2 3 3 2 increase perpendicular increases urban decreases F T T F F

Motivaiton Circle the Answer: Circle: True / False

eMpowerment Usefulness Success Interest Caring
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D.7. VT CEE 4304 Hydrology, Spring 2015 post-test OWLS feedback 

Interactive

graphs

Overhead

view/map

Case

Studies

Background

Information

Real-time

Data

Anywhere/Anytime

Access

Other

Value

Other

Words

1 4 3 3 3 3 3 2

2 4 3 3 2 2 4 4

3 4 3 3 2 2 3 4

4 4 3 3 2 3 4 4

5 4 4 3 3 3 4 4

6 4 4 3 2 2 4 4

7 5 4 3 3 3 4 4

8 5 4 3 4 3 4 4

9 4 4 3 3 4 4 3

10 4 3 3 3 2 4 4

11 4 4 3 3 3 4 3

12 4 4 3 3 3 4 4

13 4 3 3 3 2 4 4

14 5 4 2 1 1 4 4 2 Live Camera

15 4 4 2 1 2 4 4

16 4 4 3 2 3 4 2

17 4 3 3 3 3 3 3

18 4 4 3 2 2 4 4

19 3 2 2 3 3 3 4

20 4 3 4 2 2 4 4

21 4 4 3 4 3 4 4

22 4 4 3 2 2 4 4

23 4 3 2 1 2 4 4

38. What was the learning value of…

37. The OWLS helped you to 

learn hydrology concepts.Student

 
Note: Item 37 scale: {Strongly disagree (1), Disagree (2), Neither agree nor disagree (3), Agree (4), Strongly agree (5)}. 
Note: Item 38 scale: (Not valuable (1), Somewhat valuable (2), Valuable (3), Extrmemely valuable (4)}. 
 
Student 39. Was the OWLS a valuable tool for learning in this course? If so, 

how? 
40. Comment on your overall experience using the OWLS. 

1 Yes, It allowed me to not only see; in person, the effects of rain 
events but to also have numerical values. 

The system overall is very good but the equipment needs to be 
more consistant and there needs to be an easier way to create 
graphs from the values given. 

2 Seeing real-time data was valuable. You can learn a lot from seeing 
data and looking at the stream. When it was raining I could go onto 
the OWLS and see what was happening.  

I had a good overall experience. The system ran well and having it 
work on smartphones was an added benefit. 

3 Yes, provided hands-on approach to hydrology scenarios. Fairly positive, relatively intuitive and easy to use. 
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4 The OWLS was valuable due to its ease of access and the use of real-
time data. 

Beneficial overall, Some minor hiccups but nothing major 

5 Yes, it provided real world application of hydrological topics everything went well 

6 Yes, it was very easy and convenient to look up various LEWAS 
characteristics from anywhere at any time. 

It was extremely easy and convenient to use the website and get the 
necessary data. 

7 Yes, it gave real life applications for the material taught in lecture 
regarding urban watersheds 

I enjoyed the ease of access via PC, smartphone, etc. Minimal error 
in our group's data set. 

8 Yes, I liked how it made it more interactive for students to deal 
w/data. It also provided a chance for students to see what 5cfs, 
10cfs, etc. will look like in an actual stream 

I really liked working w/OWLS. I think it is a very valuable tool fot 
students and I enjoyed how it as incorporated. 

9 Yes, it helped visualize and put into perspective what flow rate of a 
stream looks like.  

Generally positive - a few times the stream data archive 
downloaded as a blank spreadsheet, but this problem was fixed. 

10 Yes, it was extremely helpful for comparing the data collected in the 
field with the computerized collected data to judge what was 
actually occuring in the stream. 

Very good, easy to use. Helpful when pulling data over a certain 
timeframe. 

11 Yes, the OWLS provided a means by which what we learned in class 
could be directly linked to the "real world." 

Overall, I had a positive experience using the OWLS. My only 
suggestion would be to make it easier to download the data (i.e. 
provide it in a tabular format so that it could be directly pasted into 
Excel). 

12 Yes, it gave me a real-time perspective & comparison between the 
different water quality parameters. 

found it to be useful in this course, however, the minor bugs were 
inconvenient (graphs & data randomly not working) 

13 Yes, we can get access to the data anytime. Feel more professional by using it. 

14 Yes, it allowed the students to perform data analysis for real events. Effective information access but frustrating dealing with sensor 
issues and data formatting issues. 

15 Yes, seeing real data was very powerful. I could see real, current 
trends I learned in class & it drove the point home. 

It is really cool being abel to go onlin @ anytime + see the data. I'll 
look @ it if it rains even if it is not my week. 

16 Yes, It allowed us to see real-time data so if we were out during a 
storm we could see all the parameters that were being effective. 

I think that OWLS was a very helpful tool. I would it much easier to 
analyize the data and write the report when we were able to use 
OWLS. 

17 Yes, it was nice being able to see the hour by hour affects of a 
precipitation event. 

Good learning experience. A good addition to just a lecture class. 
OWLS helped class become more interactive. 

18 OWLS was very beneficial because it allowed the real time 
observation of data during any given weather event to better 
understand the effects on the water quantity + quality 

very easy / interesting ! 

19 It was helpful in the LEWAS project but I would have hoped to use 
more of it during class throughout the semester to help learn. 

It was only twice but it was easy to use the information was 
sometimes difficult to understand, and onl both occasions there was 
some data missing. 
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20 Yes, it was very cool to see the data in real-time when visiting the 
stream. This allowed us to link observations with quantifications. I 
expect the more often we can do that the better we will be at 
intuitively understanding site conditions. Very useful for 
assignments also - easy access w/ data. 

I liked using it + would have benefitted from using it more than I did 
- hopefully will still keep tabs of the stream during the rest of my 
time at VT. 

21 Yes. I feel that I would not have remembered or understood these 
parameters without the real application abailable or without the 
daily dscussions about data trends. 

Good. The website is excellent. I love th variety of options in the 
data chart, the live cam, and the downloadable data. The 
downloadable data would be cleaned up some more. Particularly, I 
was sometimes unsure about which parameters were represented. I 
also did not have flowrate calculated in my downloadable data 
when I did my report. 

22 Yes. It helped to visualize how the time of day and storm events 
directly impacted various water qualities. 

I found it interesting to use. It would be helpful to have more units 
on the parameters, however, when using the real-time data. 

23 Yes, it made working on the report more efficient since we didn't 
have to receive the data from Walter, we could access it anytime. 

I found OWLS to be user friendly. I enjoyed seeing the realtime data, 
but more importantly liked being able to download data from the 
website. 
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D.8. VT CEE 4304 Hydrology, Spring 2015 focus group report (Dr. John Muffo) 

 
1) Looking back at the course assignments that involved Stroubles Creek and the Learning Enhanced Watershed Assessment 

System (LEWAS) Lab including the Online Watershed Learning System (OWLS), please describe any times that you had an 
“aha” moment that gave you new insights into hydrologic concepts. 

 With OWLS, you are able to access the graph that allows you to see multiple parameters at once, i.e., three. My “aha” 
moment was in recognizing how certain parameters in one affect others that I would not have been able to see 
otherwise unless making my own graphs in Excel, for example, the relationship between specific conductance and 
storm flow related to salinity due to road salts in winter months. In warm months with no more road salts present the 
opposite occurs. You can see both with OWLS. Having graphs with multiple parameters shown at once makes it easier 
to see these relationships as opposed to before OWLS, when students had to e-mail the instructor to get the Excel file 
of the event and then plot the data to observe the event, which was long after the event actually happened. Now the 
data are easier to access, are more accessible and timely. 

 Looking at different trends regarding storm flow, turbidity levels in the stream. It’s also helpful to have the live video 
feed, because you can actually see the physical quality of the water, the turbidity of the water as you also see it rise in 
the graph.  

 It makes it even entertaining rather than sending for data and waiting for it and then manually manipulating it in Excel 
once you get it. What sparks your interest is what’s occurring at the moment. It’s interesting to see what’s happening 
at the moment; a week later you don’t care as much. 

 Even when there are holes in the data, such as when the solar panels are covered in snow, even then you could watch 
temperature readings from another web site and see that when a certain temperature was reached, the data cut back 
in, thus showing the relationship of temperature and the data cutting back in. With OWLS, you can see associations of 
variables to each other, the different correlations such as instrument failure and temperature.  

 We see trends really happening. OWLS helps us observe real events, which is more effective than listening about 
them in classes. There is less work also. 

 
 
 
 
 



 

  325 

2) Concerning your weekly observation groups, please describe the benefits of observing the stream physically by visiting the 
LEWAS site vs. observing the stream virtually via the OWLS. 

 Seeing it physically was better when there were failures of equipment, e.g., during very cold periods. You can 
manually read what the level of the stream was, for example, and read the rain gauge. On the other hand, it is nice to 
be able to read the data from a distance, to observe it virtually, especially during bad weather conditions such as a 
rainstorm at night when it might even be unsafe. 

 Not all data can be measured visually; some are gathered under water for example. Even in those instances, however, 
on-site measurements can be taken via a grab sample, which can be compared to the OWLS data for accuracy 
purposes. 

 There are times when we question the OWLS data, e.g., when the on-site observations and those of the OWLS do not 
seem to correspond very well.  

 For example, once a student observed an instrument was showing a low turbidity value but the water at the site was 
not clear.  

 The detail of the camera is not very good for live video streaming. Students cannot get a detailed view of the water 
and its depth, which is only possible if someone visits the site physically. The camera is high on a pole.  

 
3) Concerning your weekly observation groups, please describe the disadvantages of observing the stream physically by 

visiting the LEWAS site vs. observing the stream virtually via the OWLS. 

 There are the measures that can’t be done without special equipment, so the live feed is very convenient, having a 
continuous data set for parameters like specific conductivity and turbidity.  

 You only have to go once a day, five days a week, so you get a snapshot versus a continuous feed, since on-line can be 
at any time. It’s a matter of grab sampling versus continuous sampling. You are more likely to miss a peak event. You 
get precise data but not accurate data. 

 You get more information, a better overview of what’s going on at the site, in the stream with continuous data. The 
data have less of a chance of being biased with continuous sampling. It’s a bigger and better perspective. 
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4) Which component of the OWLS did you find to be the most useful and/or most in need of improvement? 

 Most useful, definitely the graph. 

 To improve, the video feed, maybe having multiple cameras or one that is more close-up. Even having a measuring 
stick to see close-up what the height of the water is to compare against on-site measurements. This is not possible 
now with the current camera. 

 Formatting of the data is not user friendly for inputting into Excel in terms of the time and date. While downloading 
the data, either in csv or text format, the format of the date needs to be consistent. Currently if data are downloaded 
in csv format then the date and time are together but in text format they are separate.  

 Data should be downloadable in both formats: one, where the date and time are together and another, where the 
date and time are in separate columns in both csv and text format. Both of the formats are useful for certain things. 

 Quality data are collected every three minutes while flow data are collected in one-minute intervals, which makes 
matching them more difficult, creating extra work. The intervals should be equal. Either measure flow data in three-
minute intervals or have the option to gather the data in that way. This would help in data handling and 
manipulation. 

 
5) How much control did you have over the LEWAS/OWLS assignments? (How much did you feel like you were doing what 

you wanted to be doing during this activity?) 

 The requirements were thorough after OWLS was added; there was not much else that we could have done. 

 I did not like doing the second one; there was a lot of busy work involved. We had to produce a ton of plots. 

 There was not a lot of freedom in what we had to do; it was all lined out in all of the assignments. 

 In the first assignment, there were rain events, so there was some flexibility. Some groups had holes in the data, so 
there was some flexibility in how they worked around those.  

 Having the OWLS made things more cut-and-dried in some ways, but overall the consensus is that OWLS neither 
made it easier or more difficult, better or worse. 
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6) How will what you learned in the LEWAS/OWLS assignments be useful for meeting your goals for your academic program? 

 I gained extensive experience creating hydrographs and hyetographs, which should be useful in my future 
employment in storm water and erosion sediment control design work. 

 The assignments give a better idea of how watersheds work and the impact of the urban environment on watersheds 
especially during a storm event. 

 It helped reinforce my knowledge of water quality by seeing real trends in real time. This has strengthened my 
foundation in hydrology, e.g., the increase of dissolved oxygen during the day; also how flow rate and turbidity 
increases faster in an urban environment during a water event. Seeing relationships that I may have forgotten before. 

 Another is seeing illicit discharge, to notice when something goes wrong. You may not know where the source is but 
you can still see the impact of construction or a water main break on the watershed in real time. Knowing when it 
happened allows you to trace it to the source easier. 
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D.9. VT CEE 5734 Urban Hydrology, Spring 2015 pre-test motivation and learning responses 

Student

increase increase depth larger increases F T F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33 34 35 36

1 4 5 3 3 4 4 4 4 4 4 5 5 5 4 3 2 3 3 3 2 5 5 5 6 6 6 decrease increase depth larger increases F F T T T

2 4 3 4 4 4 5 6 5 5 5 5 5 5 5 6 5 5 4 5 5 5 5 6 6 6 6 decrease increase velocity larger increases F T T T F

3 6 5 5 4 4 4 4 4 4 4 4 5 5 5 4 4 5 4 4 4 6 5 5 6 6 4 decrease decrease velocity smaller increases T F F T F

4 5 2 2 2 2 5 5 5 5 5 5 5 4 5 5 4 5 4 5 4 5 5 4 5 5 5 decrease decrease velocity smaller decreases T F T T F

5 3 4 2 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 5 decrease decrease depth larger decreases T F F F T

6 6 4 5 4 4 6 6 6 5 6 6 6 5 6 5 6 5 5 5 5 6 5 5 5 6 4 decrease increase velocity smaller increases F T F F T

7 5 4 5 5 6 6 6 6 6 6 3 4 5 5 6 6 5 6 6 6 6 6 6 6 6 6 increase increase depth smaller decreases F T F T F

8 5 5 5 5 4 6 6 5 5 5 5 6 4 4 4 6 5 5 5 5 5 5 4 5 5 4 decrease decrease depth smaller [blank] T F F F F

9 5 5 5 5 5 6 6 6 6 6 5 6 6 6 6 5 6 6 6 6 6 6 6 6 6 6 increase decrease depth smaller decreases T T F T F

10 5 5 6 5 5 5 5 5 5 4 5 5 5 5 5 6 4 5 5 4 6 6 4 6 6 5 increase increase depth smaller increases T T F F F

11 4 3 3 3 3 5 4 4 4 4 4 4 3 3 3 4 2 3 2 4 6 5 3 4 5 2 decrease increase depth larger increases F F F T F

12 4 3 3 3 3 4 5 3 4 4 6 5 6 4 4 4 4 3 3 4 5 5 4 5 5 5 increase increase depth larger decreases T T F T F

13 5 4 4 4 4 5 5 5 6 6 4 6 5 5 5 5 4 4 4 5 5 5 5 6 6 6 increase increase depth larger decreases T T T T T

14 4 4 4 5 4 6 5 6 5 6 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 decrease increase depth larger decreases F T T T F

Motivaiton Circle the Answer: Circle: True / False

eMpowerment Usefulness Success Interest Caring

 
Note: Pre- and post-test student numbers are independent 
Note: Yellow highlighting for correct answers 
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D.10. VT CEE 5734 Urban Hydrology, Spring 2015 post-test motivation and learning responses 

Student

increase perpendicular increases urban increases F T F F F

Item --> 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

1 5 5 6 5 4 6 5 6 6 6 5 5 6 6 6 6 5 5 5 6 6 6 6 6 6 5 decrease perpendicular decreases urban decreases T F T T T

2 6 6 4 4 4 5 6 5 5 4 5 5 5 5 5 5 5 5 5 5 6 6 5 6 5 4 increase perpendicular increases urban decreases T F F F F

3 5 5 5 5 5 4 4 4 4 4 6 6 6 6 4 4 4 4 4 4 6 6 5 6 6 3 increase perpendicular increases urban increases F T F T F

4 6 5 5 6 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 increase perpendicular increases urban decreases T T T T F

5 5 5 5 6 6 6 6 6 6 6 6 6 5 6 6 6 6 5 6 6 6 6 6 6 6 6 increase perpendicular increases urban increases F T T F F

6 4 5 4 5 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 4 increase [blank] increases urban increases T T T T F

7 3 4 3 4 2 4 3 2 4 2 3 4 4 5 3 4 3 4 4 3 5 5 4 4 5 4 increase perpendicular increases urban decreases T F F F F

8 4 3 4 3 3 4 4 3 3 1 4 4 4 4 4 4 2 3 2 3 4 4 4 4 5 3 increase perpendicular increases urban increases T F F F F

9 5 4 4 4 6 6 5 5 5 5 5 6 6 6 5 5 5 5 5 5 6 6 6 6 6 6 increase perpendicular increases urban decreases T T T T F

10 5 5 5 4 2 5 5 4 6 5 6 6 6 6 5 5 4 5 6 6 5 increase perpendicular increases urban increases F T T F F

11 3 3 3 4 4 5 5 4 4 4 6 6 6 5 4 4 4 4 4 3 4 5 4 5 5 4 increase perpendicular increases urban increases F F F F F

12 4 4 3 4 3 4 4 3 4 3 5 5 5 5 3 3 3 3 3 3 4 4 4 5 5 5 increase perpendicular increases urban decreases T T F T F

13 4 4 5 4 3 5 5 6 6 6 6 6 6 6 5 5 4 4 5 5 5 5 5 6 6 5 increase perpendicular increases urban increases T F T T F

14 5 5 6 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 increase perpendicular increases rural decreases T T T T F

Motivaiton Circle the Answer: Circle: True / False

eMpowerment Usefulness Success Interest Caring

Note: Pre- and post-test student numbers are independent 
Note: Yellow highlighting for correct answers 
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D.11. VT CEE 5734 Urban Hydrology, Spring 2015 post-test OWLS feedback 

Student

Interactive

graphs

Overhead

view/map

Case

Studies

Background

Information

Real-time

Data

Anywhere/Anytime

Access

Other

Value

Other

Words

1 1 4 4 4 3 5 5

2 3 4 3 N/A 2 5 5

3 3 2 3 3 2 4 4

4 4 4 3 3 3 5 5

5 4 5 5 2 3 5 5 5 Camera Feed

6 4 3 2 1 3 3 4

7 4 3 2 3 3 4 3

8 3 2 2 2 2 3 4

9 4 4 3 3 4 5 5

10 4 4 4 [blank] [blank] 5 4

11 4 3 2 2 2 4 4

12 4 4 3 3 3 4 4

13 5 4 2 3 3 5 5

14 4 5 5 5 5 5 5

2. What was the learning Value of…

1. The OWLS helped you to learn 

hydrology concepts.

 
Note: Item 37 scale: {Strongly disagree (1), Disagree (2), Neither agree nor disagree (3), Agree (4), Strongly agree (5)}. 
Note: Item 38 scale: (Not valuable (1), Somewhat valuable (2), Valuable (3), Very Valuable (4) Extrmemely valuable (5)}. 
Note: Due to an oversight by the the person distributing the post-test, an earlier version of the instrument was given to 
students. This version had different question ordering and an extra scale level for OWLS components. 
 
Student 3. Was the OWLS a valuable tool for learning in this course? If so, 

how? 
4. Comment on your overall experience using the OWLS. 

1 OWLS was a valuable tool for this course. The OWLS collected & 
displayed real time data and hence it was easier to visualize the 
varieties in the parameters and correlate them with the events that 
may have caused these variations. 

OWLS was a very user-friendly tool. Other than a few technical 
issues, it operated well & data retrieval waas not difficult. 

2 With the analysis of continuous data, it was possible to make a 
better assessment of water events (some) 

good tool, easy to use 

3 It was valuable in the sense that we could see daily/hourly trends, 
but the live data graph made it hard to discern the values of 
individual data points or the values of the parameters at a specific 
point in time. 

Layout/Navigation was very user friendly. Graphical interface 
needed some work. Could've been spruced up a bit. Would've 
preferred the time stamps to be in hh:mm:ss format (24hr) instead 
of 12hr. 

4 The OWLS helped reinforce the concepts of water quality 
monitoring and pollutant loading. 

The OWLS was overall fairly easy to navigate and use, but was 
difficult to interpret on a small-screen mobile device. 
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5 Yes, it provided live data from a real site. This allowed me to feel 
more connected to real-world application. 

Positive. The site is easy to navigate and reliable. Some 
improvements can still be mafe to make the data analysis/download 
easier. 

6 Yes, it allowed a better understanding of water quality data by 
looking at real time data in a real world setting. 

Overall, my experience with OWLS was good. The program is very 
user friendly. 

7 Yes - helped to see actual data and th process of analyzing it. Generally good experience. Learned about benefits of usng 
continuous monitoring data vs. grab sample data. 

8 Yes, more interesting and useful than traditional homework. Lots of gaps in data, couldn't generate some of the graphs. [from 
other homework?] 

9 Yes, it showed the differences between seeing real-time data and 
continuous grab samples and instantaneous grab samples. 

Works well and is very beneficial. 

10 Yes, showed real world conditions immediately for a stream in our 
area 

Edgy 

11 Yes, allowed for more immersive learning experience - connect data 
to visual 

I would recommend further curriculum development integrating 
OWLS 

12 Yes, it was a hands on way to apply conepts learned in class. It was beneficial, but I had previously used this in another class so I 
didn't gain much knowledge. 

13 Yes because it showed the vast discrepancy in calculations 
compared to an average of a grab sample compared to calculations 
from continuous monitoring. 

Even as someone who has a significant amount of hydrologic 
knowledge, the real-time data from OWLS is still a valuable learning 
tool that can't really be found anywhere else as convenient. 

14 Allowed hands on approach to material covered in class. Great experiences. Always nice to get out into field. 
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D.12. VT CEE 5734 Urban Hydrology, Spring 2015 focus group report (Dr. John Muffo) 

1) Looking back at the course assignments that involved Stroubles Creek and the Learning Enhanced Assessment System 
(LEWAS) Lab including the Online Watershed Learning System (OWLS), please describe any times that you had an “aha” 
moment that gave you new insights into urban hydrology concepts. 

 Being in the field, seeing the impacts of sediment on the turbidity of the creek is different from reading about it in a 
book or seeing it on a screen. 

 Get to see changes in the data without going into the field. 

 Observing the changes that the stream goes through in a given time span. 

 Seeing the changes that a stream goes through in a graphical sense; it provides a sense of the magnitude of the 
impact of an event; taking data from OWLS on turbidity, for example, allows watching changes in the data in a visual 
and numerical sense, including the fluctuations, and what these impacts are from a regulatory standpoint. 

 Whenever there is a big rainstorm, you can see how quickly the stream flow increases. With live video feeds, we get 
to see stream flow increases visually without standing in the rain in real time; get a numerical sense of the visual data. 

 We notice baseline levels of things like turbidity and then notice spikes at times in real time; then we can find the 
source. It give you a general idea where the source might be due to the fact that it is a small watershed, thus allowing 
you to explore patterns easier. 

 Webcam adds a whole new dimension to remote sensing; this provides a live data remote sensing technology making 
the data more timely. Most of the time you collect the data and analyze it months after the event. 
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2) Please compare and contrast your experiences working with LEWAS data from MS Excel files in your long-term data 
analysis assignment and interacting with LEWAS data via the OWLS. 

 For the OWLS you can see the changes, but the graph itself is not interactive or precise; you have to estimate the 
values for the data from the graph and go to the Excel files to get the actual data. For the Excel files, the time format 
(12-hour increments) is not as convenient as 24-hour increments would be. The latter would make data analysis 
easier. Some would prefer picking the starting and ending days for analysis in OWLS rather than the last X days; 
currently OWLS determines what the intervals are rather than the user telling OWLS what internals are needed. 

 You cannot pick time intervals. If you wanted data for the last 12 hours, you have to download three days worth of 
data. 

 The OWLS graphic display does give the user two weeks worth of data; the user can then determine fairly easily 
where the needed data are within the two-week time period. 

 In Excel, there was a difference in the time intervals for the water quality data such as PH and turbidity versus the 
flow data; flow data was in 1-minute intervals while quality data was in 3-minute intervals. They should be matched 
up in some way. 

 
3) In the post-test, when students were asked to rate the learning value of various components of the OWLS, “real-time 

data” and “anywhere/anytime access” were rated highly, and “case studies” and “background information” were rated 
poorly, with “interactive graphs” and overhead view/map” rated in the middle. What do you believe were some of the 
factors leading to this outcome? 

 Anywhere/anytime access is nice because you don’t have to be in a certain location to see what’s going on; you can 
be anywhere; you don’t have to be on-site to get the data. It’s a convenience issue. 

 The results are skewed a bit because anywhere/anytime access is the more innovative result among the six options 
provided. It’s newer and more interesting.  

 Similarly, the graduate students are familiar with the other options such as mapping and graphics, so the option of 
anywhere/anytime access is more attractive. 

 The assignments for the class did not necessarily require the use of case studies and background information, so they 
were less likely to be noted as important for this question. They were not as important for success in this course. They 
might be more important for lower level courses. 
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4) For what reasons do you believe that working within a group made the LEWAS/OWLS assignments easier? 

 We were able to divvy up the work; that way it takes less time and there is different expertise among the group 
members that can be tapped. 

 Had the assignments been to do them alone, they would not have been overly burdensome, but it was more efficient 
to do them as a group. 

 The observations were made in the field versus by OWLS. 

 It’s always better to have an extra pair of eyes for accuracy, to confirm observations. 
 

5) For what reasons do you believe that working within a group made the LEWAS/OWLS assignments more challenging? 

 Taking a picture required team members to be there on the same day and time, but there was a proscribed day when 
we were supposed to be there, which made coordinating that easier.  

 Each team member did not learn as much because of being able to rely on the expertise of other team members who 
were more skilled in certain aspects of what they were doing. This presents the challenge of how to distribute the 
learning among all of the team members. 

 One suggestion: structure assignments so that each person collects their own data using the advice of the group but 
submitting their own, individual work. Have two pairs of eyes look over the same data on the same day at the site. 
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6) How will what you learned in the LEWAS/OWLS assignments be useful for meeting your goals for your academic program? 

 In an urban environment, how to set up and maintain a continuous monitoring system, what the benefits of doing this 
are, and what a network of monitoring systems might look like. This would include the equipment needed and 
problems arising in doing it. It can be expanded to a regional network of multiple points in a watershed; there are lots 
of possibilities. We can visualize the possibilities now given the need to improve water quality; many people have 
expressed the need for such data. 

 A network of such sites would allow an engineer to monitor multiple sites from one location rather than having to 
monitor the data individually at each site. 

 Getting real data from the actual source, the stream, is better than getting data from a book, which is more likely to 
be a specific answer. In this case the data are more realistic, more like what will be experienced on the job later. Here 
you have to figure out the answer on your own. It provides more insight into what could happen to a stream due to 
other factors in the environment. 

 You can analyze the benefits of a grab system versus continuous monitoring for a single site, but also creating links 
and performing analyses between watersheds. 

 Be able to monitor and regulate a daily max load for a water resource. 

 If city decision-makers had these data, they could see what these problems are and how these problems formed. 

 A network of sites would allow an engineer to look at data in the office without having to check the individual sites. 

 It would be a time saver for someone who is on the payroll. 

 It helps develop an affinity for real-world situations and develop problem-solving skills. 

 It helps the student get more excited about engineering by providing a more real world experience, a more varied 
learning environment. It provides a better perspective on what the field of engineering is; it is more open-ended than 
it is often portrayed in classes. The answers aren’t as perfect as they are in a book. 

 Negative Comment: Some did not like the graphical interface of the OWLS that much, i.e., the three axes makes the 
graphs too busy, too much is happening. Could have more user control. It is especially difficult to deal with on a small 
screen, a mobile device or phone. It is not as user friendly as it could be. Would have to zoom in to get the necessary 
information, then pan around. Better visualization is needed instead. Was not optimized for use on a smartphone. 
The graph should have been full screen but was compressed to fit everything. 
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D.13. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control pre-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 5 5 5 5 4 4 4 3 4 4 3 4 4 4 5 5 5 5 5 3 6 6 6 6 6 6 C A D B F F T

2 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 A A B A F F T

3 4 4 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 4 5 4 5 4 5 6 6 A A D A T F T

4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6 5 6 C C C C F F T

5 5 5 6 6 5 5 5 5 6 5 5 5 4 5 6 6 6 6 6 6 6 6 5 6 6 5 A A C A F F T

6 1 2 1 2 2 2 2 1 2 1 1 1 2 1 1 1 2 1 1 2 1 2 2 2 1 1 A D C B T F F

7 1 2 2 2 2 1 1 2 1 2 2 1 2 2 1 2 1 1 1 2 1 1 2 1 2 1 A C D C F F T

8 2 2 2 2 2 2 2 4 2 2 5 4 5 2 2 2 2 1 1 2 4 2 4 4 4 4 A A C B F F F

9 4 5 4 5 5 6 5 6 6 6 4 4 5 4 6 5 5 6 6 5 6 6 6 6 6 6 A C D B F F T

10 2 1 1 1 2 1 1 2 2 2 1 1 2 1 1 1 2 2 2 1 2 1 2 1 2 2 A A B B F F T

11 2 2 2 1 1 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 1 2 1 A C B A T F T

12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 A C C A T F F

13 1 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A B B C T F T

14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 C D C T F T

15 1 2 2 2 2 1 1 1 1 1 1 2 2 2 1 1 2 1 1 1 2 2 2 2 2 1 A C B A T F T

16 2 2 2 1 2 1 2 1 2 2 1 1 1 2 2 1 2 2 2 1 1 2 1 1 1 1 A A C A T F F

17 4 5 5 5 4 4 4 5 5 5 5 4 5 5 5 5 4 3 4 4 4 5 5 5 5 5 A A C A F F F

18 6 5 6 6 4 5 6 6 6 6 4 5 5 5 6 5 5 6 6 6 6 6 5 6 6 5 A C D D T F T

19 2 2 2 2 2 2 2 2 2 2 2 2 5 2 2 2 5 4 2 2 2 2 2 2 2 2 B A D C F F F

20 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 A B B B F F F

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.14. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control activity responses 

 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

4 10/7/2015 10/14/2015 12:00:00 AM 12:00:00 PM Average = 15.34° C Average = 8.12 Average = 8.70 7.84 0.72

7 10/10/2015 10/10/2015 12:00:00 PM 1:00:00 PM Average = 15.34° C Average = 8.12 Average = 8.59 NTU Average = 8.91 mg/l Average = 0.73 mS/cm

8 10/7/2015 10/20/2015 15.34 C 8.12 8.913 mg/l 8.59 NTU 0.7331 mS/cm

9 10/13/2015 10/13/2015 7:05:03 PM 7:05:03 PM 15.34C 8.12 8.56 mg/l 1.6 NTU 0.752 mS/cm

10 10/16/2015 10/16/2015 All Day All Day 15.34°C 8.1 8.9 mg/l 8.5 NTU [blank]

14 10/21/2015 10/21/2015 12:00:00 AM 12:00:00 AM 15.34◦C 8.12 8.91 mg/l 8.59 0.73

15 10/11/2015 10/13/2015 15.34C 8.12 8.9 8.6 0.733

16 10/7/2015 10/20/2015 12:00:46 AM 12:59:13 PM 15.34ºC 8.12 578.931 (mV) 8.59 NTU 0.733 (mS/cm)

21 10/7/2015 10/18/2015 12:00:00 AM 12:00:00 PM 15.34° C 8.12 8.91 mg/L 8.59 NTU 0.73 mS/cm

22 10/8/2015 10/8/2015 12:50:00 PM 12:53:00 PM [blank] 8.1 8.89 0.9 0.755

1

a b

Student
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c d

Description Discussion

4

It is near to the campus to ensure connectivity to a wifi connection. The 

sonde is in the middle of the stream. It seems to be a modest area to be 

able to calculate for the entire area of the watershed.

I believe each of the conditions calculated that each accurately represents the “base-flow” 

because each was averaged over a time period of seven days. I believe this allows the data to 

avoid showing bias because of certain events that would alter the “normal” circumstances of the 

water flowing through the LEWAS field site.

7

Creek appears to be clean, water is clear, and appears to have a regular 

flow of water. Not sunny due to season change and weather. No visible rain storm.

8

During the period of data analyzed the site was dry and mild. With daytime 

highs in the 60s – 70s and nighttime lows in the 50s. I chose to create a 

baseline based on the average of a 12 day period in October 2015.

Most of the readings should be in a steady cycle during the period. On the rare rain events 

extremes to the system can be seen in the data and compared to the baseline readings 

established using our daily averages for the rest of the period.

9

Generally looks as you would expect on a clear evening. The flow rate is not 

strong and the turbidity is low.

The data levels are consistent with a clear weather pattern. The numbers of the data points have 

remained stable for many hours or days with temperature being the greatest fluctuation with the 

cyclical warming and cooling from the sun.

10 [blank] [blank]

14

The field site appears to be in a rather “normal” state. By “normal” I am 

referring to the fact that during that time frame, the creek does not appear 

too shallow (in case of a drought) or too overflown (in case of a heavy rain 

fall).

The conditions mentioned are considered “base flow” conditions because it is the result of 

minimum environment activity (rain fall, run-off, water pollution, air pollution etc.) These “base 

flow” conditions are what engineers use when trying to explain the changes that occur after 

environmental changes occur (rain fall, run-off, water pollution, are pollution, etc.)

15 did not see the visuals

I believe during the days of 10/11/15 through 10/13/15 were “base flow” conditions. During 

these days was when all the conditions were closest to the average of each parameter.

16

There is solar panel, weather station, camera, flow meter, water quality 

sensor, control box, grudges. It seems that they have a very well organized 

system set up.

I chose these parameters to be my base flow because they are the best descriptions of the 

water. They describe the appearance of the water. They describe the conductivity of the water 

and the different levels in the water that makes the water able to sustain life. Basically they 

describe the major qualities of that make up the water.

21

The LEWAS field site is a section of Stroubles Creek in Blacksburg next to a 

road, a small bridge that passes over the creek, and a couple trees. The site 

includes solar panels, a weather station, a camera, a flow meter, a quality 

sensor, a control box, and a rain gauge.

These parameters are “base flow” conditions because they basically tell how inhabitable and 

clean the water in the creek is.

22 Clear water, not fast moving, Daylight 

These are “base flow conditions” seeing as how the water is not dirty or deep like it would be 

after a rain event. These are average conditions for the creek on a normal sunny day in 

Blacksburg.

Student

1
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Param. 1 Param. 2 Param. 3 Param. 4 Param. 5

4 Water Temperature pH (changes with amount of oxygen) Dissolved Oxygen

7 Water Temperature pH Dissolved Oxygen Specific Conductance Turbidity

8 Temperature pH Dissolved Oxygen

9 pH

10 Water Temp. pH

14 Water Temperature Dissolved Oxygen

15 Water Temperature Dissolved Oxygen

16 Water Temperature Conductivity Turbidity

21 Temperature pH Dissolved Oxygen

22 Water temp

Student

a

2
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2

b

Discussion

4

I believe that all three parameters are interconnected in how they change with the time of day as a daily cycle. Water temperature changes during the day because 

the sun beats more directly down on the water at noon. As the sun moves across the sky the water is able to cool as the sun is heating the water less. When night 

comes, the ground and water begin to cool. Cold water holds more dissolved oxygen than hot water, because as the temperature increases, the water releases 

some of the oxygen. The higher the temperature, the less dissolved oxygen. So the dissolved oxygen oscillates in conjunction with the water temperature. The pH in 

the water oscillates also in accordance with the amount of oxygen in the water. Temperature will have a measurable yet very slight effect on the pH of water. As the 

water temperature goes up, pH goes down. The converse is also true: colder water has a higher pH value. The reason temperature affects water's pH is that water 

molecules have a slight tendency to break down into their constituents, hydrogen and oxygen, as temperature increases. As temperatures increase, a larger 

proportion of water molecules break up, releasing a few more hydrogen ions, which then decreases the pH of the water.

7

Water temperature changes due to weather change. Dissolved oxygen is affected by water temperature and altitude. Rain acidity changes water pH, specific 

conductance also varies on how acidic or basic the water is.  Turbidity will increase during rain storm event, in which the water will become less clear. Also high 

levels of sediments entering the water shed during rain storm event will increase the turbidity.

8

The Temperature is most easily seen to change based on a daily cycle and this effect is logical with the warmth of the sun and the cool of the night. The pH and 

Dissolved oxygen also appear to follow a cycle each day because each graph also shows 12 peaks and valleys over a 12 day period (excluding any outlying data from 

outside events).

9

The pH level of the watershed appears to fluctuate on a daily basis. After some research, I encountered evidence that suggests this is a function of the 

photosynthesis of plants in and along the watershed. As aquatic plants convert sunlight to energy they tend to remove carbon dioxide from the water. This may raise 

the pH in the watershed. Since plants photosynthesize using light, a lower pH would be most notable during the day and its aggregate effect would be most 

pronounced in late afternoon.

10

I think that Water Temperature fluctuates daily because the time of day effects the amount of sun or heat that the water is exposed to. This can increase the 

temperature of the water as the day goes on and decrease the temperature over night when the water is not getting direct heat. pH is a different story. I think that 

pH fluctuates because the amount of cars driving on the road and activity in general on the campus. This could affect the pH by different levels of substances would 

get introduced and change the reading throughout the day.  I do not think that these two parameters are linked because the temperature of the water doesn’t have 

much to do with the pH level of the water.

14

The temperature of water varies throughout the day in accordance to the rising and the setting of the sun. When the sun rises, so does the temperature of the water 

(absorption of solar energy or heat); when the sun sets, the temperature of the water decreases (the presence of solar energy and heat is no longer prevalent). The 

amount of dissolved oxygen in the water varies with the daily temperature. The solubility of oxygen decreases as the temperature of water increases. It can be 

inferred level of oxygen in water during winter is less when compared to that of the summer. Having said this one may conclude that water temperature and 

dissolved oxygen in water are linked parameters.

15

The water temperature has a daily cycle due to the changing temperatures of night and day. The creek’s temperature will be cooler during the nights and hotter 

during the day.  The dissolved oxygen also has a daily cycle because more oxygen is dissolved in colder temperatures.  Due to the water temperature being colder at 

night, the dissolved oxygen in the creek increases.

16

I think that parameters like turbidity, conductivity, and water temperature can change the daily cycle. The turbidity can change the appearance of the water due to 

the amount of dirt that is stirred up. And the temperature depending of the weather of the day. The temperature can also change the amount of water that is 

produced. The conductivity can change in respect to the amount of runoff that is produced.

21

The temperature of the water changes in a daily cycle because the temperature of the air changes throughout the day as well as the light intensity from the sun. The 

pH in water is higher during the day and lower during the night because of photosynthetic organisms producing carbon dioxide. The amount of dissolved oxygen is 

directly related with the temperature of the water so if the temperature changes, so does it. 

22

During the day, the average water temperature will be slightly warmer than it will be during the night, due to the temperature of the outside air being cooler at night 

and having a “cooling effect” on the creek.

Student
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 Start Date End Date Start Time End Time

Water 

Temperature pH

Dissolved 

Oxygen Turbidity

Specific Conductance

(Conductivity)

4 10/10/2015 10/10/2015 4:49:14 AM 6:02:44 AM Decreased increased drastically Decreased

7 10/10/2015 10/10/2015 4:50:00 AM 5:59:00 AM 16.76°C 7.95 8.36 mg/l 34.68 NTU 0.53 mS/cm

8 10/9/2015 10/9/2015 7:00:00 PM 8:00:00 PM

Decreased 

below 7.8 Increase greatly Decreased

9 10/13/2015 10/13/2015 4:23:04 AM 4:23:04 AM 8.11 8.45 mg/l 20.5 NTU 0.618 mS/cm

10 9/10/2015 9/13/2015

72 hours the 

turbidity was 

over 1 NTU

72 hours the 

turbidity was 

over 1 NTU

Time of day 

and rain

Rain and time 

of day Rain Rain Rain and Turbidity

14 10/21/2015 10/21/2015 12:00:00 AM 12:00:00 AM decreases Decreases Increases increases increases and decreases

15 10/9/2015 10/9/2015 7:00:00 PM 8:00:00 PM decreased increased decreased

16 10/7/2015 10/20/2015 12:00:00 AM 12:00:00 PM 15.34ºC

The clarity of the water 

due to the runoff

The conductivity of the rain water 

is greater that the creek

21 10/7/2015 10/20/2015 12:00:00 AM 12:00:00 PM 15.34° C

The runoff from the soil 

into the stream caused 

the turbidity of the water 

to increase.

Rainwater can have varying 

conductivities so when it mixes 

with water such as in the creek, its 

conductivity increases.

22 10/9/2015 10/9/2015 8:00:00 PM 8:00:00 PM [blank] decreased decreased increased decreased

3

a b

Student

 
 

 



 

  342 

c d

Description Discussion

4 Couldn’t find the pictures

The turbidity increased after the rainfall event because the runoff water from the surrounding area dumped sediment that it 

carried into the watershed system. The pH decreases due to the acidity that the rain water contains because of certain 

pollutions in the air. Also specific conductance of the water decreases during rainfall because of the volume of the streamflow. 

With rain the volume of streamflow increases reducing the percentage of dissolved materials in the total amount of water 

which increases conductivity.

7

Dark with high levels of turbidity because 

water doesn’t seem clear. Water levels are 

over rising

Water temperature and turbidity increased. pH decreased drastically, specific Conductance and dissolved oxygen decreased 

but not by much. Water changes during day and night that’s why the parameter value changed.

8 Rain

Increased turbulence in the water decreased the ability to conduct a current and decreased the pH due to changes in Hydrogen 

content.

9

The creek looks wider and clearly has more 

flow volume and a higher flow rate.

The pH has gone down but not by much. It’s likely early in the rain event and more water has yet to flow into system and cause 

pH to fall. The turbidity has increased quite a bit as the increased water flow has brought much more particulate matter from 

runoff and erosion into the LEWAS system.

10 [blank] [blank]

14

After rain fall, the creek appears to be 

brown in color (change in turbidity) and sits 

at a higher water level (change in 

volume).After rain fall, the creek appears to 

be brown in color (change in turbidity) and 

sits at a higher water level (change in 

volume).

pH levels decrease as a result of rain; the presence of acid in the rain causes the pH level to lower.  Rain fall decreases the 

temperature of the water (presence of clouds mean minimal sunlight and heat) as well as increases the dissolved oxygen 

concentration in the water. The water’s turbidity increases as substances from the surroundings are added to the water from 

run-off. The specific conductivity of the water fluctuates during rain fall. If the creek experiences heavy rain, the specific 

conductance of the water decreases as the volume of the creek increases. On the other hand, if the area experiences a flood, 

the specific conductivity of the creek increases due to the presence of salts and minerals in soil nearby.

15 we couldn’t find the pictures

The turbidity increased because the rainfall caused erosion, which caused soil to be dumped in the creek, which decreased the 

clarity of the water. The pH decreased because of the acidity in the rainfall due to pollution in the air. The conductivity of the 

creek decreased because the rainfall dilutes the creek. 

16

There is solar panel, weather station, 

camera, flow meter, water quality sensor, 

control box, grudges.

Other things that could cause changes to the data could be student on the campus; and what they do throughout the day. 

Because when the student are walking around they drop litter that could eventually end up in the river. Thus, changing the 

conductivity of the water and could stir up dirt and other things in the water and change the appearance of the water.

21

The LEWAS field site is a section of 

Stroubles Creek in Blacksburg next to a 

road, a small bridge that passes over the 

creek, and a couple trees. The site includes 

solar panels, a weather station, a camera, 

a flow meter, a quality sensor, a control 

box, and a rain gauge. Other things that could account for the change in these parameters include litter and other wastes.

22

Muddy water, fast moving, water levels are 

high 

pH levels in the water go down becoming more acidic during a rain even due to the acid entering the water from the rain. The 

Turbidity increases because during and right after a rain event because there is a larger amount of water flowing through the 

creek. The amount of water increases but the space it has to flow through stays the same, making the water more turbulent. 

The Specific conductance of the water decreases during a rain event possibly due to all the other chemicals such as oils and 

other substances that get mixed into the creek causeing its conductance to decrease.

Student

3
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D.15. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control post-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 5 5 5 5 5 6 6 5 5 3.1 5 5 5 4 5 5 5 6 5 4 6 6 6 6 6 6 C C B F F F

2 4 4 5 4 5 3 5 5 4 3 6 5 5 4 3 2 3 5 4 4 5 5 5 6 6 6 C D B B F F T

3 4 4 4 4 4 3 3 3 3 3 4 4 4 4 3 4 3 3 3 3 4 4 4 4 4 4 A C D A F F T

4 6 3 5 5 4 5 5 1 4 4 3 4 5 3 4 4 5 2 2 4 6 6 5 6 6 6 B C C B T F T

5 5 5 5 5 5 5 5 4 5 4 5 5 5 5 5 5 5 5 5 5 6 5 5 6 6 5 B C D B T F F

6 5 6 6 5 6 5 6 5 5 5 5 6 6 5 6 5 5 6 5 6 6 5 5 6 5 5 B C C C T F F

7 4 3 3 5 4 5 4 5 5 5 5 4 4 4 4 4 4 4 4 4 5 5 5 6 6 5 C C D B T F F

8 6 6 6 6 6 6 6 6 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 C C B B F F F

9 5 5 4 4 5 6 5 6 5 6 4 5 5 5 6 5 4 5 5 5 5 5 5 6 6 6 C C D B F F F

10 5 6 5 5 6 6 5 6 6 5 5 6 6 6 5 6 6 6 5 6 6 5 5 5 6 6 C C C B F F T

11 5 5 5 6 5 5 5 2 6 5 3 6 5 6 5 5 5 6 5 5 6 6 5 5 5 5 A C B B T F T

12 5 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 C C B A F F T

13 6 6 5 6 6 6 6 5 6 5 6 6 5 6 5 6 6 5 6 5 5 6 6 6 6 6 A C D C T F T

14 4 3 4 4 4 4 4 4 3 4 3 3 3 3 5 5 4 3 4 4 5 4 5 5 5 5 C C B F F T

15 6 6 6 6 6 5 5 6 6 5 6 6 6 5 5 6 6 5 5 6 5 5 5 5 5 6 B C B B F F T

21 4 3 4 5 4 4 5 4 4 4 5 4 5 4 5 4 4 4 5 5 6 6 3 4 4 3 A C D A F F F

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 

 
  



 

  344 

D.16. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Control focus group report (Dr. John Muffo) 

1) Looking back at the course assignments that involved the Learning Enhanced Watershed Assessment System (LEWAS) Lab, 
please describe any times that you had an “aha” moment that gave you new insights into graphing and analyzing 
measured data.  

 The millions of gallons of rainfall for one rain event that they calculated.  

 Seeing the graph fluctuate in pH during a regular day. This inspired one student to do more research regarding 
aquatic plants and their effect on pH in the water. 

 Seeing the graph made it more connected to what was happening. Seeing the data made it seem more real and 
relevant. It would be more difficult to learn without LEWAS. If no graph, they would use Excel.  

 It was cool to see trends in 4,000 lines of data and graphing it. The amount of data was astounding. Seeing what the 
data actually means. It could be data overload, but you need a lot of data to get trends. One student tried to click and 
drag to select points, and it took a long time. “Do you need that many points to see what is happening?” Students 
were reflecting that they sometimes question themselves where there is lots of data: have I got the right data? 
There’s uncertainty. They may have selected the wrong data because they could not see it all at once. Getting the 
data needed was difficult in Excel. Maybe another software than Excel would have been more efficient. Students 
would have liked to see different days broken into different sections. Could have used a filter in Excel to select data 
from different times.  

 Students report that the format of the date column makes it more difficult. They had difficulty selecting the time and 
date of a data point from the graph. They would have preferred a 24-hour day rather than AM/PM and hours. They 
had to match the images to the graph. It was cool to investigate.  
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2) Looking back at the course assignments that involved the LEWAS Lab, please describe any times that you had an “aha” 
moment that gave you new insights into watershed monitoring concepts. 

 How much things can vary in one day. For example rain coming in or turbidity or pH or oxidation or water volume. 
How much rainfall can change the water quality parameters. It made them aware of flash floods, sometimes with a 
delay, because of volume spikes, 20% of the rain that fell went through this little creek.  

 It was interesting to see the size of the watershed and how could they calculate for that using 3 or 4 little sensors in a 
creek. How could they get exact measurements for all of the watershed by only monitoring in one place? There would 
be better data if there were multiple measurement sites. “If the creek had no fish in it, than it really wouldn’t 
matter.” [Having living creatures such as fish and plants in the water affects the measures.] Because the water is 
flowing, the measures are averages of the locations. Different individual locations would give different and more 
accurate measures. 

 
3) How will what you learned in the LEWAS assignments be useful for meeting your goals for your academic program? 

 It was good practice in Excel. Being able to create and label graphs. Not just an exercise out of a book. It was not just a 
linear line. It was real life data that could be applied and where fluctuations could be observed.  

 One student has always been interested in environmental science and water desalination, and it gave him a more 
focused direction on where he wanted to go.  

 A lot of engineering involves finding trends between different variables. It was useful to investigate the relationship 
between lines on a graph.  

 One student not sure what type of engineering she wants to study, but this was useful to see what is out there, what 
engineers do, and it helped her build connections to people at Virginia Tech.  

 
4) There were several course sections at Virginia Western this semester that used the LEWAS. Please describe any LEWAS-

related interactions (for example, speaking with other students about the LEWAS or about your LEWAS-based 
assignments) that you had with students from other course sections.  

 Several students stated that they did not. One student spoke with an environmental science professor [Antonette P.] 
about it, but not in detail. The professor was enthusiastic.  

 Students did not know who else was using the LEWAS except for their class, so any discussions about the use of 
LEWAS were limited to those in the class. One student thought that the other sections were working with different 
data. 
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5) When filling out the first page of the pre-test and post-test surveys that asked you to rate your views of 26 statements on 
a scale of 1 to 6, many students provided the same number for all 26 questions or simply did not answer them. This was 
more common on the pre-test than the post-test. What factors do you believe led to this?  

 Faculty member told students just fill it out. The students did not know about it at the beginning. They were racing 

through the pre-test because they had a presentation and consequently a time constraint. It would have been helpful 

for it to be provided earlier in the course. They would have liked to have a few paragraphs of descriptive [why, what it 

is] information beforehand before the pre-test. To an extent, the students did not know what they were writing about 

for the pre-test. There was a discussion of how it might complicate the pre-test if the students already knew about it 

beforehand and what a pre-test is. They were not graded on it. 
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D.17. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental1 pre-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 1 1 2 2 2 2 1 1 2 1 2 2 2 1 1 2 1 2 1 2 2 2 2 1 2 1 A C A A F F F

2 4 4 5 4 4 5 5 6 5 5 5 5 5 5 5 5 5 4 4 4 6 6 5 5 6 5 A B D A T F F

3 1 1 1 1 2 1 2 2 2 1 1 2 1 2 1 2 2 1 1 2 1 2 1 2 1 1 A A B A T F T

4 4 5 5 5 4 4 5 6 6 6 4 5 5 4 5 5 5 5 4 3 6 6 6 6 6 6

5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C A B A F T F

6 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A C B C F F T

7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A A D A T F F

8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C C C A T F T

9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A A B A F F T

10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A A D A T F F

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A B D A T F F

12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 C C C C F F T

13 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A A C B T F T

14 4 A C D A F F T

15 3 6 6 6 6 6 6 5 4 5 5 5 4 5 5 5 5 5 5 6 6 6 6 6 6 A C D A F T F

16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A B D A F F F

17 6 5 5 6 4 5 5 5 5 6 4 5 6 4 4 4 5 4 5 5 6 5 6 4 5 6 B C A C F F T

18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A A C B T F F

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 

 



 

  348 

D.18. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental1 activity repsonses 

 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 10/21/2015 10/21/2015 12:00:00 PM 12:00:00 PM 17°C 8.2 9.2 0 0.75

2 10/21/2015 10/21/2015 12:00:00 PM 12:00:00 PM 14.87 8.06 8.98 12.25 0.61

5 10/22/2015 10/22/2015 12:00:00 PM 12:00:00 PM 14.9°C 8.13 8.98 mg/l 12.2 NTU 0.61 mS/cm

6 10/28/2015 10/28/2015 7 days in October 7 days in October 13.7 8.12 8.8 2.16 0.59

7 10/19/2015 10/26/2015 [blank] [blank] [blank] 8.14 9.01 11.34

8 10/21/2015 10/21/2015 noon noon Avg = 15C Avg= 8.06 Avg= 8.98 mg\I Avg = 2.16 NTU Avg= 0.61 mS\cm

10 10/21/2015 10/21/2015 Noon Noon 14.9 8.12 9.06 2.2 0.67

13 10/21/2015 10/21/2015 noon noon Unitless Mg/l NTU mS/cm

16 10/23/2015 10/23/2015 24 hours 24 hours about 8.2 about 9.0 mg/l 0

19 10/21/2015 10/21/2015 7 days in October 7 days in October 15.78 8.12 8.705 14.9 0.554

23 10/21/2015 10/21/2015 12:00:00 PM 12:00:00 PM Average = 14.87 Average = 8.12 Average 8.91 Average = 2.16 Average .733

24 10/14/2015 10/14/2015 12:00:00 PM 3:30:00 PM 15 degrees Celsius 8 8.8 mg/l About 1 NTU 0.75 mS/cm

25 10/23/2015 10/30/2015 12:00:00 AM 11:59:59 PM 15.0318 2.251143 2.522478 7.784787 0.587203

1

a b

Student

 
Note: Student 13 listed Oxidation Reduction Potential: mV; Student 16 listed Est. Flow Rate: about 0.02 ft3/s, Rain Rate: 0 and 
Smoothed Mean Velocity: about 3-4 ft/s; Student 24 lsited Rainfall: 0 in/hr and Oxidation Reduction Potential: 580 mV. 
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c d

Description Discussion

1

On 10/21/15 at noon, the LEWAS video shows that the water is clear, its not 

raining or windy, and the sun is out but cloudy.

I believe these conditions I chose were “base flow” conditions because at the time there was no 

rain, wind, or excessive heat/cold, that would make the data not be “base flow”.

2 [blank] [blank]

5

October 22, 2015 was a clear sunny day with no rain. The air temperature 

was 65.3 °F with 48.7% humidity.

At noon on October 22, 2015 was a time that no unusual activities where being performed in the 

watershed. This day and time is base flow because it is close to the average values with bright 

sunny skies.

6

There are probes and sensors on a metal pole in Strouble’s Creek at Virginia 

Tech College. There are roads and walk ways close by. There is also some 

trash nearby and there are trees close to the creek. There are also people 

walking by and cars going by.

I believe these are base flow conditions because the selected data usually has a good reading 

and the data is constantly changing due to rain, sunshine, day, night. And they have a steady 

“base” except when a event is occurring.

7 Hard to say, as the camera would not load an image when I attempted it. [blank]

8 [blank] [blank]

10

Creek is not dried or overflowed. Both water level and flow appear to be at 

their regular conditions. Since the data analyzed is from the fall season, the 

day is not that sunny. Also there is no visible rain and the water is clear.

The previous conditions are most likely “base flow” conditions since, there is no visible rain 

event. Also, no other unusual occurrences are visible.

13

The site itself has a very basic yet professional look to it as it presents all its 

information in an orderly fashion as well as giving large amounts of data 

points over several days to help project different conditions and to see 

matching trends in those data sets.

These are all base flow conditions as they can attribute to different rain cycles in this location 

and the amount of data given will help show general trends for each of the respective sets of data 

and the how thus allow us to either prove existence of certain changes in the ecosystem or try 

and lower some elements of data to reduce the harm on the ecosystem.

16

The weather is very calm. No rain and a light breeze at most. Water is very 

clear and flowing steady. Also no effects from external sources at play. (i.e. 

animals, sensor tampering, waste entering stream, etc.)

I feel this is a base flow scenario because there are very few things acting on the stream or its 

water during this period of time. Not only are most parameters not being directly affected, most 

are staying at a steady constant during the day from morning until night. Also, the water has 

almost no change to it visually during this time.

19

Sensors and probes in Stroubles creek. There is a roadway nearby with a fair 

amount of traffic. Also crosswalks/ sidewalks where many people decide to 

travel. Trash nearby as well and maybe an occasional litter.

These are base flow conditions because its an average data from 7 weeks and the data is pretty 

consistent being its constantly changing from rain, sunshine, day, night, etc.

23

The creek is calm currently. It has swollen some and the turbidity is up 

because of the recent rainfall. It is currently 7:15 and dark outside. Water 

temperature is lower due to rainfall and the time of day.

The average for the turbidity was raised because of some slight raining that had happened. The 

Ph hovered around 8 the entire time. It rises due to possible waste and runoff. The water 

temperature changes throughout the day. It is has a lower average due to it being autumn and 

shorter days.

24

Kind of sunny by the creek with moderate cloudiness, creek not too high not 

too low, creek not entirely clear but not dirty either.

“Base flow” seems to describe the most usual conditions a flowing stream might be under. Most 

of the time that’s when it is sunny with nothing big happening with the climate or weather or 

anything. October 14th was a relatively normal day for Strouble’s creek so it was a pretty good 

day to pick.

25

Turbidity is pretty normal at 7.78.  It rained a lot on October 27, and October 

24 and October 29th with some minor showers throughout a week. Water Temperature was the highest at October 25, lowest on October 28th.

Student

1
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Param. 1 Param. 2 Param. 3 Param. 4 Param. 5

1 Water temp Dissolved Oxygen Conductivity

2 Water temp Dissolved Oxygen Specifc Cond. Turbidity

5 Water Temperature Dissolved Oxygen

6 Water Temperature

7 pH DO

8 Water Temp. pH

10 Water Temperature pH Dissolved Oxygen Specific Conductance Turbidity

13 pH Dissolved Oxygen Turbidity

16 Water Temperature pH DO

19 Water Temperature

23 Water Temp pH Dissolved Oxygen

24 Temperature pH Dissolved Oxygen

25 Conductance Turbidity

Student

a

2
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2

b

Discussion

1

Water Temperature would have a daily cycle because throughout the day the outside temperature changes due to the sun, causing the water to change temperature also. 

Dissolved Oxygen and Conductivity also seem to be having a daily cycle, which could be caused by the temperature in the water. As the temperature of the water increases or 

decreases the dissolved oxygen and conductivity levels will also increase or decrease.

2 Hot water absorbs more, so as the heat goes up it could absorb more oxygen and other stuff which also causes the conductivity to rise

5

Water temperature is going to change from day to day for many reasons. First reason would be simply the variation of air temperature between day and night. Rain fall would be 

something else that would fluctuate the water temperature. The dissolved oxygen will change with water temperature. Cold water can hold more dissolved oxygen than warm 

water.

6

Water Temperature changes of a daily cycle because at night unless its cloudy the temperature normally decreases, and during the morning through mid afternoon the 

temperature will increase due to the sunshine, you could also experience a rise in water temperature at the beginning of a rain event due to runoff from parking lots and roads, but 

after the possible increase in water temperature, the temperature should go below average since the mass amount of rain falling.

7 These two seem steady from day to day unless there is a rainfall event, especially dissolved oxygen, which seems oblivious to any other changes.

8 The sun changes the water temp and the pH.

10

Water temperature usually changes due to weather change. Also, in general, water temperature in a stream will vary with width and depth. Dissolved oxygen values are 

constantly fluctuating, mostly varying with water temperature. For instance, cold water holds more oxygen that warm water. Turbidity is usually affected by soil erosion, water 

discharge, urban runoff, and algal growth. For example, turbidity is expected to increase during a rainfall event, since more soil can get into the water. Higher turbidity increases 

water temperature, which as mentioned before reduces the concentration of dissolved oxygen. Specific conductance could vary depending on how acidic or basic the water is. A 

more acidic water could increase specific conductance; temperature could also increase the value of this parameter. pH in water is mostly affected by acid rain, or pollution in 

general.

13

These three different elements, pH, dissolved Oxygen and turbidity can change from a few different factors. pH can change from general behavior in the creek such as animals 

walking through the creek, something falling in such as dead plant life or broken branches falling into the creek or even if someone were to dump sort of waste into the creek. Any of 

these factors can make a noticeable change to the pH in the water. The dissolved oxygen content in the water can be changed or altered if the number of fish in the creek were to 

decrease or increase due to some outside change to the ecosystem. For instance there were something harmful in the water that could have killed the fish, or a large number of 

fish coming into the creek during certain parts of the year. The turbidity can also  be changed from either some sort of pollutants in the water, or if a large amount of sediment had 

been kicked up from an outside force and sent down the creek.

16

Water Temperature makes sense to change on a daily rotation simply due to the sun being out during the day and gone during the night. The pH and DO appear to be affected by 

the Water Temp since both change in direct proportion with the temperature. It seems that as the temperature rises, so do both pH and DO. Perhaps this means that warmer 

water dissolves oxygen more easily. As for the pH, perhaps the amount of oxygen dissolved into the water has an effect on that reading. More oxygen could mean it is diluting the 

acids in the water causing the reading to be more basic.

19

Water Temperature is constantly changing due to many conditions. When the sun is out or usually during mid-day the temperature will rise and night it will cool down. Also due to 

clouds and rainfall. Runoff from the parking lot also affects the temperature being that the water would be heated up from running down the asphalt and into the creek.

23

The water temperature changes daily depending on how much light and heat it is getting from the sun. The ph. changes only slightly but stays generally around 8. It can change 

from other things entering the creek on a daily basis, waste, chemicals, and other contanimints. They don’t seem to be linked together. One is dependent on the sun, the other on 

the rest of the environment.

24

Temperature could relate to Dissolved Oxygen because anything will dissolve easier into a warmer liquid and so the fluctuation of temperature would affect oxygen dissolution. 

Dissolved Oxygen appears to relate to pH which would make sense since pH measure a liquid’s tendency to be basic or acidic and dissolved oxygen has a direct role in that.

25

Turbidity really changed on   10/27/2015, with it being 94.5 the second highest over the last 7 days which I’m guessing it was on heavy rain, and then on 28th was the biggest 

turbidity with 98. The lowest conductance was below 0.1 which was on 10/27/2015.

Student
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 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 10/9/2015 10/9/2015 7:05:00 PM 11:50:00 PM 8.09 to 7.74 8.59 to 7.72 3.3 to 391.8 0.756 to 0.28

2 10/9/2015 10/9/2015 7:00:00 PM 10:00:00 PM decreased increased decreased

5 10/27/2015 10/27/2015 36 hours 36 hours dropped dropped Constant increased Dropped

6 10/27/2015 10/27/2015 12 hours 12 hours

The temp. went 

down

7

Cooled, about three 

degrees

Dipped slightly, but 

never shifted from 

slightly basic

No observable 

change

Sharply rose, from 

mid-30s to above 

100

Plummeted, from 

around .35 to below .1

8 9/10/2015 9/10/2015 Late Afternoon Late Afternoon In increases

Initially decreases 

then it goes back up 

again. no change increases decreases

10 10/10/2015 10/10/2015 4:50:00 AM 6:02:00 AM 16.7 7.95 8.36 35.2 0.527

13 10/9/2015 10/9/2015 1 hour 1 hour Increased Decreased Increased Decreased

16 10/27/2015 10/28/2015 12:00:00 AM 12:00:00 PM

From 58 deg F to 

about 51 deg F From 8.2 to 7.8

From 0 up to about 

200NTU

Down from 750 to 

almost 100.

19 10/27/2015 10/27/2015 12 hours 12 hours

The temperature 

went down

23 10/10/2015 10/10/2015 4:50:00 AM 6:38:00 AM dropped

Dropped down to 

norm dropped Rose up from 0 dropped

24 10/10/2015 10/10/2015 4:00:00 AM 6:00:00 AM went down Shot down Shot down Shot up highly Shot down

25 10/27/2015 10/27/2015 12:00:00 AM 12:00:00 AM 8.119207 8.590445 NTU 0.733095mS/cm

3

a b

Student

There was a brief rain event on 10/25, then another

longer one on the 27th, which held for about six hours.

 
Note: Student 1 reported Oxidation Reduction Potential: 558 to 437; Student 2 reported Oxygen Reduct.: decreased; Student 13 
reported Rain Rate: 0 up to about 0.5 in/hr and Stage/Water level: from 1.5ft to 2.9ft 
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c d

Description Discussion

1

The Strouble’s Creek has a bridge that crosses it, and has 

trees, bushes, and rocks on both sides of it. On the night of 

the rainfall, 10/9/15, it is pouring rain and very windy. The 

live camera shows the water changing from clear water to 

muddy water.

The parameter values were all subject to change during the rainfall. The pH changes because of the acid in the rain and Turbidity 

changes because of the runoff from the rain.  The amount of dissolved oxygen is decreased because more water is being added to 

the creek, meaning the oxygen molecules from the air haven’t dissolved to the new saturation level from more water being added 

to the creek and the lower temperatures. The specific conductivity could have been affected by the temperature of the water, since 

the conductivity went down then the rain must have cooled down the water.

2 Wet, creek raised and muddy

Turbidity increased most likely due to stuff being washed into the creek by the rain. Ph decreased probably due to a slightly acidic 

rain. Conductance decreased most likely due to the Turbidity increase. Oxygen decrease due to more water perhaps

5 The water levels increased and water turned very murky.

The turbidity changed between 10/24/15 and 10/26/15 this was on the weekend of a football game. I think all the people from the 

game had something to do with the turbidity. People tailgating beside the creek could stir the water up.

6

steady rain fall for roughly twelve hours from 10/27/15 to 

10/28/15 over night rain during the rain event on 10/27/15 the water temperature went down due to the cooler rain which cooled down Strouble’s Creek.

7 N/A N/A

8 It looks wet.

The pH decreases when it rains because it’s acidic water and because of that it drops. The turbidity increases because the rain 

wash the dirt into the water. The dissolved oxygen doesn’t change. The conductance decreases because of the dirt that is in the 

water. The water temp increases because the rain hit the road the road heats the water and because of that the temp increases.

10 Water level has risen as well as turbidity levels.

Compared to the “base-flow” conditions, many of the parameters changed significantly. For instance, turbidity changed from 2.20 

NTU to 35.2 NTU. pH also changed from 8.12 to 7.95, which is relatively significant in the pH scale. Both dissolved oxygen and 

specific conductance reflected small changes in value. Water temperature reported an increase of 2°C compared to average value 

in “base-flow” conditions, nonetheless, water temperature varies within day and night which could be associated to the change in 

value.

13

During the time of rainfall the site showed the changes in 

turbidity and pH as having the largest changes to them 

during a rainfall event. This can be attributed to the amount 

of pollution in the air that is carried into the creek by the 

rain, thus increasing the turbidity and increasing the pH of 

the creek.

Other events where the pH and the Turbidity had large changes in them were on the 13th of October. We can assume at that time 

there was another rainfall event and thus having generally large effects on the different parameters of the creek.

16

Water is not clear at all. Lots of dirt and sediment stirred up 

from the increased water flow and eroded banks. Not only is 

the water level higher, but the speed has increased as well.

I’m sure there are certain pollutants and waste entering the stream causing a fluctuation in certain readings. There was also a 

period of time where there is no data. Possibly a malfunction or a typical routine maintenance.

19

Light rainfall during the night for roughly 12 hours. Not much 

traffic and no people. Steady rainfall throughout the night caused the average temperature of Strouble’s Creek to fall.

23

The creek appears to be running slightly faster. It is a light 

rainfall so it is still relatively calm. The turbidity is obviously 

up. It is harder to see the bottom of the creek. The water 

level has risen very slightly.

It was only a brief rain. Not too many inches accumulated. Still, it changed many values on the charts. The Ph dropped due to acidic 

rain falling and lowering it down. The turbidity went up due to runoff and the sediments at the bottom of the creek being disturbed. 

The water temperature also fell during the rain.  Throughout the week wind could be a changing factor in the data. It could change 

the velocity of the creek or what falls into it. The amount of sunlight changes the water temperature. If it is an overcast day, the 

water temperature will dip slightly.

24 Wet, rainy, a little dark, creek higher than normal Looks like it rained again on 10/13/2015 because the graph shapes are very similar to 10/10/2015.

25

Turbidity went up the most at 5:24:11 PM and then again at 

9:08:06 AM pH and Turbidity change the most from what it looks like to me

Student

3
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D.19. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental1 post-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 3 4 4 4 3 2 2 2 3 2 4 2 4 3 2 3 2 3 2 2 5 5 4 5 5 5 C B C B T F F

2 2 3 3 3 3 3 3 2 4 4 4 4 5 5 2 4 3 4 5 2 5 5 5 5 5 5 C A B B T F F

3 1 2 1 1 2 1 2 1 2 1 2 2 1 2 2 1 1 1 2 1 2 2 2 2 1 1 C B A C T F T

4 2 3 2 2 3 3 3 2 4 3 4 4 4 4 2 3 2 2 2 3 4 4 4 5 6 6 A B B B T T F

5 5 5 5 4 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 6 6 6 6 6 6 C D B B F F T

6 3 3 3 4 5 5 5 1 5 1 6 6 5 6 5 5 5 4 5 5 6 6 6 6 6 6 C C A A T F T

7 1 2 1 1 1 1 4 2 2 2 2 4 2 3 3 3 4 1 4 2 5 5 5 5 5 5 C C D B T F F

8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C A C B T F T

9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 B D C B F F T

10 4 5 4 5 5 5 4 5 5 5 5 6 5 4 5 6 6 6 6 6 5 5 5 6 5 5 C A B B F F T

11 4 4 5 3 3 3 2 3 3 3 4 4 4 4 4 4 4 4 3 4 5 5 5 5 5 5 C A B B F F T

12 4 4 4 4 4 2 4 4 4 4 4 4 4 4 4 3 3 4 4 4 5 4 4 4 4 4 C C B C F F F

13 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 C A B C F F T

19 6 6 5 6 5 6 6 6 5 5 6 5 6 6 6 5 5 5 5 5 6 6 6 6 6 6 C C A B T F F

20 4 3 5 4 4 4 5 4 5 5 4 5 4 4 4 4 5 5 5 3 5 5 5 5 6 5 A C D A T F T

21 2 3 2 2 4 2 2 4 2 2 5 4 4 5 2 4 4 4 4 2 6 6 6 6 6 6 C B B C T F F

22 4 4 4 5 4 4 5 5 4 5 4 5 4 5 5 5 5 4 5 4 5 4 4 5 4 5 B C C B F F F

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.20. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental1 post-test OWLS feedback 

Student

Interactive

graphs

Overhead

view/map

Case

Studies

Background

Information

Real-time

Data

Anywhere/Anytime

Access

Live

Camera

Other

Value

Other

Words

1 4 3 3 3 3 4 4 4

2 3 3 3 3 3 3 3 3

3 4 4 2 3 2 4 4 4

4 4 3 1 3 1 4 2 1

5 4 3 2 3 3 2 2 3

6 3 2 1 2 1 3 1 1

7 3 3 3 2 2 4 3 2

8 2 1 1 2 2 3 3 3

9 4 3 3 3 3 4 4 3 3

10 4 3 3 2 2 4 4 4

11 4 3 3 3 3 4 4 3

12 4 2 3 3 2 3 3 3

13 4 4 3 4 4 4 4 3

19 4 4 4 3 3 4 4 4

20 4 3 3 4 3 4 4 4

21 4 1 1 1 1 1 1 1

22 4 4 3 3 3 4 4 4

38. What was the learning Value of…37. The OWLS helped you to 

learn watershed monitoring 

concepts.

Ability to 

extract data 

for different 

parameters

 
Note: Item 37 scale: {Strongly disagree (1), Disagree (2), Neither agree nor disagree (3), Agree (4), Strongly agree (5)}. 
Note: Item 38 scale: (Not valuable (1), Somewhat valuable (2), Valuable (3), Extrmemely valuable (4)}. 
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Student 39. Was the OWLS a valuable tool for learning in this course? If so, 
how? 

40. Comment on your overall experience using the OWLS. 

1 Yes, helped be better understand excel Great 

2 Yes without it, it would have been hard to collect data. It was okay. 

3 Yes. It was cool 

4 The data was needed, but I found the real-time camera to be 
unavailable when I needed it. 

I would have preferred compatability with a wide range of browsers. 
Chrome ended up being required. 

5 Yes, it taught us how to use excel and how to look at the graphs 
more. 

I've learned stuff that I didn’t know which helps me in my life. 

6 Yes, I needed the data to complete coursework. fairly good, occasional website errors 

7 A little bit, since it gave real time data about what happen during an 
event. We can see the changes that occurs. 

It was interesting. 

8 No I thought it did not help with the overall project 

9 Yes, it provides as insight on what engineers do on a daily basis. The experience was enjoyable and may help in the future. 

10 [blank] Works Weirdly with everything except Chrome, ie, Google Chrome is 
the only browser it works correctly on. 

11 Yes It was a fun experience. 

12 Yes, it provided the information necessary to understand the data no comment 

13 Yes it was as it allowed us to see changes in the conditions of the 
creek in real time as well as seeing trends in the data 

[blank] 

19 yes, helped me understand data more [blank] 

20 Yes because it provided quick and easy access to the datas It was cool 

21 no just more work when all I want to do is program Horrid. Waste of time. Unhelpful experience for my future. 

22 Very Helpful, because of interactive graphs Real time data and live 
camera 

I though it was fun 
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D.21. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental1 focus group report (Dr. John Muffo) 

1) Looking back at the course assignments that involved the Learning Enhanced Watershed Assessment System (LEWAS) Lab, 
please describe any times that you had an “aha” moment that gave you new insights into graphing and analyzing 
measured data. 

 When taking data from the Internet, putting it into Excel and graphing it.  

 Helped to notice trends: how events and weather cycles affected the creek from the data. Also saw from the video. 
Recorded specific data points from the events that represented the events, the weather cycles.  

 See how events, such as a football game event, rather than the weather, caused the water to become dirtier.  

 From the water temperature, see drops and spikes that indicated rain events.  
 
2) Looking back at the course assignments that involved the LEWAS Lab, please describe any times that you had an “aha” 

moment that gave you new insights into watershed monitoring concepts. 

 See how human activity in general affects ecosystems (discussed in class about how in earlier times there were few 
laws about pollution). This can be seen in the data.  

 The sheer amount of data: all the types/ways of studying and all the ways we can affect our environment.  

 There are many ways, e.g. video, thermometers, barometers: different ways of taking measures of the creek. These 
also show the many ways that we affect our environment.  

 It is a little shocking that those sensors can tell what’s going on at that point. Having real time, continuous data helps 
show changes instead of sending someone to measure it.  

 We can apply the idea of monitoring data in real time to other aspects, even behavioral ones. Being able to see in real 
time gives a better understanding of the concepts.  

 
3) How will what you learned in the LEWAS assignments be useful for meeting your goals for your academic program? 

 Being able to use Excel properly. Being able to analyze data, and put it in a graph and look at the graph.  

 Learning to interpret data (of different types).  

 Learning how to group data based on what you’re looking for.  

 Learning how to spot trends in data and relate them to real world events.  

 Able to see how data and parameters were related to each other or not.  
 

4) Which components of the OWLS did you find to be the most useful?  
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 Downloading the raw data.  

 Being able to see the visual of the creek at various times in real time.  

 Observe how often the data is recorded: like every minute; see time gaps.  

 Nice that you can go back in time, see history to make comparisons, and thereby predict what will happen in the 
future based on past data.  

 
5) Which components of the OWLS did you find to be the most in need of improvement?  

 The interface was a little clunky for getting data. Because of the number of things that were available, it seemed a 
little unorganized. The site itself seemed a bit unorganized. When you first went to the website, it was difficult to find 
what you wanted to find.  

 It was not clear where you need to go at the website; it would be helpful to have a “download raw data” button on 
the front page. There is a need to reassess priorities of what appears on the front. For downloading data, there is 
trouble with formatting and getting data into different columns.  

 Base time stamps on the Excel format.  

 For different web browsers, delimiters were different. Data did not neatly transfer to Excel by copying and pasting. 
Put the data into a *.txt file that is ready to be imported into Excel. This is a formatting issue. 

 Students agreed that otherwise things went pretty well. 
 

6) When filling out the first page of the pre-test and post-test surveys that asked you to rate your views of 26 statements on 
a scale of 1 to 6, many students provided the same number for all 26 questions or simply did not answer them. This was 
more common on the pre-test than the post-test. What factors do you believe led to this?  

 On the pre-test they had no basic understanding of the subject matter. They were unfamiliar with the topic.  

 Questions were written as if a person had prior experience with the material.  

 In the pre-test, there was some cynicism toward an unfamiliar topic and why it would relate to the course.  
 

General Observations from the Class: 

 Using the LEWAS, it was interesting to see how weather events and people affect the creek. 

 Seeing some equations might be interesting and might help the students understand the data better; changing the 
data and showing the effects on the equations would be informative.  

 Establish some theories as to why events are affecting the creek. 

 Some of the measures can be confusing. 
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 The kind of information provided in the course would be useful to the general public. 

D.22. VWCC EGR 124 Intro. To Eng. and Eng. Methods, Fall 2015 Experimental2 pre-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 2 4 4 5 6 5 5 4 4 5 5 4 5 4 4 4 3 5 4 4 6 6 6 6 6 6 A C B D F F F

2 5 5 4 5 5 5 5 5 5 5 4 4 5 4 5 5 5 5 5 4 5 5 6 6 6 6 A C D B F F F

3 5 5 5 4 4 5 5 4 6 5 4 5 4 4 6 4 4 5 4 5 6 6 5 4 6 6 A C B A T F T

4 5 6 5 5 6 6 6 6 6 6 5 5 6 6 6 5 5 5 5 6 6 6 6 6 6 6 A A D B T F F

5 4 6 6 5 3 4 4 5 5 4 4 4 5 6 4 5 3 3 3 5 4 3 6 4 6 5 A C B A T F T

6 5 5 5 5 6 5 6 4 5 5 5 4 5 5 4 4 3 3 3 4 5 5 4 5 5 4 A C B A F F F

7 4 5 6 4 5 4 4 5 5 5 4 5 3 4 5 5 5 6 5 4 6 6 6 6 6 6 A C D A T F F

8 3 4 5 5 6 5 4 5 C A D C F F F

9 A A B A F F F

10 C A A A T F T

11 A A D A T F F

12 A A D A F F F

13 A C D A F F F

14 A A D A F T T

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.23. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 In-class pre-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 5 5 4 5 5 5 5 4 5 4 4 5 4 5 5 5 5 5 5 5 6 6 5 5 6 6 A C D B F T F

2 1 1 1 2 3 2 5 1 1 2 2 6 6 3 2 2 4 4 1 4 6 4 5 4 5 4 D C D A T F T

3 4 4 4 3 4 5 4 4 4 4 4 5 3 3 3 2 2 4 4 3 3 4 4 5 5 3 A A D A T F F

4 1 4 5 4 1 1 4 1 3 4 5 5 5 6 A C D D F F F

5 1 1 1 1 1 1 1 1 A C D A F F T

6 1 1 1 1 1 1 1 1 1 A A B A F F T

7 B C C B T F T

8 A C D B T F F

9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 6 6 A A D D F F T

10 A C D A F T T

11 A B C B F F T

12 1 1 1 1 1 1 1 1 1 1 1 1 6 6 6 1 1 1 1 1 1 6 6 6 6 6 A C C A T F T

13 1 4 3 5 1 5 6 1 1 1 5 4 1 1 2 5 5 5 6 4 6 6 6 6 6 6 A B B B T F F

14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A A D A F F F

15 6 A C B A F T T

16 A A D D T T T

17 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 6 6 A B D A T F T

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.24. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 In-class activity responses 

 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

6 10/14/2015 10/21/2015 12:00 AM 11:59:59 PM [blank] [blank] [blank] [blank] [blank]

14 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

24 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

25 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

26 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

27 10/14/2015 10/21/2015 11:36 AM 11:35 AM 13.95 ( C ) 8.20 (unitless) 9.29 (mg/l) 8.22 (NTU) 0.76 (mS/cm)

28 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

29 10/14/2015 10/20/2015 [blank] [blank] 13.95 Celsius 8.2 9.29 mg/L 8.23 NTU 0.76 mS/cm

1

a b

Student

 
 

c d

Description Discussion

1 [blank] [blank]

6 [blank] [blank]

14 [blank] [blank]

24 [blank] [blank]

25 [blank] [blank]

26 [blank] [blank]

27 Normal Water level, clear water [blank]

28 [blank] [blank]

29 normal appearance, zero rainfall for selected time range of 10/14/2015-

10/20/2015

Due to lack of precipitation, the visual appearance showed no change over the selected 

time range.

Student

1
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b

Param. 1 Param. 2 Param. 3 Param. 4 Param. 5 Discussion

1 [blank] [blank] [blank] [blank] [blank] [blank]

6 [blank] [blank] [blank] [blank] [blank] [blank]

14 [blank] [blank] [blank] [blank] [blank] [blank]

24 [blank] [blank] [blank] [blank] [blank] [blank]

25 [blank] [blank] [blank] [blank] [blank] [blank]

26 [blank] [blank] [blank] [blank] [blank] [blank]

27 [blank] [blank] [blank] [blank] [blank] [blank]

28 [blank] [blank] [blank] [blank] [blank] [blank]

29 Temperature pH Dissolved Oxygen (mg/L)[blank] [blank]

The most obvious cause and effect is the water temperature change which 

would be due to day/night ambient temperature changes and rising and 

setting Sun cycles. This could also be responsible for the daily cyclical changes 

of DO and pH.

Student

a

2

 
 
 

 Start Date End Date Start Time End Time

Water 

Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

6 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

14 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

24 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

25 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

26 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

27 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

28 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

29 9/26/2015 10/27/2015

Parameter value 

decreased

Parameter value 

decreased

Parameter value 

increased

Parameter value 

increased

3

a b

Student
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c d

Description Discussion

1 [blank] [blank]

6 [blank] [blank]

14 [blank] [blank]

24 [blank] [blank]

25 [blank] [blank]

26 [blank] [blank]

27 [blank] [blank]

28 [blank] [blank]

29

Rainfall caused noticeable changes in site conditions 

such as increased turbidity and suspended sediment in 

the creek.

The most significant rainfall event occurred on 9/29/2015 which was outside of the 

original time range from section 1. The average rainfall for a 24 hour period beginning 

at 00:00:01 and ending on 23:59:59 on 09/29/2015 was 0.154 in/hr for a 24 hour 

period for a total of 3.697 inches of rain. This was directly responsible for the 

increased turbidity. The increased turbidity was then responsible for the changes in 

the physical appearance of the creek and also the increase in dissolved oxygen by 

the incorporation of ambient air.

Student

3
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D.25. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 In-class post-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 5 5 4 5 5 5 5 4 5 4 5 5 5 5 5 5 5 5 6 5 6 6 6 6 6 6 B B T T F

2 4 2 4 3 1 3 2 3 2 2 2 2 3 2 4 1 4 3 1 1 5 2 4 5 1 2 A D B B T F F

3 4 3 4 4 4 1 1 1 2 1 3 4 4 5 2 2 3 2 3 2 3 5 5 5 5 5 A A D C T F T

4 A C D C F F T

5 5 5 5 5 4 2 2 1 1 2 1 1 1 1 1 2 2 2 2 1 2 3 1 4 4 3 A A A A T F T

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 B A B B F F F

7 3 3 6 5 3 3 4 2 3 3 4 4 4 4 2 2 3 2 4 3 5 5 4 5 5 5 A B C B T F T

8 3 4 3 3 3 4 4 2 2 2 5 4 4 3 3 4 4 4 4 3 5 4 4 4 4 4 C C B A T F F

9 4 5 5 4 2 3 3 2 4 2 5 5 6 4 2 5 2 3 3 2 6 6 6 6 6 6 A D B B F F T

10 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 1 1 4 4 3 4 A B B C F T T

11 2 3 4 3 2 1 1 1 1 1 3 5 3 3 1 2 2 2 1 1 2 2 2 3 2 2 A D D B F T T

12 5 5 6 6 6 5 6 4 6 5 6 6 5 6 6 5 5 4 6 6 6 6 6 6 6 6 A C C A T F T

18 2 3 2 2 2 4 3 2 1 2 2 2 1 2 2 2 2 2 3 2 5 5 4 6 5 5 A D A A F F F

19 5 4 5 5 5 4 4 4 5 5 5 5 5 5 4 4 4 4 5 4 5 5 5 6 5 5 C D C A F T F

20 5 6 5 6 5 1 1 1 1 1 5 5 6 4 1 1 5 5 5 1 6 6 6 6 6 6

21 4 4 4 4 4 3 3 3 3 5 3 4 4 4 3 4 3 3 3 3 4 4 5 6 6 6 A A C A F F F

22 5 4 5 4 5 4 3 3 5 4 4 4 5 5 5 4 4 4 4 3 5 5 5 5 5 5 C C B B F T T

23 3 5 5 5 6 5 5 3 5 3 5 5 4 3 4 5 5 5 5 3 5 5 6 6 6 6 A C C A T F T

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers.   
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D.26. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 In-class post-test OWLS feedback 

Student

Interactive

graphs

Overhead

view/map

Case

Studies

Background

Information

Real-time

Data

Anywhere/Anytime

Access

Live

Camera

Other

Value

Other

Words

1 2 3 3 3 3 3 3 3

2 2 1 2 2 1 2 2 4

3 3 3 1 1 1 1 1 3

4 3 3 2 2 2 3 3 3

5

6 5 4 4 4 4 4 4 4 4 Archives. Nice work!

7

8 4 3 3 2 2 3 3 3

9 4 1 3 3 3 3 4 3

10 4 2 3 2 2 3 3 4

11 3 2 2 2 2 2 2 2

12 4 3 3 3 4 4 3 3

18 2 1 1 1 1 2 2 2

19 3 2 3 2 2 3 3 3

20

21 3 2 2 3 3 3 3 3

22 4 3 3 3 3 3 3 3

23 3 2 2 1 3 4 4 2

38. What was the learning Value of…

37. The OWLS helped you to learn 

hydrology concepts.

 
Note: Item 37 scale: {Strongly disagree (1), Disagree (2), Neither agree nor disagree (3), Agree (4), Strongly agree (5)}. 
Note: Item 38 scale: (Not valuable (1), Somewhat valuable (2), Valuable (3), Extrmemely valuable (4)}. 
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Student 39. Was the OWLS a valuable tool for learning in this course? If so, 
how? 

40. Comment on your overall experience using the OWLS. 

1 Yes, let me know somewhat methods about scientific research. OWLS is perfect 

2 [blank] [blank] 

3 Not really. It doesn't apply to my field. I just did the work to get a good grade. 

4 [blank] [blank] 

5   

6 Yes, seeing how to use excel in a real world app. Wonderful 

7   

8 It was valuable for graphing Good 

9 Yes, being able to download data was very helpful using the 
database of the love camera allowed me to view the creek during a 
rain event. 

80% There were some aspects of the OWLS I did not like. Majoraly, 
the amount of available data The worksheet had questions about a 
rain event from september, but I could not Retrieve the data from 
the OWLS because it had passed the 30 day limit [this was 
intentional], but I would view the events on the video Database. The 
Charts available was the only source of information availalbe, and I 
could not zoom in on a specific day to get accurate information [also 
intentional]. 

10 It was ok Liked it 

11 Engineering has nothing to do with biology or the study of 
watersheds 

not useful to my major 

12 Yes, all the new tools I learned how to use and the maps and graphs 
helped me. 

It was great. 

18 No did not like it 

19 Yes it helped me by learning how to gather data and express it in a 
chart 

[blank] 

20   

21 Yes, it helped me look at data Bueno 

22 Shows how to colect and analyze data Improved reading of charts. Comparing readings in result with 
weather changes. 

23 No Its ok 
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D.27. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 Hybrid Online pre-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 C D B B T T T

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 A A C B T F T

3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 A A C A F F T

4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 B C B C F F T

5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 A C B A T F T

6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 A A D D T F F

7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A A B A T F T

8 2 2 2 2 2 2 2 2 2 2 5 4 2 2 2 2 2 2 2 2 2 2 2 2 5 2 A C D D F T T

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.28. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 Hybrid Online activity responses 

 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 10/24/2015 12:00 AM 8:54 AM 8:54 AM 16 c 8.06 8.67 mg/l 8.8 NTU 0.72 ms/cm

2 10/11/2015 10/11/2015 3:30 AM 5:30:00 AM 17 8.13 8.8 8.7 7.37

3 10/18/2015 12:00 AM 1:04 PM 2:01 PM 11.96 8.27 9.95 31.6 0.754

4 10/6/2015 12:00 AM [blank] [blank] 15.95 8.06 8.67 8.4 (median) 8.8

6 10/6/2015 12:00 AM 5:24 PM 5:20 PM 576.6853461 8.061060833 8.674715228 8.4 0.717426978

8 10/9/2015 12:00 AM 12:00 PM 12:00 PM 16 8.06 8.5 8.4 7

14 [blank] [blank] [blank] [blank] 16.13 8.06 8.67 8.4 0.72

15 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

1

a b

Student

 
 

c d

Description Discussion

1 it looks to be cloudy, with the water levels slight high.

Its raining , which makes the water temp go down some and the water flow higher and 

faster 

2 Most likely dry and calm. Clear/cleaner looking water.

Base levels are consistent for hours with little change. That show no change in weather in 

the area.

3 Conditions are calm, water appears to be at a normal level

The date and time described above are considered “baseline” because the conditions 

are basically “normal.” There were no rain events or natural phenomenon that would 

alter the results of the tests.

4 [blank] [blank]

6

The site is a fairly inconspicuous creek which runs under a footbridge with 

some monitoring equipment embedded in the creek and along the small 

sidewalk that follows perpendicular to a nearby road.

I believe that this is a justified “Base Flow” condition because the time between a period 

when there was a rain event and the time after the same event, there was similar data.  

Ecosystems seek a balance, and this data set serves to show that there is a regular state, 

that regular state was when I observed the site.

8 dry and clear water at edge of lot. [blank]

14 [blank] [blank]

15 [blank] [blank]

Student

1
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b

Param. 1 Param. 2 Param. 3 Param. 4 Param. 5 Discussion

1 Water Temp - 

Yes

pH - 

Maybe

Dissolved 

Oxygen - 

Maybe

Turbidity - 

No

Specific 

Conductance - 

No

I think what changes the water’s temp is the amount of raid it gets each day, 

and how much comes down from the mountains the days after.

2 Water Temp - 

Yes

pH - 

Maybe

DO - Maybe Turbidity - 

No

Conductance - 

No

The pH may have been affected by the dissolved oxygen in the creek. The 

graphs of each show dips and peaks at almost equal intervals. Water 

temperature change is directly linked to the time of day due to the cooling at 

night and warm during the day.

3 Water Temp - 

Yes

pH - 

Maybe

Dissolved 

Oxygen - 

Maybe

Turbidity - 

No

Specific 

Conductance - 

No

The pH appears to increase gradually throughout the day, then, drastically 

decreases at night. This could be due to the amount of moisture in the air, 

temperature changes, or other weather related events. The water 

temperature follows a relative daily cycle due to the change in air 

temperature throughout the day.

4 Water Temp - 

No

pH - 

Maybe

Dissolved 

Oxygen - 

Maybe

Turbidity - 

No

Specific 

Conductance - 

No

[blank]

6 Dissolved 

Oxygen

While more data might bear out other daily cycles, the only parameter I 

believed had a daily cycle was dissolved O2.  Dissolved O2 seemed to rise at 

night and fall at roughly the same rate during the day.  My proposed theory for 

this is that night time has lower temperature and no sunlight.  Lower 

temperature would cool the water, allowing it to hold more oxygen as it 

churned through the creek flow.  No sunlight would retard the growth of algae 

and other plant life, preventing the extraction of O2 out of the water by said 

plant life.

8 temp pH temp changes with sun

14 Water Temp - 

Yes

pH - 

Maybe

Dissolved 

Oxygen - 

Maybe

Turbidity - 

No

Specific 

Conductance - 

No

[blank]

15 [blank] [blank] [blank] [blank] [blank] [blank]

Student

a

2
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 Start Date End Date Start Time End Time Water Temperature pH Dissolved Oxygen Turbidity

Specific Conductance

(Conductivity)

1 10/27/2015 10/27/2015 1/0/1900 1/0/1900 [blank]

Goes down and 

then creeps back 

up. [blank] [blank] [blank]

2 10/10/2015 10/10/2015 about 1420 about 1420 Rises Drops Drops Rises Drops

3 10/11/2015 10/12/2015 1/0/1900 1/0/1900

Decreases 

drastically

Initially decreases, 

slowly increases

A one point drop, 

then rise

Drastic spike 

upward, then 

drastic decrease

Drops, slight rise, 

drops again, returns to 

normal

4 [blank] [blank] [blank] [blank] Goes up

Goes down and 

then creeps back 

up. Goes down Goes up Goes down

6 10/9/2015 10/10/2015 1/0/1900 1/0/1900 Moderate Decline large drop Precipitous Rise Precipitous Drop

8 10/9/2015 10/9/2015 1/0/1900 1/0/1900 up down up

14 [blank] [blank] [blank] [blank] Not effected

Goes down then 

rises Goes down not really effected Drops the rises

15 [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank] [blank]

3

a b

Student
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c d

Description Discussion

1

cloudy, and a slight bit of rain , and the water level 

above normal [blank]

2

Most likely rainy, wet, cloudy water. Higher turbidity and 

lower pH, DO, and conductance.

ON the ninth of September graphs show dips and rises that is equivalent to a rain 

shower. The pH dropped with the DO and conductance and the turbidity rose.

3

Water appears darker than normal, and is the level is 

higher

Rain events change the pH, DO, turbidity, SP, and water temperature pretty 

drastically.

4 [blank] [blank]

6

The water level had increased and was moving slightly 

faster due to rain.

With the addition of rainfall, the outcomes of the measurements would naturally 

have to change because the measures are of the content of the water and rainfall 

adds water to the already flowing water in the creek.  The Dissolved oxygen dropped 

because the rainwater was warm rain that had been heated as it flowed off of a 

nearby parking lot and street.  The PH of the rain would be slightly more acid than the 

water flowing in the creek and might add decaying leaves which are slightly acid.  

Conductance dropped because of new material entering the creek flow that was 

insulating.  Turbidity rose because the flow increased and more material was added 

to the creek.  Oxygen Reduct. Potential was likely reduced because plant/ 

microorganism growth is impeded by fast moving water.

8 wet murky [blank]

14 [blank] [blank]

15 [blank] [blank]

Student

3
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D.29. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 Hybrid Online post-test motivation and learning responses 

Student

C C B B F F F

Item --> 17 2 8 12 26 3 5 19 21 23 7 10 14 18 15 1 6 9 11 13 4 16 20 22 24 25 27 28 29 30 31 32 33

1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 C D B B T F T

2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 C A D B F F T

3 4 5 4 5 4 4 3 2 4 3 5 4 5 5 3 5 4 4 5 2 6 6 6 6 6 6 C A C C F F F

4 3 4 4 4 4 5 5 5 5 5 4 4 5 4 5 5 5 5 5 5 5 5 5 6 6 5 C B B A T F T

9 4 5 4 5 5 5 4 4 4 4 5 5 4 4 4 5 5 5 5 4 5 6 6 6 6 6 A C C C F F F

10 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 A A D A T T T

11 5 5 4 4 5 5 5 5 6 5 6 5 6 6 5 5 5 5 5 5 6 6 6 6 6 6 A A D B F F F

12 6 5 6 5 5 5 5 4 5 5 6 6 6 6 5 6 6 6 6 5 6 6 6 6 6 6 C C B B F F F

13 5 5 6 4 5 5 6 4 5 5 6 5 3 6 5 5 5 5 5 4 6 6 6 6 6 6 C C B B T F F

Circle: True / FalseMotivaiton

eMpowerment Usefulness Success Interest Caring

Circle the Answer:

 
Note: Pre- and post-test student numbers are paired using students’ pseudonyms. Numbers in gray have no known pair. 
Note: Yellow highlighting is for correct answers. 
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D.30. VWCC EGR 216 Computer Methods in Eng. and Tech., Fall 2015 Hybrid Online post-test OWLS feedback 

Student

Interactive

graphs

Overhead

view/map

Case

Studies

Background

Information

Real-time

Data

Anywhere/Anytime

Access

Live

Camera

Other

Value

Other

Words

1 1

2 4 3 3 3 2 4 3 3

3 4 2 2 3 3 2 3 3

4 3 3 3 2 2 3 3 3

9 4 3 3 2 2 4 3 3

10 3 3 3 3 3 3 3 3

11 4 2 4 3 3 3 3 4

12 4 3 3 3 3 4 4 3

13 4 3 3 4 3 3 4 3

38. What was the learning Value of…

37. The OWLS helped you to learn 

watershed monitoring concepts.

 
Note: Item 37 scale: {Strongly disagree (1), Disagree (2), Neither agree nor disagree (3), Agree (4), Strongly agree (5)}. 
Note: Item 38 scale: (Not valuable (1), Somewhat valuable (2), Valuable (3), Extrmemely valuable (4)}. 
 
Student 39. Was the OWLS a valuable tool for learning in this course? If so, 

how? 
40. Comment on your overall experience using the OWLS. 

1 [blank] [blank] 

2 Yes, it provided real life situations as examples for plotting graphs + 
data points on Exel 

Dandy, not fine 

3 Yes, provided live info It was increadibly exciting 

4 Yes, spreadsheets It was informative 

9 Yes. It taught me how to use real world applications in Microsoft 
excel 

OWLS was a good tool for data collection and analysis 

10 Real-time, see how it changes over time and make observation Awesome 

11 Yes, it provided an excellent case study ex. with real time data Great! 

12 [blank] [blank] 

13 [blank] [blank] 
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D.31. Faculty workshop at KLE Technological University in Hubli, Karnataka, India, July 2015: OWLS feedback 

Interactive

graphs

Overhead

view/map

Live

Camera

Weather

Radar

Case

Studies

Background

Information

How-to-use

Guide

Real-time

Data

Anywhere/Anytime

Access

Other

Value

Other

Words

1 3 3 4 4 3 3 3 4 4

2 3 3 4 4 3 4 3 4 4 3 Innovative

3 4 3 2 3 3 4 4 4 4 4

Impact on town

of Blacksburg.

Not dealt with.

4 3 3 3 3 2 2 2 3 3

5 3 3 3 3 3 2 2 4 4

6 4 4 4 4 4 4 3 4 4

7 4 4 3 4 3 3 3 4 4

8 4 4 4 4 4 4 4 4 4

9 4 3 3 3 4 4 3 4 4

10 4 3 4 3 4 3 3 4 4

11 3 3 3 2 3 2 2 4 3 3 Quality Sonde

12 4 4 4 4 4 3 4 4

13 3 4 3 3 4 3 2 4 4

14 4 3 3 4 3 4 3 3 3

15 4 3 2 3 3 2 2 4 4

16 4 4 4 4 4 4

17 4 3 4 3 2 2 3 4 4

18 4 4 4 4 4 4 4 4 3

19 4 4 4 3 3 3 3 4 4

20 4 3 3 4 2 2 3 4 4

21 4 3 4 4 3 3 3 4 4

22 3 3 4 4 3 3 3 4 4

23 3 3 2 3 3 2 2 3 3

24 4 4 4 4 3 3 3 4 4 4

What was the learning Value of…

Faculty

Member

 


