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Abstract

:

Crowdsourcing is an important tool for collecting spatio-temporal data, which has various applications in education. The objectives of this study were to develop and test a laboratory exercise on soil erosion by water and field data crowdsourcing in an online introductory soil science course (FNR 2040: Soil Information Systems) at Clemson University. Students from different STEM disciplines (wildlife biology, forestry, and environmental and natural resources) participated in the study in the fall of 2021. They completed a sequence of self-contained digital teaching modules or reusable learning objects (RLOs), which are often used in online learning. The exercise included a field exercise and learning module to teach students about different types of water-based soil erosion as well as field data collection and crowdsourcing tools. As a result of this exercise, student familiarity with crowdsourcing was effectively increased, as shown by the post-assessment survey with a +31.2% increase in the “moderately familiar” category and a +28.3% increase in the “extremely familiar” category. The online quiz contained ten questions and was taken by 56 students with an average score of 9.5 (out of 10). A post-assessment survey found that most of the students indicated that the laboratory was an effective learning experience about field data crowdsourcing using a GPS-enabled cellphone application. Detailed students’ comments indicated enjoyment of learning (e.g., data collection, learning about different technologies), the value of multimedia (e.g., ArcGIS Survey123, cellphone), the flexibility of learning (e.g., field work), the content applicability (e.g., actual field examples of erosion by water), and criticism (e.g., technical issues). A word cloud derived from students’ comments about their laboratory exercise experience indicated the most frequent words used by students, such as “erosion”, “enjoyed”, and “different”, among others. Incorporating a learning module and field exercise using modern data collection technology into an undergraduate soil science education course enabled students to understand the value and methods for leveraging cellphone-based field collection methods to crowdsource data for environmental assessment. Practical recommendations for planning and executing future crowdsourcing exercises were developed using the current study as an example.
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1. Introduction


The crowdsourcing of location-aware information is becoming an important data source in scientific inquiry. Crowdsourcing offers an efficient and inexpensive way to collect data (e.g., field). Exposing students to a crowdsourcing activity can teach them critical aspects of the process (e.g., GPS, cellphone data collection, data quality), therefore providing students with a comprehensive understanding of crowdsourcing.



Crowdsourcing can be difficult to define because it can encompass many practices [1]. Estellés-Arolas and González-Ladrón-De-Guevara (2012) [1] conducted an extensive and critical literature analysis, which resulted in an integrated definition of crowdsourcing as collaborative work to complete tasks defined by crowd characteristics, crowdsourcing initiator, and crowdsourcing process [1].



The crowdsourcing concept has been applied to a broad range of collaborative activities and has various definitions [1] that can make it challenging to teach in higher education. Understanding both the components and definition of crowdsourcing is essential to allow educators to teach relevant aspects of crowdsourcing as it becomes an ever more important way to collect data and ideas from the public. An existing framework to define crowdsourcing [1] has been enhanced (Table 1), and will be discussed based on its components with examples from peer-reviewed articles.



	
Crowd characteristics:






	
Member composition: Type and skill of participants.






In the educational setting, students are almost universally used as the “crowd”. Their types (e.g., academic standing, subject matter, etc.) and skills (e.g., prior knowledge of crowdsourcing) can be determined prior to the crowdsourcing event by conducting a survey using freely available web-based tools (e.g., Google Forms). Differences in the skills and abilities of students have been used to both support other students through peer reviews [2] and to develop course content [2].



	2.

	
Member tasks: Complexity and difficulty.







Educational subject matter, topics, and learning objectives dictate member tasks [3]. Tasks can vary in complexity and difficulty and can involve assigning tasks on existing crowdsourcing platforms [4]. Task routing and assignment in crowdsourcing can be based on cognitive abilities [5].



	3.

	
Member participation rewards: Types of compensation.







In educational setting, types of compensation are often different from many commercial crowdsourcing platforms [6]. In educational exercises that are part of a course, the compensation is most often related to grades [7,8] or reputational rewards [9]. Other types of compensation may include enjoyment, the acquisition of technical skills to include in the professional resume, authorship on a peer-reviewed article resulting from crowdsourcing data collection, and many others.



	
Crowdsourcing initiator:






	
Event initiator: Individual, public entity, company.






In the educational setting, teachers and professors are often the event initiators [3].



	2.

	
Cost of crowdsourcing deployment: Personnel, computer resources, data validation. Existing online platforms (e.g., ArcGIS Survey123) allow the development of crowdsourcing systems efficiently because the computer resources necessary include an existing cloud infrastructure and the data collection devices which are the existing student smartphones.




	3.

	
Benefits of crowdsourcing: Knowledge, ideas, value creation.







Crowdsourcing can develop field data to support environmental monitoring (as with this study), can create educational content [2], and can complete existing tasks through commercial crowdsourcing platforms, which could include digital content creation [4] or content recognition [10]. One of the important benefits of an educational crowdsourcing assignment is that by involving students in the crowdsourcing process, it is possible to teach the meaning and value of the crowdsourcing technique.



	
Crowdsourcing process:






	
Method used: Participatory, distributed online process.






Educational crowdsourcing exercises will often take the form of a class assignment through an online process or platform. It is possible to perform a crowdsourcing exercise without using one or more internet-connected tools, but they in most cases would not be analogous to a crowdsourcing campaign that would use the internet to connect the public or groups of experts to solve a particular task.



	2.

	
Identification of participants: Open, limited to a knowledge community, or a combination.







Within an educational setting, most examples include a limited community based on the students [4,10], but future exercises could include the development of public crowdsourcing campaigns, including the identification of a community, outreach to that community, and the analysis of results, if it could be completed within an academic term.



	3.

	
Medium used: Internet.







Internet connectivity is key for the collection of content and data, or the completion of tasks within crowdsourcing. Leveraging location (e.g., GPS) and smartphone capabilities, as done in the current study, provides a way to teach structured data collection to rapidly complete a task using multiple participants that would be time- or cost-prohibitive otherwise.



	
Ethical and regulatory considerations:






Crowdsourcing is subject to ethical and regulatory considerations, which are discussed in several studies [11,12].



Past educational crowdsourcing studies can be categorized as follows: (1) creating educational content, (2) providing practical experience, (3) exchanging knowledge, or (4) providing course feedback [13]. Many studies in the educational literature utilize crowdsourcing methodologies (including real-world data collection), but few focus on helping students understand the process and the related technologies as an educational goal. The hypothesis of this study is that involving students as agents in the crowdsourcing process helps students understand the relevance and potential of crowdsourcing in their field, while also being able to teach important domain-specific field knowledge. This process of incorporating student participation in crowdsourcing creates the opportunity for actively engaged learning, which may improve the learning process [14]. The objectives of this study were to develop and test the laboratory exercise on soil erosion field data crowdsourcing using a GPS-enabled cellphone application in an online introductory soil science course (FNR 2040: Soil Information Systems) taught to Clemson University students from different STEM disciplines (wildlife biology, forestry, and environmental and natural resources) in the fall of 2021. The subject of soil erosion fits well with the overall course objectives of learning fundamental soil science concepts and definitions, as well as methods of soil analysis in lectures and laboratories.




2. Materials and Methods


2.1. Design


This exercise involves a sequence of self-contained digital teaching modules or reusable learning objects (RLOs), which were used within a Learning Management System (Canvas; LMS) (Table 2). The laboratory exercise consisted of a field exercise and learning module to teach students about different types of water-based soil erosion, as well as field data collection and crowdsourcing tools (Table 2).




2.2. Background of the “Test” Course


“Test” course: Soil Information Systems (FNR 2040) is a 4-credit course in the Department of Forestry and Environmental Conservation at Clemson University, Clemson, SC, USA [15]. FNR 2040 is “an introductory soil course that focuses on the input, analysis, and output of soil information utilizing geographic information technologies (Global Positioning Systems, Geographic Information Systems, direct/remote sensing) and soil data systems (soil surveys, laboratory data, and soil data storage). Soil Information Systems course is a required course for forestry, wildlife, and environmental science majors” [15]. The course was taught online for the first time because of COVID-19, which required the development of online exercises. General course information from the survey is presented in Table 3.




2.3. Field Data Collection Using ArcGIS Survey123


A form for soil erosion data collection was created on the ArcGIS Survey123 website (https://survey123.arcgis.com (accessed on 1 September 2021)), which provides a no-code visual form construction tool to build a form before it is shared with the students undertaking data collection. The constructed form included a field for the date and time, as well as the location and a photo upload widget. The form included questions on the type of soil erosion by water present as well as if there was any soil erosion control at the site (Figure 1). There was also a field added so that students could add notes. After the form was constructed, it was deployed on the ArcGIS Survey123 website and then shared with students either through a QR code or by adding their ArcGIS.com account emails. Students were asked to download the free ArcGIS Survey123 application, which is available for both Android and iOS phones, and then to load in the custom survey form before finding field sites. When a suitable field site was found, the students opened the application and form and submitted the required information and photo for each erosion location they identified.





3. Results


3.1. Pre-Testing Responses to the Web-Based Survey


Pre-testing responses to the survey questions about the familiarity with the subject of soil erosion revealed that most students were “slightly familiar” (34.5%) and “somewhat familiar” (46.6%) with the types of soil erosion caused by water (Table 4). In terms of familiarity with technological concepts, the survey results showed that students were more familiar with GPS (“somewhat familiar” 44.8%; “moderately familiar” 41.4%) compared to crowdsourcing (“not at all familiar” 56.9%; “slightly familiar” 22.4%) and remote sensing (“not at all familiar” 51.7%; “slightly familiar” 31.0%) (Table 4). A quarter of all of the students were not aware that cellphones had a built-in GPS (Table 4). More than fifty percent of students previously used cellphones for data collection (Table 4). More than eighty percent of students knew that cellphones can be used for remote sensing purposes (Table 4).




3.2. Laboratory Exercise and Quiz Results


Once each participant had recorded soil erosion data from the laboratory exercise within the ArcGIS Survey123 application, the results were synced either in real-time or when the cellphone had internet access again, with the online ArcGIS.com database for storage, and the GPS locations were used to generate a digital map of the locations with different types of soil erosion using geographic information system (GIS) software (Figure 2). Students successfully completed this laboratory exercise.



After the laboratory exercise, students were asked to complete a quiz to assess the learning outcomes. The quiz scores were excellent and suggest that students were able to retain the knowledge presented in each RLO (Table 5).




3.3. Comparison of Pre- and Post-Testing Responses to the Web-Based Surveys


Post-assessment results found that the lecture and laboratory exercise effectively educated students about the types of soil erosion caused by water, with an increase in the number of students classifying their familiarity with the concept of soil erosion as “moderately familiar” (+31.7% increase from pre-assessment) and “extremely familiar” (+49.1% increase from pre-assessment) (Table 4). Students increased their familiarity with all of the technological concepts of GPS, crowdsourcing, and remote sensing, as indicated by increases in the percent of “moderately” and “extremely” familiar categories. Students also increased their awareness that every cellphone has a GPS built in, and that a cellphone can be used for remote sensing purposes.



Most students agreed or “strongly” agreed that the laboratory was an effective way to learn about soil erosion caused by water, and crowdsourcing (Table 4). Over 90% of students found that a cellphone data gathering app (e.g., ArcGIS Survey123) was an accurate and efficient way to collect field data. Interestingly, although having a cellphone was not a requirement for taking the course, each student had access to a cellphone capable of running the ArcGIS Survey123 application (Android: 6.0 Marshmallow or later (ARMv7 (32 bit) and ARMv8 (64 bit)); iOS: 13 or later (64 bit), which is limited to more modern Android or iOS devices.



Detailed student comments were grouped by theme, with some examples shown in Table 6. Many of the students’ comments followed cross-themes. Students enjoyed (T1. Enjoyment of learning) learning about soil erosion, collecting data, seeing real examples in the field, taking photos, and “looking for soil erosion in their own land”. They appreciated the value of multimedia (T2), such as the ArcGIS Survey 123, cellphone usage, and GIS. Collecting field data presented students with flexibility of learning (T3), whereby they had opportunities for “getting outside”, and “seeing new places to gather data.” Students universally appreciated the field aspect of the data collection and even suggested that they would have appreciated more time to collect additional samples in some cases. Students also appreciated that the laboratory consisted of various RLOs, which provided “the breakdown steps of each part of the lab.” Students recognized the “Applicability of content” (T4), describing their experiences in learning about different types of erosion in the field. Students’ comments also included constructive criticism, which varied from technical suggestions to organizational issues. These suggestions will be highly valuable in future improvements to this exercise, as well as other exercises.



The pre- and post-testing non-matching responses to the survey questions to define soil erosion caused by water, the Global Positioning System (GPS) and what it is used for, crowdsourcing, and remote sensing reveal that students significantly improved their ability to define these terms (Table 7). The responses in Table 7 show that most of the students could not define GPS, crowdsourcing, or remote sensing prior to the laboratory exercise. Students demonstrated an ability to define these terms after the laboratory exercise using technological terms (Table 7). This is important because these terms and the associated technologies have relevance to and impacts on additional areas of the course, and for the majors involved. For example, while this exercise used ArcGIS Survey123 for crowdsourcing, the same platform and technology could be used for individual project data collection in the era of the rapid transition from paper-based to digital data recording methodologies.



A word cloud was created based on all of the answers to the open-ended request to write about the favorite experience in the exercise. This word cloud showed the most frequently used words, such as “erosion”, “different”, “enjoyed”, and “going”, which indicates that the objective of learning about soil erosion was met (Figure 3). Multiple words also mentioned the idea that going outside and using mobile application technology was an important aspect of the project (e.g., “places,” “data,” “outside,” “app”, “Survey123”). The relatively small presence of words related to data collection, such as “data” and “app”, demonstrates that although the technological tools were mentioned, they were not as prominent for students as the topics of soil erosion and fieldwork.





4. Discussion


Teaching with technology can increase students’ interests in soil science and other STEM disciplines, especially when field lessons can be related to ecological issues [17]. Previous studies indicate that many students favor the field component and the use of advanced technologies and soil maps in the soil science discipline [18]. The results of this study provide practical recommendations for developing crowdsourcing exercises. Table 1 can be used to help plan a crowdsourcing exercise by identifying a suitable crowdsourcing subject and crowdsourcing components (e.g., crowd characteristics, crowdsourcing initiator, and crowdsourcing process). Table 8 demonstrates an example of how to plan and structure an exercise based on the components defined in Table 1 using soil erosion as a subject matter. The advantage of using this structured planning tool is that a crowdsourcing exercise can be created that meets content-based learning objectives while teaching the students about crowdsourcing techniques and tools [10]. Many other disciplines, besides soil science, have topics with a geospatial component that could benefit from the planning method and technology used here [19].



Future crowdsourcing exercises could build on this methodology to extend the participatory nature of the project through gamification [3,20] and/or incorporate related technologies. Students could be given the anonymous opportunity to evaluate data collected by other students to improve overall data quality [2], which could also be used to create reputational rewards [6,9]. Projects designed to support a social cause may be well received by students in some situations [6]. Crowdsourced results could be combined with models to validate estimated environmental impacts. A remote sensing exercise using satellite or aerial imagery could be leveraged to identify likely locations where data are needed. Students could also be tasked with planning a crowdsourcing campaign to be carried out either by student groups or the general public.



The ArcGIS Survey123 provides an accessible and easy-to-use platform for geospatial data collection that can be customized to a wide range of topics, because data collection could range from a more natural resource focus, as with this study, to, for example, economic surveys of individuals. Another example of an alternative open-source platform for crowdsourcing is the QField application [21]. This system also includes cellphone and desktop applications, and is focused, as with ArcGIS Survey123, on geospatial data collection.




5. Conclusions


This study described the development, application, and assessment of soil erosion field data crowdsourcing using a GPS-enabled cellphone application. The effectiveness of this teaching innovation was assessed using a pre- and post-testing web-based survey and online quiz. The online quiz was used to examine the learning outcomes. The web-based survey tool measured various constructs (e.g., familiarity with types of soil erosion caused by water, GPS, crowdsourcing, and remote sensing) before and after the laboratory-based activity. The reusable learning objects were effective teaching tools for explaining soil erosion as a subject matter, and crowdsourcing as a tool for field data collection. Students gained knowledge of the types of soil erosion, as demonstrated by the excellent quiz scores (average score: 9.5) received by the students. Students increased their familiarity with the concepts of soil erosion, GPS, crowdsourcing, and remote sensing. Students found that a cellphone data-gathering application (e.g., ArcGIS Survey123) was an accurate way to collect field data. The results of the study were used to develop practical recommendations for planning and executing crowdsourcing exercises, using the current study as an example. Educators can use the proposed template to plan crowdsourcing exercises for various topics and disciplines. These methods could be extended to focus on a specific research topic or societal need. Incorporating a peer-review system could improve the data quality by enabling the students to evaluate each other’s work. A reputational system could further improve the crowdsourcing results by identifying students who demonstrated accurate data evaluation skills. Gamification of the crowdsourcing process could increase student participation and satisfaction.
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Figure 1. Field data collection using ArcGIS Survey123. 
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Figure 2. Maps showing the crowdsourcing of soil erosion field data collected by the students: (a) locations of data collection, and (b) examples of photos of types of soil erosion. 
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Figure 3. Word cloud based on students’ comments about their experience with the laboratory exercise on soil erosion field data crowdsourcing using GPS-enabled cellphone application in the FNR 2040: Soil Information Systems course. The larger the word in the word cloud, the more frequent the word in the students’ comments. 
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Table 1. Definition and characteristics of crowdsourcing (based on Estellés-Arolas et al. 2012 [1]).
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Crowdsourcing Involves Collaborative Work to Complete Tasks Defined by:






	
Crowd Characteristics

	
Crowdsourcing Initiator

	
Crowdsourcing Process




	
1. Member composition:

Type and skill of participants

	
1. Event initiator:

Individual, public entity, company

	
1. Method used:

Participatory, distributed online process




	
2. Member tasks:

Complexity and difficulty

	
2. Cost of crowdsourcing deployment:

Personnel, computer resources, data validation

	
2. Identification of participants:

Open, limited to a knowledge community, or a combination




	
3. Member participation rewards:

Types of compensation

	
3. Benefits of crowdsourcing:

Knowledge, ideas, value creation

	
3. Medium used:

Internet (web 2.0 and 3.0 in the future)




	
Ethical and Regulatory Considerations
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Table 2. Design steps of this study using a sequence of reusable learning objects (RLOs).
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	Steps
	Description of Activities





	1. Pre-assessment
	Students fill out a web-based survey (Google Forms) on their familiarity with soil erosion by water, GPS, crowdsourcing, and remote sensing (Table 4).



	2. Lecture
	Students are presented with a lecture entitled “Soil Erosion and Control” in PowerPoint and video formats.



	3. Laboratory exercise
	Students are presented with a video laboratory explanation and accompanying PowerPoint slide deck that show how to collect field data using a custom ArcGIS Survey123 form created for this exercise, as well as examples of the types of erosion (with photos) that they could document in the field and an explanation of GPS-based cellphone data collection. Students were instructed to install the ArcGIS Survey123 application and to go to three separate locations in the area to find examples of water-derived soil erosion. At each location, students completed the custom form on the ArcGIS Survey123 application (Figure 1) and submitted the form along with photos from the site. The submitted data from all students were available in one arcgis.com account and included site locations, form data and submitted photos.



	4. Graded online quiz
	Students take an online quiz (ten questions) using Canvas LMS (Table 5).



	5. Post-assessment
	Students fill out a follow-up web-based survey (Google Forms) on their laboratory experience on the topics of soil erosion by water and crowdsourcing (Table 4).
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Table 3. General survey information about the course (FNR 2040: Soil Information Systems course, n = 58).
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Survey Questions

	
Responses






	
What is your major program?

	
FOR (9)

	
ENR (16)

	
WFB (21)

	
Other (12)




	

	

	

	

	




	
How would you best describe your academic classification (year)?

	
Sophomore (20)

	
Junior (23)

	
Senior (14)

	
Other (1)




	

	

	

	

	




	
How would you describe yourself?

	
Female (23)

	
Male (35)

	

	




	

	

	

	

	




	
Did you take online courses before?

	
Yes (56)

	
No (2)

	

	








Note: FOR = Forestry, ENR = Environmental and Natural Resources, WFB = Wildlife and Fisheries Biology.
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Table 4. Pre- and post-assessment results from the laboratory exercise on soil erosion field data crowdsourcing using the GPS-enabled cellphone application in the FNR 2040: Soil Information Systems course.
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Responses




	
Survey Questions and Answers

	
Pre-Assessment (%)

(n = 58)

	
Post-Assessment (%)

(n = 53)

	
Difference (%)






	
Please, rate your familiarity with the types of soil erosion caused by water.




	
1 = not at all familiar

	
3.4

	
0

	
−3.4




	
2 = slighlty familiar

	
34.5

	
1.9

	
−32.6




	
3 = somewhat familiar

	
46.6

	
1.9

	
−44.7




	
4 = moderately familiar

	
15.5

	
47.2

	
+31.7




	
5 = extremely familiar

	
0

	
49.1

	
+49.1




	
Please, rate your familiarity with the concept of Global Positioning System (GPS).




	
1 = not at all familiar

	
0

	
0

	
0




	
2 = slighlty familiar

	
8.6

	
3.8

	
−4.8




	
3 = somewhat familiar

	
44.8

	
7.5

	
−37.3




	
4 = moderately familiar

	
41.4

	
47.2

	
+5.8




	
5 = extremely familiar

	
5.2

	
41.5

	
+36.3




	
Does every cellphone have a GPS built in?




	
Yes

	
75.9

	
96.2

	
+20.3




	
No

	
24.1

	
3.8

	
−20.3




	
How accurate do you think a cellphone GPS is?




	
Within 5 feet

	
0

	
45.3

	
+45.3




	
Within 10 feet

	
100

	
30.2

	
−69.8




	
Within 100 feet

	
0

	
18.9

	
+18.9




	
Within 1000 feet

	
0

	
5.7

	
+5.7




	
Have you ever used a cellphone app for field data collection?




	
Yes

	
58.6

	
-

	
-




	
No

	
41.4

	
-

	
-




	
Please, rate your familiarity with the concept of crowdsourcing.




	
1 = not at all familiar

	
56.9

	
3.8

	
−53.1




	
2 = slighlty familiar

	
22.4

	
7.5

	
−14.9




	
3 = somewhat familiar

	
10.3

	
18.9

	
+8.6




	
4 = moderately familiar

	
10.3

	
41.5

	
+31.2




	
5 = extremely familiar

	
0

	
28.3

	
+28.3




	
Please, rate your familiarity with the concept of remote sensing.




	
1 = not at all familiar

	
51.7

	
1.9

	
−49.8




	
2 = slighlty familiar

	
31.0

	
7.5

	
−23.5




	
3 = somewhat familiar

	
10.3

	
17.0

	
+6.7




	
4 = moderately familiar

	
6.9

	
50.9

	
+44.0




	
5 = extremely familiar

	
0

	
22.6

	
+22.6




	
Can a cellphone be used for remote sensing?




	
Yes

	
81

	
98.1

	
+17.1




	
No

	
19

	
1.9

	
−17.1




	
The laboratory was an effective way to learn about soil erosion caused by water.




	
1 = strongly disagree

	
-

	
0

	
-




	
2 = disagree

	
-

	
1.9

	
-




	
3 = neither agree nor disagree

	
-

	
9.4

	
-




	
4 = agree

	
-

	
52.8

	
-




	
5 = strongly agree

	
-

	
35.8

	
-




	
The laboratory was an effective way to learn about crowdsourcing.

	




	
1 = strongly disagree

	
-

	
0

	
-




	
2 = disagree

	
-

	
3.8

	
-




	
3 = neither agree nor disagree

	
-

	
11.3

	
-




	
4 = agree

	
-

	
49.1

	
-




	
5 = strongly agree

	
-

	
35.8

	
-




	
A cellphone data gathering app (e.g., Survey123) is an accurate and efficient way to collect field data.




	
1 = strongly disagree

	
-

	
0

	
-




	
2 = disagree

	
-

	
3.8

	
-




	
3 = neither agree nor disagree

	
-

	
5.7

	
-




	
4 = agree

	
-

	
49.1

	
-




	
5 = strongly agree

	
-

	
41.5

	
-








Note: Correct answers are indicated in bold.
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Table 5. Responses to the quiz questions for the laboratory exercise on soil erosion field data crowdsourcing using GPS-enabled cellphone application in the FNR 2040: Soil Information Systems course (n = 56; average score: 9.5; high score: 10; low score: 8; standard deviation: 0.65; average time: 04:58).
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Quiz Questions and Answers

	
Respondents

	
Responses (%)






	
What is soil erosion by water?




	
Removal and deposition of soil

	
56

	
100




	
Action of wind that moves soil

	
0

	
0




	
The thickness of a soil layer

	
0

	
0




	
Degree of soil compaction

	
0

	
0




	
Soil erosion caused by water damages water resources by…




	
Clarifying water

	
2

	
4




	
Reducing flooding

	
1

	
2




	
Dredging lakes

	
0

	
0




	
Polluting lakes/streams with soil

	
53

	
95




	
What factors impact soil erosion?




	
All of the listed factors

	
56

	
100




	
Soil slope

	
0

	
0




	
Soil texture

	
0

	
0




	
Soil cover

	
0

	
0




	
Soil surface roughness

	
0

	
0




	
What is gully erosion?




	
Erosion forming deep channels

	
55

	
98




	
Erosion caused by wind

	
0

	
0




	
Erosion forming small channels

	
1

	
2




	
Removal of a thin layer of soil

	
0

	
0




	
What is rill erosion?




	
Erosion forming small channels

	
56

	
100




	
Erosion caused by wind

	
0

	
0




	
Erosion forming deep channels

	
0

	
0




	
Removal of a thin layer of soil

	
0

	
0




	
What is sheet erosion?




	
Removal of a thin layer of soil

	
56

	
100




	
Erosion caused by ice

	
0

	
0




	
Erosion forming deep channels

	
0

	
0




	
Erosion forming small channels

	
0

	
0




	
Slope is composed of grade and length.




	
True

	
56

	
100




	
False

	
0

	
0




	
A rough surface slows water runoff.




	
True

	
55

	
98




	
False

	
1

	
2




	
Increased plant residue reduces water erosion.




	
True

	
53

	
95




	
False

	
3

	
5




	
Tillage across the slope promotes water downhill flow.




	
True

	
18

	
32




	
False

	
38

	
68








Note: Correct answers are indicated in bold.
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Table 6. Post-assessment students’ comments, grouped by theme [16], regarding their experience with the laboratory exercise on soil erosion field data crowdsourcing using a GPS-enabled cellphone application in the FNR 2040: Soil Information Systems course.
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	Responses





	T1. Enjoyment of learning



	I liked going out into botanical garden to find soil erosion, as well as around Clemson in general.



	My favorite experience was learning about the different technologies useful in detecting erosion.



	I liked looking for erosion on our land.



	I enjoyed being able to actually see some real examples in the field.



	My favorite part was getting to go out and collect data all over town.



	I enjoyed going out and finding different examples of erosion.



	I enjoyed gathering photos in the field.



	I liked going out to new places I might not have gone before and looking for things I would have otherwise not noticed.



	T2. Value of multimedia



	Using Survey123, it was really easy.



	I enjoyed learning how cellphones are now an easy tool to use for surveying (Survey123) as well as remote sensing through photos.



	Taking pictures of erosion.



	I enjoyed the hands-on aspect of going out and collecting data using the Survey123 app.



	Being able to use my phone to locate different areas and obtain data from my home.



	My favorite experience was learning about a form of GIS and crowdsourcing software available and becoming familiar with this technology.



	The app was very easy to use, and there were lots of examples of erosion.



	T3. Flexibility of learning



	Getting to go outside.



	I like the breakdown steps of each part of the lab.



	Getting outside of the classroom and exploring.



	Getting away from my computer to walk in the woods.



	Walking around looking at soil.



	Seeing new places to gather data.



	T4. Applicability of content



	Seeing the different types of erosion that I knew were there but never paid attention to.



	I didn’t expect to find as much erosion around campus as I did. It was interesting to examine the ground and notice the small rills.



	My favorite experience was getting to go out and notice erosion in more places than one and what kind it was.



	My favorite part was just simply stopping to take a minute to take pictures of the erosion, it was more so just taking in and noticing my environment slightly more than before.



	Going out to find different types of soil erosion.



	Finding places with water erosion.



	T5. Criticism



	Mention that you have to update your location every time you stop on the app. I did all three locations in the exact same place the first time around and had to redo it because I didn’t realize that it does not automatically update.



	Did not like how survey123 would only let me submit 1 image per spot.



	I wish I could have known I would need to go out and find places before the day of my lab so I could plan ahead.



	I did not like the pre-lab quiz simply because I did not know much of it.



	Give us more time to work on it so we have time to go to better sites to collect data.
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Table 7. Examples of pre- and post-testing non-matching responses to the survey questions to define soil erosion caused by water, the Global Positioning System (GPS) and what it is used for, crowdsourcing, and remote sensing.
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Pre-Test Definition by Students

	
Post-Test Definition by Students






	
Soil erosion caused by water




	
Impact that raindrops or running water have on soil surface.

	
Removal and deposition of soil by water.




	
Soil erosion caused by water means that some sort of runoff and/or stream is moving sediment from one area and depositing it in another.

	
The removal and deposition of soil by water.




	
Water washes away the soil from an area.

	
The removal/transportation of soil or soil particles by water.




	
Removal of top layer of soil by rainfall, snow, runoff, etc.

	
Removal and deposition of soil particles by water.




	
When water moves the soil around.

	
Removal, transportation, and deposition of soils caused by water.




	
Water takes away soil.

	
The detachment and removal of soil material by water.




	
Global Positioning System (GPS) and what it is used for




	
To find places.

	
GPS uses multiple satellites in coalition with one another in order to give the lat., long., and elevation of a point on Earth’s surface.




	
GPS is a device that can tell you where you are.

	
GPS is basically navigation and surveys all the world. It’s used for mapping, directions, etc.




	
Use to mark a location on a map.

	
GPS uses satellite technology to determine latitude and longitude on a location.




	
It can tell where you are on the earth and can be used to locate and guide you.

	
GPS provides latitude and longitude for finding places where data was obtained and recorded, such as sites of erosion.




	
GPS is satellite mapping technology that maps out geographical areas around the globe. It is used for navigation and long-distance research.

	
GPS is a system of satellites and antennae that transmit and receive signals that are cross referenced with time to determine location on the Earth’s surface.




	
Crowdsourcing




	
n/a

	
Using a large group of people to collect data for a research project.




	
No idea.

	
People obtain information or data via a large population participating in the study.




	
Not sure.

	
Getting data for a project from many people.




	
I am not familiar with this term.

	
Gathering information with the help of multiple people.




	
People get money from people who are interested in their projects

	
When a bunch of people collect data and upload to central network.




	
Getting information from a crowd of people.

	
Using a group of people to collect data.




	
Remote sensing




	
n/a

	
Remote sensing is obtaining information without making any direct contact via things like satellites.




	
Sensing location from a remote area.

	
Using satellites or aerial vehicles to collect data about the earth’s surface, such as light reflection, elevation changes, etc.




	
I’m not familiar.

	
As simple as taking a photo of a subject. It helps capture visual information about the object.




	
I have no idea what remote sensing is.

	
Capturing information about something without contacting it.




	
Using technology to find something.

	
Remote sensing is using instruments (such as a camera) to gather information about something without touching it.




	
Gathering data remotely, without being present at the site of data collection.

	
Remote sensing uses instruments to collect data about a location without being physically present.
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Table 8. Practical recommendations for planning and executing crowdsourcing exercises using the current study as an example.
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Crowdsourcing subject matter selection: Soil erosion by water was selected because it was an important course topic with a geospatial nature that was available for student identification at various locations.




	
Crowdsourcing Involves Collaborative Work to Complete Tasks Defined by:




	
Crowd Characteristics

	
Crowdsourcing Initiator

	
Crowdsourcing Process




	
1. Member composition:

Type and skill of participants.

This study: Students in FNR 2040: Soil Information Systems with basic computer and soil science skills. Prior knowledge and skills were assessed using a Google Form questionnaire.

	
1. Event initiator:

Individual, public entity, company.

This study: The exercise was designed and managed by a team that included professors and a laboratory assistant.

	
1. Method used:

Participatory, distributed online process.

This study: Students participated in a distributed online process of data collection using a cellphone application.




	
2. Member tasks:

Complexity and difficulty.

This study: Students had to complete a video lecture on both soil erosion and on how to use ArcGIS Survey123 and information on GPS technology. Students were provided with a laboratory assignment to find and describe soil erosion types using the ArcGIS Survey123 mobile phone application.

	
2. Cost of crowdsourcing deployment:

Personnel, computer resources, data validation.

This study: ArcGIS Survey123 was freely available because of a university ESRI site license. Students provided their own transportation costs.

	
2. Identification of participants:

Open, limited to a knowledge community, or a combination.

This study: Participation was limited to students who had similar backgrounds, ages, and levels of education. This background information was acquired using a Google Form questionnaire.




	
3. Member participation rewards:

Types of compensation.

This study: Students were given a grade based on their successful completion of the laboratory exercise.

	
3. Benefits of crowdsourcing:

Knowledge, ideas, value creation.

This study: Students acquired knowledge on soil erosion, GPS, remote sensing and crowdsourcing.

	
3. Medium used:

Internet (web 2.0).

This study: Students used a customized ArcGIS Survey123 that was made available through the ArcGIS Survey123 cellphone application.




	
Ethical and Regulatory Considerations:

This study: Students were instructed to avoid trespassing and any situation with personal risk. The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Clemson University Institutional Review Board (protocol code IRB2020-257 and date of approval: 25 September 2020).
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