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Engaging Middle School Science Students in Taxonomy with Augmented Reality (AR) Technology-Assisted Learning
Taxonomy entails the description, naming, and hierarchical classification of all living things on Earth so that scientists can understand, organize, and communicate biological information. Learning taxonomy in science classrooms is very important as “Taxonomy provides basic understanding about the components of biodiversity which is necessary for effective decision-making about conservation and sustainable use” (Convention on Biological Diversity, 2010). According to the 2016 IDOE Science 8 Standards, students must learn organism classification and taxonomy. Science teachers typically teach taxonomy and classification activities through class discussions, worksheets, and graphic organizers due to the challenges of accessing resources such as specimens that provide a more authentic learning experience. This is especially the case in public and less-affluent schools where access to teaching resources remains a challenge. Unfortunately, these methods do not provide engaging and authentic learning experiences that assist students in understanding the hands-on and critical thinking process associated with taxonomy, and they do not encourage further scientific inquiry or science careers (Wu & Wu, 2020). Engagement is connected to intrinsic motivation, where individuals are engaged and motivated by their own pleasure and satisfaction (Deci et al., 1991). If student engagement is low, the learning process will be negatively impacted. 
There has been an increased interest in providing science education in more authentic, engaging, and interactive ways, encouraging scientific inquiry and instruction that different modalities (e.g., F2F, blended, online) can deliver (Bybee, 2010; Shernoff et al., 2017). Many science topics are now taught using digital tools that provide students with appealing learning activities. For example, high school physics teachers are using PhET optic simulations to teach students, and 7th-grade science teachers are using augmented reality (AR) for teaching students about the solar system (Ndihokubwayo, 2020; Sahin, 2020). Extended reality (XR), which includes virtual reality, augmented reality, mixed reality, and others, are viable tools for K-12 and higher education instruction (Dick, 2021). The features and affordances of XR tools lend themselves well to the delivery of interactive, authentic, and highly engaging learning experiences, which can enhance students’ acquisition and retention of knowledge and skills in insect taxonomy and classification (Tarng et al., 2015). Despite the growing awareness of the potential of these tools as viable and cost-effective alternatives to the use of natural specimens in teaching taxonomy and classification, the topic continues to be taught through less than authentic methods due to (1) challenges with the unavailability of XR-based tools and resources that relate to the topic, as well as (2) a deficit in skills required for the successful deployment of these technologies in the classroom.  
Purpose
The purpose of this project is to develop, implement, and test AR-enhanced instruction at Michigan City Area Schools (MCAS) to address the need for a more engaging, authentic, immersive, and inclusive approach to learning taxonomy and classification capable of being employed with multiple modalities (e.g., f2f, blended, online). MCAS comprise low socio-economic schools with diverse student populations located in Northern Indiana. Students from this community do not have access to high-quality learning resources in comparison to more affluent neighboring communities. The lessons developed by this project will create equitable learning experiences that are universal and accessible to all participating students. 
This project, therefore, aligns with the COE’s strategic goal of providing inclusive and sustainable learning experiences, as the use of XR tools can help students in public and underserved communities to acquire skills in taxonomy and classification and develop a scientific inquiry mindset required for the subsequent pursuit of STEM career paths. 
As part of this project, the project team will work with programs in the College of Education and College of Agriculture to develop the curricular/ AR content and resources that will be used by teachers at two MCAS, Krueger and Barker Middle Schools, for teaching taxonomy and classification through AR tools (see Letter of Support in Appendix A).
Benefits for Stakeholders and Rationale 
This project is a multidisciplinary collaboration between the following programs, Learning Design and Technology (LDT) and Science Education, College of Education; Biological Sciences, College of Science; and Entomology, College of Agriculture, and administrators and teachers at MCAS to improve the education of 8th-grade students. Explorations into insects, their identification, and classification during remote and hybrid settings pose numerous pedagogical challenges associated with integrating technological design elements in an engaging, immersive, authentic manner (Ashton, 2012; Shernoff et al., 2017; Tawfik et al., 2021). 
The driving factors behind this project are the science teachers' requests for engaging, authentic/experiential, immersive digital activities that are relatable to students for independent or small group learning and that can be delivered through different modalities and LDT faculty and graduate students’ interests in working with Indiana schools’ science teachers and students to provide authentic and engaging instruction using immersive XR technologies. As “Learning Design and Technology is an interdisciplinary field of study” and “the aim of the field of Learning Design and Technology is to promote learning through the application of systematic principles of instructional design and appropriate uses of educational technologies including computers and media” (Purdue University, College of Education, 2021), this project aligns well with LDT faculty and students area of focus. 
Discussions between science teachers at MCAS and team members identified that students in secondary education science classes (middle school and high school) would benefit from the digital resources and associated instructional resources provided through this project. Among these benefits is the improved understanding of similarities and differences within insect body plans, appendages, morphology, and evolutionary aspects that could be obtained using extended-reality (XR) technology. XR technology affords students broader approaches to inquiry and prolonged engagement, resulting in increased conceptual understanding of desired subject matter content (Turan & Atila, 2021). This project is focused on developing an AR technology teaching resource. AR is the perfect method for classroom instruction of taxonomy and classification because many students own smartphone devices. The widespread availability of smartphones among students makes the AR student-centered learning experience inclusive and sustainable.   
Research on integrating AR in science has been positive. Students who use AR in science courses have demonstrated improved learning (Kamarainen et al., 2013; Yilmaz, 2021), and the cognitive load placed on students as compared to traditional educational conditions can be significantly reduced using AR technology (Buchner et al., 2022; Thees et al., 2020). Further, student engagement and learning were enhanced because of AR technology to support classroom instruction (Chaing et al., 2014; Turan & Atlia, 2021). 
This innovative and scalable project aims to develop experiential learning experiences using AR that will strengthen student engagement and content knowledge through instruction that different modalities can deliver (e.g., F2F, blended, online) (Bybee, 2010; Shernoff et al., 2017). Resources developed through this project will provide teachers of these courses with authentic and immersive digital learning AR objects that mimic physical specimens, bringing hands-on learning that can be implemented in F2F, blended, and online settings. Previous researchers have found that experiential learning experiences using AR can strengthen student engagement and content knowledge (Bybee, 2010; Shernoff et al., 2017). Intrinsically motivated individuals have behaviors that demonstrate they “are engaged in for their own sake, for the pleasure and satisfaction derived from their performance” (Deci et al., 1991, p. 328). Activities that enhance intrinsic motivation lead to deeper engagement, which results in promotion and growth (Deci & Ryan, 2000). Further, the AR tool and objects in this study will embed the learning of insect features within a situated and experiential learning setting, allowing the learners to construct new knowledge by completing taxonomy and classification activities, which can be done in collaboration with peers. Therefore, the authentic nature of this experience and the opportunities for interaction and collaborative work align with situated, constructivist, and experiential learning theories (Donleavy & Dede, 2014; Kolb, 1984). 
Goals
The overall goal of the project is to create curricular/ AR content and resources to support teachers and students at Krueger and Barker Middle Schools in teaching and learning taxonomy and classification and measure the impact of the intervention on students’ motivation and engagement, and comprehension of taxonomy and classification. We will address this goal by pursuing the following objectives:
1. Develop AR instructional materials in collaboration with project team members and faculty in Entomology and Biological Sciences
2. Produce/provide training sessions/ modules for teachers on using AR instructional materials in collaboration with project team members and faculty Entomology and  Biological Sciences
3. Increase teacher’s knowledge, motivation, and self-efficacy of using AR instructional materials in their courses 
4. Measure the impact of the training on the teachers’ knowledge, motivation, and self-efficacy to use the lessons in their classes
5. Measure the impact of the instructional activities on students’ motivation, engagement, and comprehension of taxonomy and classification
Research Questions
· Does the teachers’ knowledge of using AR instructional materials in their courses increase?
· How do teachers perceive their motivation and self-efficacy in using AR-enhanced instruction in their courses?
· How do students perceive their intrinsic motivation and engagement in the AR enhance instruction of classification compared to the traditional instruction method?
· What is the effect of AR learning experience on students’ knowledge and skills compared to the traditional instruction method?
Development Design
In this project, the AR tool, objects, and accompanying curricular resources required for teaching insect classification will be developed. These will allow learners to (1) learn the similarities and differences between insects, (2) Identify the taxonomic order of an insect by examining 3D images, (3) create insect collections, and (4) design new species of insects.
The following is a high-level overview of activities to create the AR tool and objects and the accompanying curricular resources, (1) 3D image capture of insects representing target orders; (2) augmented reality jig software training and production of instruction resources with instructional design and augmented reality experts (Create augmented reality jig for body plan, appendage, morphology activity using 3D images; Create augmented reality jig for dichotomous key activity using 3D images; Create/invent an insect activity; Create virtual insect collection activity); (3) lesson content development with instructional design and content subject matter experts (Storyboard body plan, appendage, morphology activity involving ant, grasshopper, and butterfly; Storyboard working with dichotomous keys activity; Storyboard invent an insect activity; Storyboard virtual insect collection activity).
Training on the use of the AR tool for teaching insect taxonomy and classification will be provided to teachers by creating how-to videos and modules that describe the use of the AR tool and curricular lesson materials for teaching taxonomy. Participating teachers will have full access to these resources during and after the study.
 In addition to our team of researchers and developers developing and researching the intervention we plan in this project; we have a strong team of knowledgeable consults (see Personnel). In addition, we have strong support from the Superintendent, the Director of Curriculum, and the teachers at MCAS (see Letter of Support in Appendix A).
Research Design
A quasi-experimental research design will be used with quantitative and qualitative data collected prior to and after the training and in-class instruction. Participants include four middle school science teachers and 415 8th grade students.
Learner Analysis and Learning Context
	Teachers. Participating teachers are middle school science teachers in Krueger and Barker Middle Schools. Four teachers have agreed to participate in the project; two are in each participating school. The teachers range in teaching experience from new to teaching to 9 years. Three teachers hold a bachelor's degree, and one teacher has a master’s. 
Students. Participating students are in 8th grade and are approximately 12-15 years old. In 2021 there were 200 8th grade students enrolled at Krueger Middle School and 215 students enrolled at Barker Middle School. Both middle schools have a diverse student body, and the largest race sub-groups are Black/African American and White. Both schools have over 70% of the student body classified as economically disadvantaged. 
Learning Context. The lessons are expected to occur during the life science unit of 8th-grade science. The schools follow a modified block schedule meaning the students have science for 80 minutes every other day. The teacher will model how to access and operate the AR tool using a cell phone. Most 8th grade students have a personal cell phone with them during class. However, if a student does not have a cell phone, they will have access to the resource as they will be working in groups. Students will work in small groups, and the teacher will act as a facilitator moving across the room, assisting groups as they progress. The hands-on portion of the lesson will run multiple class periods. There will be a final wrap-up discussion after the lesson. 
Data Collection and Proposed Analysis
Data collection will occur in two phases: (1) The first phase will start prior to starting the teacher training and end after the training has concluded, and (2) The second phase will start prior to starting the taxonomy and classification instruction and after the instruction has concluded (See Table 1 to view the Timeline). 
Instruments 
Instruments will include a learning assessment on taxonomy and classification and a survey with Likert scale items that range from 1-strongly agree to 5-strongly disagree and open-ended questions to further explore teachers’ and students’ knowledge and attitudes. Validated instruments on self-efficacy and motivation will be employed.
We will use Google Forms to administer the pre and post-surveys, and an assessment feature in Google Forms to administer pre and post-assessments for both teachers and students. The results from Google Forms will be exported into a Google Sheet where we can track data for each teacher and student participant.
· Teachers
· Pretest and presurvey administered prior to the training - participant’s demographics, and to assess knowledge and motivation to learn/use AR-enhanced instruction.
· Posttest and post survey administered after training - to assess learner’s knowledge, motivation, and self-efficacy to use AR-enhanced instruction
· Post instruction interviews - Individual interviews will be conducted with the teachers after the implementation of the instruction in courses. Interviews will be conducted to gather further information on teacher experiences. 
· Students
· Pretest and presurvey administered prior-to the in-class instruction - participant’s demographics, and to assess engagement and motivation to learn taxonomy and classification, and participant’s knowledge of organism classification and taxonomy
· Posttest and post survey administered after the in-class instruction - to assess participant’s engagement and motivation to learn taxonomy and classification, participant’s knowledge of organism classification and taxonomy
Strategic Alignment
The alignment of this project with the Launch the Future call for proposals and the College of Education’s Strategic Plan are strong as the “The mission of the College of Education is to advance inclusive and sustainable learning communities through high impact scholarship, inspirational teaching, vision-driven service, and collaborative community engagement” (Purdue, COE, Office of the Dean, 2022, p. 1). Through this project, the College of Education faculty and students will participate in inclusive, sustainable, and collaborative community engagement (see Letter of Support, Appendix A), to support inspirational teaching and learning support and resources, that will lead to high-impact scholarship.
The strategic importance for both Purdue’s College of Education and Michigan City Area Schools (MCAS) cannot be overstated. As a college that is dedicated to “inclusive excellence and sustainability in education,” and “empowering faculty, staff, and students to effect positive change in a diverse society,” providing training and resources to MCAS teachers and students would lead to positive change for teachers and students attending MCAS. This project aligns with the College of Education’s Strategic Plan goals focused on Inclusive Excellence and Sustainability in Education as supported by Discovery, Learning, and Engagement as the use of an AR tool and curricular items to enhance the learning of taxonomy will increase students' engagement and motivation to learn regardless of their race or social class. Students from communities with higher levels of poverty are often not provided equitable educational opportunities. The design of the lessons in this project will provide students with access to engaging media-rich content which will assist in increasing student engagement, motivation, and learning and AR is the perfect method for small group classroom instruction of taxonomy and classification because the AR tool can be downloaded to a smartphone or similar digital device and most MCAS students own smartphone devices and are familiar and comfortable with accessing digital content through their cell phones. Further, these digital native students thrive in environments that grant them access to media-rich content. Therefore, the widespread availability of smartphones among students and their comfort and enjoyment with using digital content on these devices make the AR student-centered learning experience inclusive and sustainable. 
Sustainability and Dissemination 
To ensure sustainability within the schools, participating teachers will have full access to the AR tool, objects, and curricular resources, and training during and after the study. Students will be able to download the AR teaching tool for free on their smartphones. These resources have the potential to be utilized beyond their original intention. After the project cycle ends, these tools could be made available to all 8th-grade science teachers in Indiana. 
To expand our outreach of this initiative to additional teachers, students, and schools, we plan to seek future funding. We will write proposals to Spencer and NSF (e.g., NSF IGE). Findings of this project will be disseminated externally through journals, such as Educational Technology Research and Development and Computers and Education. The findings will also be submitted to workshops and events associated with conferences, such as the American Educational Research Association (AERA), International Society for Technology in Education (ISTE), the Association of Educational Communication and Technologies (AECT), Hoosier Association of Science Teachers Inc. (HASTI), and National Science Teachers Association (NSTA). 
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Timeline

Table 1 
Timeline of Activities for Launch the Future Grant Proposal - July 1, 2022 - December 31, 2023

	When
	What
	Task(s)
	Personnel 
	Due Date

	July-  October
	AR Objects Content Development
	· image capture
· software training
· storyboarding
	Jones, Ilobinso, White, Gibb, Takahashi
	October 1

	October
	Taxonomy & Classification  Lesson and Curricular Items
	· write lesson
· create other curricular resources 
	Jones, Ilobinso, Lowell, Bryan 
	November 1

	November
	AR Objects and Lesson Content - Review and Pilot
	· formative evaluation
· pilot with test students
	Jones, Ilobinso, Lowell, Bryan
	December 1

	November- January
	Create Teacher on-Demand Training
	· design teacher training module using Camtasia
· pilot test with non-participating science teacher
	Jones, Ilobinso, Lowell, Bryan
	January 31

	February
	Implement the Intervention in Experiment group
	· Teach lesson in classes
	Jones
	February 28

	February- April
	Data Collection
	· pre/post tests
· pre/post surveys
· interviews
	Jones, Lowell
	April 30

	May-
August
	Data Analysis and Write Results
	· run stats tests and use content analysis to analyze data
· summarize results 
	Jones, Ilobinso, White, Bryan, Lowell
	August 30

	July-
December
	Submit Results to Conferences/Journals
	· identify conferences and journals
· write proposals and manuscripts
	Jones, Ilobinso, White, Bryan, Gibb, Lowell
	December 31





Budget and Justification

There are three areas for which funding is requested for use in the development and testing of the teacher's enhanced instruction with AR training, testing of the intervention, and dissemination of the results. The three areas are explained below and included in the budget table (see Table 2).

A. Design and development - to create the instructional content to enhance the instruction of taxonomy and classification with AR and instruments for data collection

Design and development include: (1) Equipment and Supplies, (2) Travel to the location to develop content and present to teachers/students, and (3) Personnel including faculty, graduate students, and consultants. We have itemized the approximate costs for each of these below. However, please note, that although there are some options for 3D scanning on campus, we may need to request to move funds from another cost area (e.g., personnel) to cover the fees or cost for 3D scanning. We request a total of $21,975 to create the (1) AR tool and objects, accompanying curricular items, and training for teachers, and (2) the data collection instruments.

B. Data collection and analysis: 
We will be requesting four teachers to participate in our study. We will provide small incentives for the teachers, $100 gift cards. One teacher will serve as a reviewer and tester of developed content. Four teachers will participate in the study. We will be assessing participating teachers’ knowledge prior to and after training, and students’ prior to and after the intervention in their course. We would like to go beyond testing with a pretest and posttest of teachers’ and students’ knowledge and evaluate teachers’ motivation and self-efficacy to use AR-enhanced instruction in their courses students’ engagement and motivation to learn taxonomy and classification. Validated design self-efficacy and motivation instruments will be used. We request $250 for the transcription of interviews and $500 for incentives.

C. Disseminate the results to further the Launch the Future Grant mission through travel to present and publishing: 
As we would like to meet the Launch the Future Grant goal at disseminating the results of the research, we request a total of $2000 for travel and publishing (open-access journals) the results of this partnership presented in this proposal. 

Travel includes domestic conferences, such as AERA and AECT where there is a strong focus on education and designing instruction. It is expected that personnel will make two out-of-state trips to deliver scholarly presentations for dissemination. 

Table 2 
Itemized Budget Items
	Project period: July 1, 2022 - December 31, 2023

	Items
	Calculations
	Total funds requested

	Equipment and supplies to create training and instructional content
	Software: Camtasia, Powtoons, Canva
Hardware: microphone, laptop computer
	Camtasia - $100
Powtoons - $200
Canva - $120
Hardware - $1500

	$2000

	Teacher / Participant Incentives
	We will provide giveaways for participating teachers
	5 - $100 gift cards will be used for participants. 
	$500

	Data Collection Transcription
	Transcription of recorded interviews
	4 interviews - 1hr each - $1 per min.
	$250

	Personnel
	To design and develop 
· AR objects
· Teacher training
· Curriculum instructional materials
· Consultants (Envision Center & SME)

To complete data collection, analysis, & write results
	Grad Students ($25 per hour) - approx. $7500

Faculty – AY (salary and fringe) - approx $9600 

Consultants - approx. $2500
	$19,600

	Travel (To/from West Lafayette to Michigan City)
	Four roundtrips for development of AR objects. We plan to meet several additional times virtually using WebEx. 
	180 miles round trip at $0.52 per mile = $375
	$375

	Dissemination - Travel To Present at Conferences (AECT, AERA, etc.) and Publishing in open-source journals
	We will apply to present our work at several national conferences. For example, AERA, AECT, ISTE. 
We will submit our research to several journals for open-access publishing - SageOpen, ETR&D. 

Note, this may not be paid until a year or longer after the project ends.
	Fees vary based on conference and journal
	$2000


Personnel

Our multidisciplinary research team’s expertise in secondary education, science education, entomology, biological sciences, learning design and technology, XR and computer graphics technologies, are well-suited to execute the development and research.

PI and Co-PIs

· Victoria Lynn Lowell, Ph.D., Clinical Associate Professor
Department of Curriculum and Instruction, Learning Design and Technology  
E-mail address: vllowell@purdue.edu

Dr. Victoria Lowell (PI team lead) is a professor in the LDT program and completes research on authentic/experiential learning and learning using innovative technologies (e.g., AR, VR). Dr. Lowell has expertise in designing instructional content, authentic/experiential learning, and XR technologies including AR and VR, and implementing them for learning experiences. 

Dr. Lowell will oversee the implementation of the grant and research. She will write the IRB protocol and assist with all other tasks in the project including creating the teacher training resources, creating the instruments, analyzing the results of the study, and writing the conference proposals and manuscripts.

· Kevin Jones, Biology Teacher, and MSEd Student
Krueger Middle School, Michigan City Area Schools
Department of Curriculum and Instruction, Learning Design and Technology  
E-mail address: kjones01@purdue.edu

Kevin Jones (Co-PI) is an 8th-grade science teacher. Kevin has expertise in applying various learning theories and frequently utilizes innovative technology tools to enhance his instruction. Kevin is currently in EDCI 560 Educational Technology for Teaching and Learning and is developing a VR experience for his final project. 

Kevin is the connection between Purdue University and Michigan City Area Schools(MCAS). Kevin will be directly working with the teachers and students from MCAS to ensure the developed materials are made available. Kevin will assist with developing the intervention, (AR objects and curricular resources), creating the teacher training resources, creating the instruments, and gathering data assessing the results of participants’ performance on the pre-tests and the post-tests and responses to the pre and post surveys, and writing the conference proposals and manuscripts. 

· Stuart White, Lecturer, and Ph.D. Student
Department of Biological Sciences 
Department of Curriculum and Instruction, Learning Design and Technology  
E-mail address: skwhite0325@purdue.edu 

Stu White (Co-PI) is a lecturer in Biological Sciences and as a lead instructional designer for Purdue’s High School evGrand Prix and MSTEM3 Hardware Store Science programs. Stu was also heavily involved in the greater Lafayette area K-12 educational committees responsible for implementing one-to-one technology decision making and device rollout, including overseeing science classroom implementation and training. Stu will assist with developing the intervention, (including the AR objects and curricular resources), creating the instruments, analyzing the results, and writing the conference proposals and manuscripts.

· Anthony IIobinso, Ph.D. Student
Department of Curriculum and Instruction, Learning Design and Technology  
E-mail address: ailobins@purdue.edu 
 
Anthony Ilobinso (Co-PI) is a Ph.D. student in the LDT program at Purdue University and a former Technology Integration Specialist and Biology Teacher in a K12 school in Lagos, Nigeria. Anthony will assist with developing the intervention, (AR objects and curricular resources), creating the instruments, gathering data assessing the results of participants’ performance in the pre-tests and the post-tests and responses to the pre and post surveys, and completing interviews with the teachers, and writing the conference proposals and manuscripts.

Consultants

· Lynn Bryan, Ph.D., Professor 
Department of Curriculum and Instruction, Science Education
labryan@purdue.edu
Dr. Lynn Bryan is an expert in K-12 science education and focuses her work on areas such as teachers’ development and enhancement of knowledge and skills for teaching science and science teacher thinking in instructional innovative settings. Dr. Bryan will provide feedback on the curricular content and teacher training materials.

· Timothy Gibb, Ph.D., Clinical Professor, Insect Diagnostician / Turfgrass Extension
Department of Entomology, Insect Biology
gibb@purdue.edu
Dr. Tim Gibb is an Insect Diagnostician and professor in the Entomology program and expert in entomology and insect biology.  He will provide subject matter expertise related to all aspects of the insect body plan, appendages, morphology, and evolutionary advantages and work with the team as they develop 3D images of select insects for use during AR technology-related activities. Dr. Gibb will serve as a consultant providing feedback on the design of the insect AR objects and curricular content.

· Daniel Triplett, Assistant Professor of Practice, Senior Environmental Artist
Computer Graphics Technology
tripletd@purdue.edu

Daniel Triplett is an artist with extensive experience in using technology for environmental art and design. Daniel will serve as a consultant providing support for equipment and software, including training for the team as the team captures the 3D images and develops the educational objects using AR visualizing software. 

· George Takahashi, Visual Solutions Engineer
Purdue, Envision Center
gtakahas@purdue.edu 
George will serve as a consultant and will provide support for equipment and software purchases, and training for the team as the team captures the 3D images, and developing the educational objects using AR visualizing software. The Envision Center will also provide data cleanup services on captured 3D images, as needed. Further, George Takahashi, has agreed to take on the responsibility of Technical Lead if custom equipment manufacturing is required. His role as a Visual Solutions Engineer would cost $43 hr., while Technical Lead responsibilities for any equipment manufacturing needs would run $62 hr.
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