


2 

 

 
 

 

 

 

 

 



3 

 

 

Design and Development of Metadata Management Tool for Learning Objects 

 

David O. Okoth 

 

Dissertation submitted to the faculty of Virginia Polytechnic Institute and State 

University 

in partial fulfillment of the requirements for the degree of  

Doctor of Philosophy 

In 

Curriculum and Instruction 

 

Kenneth Potter, Chair 

Barbara Lockee 

Mark Bond 

Alicia Johnson 

 

November 13, 2019 

Blacksburg, Virginia 

 

 

 

Keywords: Learning Objects, Reuse, Metadata, Development, Instructional Design, 

Technology 



 

Design and Development of Metadata Management Tool for Learning Objects 

 
David O. Okoth  

 

ABSTRACT 

Learning objects (LO) reuse is one topical area in instructional design that is gaining 

popularity in the education economy. It hinges on high hopes and promises to transform how 

learning occurs in the information age. This study attempted to identify and interrogate the core 

characteristics of reusable learning objects and conceptualize them as innovations in the 

curriculum development process. The goal was to synthesize existing knowledge on learning 

objects, weave streams of literature and research to focus on core arising issues, and then 

develop an instructional design tool that can help learners easily and effectively find reusable 

learning objects. The learning objects could be categorized and deconstructed to the levels of 

their instructional design transformations with regard to macro and micro-level reusability. The 

researcher used combinatorial developmental research with integrative literature review 

methodologies to design and develop a metadata management tool. This study involved an in 

depth review of literature on learning objects, reusable learning objects and their associated 

metadata management schemes through the integrative literature review approach. Results and 

data from the integrative literature review were then utilized to design and develop a tool 

addressing meta-tagging schemes, metadata management, search, and access of learning objects. 

The researcher identified characteristics of learning objects within the reuse process and 

discussed best practices, reuse procedures and modeling, based on the analysis of existing cases 

such as the Open-Knowledge-Initiative (OKI) projects to aid in the tool development. Integrative 

analysis running concurrently with the development process allowed for rigorous identification 

and alignment of key factors in the learning objects reuse universe. If fully developed, the 
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development. Integrative analysis running concurrently with the development process 

allowed for rigorous identification and alignment of key factors in the learning objects 

reuse universe. If fully developed, the metadata management tool could contribute to 

effective metadata management for learning objects often reused by learning designers, 

deliverers, and consumers. 
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GENERAL AUDIENCE ABSTRACT 

 Learning Objects (LO) reuse is gaining popularity in the field of instructional design. 

This is because it could transform how learning occurs in today’s information age. In this study, I 

outlined the important characteristics of reusable learning objects and set them up as creative and 

re-creative products in the curriculum development process. My goal was to combine and 

reproduce existing literature on LOs that would allow me to develop an instructional design tool 

to help learning content designers, deliverers, and consumers to easily tag, search, then find 

reusable learning objects. I reviewed literature on learning objects, reusable learning objects and 

their associated metadata management schemes then used this data to design and develop the tool 

addressing meta tagging schemes, metadata management, search, and accessibility of learning 

objects. The tool allows LO categorization and deconstruction to the largest and smallest 

granular levels of their instructional reusability. I combined a developmental research method 

with an integrative literature review method to design and develop the prototype of a tool known 

as metadata management tool (mmt) for reusable learning objects. If successful, the metadata 

management tool developed could contribute to an effective metadata management for learning 

objects often reused by learning designers, deliverers, and consumers. 
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Citations of Copyrighted Works 

 

Figure 1. McGreal's (2004) Terminology for Learning Objects [Fair Use] 

McGreal's (2004) figure showing terminology for learning objects. Reprinted from 

Learning objects: A practical definition, by McGreal R. Copyright 2004 by Rory 

McGreal, Reprinted with permission, fair use evaluation attached. 

 

Figure 2. Learning Objects Repository Reuse Concept Diagram [Creative Commons] 

Learning objects repository reuse concept diagram incorporating SAMR/iSAMR 

models. Adapted from SAMR: Thoughts for design, by R. Puentedura. 2012. 

Adapted courtesy of the Creative Commons Attribution-Noncommercial-Share 

Alike 3.0 License, by Ruben Puentedura. 

 

Figure 3. Learning Objects Repository Reuse Concept Elemental Alignment  

         [Creative Commons] 

Learning objects repository reuse concept elemental alignment incorporating 

SAMR/iSAMR models. Adapted from SAMR: Thoughts for design, by R. 

Puentedura. 2012. Adapted courtesy of the Creative Commons Attribution-

Noncommercial-Share Alike 3.0 License, by Ruben Puentedura. 

 

Figure 4. Taxonomy for Learning Objects Granularity  [Creative Commons] 

Figure of proposed extended ontology sourced from EnCoMpaSS, 2002. Adapted 

from Johnson, K., & Hall, T. (2007). Granularity, reusability and learning objects. 

In A. Koohang & K. Harman (Eds.), Learning objects: Theory, praxis, issues and 

trends (Vol. I), (pp.181-207). Santa Rosa: CA: Informing Science Press. p.200. 

Adapted courtesy of Creative Commons Attribution-Noncommercial-ShareAlike 

3.0 Unported License. 

 

 

Figure 5. Mapping Two Taxonomies to Each Other   [Creative Commons] 

Figure of mapping two taxonomies to each other. Reprinted from Sontag, M. 

(2007). Syntax and semantics of learning object metadata: The IEEE/IMS LOM 

and beyond.  In A. Koohang, & K. Harman, (Eds.), Learning objects: Theory, 

praxis, issues and trends (Vol. I), (pp.417-505). Santa Rosa: CA: Informing 

Science Press, p.452. Reprinted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 
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Figure 6. IEEE LOM Tree Structure     [Creative Commons] 

IEEE LOM tree structure. Reprinted from Baures, L., & Quade, A. (2007). 

Learning object metadata: Semantics, content rules, and syntax.  In K. Harman, & 

A. Koohang, (Eds.), Learning Objects: Standards, metadata, repositories, and 

LCMS (Vol. II), (pp.63-91). Santa Rosa: CA: Informing Science Press, p.83. 

Reprinted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 

 

 

Figure 7. Learning Objects Metadata    [Creative Commons] 

Illustration of Learning Objects Metadata. Reprinted from Farha, W. N. & 

Mitchell, J. L. (2007). Learning object applications & future directions.  In K. 

Harman, & A. Koohang, (Eds.), Learning Objects: Standards, metadata, 

repositories, and LCMS (Vol. II), (pp.1-40). Santa Rosa: CA: Informing Science 

Press, p.7. Reprinted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 

 

 

Figure 8.  Combining the XML Languages of LOM and Dublin Core  

          [Creative Commons] 

Illustration of combining the XML languages of LOM and Dublin Core. 

Reprinted from Nilsson, M., Johnston, P., Naeve, A., & Powell, A. (2007). The 

future of learning object metadata interoperability.  In K. Harman, & A. Koohang, 

(Eds.), Learning Objects: Standards, metadata, repositories, and LCMS (Vol. II), 

(pp.255-313). Santa Rosa: CA: Informing Science Press, p.275. Reprinted 

courtesy of Creative Commons Attribution+NonCommercial+ShareAlike 3.0 

Unported License. 

 

 

Figure 9. Unit Metadata     [Creative Commons] 

Illustration of unit metadata.  Reprinted from Memmel, M., Ras, E., Jantke, K. P., 

& Yacci, M. (2007). Approaches to learning object oriented instructional design. In 

A. Koohang & K. Harman (Eds.), Learning objects and instructional design (Vol. 

III), (pp.281-326). Santa Rosa: CA: Informing Science Press.  p. 301. Reprinted 

courtesy of Creative Commons Attribution+NonCommercial+ShareAlike 3.0 

Unported License. 

 

 

Figure  10. Schematic of the Collaborative Design and Development Process     

         [Creative Commons] 

Illustration of schematic of the collaborative design and development process.  

Reprinted from Light, P., Harrigan, K. Bringelson, L., & Carey, T. (2007). 

Collaboration and community building: Extending design processes for learning 
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objects to foster reusability. In A. Koohang & K. Harman (Eds.), Learning objects 

and instructional design (Vol. III), (pp.197-218). Santa Rosa: CA: Informing 

Science Press.  p. 205. Reprinted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 

 

 

Figure 11. Combined Granularity Sequencing Model and Learning Self-Directed Paths   

         [Creative Commons] 

Illustration of combined granularity sequencing model and learning self-directed 

paths to show layer of granularity during a resource search sequence. Adapted 

from Farrell, K., & Carr, A. E. (2007). A blended model of instructional design for 

learning objects. In A. Koohang, & K. Harman, (Eds.), Learning Objects: 

Learning objects and instructional design (Vol. III), (pp.359-405). Santa Rosa, CA: 

Informing Science Press.  pp. 375-378. Adapted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 

 

 

Figure 12. Example of Learning Environment Ontology [Creative Commons] 

Illustration of example of learning environment ontology.  Reprinted from Taylor, 

J., Slay, J., & Kurzel, F. (2007). An ontological approach to learning objects 

(Doctoral dissertation). In K. Harman, & A. Koohang, (Eds.), Learning objects: 

Applications, implications, and future directions (Vol. IV), (pp. 35-61). Santa Rosa, 

CA: Informing Science Press.  p. 48. Reprinted courtesy of Creative Commons 

Attribution+NonCommercial+ShareAlike 3.0 Unported License. 

 

 

Figure 13. Learning Object Review Instrument Data   [Used with Permission] 

Nesbit, J. C., Belfer, K., & Leacock, T. L. (2010). Learning object review 

instrument (LORI): User manual. E-Learning Research and Assessment Network. 

Retrieved from (personal communication from John Nesbit Sent: Tuesday, April 

15, 2014 at 12:46), attached 
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TO: Tracey L. Leacock; John C. Nesbit   

RE: Request to use Learning Object Review Instrument 

 

Hello Drs. Tracey L. Leacock & John C. Nesbit: 
 
My name is David Okoth, an Instructional Design and Technology doctoral student at Virginia 
Tech. I am requesting permission to use Learning Object Review Instrument (LORI) in my study. I 
am working on my dissertation titled: “Open Online Courseware Repositories Reuse as 
Innovative Educational Product for Developing Countries.” 
 
Given the rigor of work you did in evaluating the framework for evaluating the quality of 
multimedia learning resources of this version (LORI 1.5); I request your written permission to 
use a contextualized version in my current reuse study. 
 
I believe the Items in LORI 1.5 (Nesbit, Belfer, & Leacock, 2004) will enable me to evaluate the 
quality of e-learning resources when it comes to reuse of courseware repositories and the 
Instructional Design Model I will develop. I am in the guidance of four faculty committee 
members under the chairmanship of Dr. Ken Potter. Please let me know if there may be a latest 
version compared to the one I’ve cited above. 
 
I thank you in advance for your consideration of my request and look forward to your reply. 
 
Best Regards 
David Okoth 
 

Ph.D. Candidate & 
Instructional Technology Team Member 
College of Engineering 
Virginia Tech 

http://eng.vt.edu/it/insttech 

  

Join our Scholar site to get tablet pc tips and help! 

 

===== 
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publications when you report your results. 

 

Regards 

 

John Nesbit 

Professor 

Faculty of Education 

Simon Fraser University 
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I appreciate you and Dr. Leacock’s contributions in our field of knowledge. 
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Ph.D. Candidate & 
Instructional Technology Team Member 
College of Engineering 
Virginia Tech 
http://eng.vt.edu/it/insttech 
  
Join our Scholar site to get tablet pc tips and help! 
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