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Abstract – The conventional education paradigm consists 

of a craftsman-like delivery model. This model suffers 

from variable quality, system level inefficiency, high 

costs, and lack of scalability. Online and blended 

solutions can significantly address these issues, but at the 

expense of significant R&D-like expenses. Currently, 

these costs are product-like in nature, and do not fit into 

the fundamental financial structure of most institutions. 

This paper presents FRODO, an open-source 

architecture for instruction IP that has the potential to 

reduce R&D-like costs, crowd-sourced pedagogical 

innovation, and build an ongoing active maintenance 

structure.  Though patterned on successful open-source 

software IP such as Linux or Canvas, Instruction IP has 

unique requirements, governance needs, and 

participating actors.  This paper proposes a specific 

architecture for Open-Source Instruction IP accounts 

for these differences, and further outlines a pilot for a 

critical STEM class to test these ideas.  

    

Index Terms – LMS, Linux, Open-Source Instruction IP.   

MOTIVATION 

As discussed in the TEDx Talk titled “Ken Robinson was 

right about the symptom, now let’s talk,” [1] and associated 

articles [2], the current education paradigm is based on 

fundamental economic pillars of the scarcity of the teacher 

and the classroom.  As shown in figure I, the industrial 

response to this scarcity was to build a system with the 

teacher/classroom at the center and a series of processes to 

optimize cost, learning, and utilization while students (the 

widgets in this model) are marched through an assembly-

line process by the teacher/classroom. In this model, 

learning occurs via osmosis and is highly correlated with the 

effectiveness of the teacher/student engagement. This has 

led to a structure of the teacher as “craftsmen.”  In this 

model, the only real reusable IP is the textbook (physical or 

virtual). 

Over history, this model has been a massive 

success in raising the general education level of millions (if 

not billions) of people. Having said this, the system is 

highly, bureaucratic and unlike all other parts of the 

economy with craftsmen at the center, there has been very 

little professional automation within teaching.  Most 

importantly, the negative consequences of this system for 

the student are significant. The system is delivery focused 

and not student focused. Bedrock principles such as 

semesters, grades (as opposed to certification), banked-

learning, and scalability are significant issues for this model.  

 

 
 

FIGURE I 

 

In the context of this paper, the highly distributed 

delivery structure makes it very difficult for pedagogical 

innovation to be absorbed by the system.  The literature is 

littered with good ideas that are used by a very small 

number of practitioners. 

With the advent of technology, the core bedrock 

scarcity arguments have changed significantly. The 

classroom can be virtual and thus is eminently scalable. 

Through technology, large parts of the routine aspects of 

teaching traditional courses (places where the content is 

known and static), can be automated with the consequence 

that the teacher can move up the value chain.  

The initial use of technology was to operate a 

Classroom+ model where lectures were recorded and made 

available 24-7. MIT’s OpenCourseWare [3] is a great 

example of this model. While useful, very quickly it was 

realized that the effectiveness of these techniques can be 

increased significantly with the production of a course is 

very similar to the production of software.  Today, nearly all 

the leading edge online schools such as Edx [4], FLVS [5], 

WGU [6], and others use an approach consisting of a 

production team. This team consists of IT, graphic 

designers, copywriters, and finally the subject matter expert. 

At the same time, the teachers’ roles split as shown in figure 

II into experts, content creators, and edge engagement.  

This model has been demonstrated to be a scalable 

service for competency-based education delivery. Studies by 

institutions such as ASU have shown the pedagogical 

effectiveness of these models with  LEAD [7].  
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FIGURE II 

 

While very effective, the development of the 

course is also very similar to software in that there is 

significant investment required for R&D.   As figure III 

shows, this investment is at odds with a traditional school 

services model because of the upfront product development. 

Many schools are not financially structured to absorb the 

investment and associated risk.  Finally, all the costs of 

development, maintenance, and absorption of innovation are 

borne by the developing institution.  

In many parts of software, the issues of R&D, 

maintenance, and crowd-sourcing innovation are solved 

with open-source systems.  Perhaps the most successful of 

these is the Linux operating system.   Linux was born in a 

world of proprietary operating systems (remember OS2, Sun 

OS, and others?). These operating systems provided the 

interface between hardware developers and application 

software developers. The proprietary nature of the operating 

systems did not allow either of these entities to innovate at 

the rate required. In 1991, Linux was introduced as an open-

source platform and soon grew in popularity. Today, Linux 

has significant market share in the commercial landscape, 

and in fact, the Linux ecosystem is larger than anything any 

single company (e.g. IBM) or country (e.g. China) can 

build. 

SOFTWARE OPEN SOURCE ENVIRONMENTS 

The lesson of open-source systems such as Linux 

(WordPress, Apache, etc.) is that when enabled by an open 

collaborative environment, a community can build, debug 

and innovate at a rate much faster than any single entity. 

The key aspects to enable this collaborative environment 

are: 

1. Governance: There is a need for an unbiased and 

knowledgeable individual/group who manages the 

contributions of the collective. In the case of 

Linux, this was the group led by Linus Torvalds. 

2. Open-Source License Terms: Contributions must 

be available to the whole community and there 

should be no barriers to access. 

3. Active Producer/Consumer:  The community that 

contributes content also consumes it.  With this 

feedback, the content is not stale.  

4. Crowd-Sourced Innovation: Innovative content can 

be easily inserted into the system with the 

availability of the rest of the system.  

5. Shared Cost of Development and Maintenance: 

With a whole community adding value and 

debugging, the costs of development and 

maintenance are shared. 

6. Motivation:  Contributors are motivated to 

contribute because of the social and professional 

gain within the community, and they are often 

consumers of the capability as well. 

7. Value-Added Services: For those who are not in 

the community, value-added services are very 

beneficial in providing access to the broader 

market. This also affords a method to monetize and 

fund the core elements of the community. Red Hat 

became an example of this aspect of the system. 
 

For all the constituents, this environment provided a 

win-win situation.   This structure has been successfully 

translated to other fields, and the author was part of such an 

effort [8] in the area of electronic design automation. 

RELATED WORKS 

The notion of open-source is not new in education. It has 

been successfully used in LMS systems such as canvas [9]. 

However, success in the area of instruction IP has been quite 

a bit more limited.  These efforts have centered around the 

Open Education Resources (OER) [10] movement. The 

driving force for most of these efforts has been cost,  and the 

energy for the movement has come from institutions 

(educational foundations [11], governments [12], 

international [13]).  MIT’s OpenCourseWare was the 

seminal event that kick-started this movement and also 

shows its shortcomings.  

The critical aspect missing in the efforts to date is 

the realization that open-source environments survive only 

if they are supported by active eco-systems.  To build a 

community, the incentive structures for the participants 

must align.  Without this community, one-off events can 

occur. They do provide value, but the content soon becomes 

stale. 

Using the MIT OpenCourseWare example as an 

exemplar, the courses are the results of a small number of 

MIT faculty and published much like a book (static).  Over 

time, unless MIT faculty reinvests, the courses become 

stale. If an industry or other instructors want to improve or 

even fix issues with the courses, there is no mechanism for 

them to do so. Finally, the courses are not built to be shared 

or reused. They are typically large bulky constructs that do 

not have coherent modularity. 

The OpenStax [14] initiative attempted to address 

many of these issues, and the ideas such as Writing 

Commons [15] took these ideas to the next level.  However, 



in these cases, the fundamental paradigm has been limited to 

conventional virtual textbooks.   

While not explicitly open source, Internet 

platforms such as YouTube can reasonably be considered 

the most powerful pedagogical engines that exist today. 

They are especially effective for quick learning, but with an 

inherently flat structure, they do not have an infrastructure 

which is conducive to building compelling integrated 

instruction IP. 

 

In conclusion, the key missing pieces from the 

current state-of-the-art is an open collaborative environment 

with a broader view of pedagogical tools and an explicit 

community which manages this environment with the same 

characteristics as successful open-source software systems. 

FRODO FRAMEWORK 

FRODO is an instruction IP framework focused on enabling 

an active open-source community around core subjects. As 

shown in figure III, the main actors in the environment are 

course designers (with consortium), teachers (of various 

types), and students. FRODO is integrated with traditional 

LMS environments. A reasonable analogy would be that 

FRODO is the compiler and the LMS systems are the run-

time operating systems.  There is a super Administration 

function that is primarily in an IT software architecture role. 

 

 
 

FIGURE III 

 

In this split of functionality, the LMS is responsible 

for the day-to-day operation of a course and in that sense the 

function is unchanged from today.  FRODO is a course 

development environment where a teacher can select course 

modules from the repository and “publish” to the LMS 

environment. The data communicated from FRODO to the 

LMS is all the instruction IP (instruction and assessment). 

Meanwhile, the major communication back from the LMS 

to FRODO is usage and module feedback data for later 

machine learning.  

As shown in Figure IV, the central actor in the 

FRODO environment is the course designer and the central 

organizing construct is the table of contents of a course. The 

course designer works with governing consortium for the 

course.  This effectively is the community that manages the 

integrity of the course in terms of submissions. 

 

 
 

FIGURE IV 

As shown in figure V, the core data-types 

supported by the system for instruction delivery include 

audio, presentation, text (including animation), video, 

chatbot, and generic binary application.  While the first four  

are reasonably common, the final two require more 

explanation. AI-based chatbots can provide an interactive 

learning experience [16] and require slightly different 

support. Finally, in the area of STEM, professional 

engineering packages are key to facilitate understanding as 

well as train for the job market. Thus, integrating these 

software programs with a generic interface is critical.  

In terms of built-in assessment types, the system 

supports the traditional multiple-choice and free-response. 

However, the system extends the assessment structure with 

a chatbot, voice response, and generic binary interface.  

 

 
 

FIGURE V 

  

As detailed in “On FRODO Governance and 

Licensing” [17], the licensing structure is a slightly 

amended GNU GPLv3 [18].  The licensing structure follows 

the fundamental structure of the GPL license in terms of 

freedom to use.  However, the following two aspects are 

added regarding contributors. 

1. The governing consortium for the course through a 

peer review process accepts contributions. When 



accepted, the contributions are recognized and 

published (much like a peer-review article).  

2. Contributors are required to use the results of their 

contributions in live classes. There is no 

enforcement mechanism specified, but this is to set 

the cultural rules for the community.  
 

To summarize, FRODO actively addresses the key 

elements for open-source systems that include governance, 

open-source licensing, active producer/consumer 

relationships [through consortium], crowd-sourced 

innovation, and shared cost of development and 

maintenance.  

INTENDED CONSEQUENCES OF FRODO 

Let’s consider the power of this community approach vs. the 

current system: 

1. Teaching Styles: Today, a teacher can deliver one 

style of teaching — their own. With this system, 

various styles of teaching (humorous, visual, 

auditory, language specific, etc.) can be easily built 

on a core. Further, the value of the core rises over 

time. 

2. Industry/Application Input: Today, a teacher has 

little capability to include “real-life” examples into 

the lesson. With this system, industrial examples 

could easily be added by interested parties. 

3. Debugging/Improvement: Today, once a textbook 

is published or a teacher has delivered the lecture, 

it is done, finished. In this system, there is a 

constant process of capture and improvement. 

Want to build a Chatbot to help teach? One would 

be able to do that in an innovative system.  

4. Value-Added Services: Teaching institutions could 

license the base and build value-added services on 

top to deliver to the broader marketplace. 

5. Professional Organizations:  As the community 

grows at a grassroots level, professional 

organizations such as IEEE can extend their 

traditional roles from research to help foster 

communities in instruction IP coordinated at a 

subject matter level. 
 

CIRCUITS ONE PILOT PROJECT 

In electrical engineering, circuits one is a critical 

drop-off course for students. This is in the context of a 

discipline, this is one of the highest growth areas in the high 

technology economy into fields such as autonomous 

vehicles, smart energy, and biotechnology.  There are a 

number of commercial solutions from companies such as 

Cadence and Synopsys with connected training [19].  The 

next phase of FRODO is to work with an identified 

consortium of electrical engineering faculty, industry 

players, and online instructors to build an active online 

platform for this very important class as a pilot for this 

ecosystem.  
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