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Abstract 
There is a growing demand for Open Educational Resources (OER), and instructional designers are 
trying to create strong business models that also cater to these market desires. Since 2002, 
EduChange has been providing a small number of schools with OER, and we have learned a great 
deal about how teachers and students use these materials. This paper taps 10 years of extensive data 
collection during two phases of implementation, including close observations of OER implementation 
at the secondary/high school levels. The first phase, 2002-2008, involved the digital provision of OER 
to teachers, who then delivered materials in print to students. The second phase, 2012-2016, involved 
digital delivery of OER to both teachers and students via the Google Drive and Classroom platforms. 
Based on our qualitative and quantitative data, EduChange moved toward a sustainable model, which 
we coin as Sustainable Open Educational Resources (SOER).  

Sustainable Open Educational Resources (SOER) meet the market desire for modifiable content. 
Instructors have complete modification privileges, which they desire and is a key selling point. We 
have developed systems that make our architecture resilient to ‘arbitrary’ modifications, such that 
those who adopt the program can refine and revise in good faith without impacting implementation 
negatively. These same systems also welcome modifications made by savvy teachers, who are adept 
at maneuvers that improve the alignment of the materials to their student needs. Our approach signals 
a departure from many publishers who insist on ‘implementation with fidelity.’ Such requests may 
implicate the fragility of their architecture, rather than the inadequacy of the user, as some publishers 
may claime. 

SOER keep content up-to-date. Online delivery allows us to update the student anchor text (online 
textbook) with the latest STEM discoveries and resources in real time (e.g., students in Kuala Lumpur 
learned about NASA’s 2016 discovery of water on Mars the next day).  

SOER eliminate the need for proprietary platforms, thus accommodating even sweeping technological 
changes that impact both user and publisher. This approach allows the content to maintain a 
‘chameleon’ presence, agile enough to adapt to new platforms as needed. Since our basic 
architecture has existed since 2002, we have tested this approach with success. Some of the 
technologies that our program has survived include: Smart Phones (2007), Twitter (2007), 
SoundCloud (2008), iPads (2010), Google Drive (2012), HTML5 (2014). 

SOER generate ongoing revenue. EduChange continues to modify and refresh the content (about 
15% of the total repository is modified each year; my staff hand-crafts and hand-curates the entire 
repository). Materials maintenance and upgrades allow EduChange to offer an ongoing subscription 
fee after the program is established. 

SOER provide ongoing professional development for teachers. This maintenance process helps 
teachers accrue new pedagogical practices incrementally, decreasing the stress caused by a need for 
‘large leaps’ after several years of no change. Due to the multi-faceted nature of the ongoing 
maintenance subscription, schools can pay via professional development, STEM, Tech or library 
subscription budget lines, as desired. 

The SOER model will work best with a network of partnerships offering schools various supports for 
SOER. EduChange is currently exploring such partnerships and we will share what we have learned in 
the virtual presentation. The Polytechnic and Community College markets are also ripe for these kinds 
of innovations, and we are interested to explore these settings with our program in the next phase of 
research and development. 
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1 INTRODUCTION  
The demand for digital curriculum of all types increased 25% in 2016 in the USA alone, with increased 
institutional spending (over individual teacher spending) projected for 2017 [1]. Despite EdTech 
companies’ affection for the freemium model, where a minimum viable product is accessible for free 
and additional options may be purchased for better functionality, the same survey reported that 56% of 
teachers use paid digital resources for their classrooms [1]. The future of Open Educational 
Resources (OER) hangs in the balance, though the surge of Chromebook sales in the USA, with its 
open platform Google Classroom as a major selling point, keeps OER in the game. In countries other 
than the USA, Microsoft’s Windows operating system (OS) captured 65% of market share in K-12, and 
Microsoft is introducing more features and systems that compete directly with Google’s offerings [2] 
[3]. Of course, devices using a Windows OS can still readily access Google’s browser-based 
Classroom platform. 

To understand the explorations and decisions that EduChange has made to continue its pursuit of 
OER, it is critical to define the term. Grodecka and Śliwowski [4] describe OER as “any educational 
resources…which have been made available for use under open licenses – which means that anyone 
can use, adapt and redistribute them…as long as they adhere to license conditions, such as 
attribution; the users’ rights are clearly specified and easily understandable.” It is important to 
understand that open means modifiable by the user; the content and nature of the materials are open 
to revision by the user.  

Both content publishers and application developers claim their digital resources are OER, when in fact 
they are merely digital, merely free, or both. If a teacher uses a free, digital interactive game exploring 
gas laws, but cannot reprogram the application to add certain gauges and indicators that the orginal 
developers did not include, the interactive is not OER. Similarly, publishers that provide portable digital 
files (PDF), popularized by Adobe Systems, Inc., are not providing OER because PDF is a closed 
format, and because the publishers do not intend for the user to make direct modifications. In a third 
example, digital publishers with proprietary platforms may include features that support text 
annotations, to include color-coding and highlighting. However, these annotation features overlay the 
content and do not change the nature of the content itself. This is why stand-alone annotation 
applications are free from copyright infringement (unless they violate copyright in another way). 

The decision to pursue OER is not trivial for publishers, since teachers and professors are known 
violators of fair use; often teachers do not credit authors or document any kind of attribution to 
educational publishers. The phrase ‘make it your own’ has been taken literally, and feeds an 
erroneous belief that refinement equates to creation. For a variety of reasons that surfaced in our own 
data collection and are discussed in this paper, EduChange has decided that the benefits of OER 
outweigh the drawbacks. 

Since 2002, EduChange has provided secondary teachers with a comprehensive OER curriculum that 
may be implemented using one of four different models. It is currently entitled The Integrated Science 
Program. Despite our intentional removal of siloed disciplines in favour of an interdisciplinary 
approach, this program replaces only ‘science class’ time and curriculum in the school schedule. This 
allows schools to transition to an integrated approach more easily. More information about the 
program and company may be found at www.educhange.com.  

The provision of OER was merely one component of a much larger effort that continues today. In 
2002, EduChange launched a comprehensive research, development, implementation and evaluation 
project focused on the integration of various scientific, technological, mathematics, and literacy 
disciplines. Additional competencies, such as critical thinking, inquiry, collaboration, 
character/citizenship, standardized test preparation, and academic readiness also were incorporated 
into program design. The main goals of this project were: 

• to align secondary school curriculum more closely aligned to the ways in which scientific and 
technological investigations and problem-solving are authentically practiced; 

• to remedy pedagogical skill deficits, due to insufficient or inappropriate teacher preparation 
programs, of the widest demographic of teachers we could access; 
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• to increase the efficiency of ongoing teacher professional development through immersion in a 
model that demonstrates best-practice pedagogical methods; this immersion model involves 
simultaneous student delivery, without the unreliability—or even absence of—effective teacher 
transference from workshop to classroom; 

• to address the increasing shortages and attrition of certified science and technology teachers by 
increasing their confidence in teaching other disciplines, such that they would seek dual 
certification or additional coursework; 

• to integrate emergent learning technologies and e-tools, as well as an increasing number of 
freely-available workplace productivity tools;  

• to improve the attitudes and engagement levels of the widest demographic of students we could 
access; 

• to achieve growth in a variety of academic competencies, including demonstration of content 
knowledge, across all student learning profiles; 

• to increase student enrolment in successive science & technology courses; 

• to successfully utilize design science with over 500 teaching and learning variables to develop 
curriculum;  

• to determine efficient ways to deliver materials that invite user-modifiable and user-crated 
content (now called Open Educational Resources); 

• to determine the extent to which professional development could be delivered remotely; 

• to engage the educational research and evaluation community with rich, multi-year study sites 
to improve understanding in the field; and  

• to engineer a scalable global solution at a competitive price point. 

To date, EduChange has received no funding from external agencies or investment groups to meet 
the goals listed above. We choose to share our findings with the field hoping that the work can 
contribute to a larger understanding of the ways in which learning experiences are currently designed, 
and may be designed in the future. Results related to the development of OER is the focus of this 
paper. We have and will continue to share the results related to other goals through various channels. 

2 METHODOLOGY 
This paper taps 10 years of extensive data collection during two phases of implementation, including 
close observations of OER implementation at the secondary/high school levels. Data informing 
EduChange conclusions about OER were compiled across a variety of data sources. To give the 
reader context, data describing participating teachers and students, as well as the range of data 
collected to answer multiple questions, are presented here. The Results and Conclusions sections of 
this paper will focus only on issues related to OER. 

2.1 Phase one implementation, 2002-2008 
The first phase, 2002-2008, involved the digital provision of OER to teachers, who then delivered 
materials in print to students. Thus, teachers could modify the digital versions and students were 
invited to annotate and generate additional content. The first phase involved 10 public schools across 
New York City, a New York City suburb, and a Navajo Nation school in New Mexico—all located in the 
USA. The latter school represents our first attempt to deliver remote continuation of professional 
development, now commonly known as a ‘blended approach’ to professional development. The 
teacher (Table 1) and student (Table 2) demographics represented across our phase 1 schools are 
captured below: 
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Table 1.  Teacher Demographics Across 10 Implementing Schools and 30 Teachers, 2002-2008 

Indicator Data 

Gender 33% male, 67% female 

Native American or Alaska Native 3% 

African American 18% 

Hispanic or Latin 11% 

Asian 10% 

Pacific Islander 1% 

White 57% 

Teaching Experience First year 15 years 

Science Certifications 71% 

Special Education or English Language Learner Certifications 29% 

Due to the style limitations given by IATED, we are unable to present a full table of school-by-school 
data on students in a readable format. Instead, we present each student indicator and the range of 
representation across all ten schools in Table 2 below: 

Table 2.  Student Demographics Across 10 Implementing Schools and ~2000 students, 2002-2008 

Indicator Representation Across 10 Schools 
Native American or Alaska Native 1 - 99% 

African American 0 - 83% 

Hispanic or Latin >1 - 100% 

Asian >1 - 30% 

Pacific Islander 0 - 5% 

White 0 - 53% 

Teaching Experience First year 15 years 

English Language Learners (identified) 0 - 100% 

Special Education Students (identified) 1 - 90% 

Eligible for free meal programs 36 - 97% 

Average School Attendance Rate 80 – 96% 

Average High School Graduation Rate 47 – 100% 

Data collection to help answer questions addressing our stated goals was conducted by EduChange 
staff, by teachers and school administrators, and by Nicolle Gottfried Zapien, PhD, MFT, who served 
as an independent evaluator during the first phase. EduChange also collaborated with scientific 
advisors at The Rockefeller University in New York City during the first phase. Three two-year cohorts 
of students, totaling approximately 2000, were observed during this phase. Table 3 demonstrates the 
breadth and depth of qualitative and quantitative data collection in the first phase: 
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Table 3.  Data Collection Across 10 Implementing Schools, 2002-2008 

Data Collected Frequency of Collection 

Documented classroom observations and meetings Weekly 

Student work and formative assessments Monthly 

Written student reflections (metacognitive and materials-focused) Every 6 weeks 

Written teacher reflections Every 6 weeks 

Teacher, Student, Scientist Inquiry Group Meetings Quarterly 

Administrator Interviews Annually 

Publicly accessible school profiling data Annually 

Standardized test scores (NY only) Annually 

Observations of teachers during week-long summer institutes Annually 

Student attitudinal profiling questionnaires Biannually 

Teacher action plan portfolios Biannually 

Teacher one-on-one interviews Biennially 

Parent surveys Biennially 

2.2 Phase two implementation, 2012-2016 
Many questions were answered during the six-year data collection period of phase one. EduChange 
decided that the next iteration of the program must be delivered digitally, yet the infrastructure to 
support this initiative was unavailable in 2008. Thus, no additional schools were allowed to join the 
initiative. As new literacy, science, technology curriculum standards were developed and released in 
the USA and internationally, EduChange launched a redesign and upgrade initiative in 2010. Updates 
to course syllabi and corresponding examinations also occurred in widely-purchased Advanced 
Placement® (AP) and International Baccalaureate® (IB) around the same timeframe. 

The second phase of school implementation, 2012-2016, involved digital delivery of OER to both 
teachers and students via the Google Drive and Classroom platforms. To test digital delivery, and to 
capture demographics that were not included in phase 1, EduChange chose to collaborate with elite, 
international private schools. All schools employed a bring-your-own-device (BYOD) approach, 
meaning that families were responsible for providing a device for their student’s personal use. 
Financial assistance was available to those families for whom this was a hardship. The schools were 
located in urban settings in Sao Paulo, Brazil; Kuala Lumpur, Malaysia; and Tokyo, Japan. The data 
collection represents two student cohorts, 25 teachers and approximately 500 students. Tables 4 and 
5 describe the demographic data of participating teachers and students. 

Table 4.  Teacher Demographics Across 3 Implementing Schools and 25 Teachers, 2012-2016 

Indicator Data 

Gender 54% male, 46% female 

United States – home country 42% 

Canada – home country 13% 

NZ/Australia – home country 8% 

Brazil – home country 8% 

Teaching Experience 5  20 years 

Science Certifications 83% 

Special Education or English Language 
Learner Certifications 

17% 
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Table 5.  Student Demographics Across 3 Implementing Schools and ~500 students, 2012-2016 

Home Countries Represented Data 

# of Countries per School 40-60 

USA & Canada 34% 

Brazil 19% 

Japan 10% 

Europe 9% 

India 5% 

South Korea 5% 

Other Latin America 4% 

Oceania 3% 

Other 5% 

It was more difficult, as expected with remote locations, to collect data. EduChange focused mainly on 
digital delivery efficacy, cross-cultural acceptance and understanding of instructional intentions, and 
competency growth in both teachers and students. Table 6 displays the data collection with notes 
about the degree to which schools provided data to EduChange: 

Table 6.  Data Collection Across 3 Implementing Schools, 2012-2016 

Data Collected Schools/Participation 

Student work and formative assessments Two schools shared examples of select assessments 

Student surveys Two schools, solid participation 

Virtual teacher meetings Two schools, 2-5 meetings per year 

Administrator interviews Two schools, 2 meetings per year 

Publicly accessible school profiling data Three schools 

IB/AP enrolment data Three schools 

Teacher surveys Two schools, low participation 

Administrator notes from parent meetings Three schools, one meeting each 

EduChange parent meetings Two schools, one meeting each 

3 RESULTS 
The results of our 10 years of observations and data collection reflect both OER implementation 
phases, as described in the Methodology section: 

• Students require 4-6 weeks to adapt to the personalization possibilities provided by OER. 
Mainly, they need to adjust to the increased responsibility for their own work, rather than to 
basic formatting or platform features. 

• Approximately 3-5% of students insist on printing the materials to hand-annotate in the 
beginning of the first year. However, teachers report that these students transition to complete 
digital usage by the end of the first year. 

• Students overwhelmingly support their ability to personalize OER. EduChange capitalizes on 
OER by inviting students to co-create their text, and they craft approximately one-third of the 
materials. 

• Students cite OER as one reason they learn how to learn in our program. 

• Teachers unanimously appreciate the ability to modify program materials. Teachers feel that 
EduChange provides OER out of respect for teacher professionalism and individual 
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preferences. They also feel that EduChange understands the practicality of OER for co-
planning, sharing student work in teams, and providing feedback to students. 

• Several teaching and administrative roles had access to OER materials. While modification 
privileges were use most frequently by implementing classroom teachers, other roles that 
benefitted from the open access were: 
o Guidance counsellors 
o Assistant principals and Principals 
o Curriculum directors 
o Technology directors/CIOs 

• Despite having modification privileges across all documents, most teachers do not engage in 
heavy editing. Since most teachers do not have experience designing integrated or 
interdisciplinary curricula that cover multiple years, it makes sense that they are hesitant to 
modify. However, many teachers note that their time is constrained, and that OER also allows 
for changes that can be made in the moment (e.g., during class time) if needed. 

• Most teacher edits reflect the wording of particular scientific definitions to match their personal 
preferences. Teachers sometimes removed questions or activity references they did not wish to 
complete. In a few instances, teachers asked EduChange to modify laboratory protocols to 
reflect particular lab equipment owned by the school. This is interesting, particularly since they 
sent the edits to EduChange and asked that we review and insert them; they wanted 
EduChange to ensure that the flow of their edits synchronized with other related activities. 

• During the first phase of implementation, teachers altered page layout and fonts to reduce the 
number of pages they needed to print. The results, in our opinion, made the experience worse 
for students. This was resolved during phase two implementation, with full OER and digital 
delivery for students. The desire to print was the main reason we waited until 2012 to release 
the digital product. We remain resolved to provide only digital materials, and to work only with 
schools committed to the same. 

• EduChange program design incorporates authentic STEM resources into the learning 
experiences, without infringing copyright (incidentally, we collaborate with a growing number of 
these authoring organizations to co-promote their content). In other words, EduChange provides 
OER that includes the curation of others’ OER. This curation is appreciated by teachers, as they 
do not have time and/or skills to a) curate these resources, and b) design corresponding 
learning experiences incorporating the specific variables highlighted in the EduChange 
program. 

• Even after a designated program establishment period, which differs depending on the 
implementation model chosen by the school, teachers want EduChange to continue updating 
the OER. Teachers indicate that they do not have time to keep up-to-date with STEM 
advancements. Also, they appreciate the time and work involved. By the end of the 
establishment period, teachers understand that OER updates are not merely cut-and-paste 
efforts and require design expertise. This deepened understanding allows schools to view 
EduChange as true collaborators. 

• Schools appreciate the flexibility of materials delivery on their chosen platform. Since teachers 
are already familiar with the school’s chosen content delivery platform (Google Classroom, 
Instructure/Canvas, etc.), EduChange does not need to provide teacher training on the use of 
proprietary technology. This allows EduChange to focus on pedagogy, assessment and the 
management of student-centred classrooms. 

• OER provides a wonderful conversation piece for professional development. The seamless 
connection between materials and practice has supported positive professional change, even 
when teachers begin a conversation by pointing out perceived deficiencies or problems with the 
OER. Instead of pointing the finger at poor classroom execution, the EduChange coach can use 
the OER as a starting point for modifications that need to occur instructionally. Modify the 
materials, modify the practice. It takes some teachers longer than others to grow accustomed to 
these kinds of conversations, though most conversations move teachers to resolution and 
constructive next steps that they feel empowered to take. 
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• EduChange employs an Academic Honesty policy, which is notated on each document and 
requires users to attach a prescribed footer to any derivative works. The intent is to provide an 
easy way to preserve attribution, and to provide a teaching opportunity to discuss attribution 
with students. In both implementation phases, we found that most teachers and students are 
reluctant to carry the footer over to new documents. We found that this was not an honest, 
passive mistake. Rather, there was a sense of active defiance and knowing non-compliance 
that accompanied the removal of attribution from the EduChange materials.  

It is interesting to note that despite teachers’ deepened appreciation for the level of design expertise 
demonstrated by EduChange as implementation progressed, teachers continued to remove attribution 
from modified files. This action coincides with the ‘make it your own’ sentiment, but also, we suspect, 
reflects a deep-seated belief that teachers should create their own curriculum. If they do not, they 
should feel shame, embarrassment, or resentment. There is nothing in our data that suggests that 
teachers treat EduChange OER differently from other materials.  

Almost no teacher designs lessons from scratch. They almost always use a model or pre-fab lesson 
plan that they then revise. And they do not, in our observation, give credit to any author or publisher of 
the plans they modify—even if the plan was designed by a peer at their own school, whom they know 
personally. 

4 CONCLUSIONS 
Based on the results of 10 years of data collection and classroom observations, EduChange believes 
that the pursuit of OER is worthwhile for educational publishing efforts. However, we coin a new 
descriptor: Sustainable OER, or SOER.  We have determined from our data that schools are willing to 
pay not only for the original incarnation of the OER, but also for ongoing updates. They see the value 
in the role the publisher plays in keeping materials current, particularly in the STEM disciplines, which 
develop rapidly.  

SOER eliminate the need for proprietary platforms, thus accommodating even sweeping technological 
changes that impact both user and publisher. This approach allows the content to maintain a 
‘chameleon’ presence, agile enough to adapt to new platforms as needed. Since our basic 
architecture has existed since 2002, we have tested this approach with success (Fig. 1): 

Figure 1. Select Tech that EduChange has incorporated, replaced, and survived since 2002, based on 
widespread use or UI/UX friendliness for teachers. 

Smart Phones (2007) HTML5 (2014) PhET (2002) Twitter (2007) 

Google Drive (2012) Various incarnations of 
BlackBoard, Moodle, 
Instructure/Canvas LMS 

IARC Cancer Today Data 
Visualizations (2016) 

MySpace (2003 - 
come and gone!) 

Google Classroom 
(2014) 

Doctopus, LucidChart & other 
Google Doc integrations 

BioDigital Human (2013) DropBox (2008) 

Google+ Hangouts 
(2011) 

Instagram (2010) FlyLab/Drosophila (2005) Periscope (2015) 

iPads (2010 – now 
fading for secondary 
STEM students!) 

SoundCloud (2008) Virtual Urchin (2004) Google Earth 
(2001) 

NCBI BLAST Database 
(2008) 

NZ Science Learning Hub 
(2007) 

EWG Sunscreen & 
Cosmetic Databases (2006) 

PLOS One (2007) 

SOER generate ongoing revenue. EduChange continues to modify and refresh the content, and 
designers hand-craft and hand-curate the entire repository. Materials maintenance and upgrades 
allow EduChange to offer an ongoing subscription fee after the program is established, and our data 
reveal that schools are willing to pay for this maintenance. 

SOER provide ongoing professional development for teachers. This maintenance process helps 
teachers accrue new pedagogical practices incrementally, decreasing the stress caused by a need for 
‘large leaps’ after several years of no change. Due to the multi-faceted nature of the ongoing 
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maintenance subscription, schools can pay via professional development, STEM, Tech or library 
subscription budget lines, as desired. 

The SOER model requires further study across different program types and durations. While 
document rights management (DRM) was not discussed in this paper, nor is it an option that 
EduChange chooses to exercise, there may well be a need for DRM that preserves attribution even it 
allows extensive or even unlimited sharing. The psychological basis for rejecting attribution, which 
seems prominent among many teachers we have encountered over our 10-year data collection period, 
requires articulation and description that can allow publishers to act alongside schools to resolve the 
issues. 

The spirit of OER invites publishers to collaborate with content providers who remain external to the 
corporate entity, but whose works may be utilized to great benefit and with sufficient attribution. 
Further, such collaborations could prove powerful for marketing efforts, as collaborations in general 
are judged favorably by schools and reflect their values. EduChange is currently exploring such 
partnerships and we will share what we have learned in the virtual presentation. The Polytechnic and 
Community College markets are also ripe for these kinds of innovations, and we are interested to 
explore these settings with our program in the next phase of research and development. 

ACKNOWLEDGEMENTS 
Catherine Saldutti would like to extend sincere thanks to all schools participating in our 
implementations. These teachers, administrators, parents and students were willing to explore 
emergent innovations with us, at a time when these innovations were not popular educational trends. 
They are true pioneers. We are incredibly grateful for their honest input, which has fuelled program 
improvements and paved the way for future teachers and students around the world. 

REFERENCES  
[1] J. Bolkan, "Digital curriculum spending up 25% in 2016, most schools to increase in 2017," THE 

Journal, January 3, 2017. Retrieved from https://thejournal.com/articles/2017/01/03/report-
digital-curriculum-spending-up-25-percent-in-2016-most-schools-to-increase-in-2017.aspx on 
May 12, 2017.  

[2] Futuresource Consulting, Ltd., "Sales of mobile pcs into the us k-12 education market continue 
to grow, as OS battle heats up," Press Article, 03 March 2017. Retrieved from 
http://www.futuresource-consulting.com/Press-K-12-Education-Market-Qtr4-0317.html on May 
12, 2017.  

[3] H. Kelly, “Why Google, Apple and Microsoft are battling for education,” CNN Money, May 4, 
2017 Retrieved from http://money.cnn.com/2017/05/04/technology/microsoft-apple-google-
education/ on May 12, 2017. 

[4] K. Grodecka and K. Sliwowski, “Open educational resources mythbusting,” Open Educational 
Resources Policy in Europe, Creative Commons, October, 2014. Retrieved from 
http://oerpolicy.eu/knowledge-base/open-educational-resources-mythbusting/ on February 20, 
2017. 

6760




