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Abstract
Despite vast experience in face-to-face teaching, faculty and graduate teaching as-
sistants (GTAs) still have a need to develop an online teaching skill set. Emergency 
remote teaching resulted in an avalanche of professional development opportunities. 
Post COVID-19, very few faculty can say that they have not been challenged by 
the need to teach online. Unfortunately, reacting to emergency situations in higher 
education comes at the expense of online pedagogy. Furthermore, instructors and 
GTAs prefer online resources over face-to-face training because of time constraints. 
This demonstrates a critical need to offer easy-access, on-the-job, self-paced, and 
theoretically-sound support to instructors who struggle with teaching online cours-
es. This study reports on the results of a design-based research project to create 
and implement Purdue Repository for online Teaching and Learning (PoRTAL). 
Our guiding research questions focused on faculty and GTAs need for support, 
the affordances needed for PoRTAL, its effectiveness, and the barriers for imple-
mentation, replication, and escalation. The research process included four major 
phases and each phase comprised two development steps. The four phases were: 
1) needs analysis and exploration, 2) internal evaluation, 3) expert evaluation, and 
4) implementation. Each phase resulted in design principles to contribute to theory. 
Six design principles were identified: accessibility of open educational repositories, 
human performance technology principles for faculty training, attainable universal 
design for learning guidelines, online pedagogy vs technology training, content and 
design balance, and cultural and institutional barriers for project replication. Rec-
ommendations for practice and limitations of implementation are given.
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Introduction

The sudden move to Emergency Remote Teaching (ERT; i.e., “temporary shift of 
instructional delivery format;” Hodges et al., 2020) in 2020 catapulted the already 
increasing number of students enrolled in distance learning courses, which had 
reached seven million in the USA alone by 2019 (National Center for Education 
Statistics, 2022). Post COVID-19, very few faculty can say that they have not been 
challenged by the need to teach online (Hodges et al., 2020). However, while offer-
ings have increased, many instructors have little to no training in how to do so effec-
tively (AbuZayaad-Nuseibeh, 2017; Hurtado et al., 2012). Pre-COVID instructors 
received little professional development in online teaching (AbuZayaad-Nuseibeh, 
2017; Magda, 2019; Martin et al., 2019) and post-COVID has shown a large variation 
in types and quality of professional development (Salajegheh et al., 2022). During the 
ERT era of COVID, initial training in online teaching focused on tool management 
and technology like navigating learning management systems, video production, 
and videoconferencing (Ní Fhloinn & Fitzmaurice, 2021). Although technical skills 
are valuable when teaching at a distance, facilitating a meaningful online learning 
experience is essential and requires strong pedagogical skills. Providing appropriate 
support to instructors enables them to adapt to the changes in teaching in addition to 
preparing higher education institutions to offer quality online courses (McGee et al., 
2017; Mohr & Shelton, 2017).

Despite vast experience in face-to-face teaching settings, faculty and graduate 
teaching assistants (GTAs) still have a need to develop an online teaching skillset 
(Adnan et al., 2017; Frass et al., 2017). Reactively addressing online learning issues 
can result in unsatisfactory results (Besser et al., 2022; Burke, 2005) and a stressful 
experience for instructors teaching online. Further, professional development initia-
tives have been shown to improve attitudes and self-efficacy toward online teaching 
(Northcote et al., 2015). Providing support, including professional development to 
instructors, aids higher education institutions in delivering effective online courses 
(McGee et al., 2017; Mohr & Shelton, 2017) eventually leading to successful institu-
tional implementation of online programs (Baran, 2018; Hinson & LaPrairie, 2005; 
Jackson, 2018).

Moreover, research has shown that instructors prefer online resources over face-to-
face training because of time constraints (Poderi et al., 2024), especially for instruc-
tors teaching in research-intensive institutions who prioritize research more than 
teaching and service (Brew et al., 2022; Chen, 2015; Reid & Gardner, 2020; Scott 
& Scott, 2011; Taylor & McQuiggan, 2008). Faculty perceive one-on-one consulta-
tions with mentors or instructional designers to be more effective (Evanick, 2023; 
Taylor & McQuiggan, 2008; Williams et al., 2014). Yet, sustained one-on-one sup-
port is expensive for institutions. It also implies a considerable time investment from 
faculty members (Carroll-Barefield et al., 2005; Poderi et al., 2024; Shreaves et al., 
2020). Thus, it is necessary to offer comprehensive, timesaving, and more economic 
resources to assure that no instructor is left behind.

Taken together, this demonstrates a critical need to offer easy-access, on-the-job, 
and self-paced support to instructors who struggle with teaching online courses. With 
that intention, we adopted a design-based research (DBR) approach (Wang & Han-
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nafin, 2005) for the creation of PoRTAL (Purdue Repository for online Teaching 
and Learning), an open educational resource (OER) digital repository that provides 
strategies and resources for both novice and experienced instructors teaching online. 
The “open” in OER denoted that the “materials are licensed with copyright licenses 
that provide permission for everyone to participate in the 5R activities—retain, reuse, 
revise, remix, and redistribute” (Wiley & Hilton, 2018). Rooted in the free-software 
movement, Open Educational Resources (OERs) are “technology-enabled, open pro-
vision of educational resources for consultation, use and adaptation by a community 
of users for non-commercial purposes” (UNESCO, 2002). An open approach to fram-
ing our research allowed us not only to increase access to our OER digital repository 
beyond institutional borders, but also enhanced transparency, allowing others (e.g., 
peer institutions) to replicate and validate our findings. While increasing the impact 
and visibility of our work, an open approach in our research also promotes efficiency 
in educational research by allowing others to build on our efforts and learn from our 
challenges. DBR guided us through iterative cycles of revision and improvement 
involving perspectives from multiple stakeholders, or co-designers. We analyzed the 
challenges experienced by new instructors or instructors having less online teaching 
experiences from a Human Performance Technology (HPT; Dessinger et al., 2012; 
Van Tiem et al., 2012) perspective resulting in a “HPT-OER model” (Richardson et 
al., 2023). According to Pershing (2006), “Human Performance Technology (HPT) is 
the study and ethical practice of improving productivity in organizations by design-
ing and developing effective interventions that are result-oriented, comprehensive, 
and systemic (p. 6).” This paper is the second in a series that reports on the PoRTAL 
project’s intervention informed by an HPT perspective and focuses on the co-design 
process and resulting research, our design principles, from the DBR process.

The professional development of instructors and GTAs for online 
teaching and learning: a human performance technology approach

ERT resulted in an avalanche of professional development opportunities for fac-
ulty and GTAs. Unfortunately, reacting to emergency situations in higher education 
comes at the expense of online pedagogy. Much of professional development time 
is focused on acquiring technical skills like learning management systems, video 
conferencing software, or video editing (Ní Fhloinn & Fitzmaurice, 2021; Walsh et 
al., 2021). Given the urgency of remotely delivering instruction that was designed to 
be in-person, institutions and instructional designers were in “survival” mode that 
needed to focus on keeping courses afloat (Moreno et al., 2022). This might have 
prevented them from guiding faculty and GTAs in the effective facilitation of online 
teaching and learning using evidence-informed practices. Ní Fhloinn and Fitzmau-
rice (2021) reported that in previous ERT situations, like the SARS in 2003, only 
instructors who already have strong technology skills were prepared to shift their 
efforts to improve their online pedagogy. ERT led to increased technical training for 
faculty and GTAs but neglected online pedagogy, suggesting that resources support-
ing effective online teaching strategies are just as crucial as technical guidelines.
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Even before the pandemic, faculty and graduate students received little training 
on how to perform an essential element of their jobs— teaching (Schroeder, 2022). 
Lack of pedagogical training was true for in-person instruction and even more dire 
for online teaching—which faced resistance even before the pandemic. As is the case 
with most first time in-person teaching experiences, instructors may teach their first 
online course with minimal guidance. Hebert et al. (2022) surveyed faculty in four 
higher education institutions and reported that 36.5% of them had no previous online 
teaching experience prior to the pandemic. Yet, much of the training that faculty and 
GTAs receive is included in packed welcome weeks and introductory sessions in the 
midst of a transition to a new job place (Schroeder, 2022). Instructors’ subject matter 
expertise includes unrealistic expectations that faculty have to master the pedagogi-
cal decisions to lead a successful learning experience (Robinson & Hope, 2013), let 
alone an online learning experience. Yet, lack of training does not imply lack of 
knowledge which leads instructors to continue reproducing the way they were taught, 
strategies they used when learning (Oleson & Hora, 2014), and potentially the mis-
conceptions about online teaching and learning acquired.

Moreover, despite the vast resources that are available in institutional centers 
for teaching and learning (Schroeder, 2022), instructors face competing priorities 
between their research and teaching that prevent them from focusing on their peda-
gogical professional development and resources (Carless & Winstone, 2023; Reid & 
Gardner, 2020). Institutions also provide one-on-one support through instructional 
designers. However, Mueller (2021) reported that tensions between faculty and 
instructional designers might prevent a successful relationship; for example, tensions 
were felt when faculty sense a loss of autonomy and when faced with a perceived 
incongruency between recommendations by instructional designers and faculty’s 
teaching philosophy or pedagogical strategies. Finally, professional development 
time for teaching is unpaid and this is especially true for contingent faculty whose 
salary is paid based on the number of courses taught. Given the multiple constraints 
on resources and competing priorities for faculty and GTAs as workers in higher edu-
cation institutions, higher education institutions need to offer efficient training entry 
points that overcome time constraints and circumvent competing priorities.

Theoretical perspectives supporting the creation of digital 
repositories

Digital repositories can share best practices and knowledge in the form of resources 
that are readily available, leading to more discovery, knowledge creation, and use 
(Allan, 2009; Liu et al., 2021; Okon et al., 2020; Rahaman, 2018). With the ever-
increasing amount of online information sometimes reusing knowledge compiled by 
others is easier to accomplish tasks compared to searching for information alone 
(Fisher et al., 2012; Kittur et al., 2014; Liu et al., 2021). In order to be useful, these 
resources need to be sustainable, trusted, and well managed (Seckler et al., 2015; 
Thielsch & Hirschfeld, 2019) and also relevant and thorough (Liu et al., 2021).

A digital repository can consist of online teaching best practices in the form of 
learning objects that provide procedural knowledge or knowledge about how things 
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are done (Allan, 2009; Okon et al., 2020). Sometimes such knowledge warehouses 
that are cataloged and stored for reuse result in large amounts of non-reusable knowl-
edge (Yacci, 2008) because of concerns related to credibility (Seckler et al., 2015; 
Thielsch & Hirschfeld, 2019). Before reusing knowledge it is imperative for knowl-
edge consumers to evaluate the context, relevance, trustworthiness and thoroughness 
of content they want to reuse (Liu et al., 2021). This will reveal how the knowledge 
artifacts were constructed (Liu et al., 2021). To optimize the use and reuse of these 
resources, the development of digital repositories or knowledge warehouses should 
be guided by instructional theories and models. Most importantly they should meet 
users’ needs (Fisher et al., 2012; Liu et al., 2021; Markus, 2001).

Knowledge reuse can be defined as the application of existing materials and shared 
best practices to solve common problems (Liu et al., 2021). The theory of knowledge 
reusability (Markus, 2001) identifies four types of knowledge reusers or consumers: 
shared work producers, shared work practitioners, expertise-seeking novices, and 
secondary knowledge miners. Considering online instructors as knowledge reusers, 
they could fall under shared work practitioners or expertise-seeking novices. Further, 
online resources should meet open access criteria with regards to accessing resources 
and distributing resources (Huang et al., 2020). In a study about reuse of Open Edu-
cational Resources (OERs) like digital repositories, Pegler (2012) found three factors 
associated with knowledge reuse activity: technical issues, quality, and motivation. 
Where technical factors include copyright issues, quality includes usability, and 
motivation is connected to the purpose of reusing the knowledge in the repository. 
Users are encouraged to use online educational resources that meet certain standards: 
they should be current, openly licensed, of high quality, ensure fast search, relevant 
to the users and suitable for dissemination (Pegler, 2012).

Digital repositories are OERs in which openness indicates that materials are 
licensed that provide users access to engage in the 5R activities: retain, reuse, revise, 
remix, and redistribute (Wiley & Hilton, 2018). The resources within PoRTAL were 
designed and developed to serve as OERs, keeping in mind the above theoretical 
implications. Currently users are allowed to retain, reuse, revise, and remix but not 
redistribute remixed resources; our team is in the process of updating the creative 
commons license to allow for this broader approach.

Role of open educational resources in online teaching and learning in 
higher education

Aiming to meet the United Nations premise that “everyone has the right to educa-
tion” (1948), the purpose of OERs is to provide access to educational materials of the 
highest quality (Caswell et al., 2008; Wiley & Hilton, 2018). The primary intended 
audience of OERs were instructors and teachers who needed to update their teaching 
practices or improve course materials (Irvine et al., 2021; UNESCO, 2002; Wiley, 
2021). Wilson et al. (2018) conducted a small study in the Southern Cross University 
in Australia that demonstrated the usefulness of OERs in a self-paced professional 
development program regarding time flexibility and accessibility. Therefore, asyn-
chronously delivered professional development programs were demonstrated to be 
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a unique tool to provide credentials for new instructors and update the teaching and 
learning skills of more experienced instructors (Wilson et al., 2018). Honoring its 
name, The Open University UK invested in OERs through The OpenLearn initiative 
obtaining positive results and benefits for the institution. Some of the advantages 
were: enabling staff to engage in new forms of information and support; improv-
ing external web presence in the market; achieving a cutting-edge recognition of 
web-based learning and open education; and attracting learners to online courses 
that gained nearly £2.7 million in teaching income (Gourley & Lane, 2009). Simi-
lar results were found regarding student enrollment in three other higher education 
research institutions (i.e., MIT, Johns Hopkins School of Public Health and the Open 
Universiteit Nederland) (Carson et al., 2012). Kimmons and Irvine (2023) argue that 
the role of OERs in education goes beyond impact as measures in revenue and enroll-
ment, but also on how educators are enabled through OERs to rethink and reimagine 
how education takes place in a more equitable world.

OERs have also been key for the development of faculty online teaching skills 
in cases of emergencies like natural disasters, pandemics, and political situations 
that call for a change in teaching practices. For instance, in face of a political crisis, 
Rapp et al. (2016) explained the implementation of an OER platform called e-Tutor 
developed at Ankara University’s Distance Learning Centre in Turkey. The e-Tutor 
OER platform was licensed under the Creative Commons License and translated 
into multiple languages to increase its reachability. The Turkish developed e-Tutor 
supported Ukrainian faculty who were forced to transfer their classes from face-to-
face to online education. Their OER platform included 14 modules on topics such 
as online learning theories, virtual classroom management, and online instructional 
methods. Taking a hands-on approach, the e-Tutor program asked faculty to become 
online learners prior to teaching online, and consequently, understand what feels to 
be on the other side of the screen and the potential barriers that they, as well as their 
learners, might feel. This is an example of an OER that is crucial to support faculty 
in times of crisis and assure continuity in education to learners (Rapp et al., 2016). 
An evaluation of the e-Tutor program recommended that similar programs balanced 
theory and practice; increased the duration of courses to decrease pressure on faculty; 
include collaborative projects; and have responsive facilitators (Adnan et al., 2017).

Systematic reviews and meta-analytical evidence highlight key areas in which 
OERs support instructors and students in higher education, such as implementing 
open textbooks to reduce costs and supporting disadvantaged students without com-
promising achievement. Mullens and Hoffman (2023) synthesized two decades of 
research on OERs adoption by analyzing the results of 97 peer-reviewed journal arti-
cles published between 2002 and 2023. While both faculty and students have positive 
views about OER adoption and consider them comparable to traditional instructional 
materials, faculty particularly value the prestige of OER’s authors and the reputation 
of the institution that produced them. Further, OER adoption comes at no expense 
to students’ achievement and retention and could significantly help disadvantaged 
students. Yet, Tlili et al. (2023) and Tlili et al. (2025) meta-analytic evidence showed 
that OERs and OER practices have a positive but negligible effect on students’ learn-
ing performance (g = 0.10; p < 0.05). Otto et al. (2021) emphasize that although 
much research on OER adoption has been done in terms of cost-saving opportunities 
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and retention, there is a noticeable research gap regarding OER usability. Altogether, 
reviews on OER adoption invite researchers to further examine issues like techno-
logical and copyright support (Mullens & Hoffman, 2023) and usability testing (Otto 
et al., 2021).

A more recent emergency experienced at a worldwide scale is the COVID-19 pan-
demic. The COVID-19 pandemic has created serious social, economic, and education 
system disruptions globally. According to UNESCO (2020), at least 191 countries 
shut down educational institutions, affecting over 90% of students at all education 
levels. Prior to COVID-19 pandemic, instructors received little professional develop-
ment on teaching (AbuZayaad-Nuseibeh, 2017; Magda, 2019), in particular, online 
teaching (AbuZayaad-Nuseibeh, 2017; Magda, 2019; Martin et al., 2019). After the 
COVID-19 pandemic, the vast majority of instructors and GTAs were challenged 
by the need to teach or mentor online (Hodges et al., 2020). Some of the challenges 
that were encountered include: teaching bigger online classes; ensuring that students 
stayed engaged and motivated; ensuring accomplishment of the learning outcomes 
by the students including the intended knowledge, skills and attitudes; course com-
pletion and also learning to adapt existing processes to respond to unprecedented 
operational challenges in the future (Hodges et al., 2020). In such a scenario many 
instructors continued education via ERT using OERs such as Teachers Pay Teachers 
and OER commons (Huang et al., 2020; Van Allen & Katz, 2020).

Conducting a design-based research study: Purdue repository for 
online teaching and learning

This study reports on the co-design process and our research results and subsequent 
design principles, of our design-based research process to create and implement the 
Purdue Repository for online Teaching and Learning (PoRTAL). PoRTAL was cre-
ated as an open educational resource (OER) digital repository that is available 24/7 
to provide strategies, tips, and resources for instructors struggling to teach online. To 
ensure the success of a digital repository like PoRTAL, involvement and cooperation 
from multiple stakeholders like administrators, staff, faculty peers, and instructional 
design teams are essential (Bennet & Lockyer, 2004; Covington et al., 2005; Frey & 
Donehue, 2002; Hoffmann & Dudjak, 2012). PoRTAL was launched as a joint initia-
tive of several units across a university, where this research study was conducted. The 
research team from the academic unit consisted of faculty and graduate researchers 
who spearheaded the design process while the other units contributed to content and 
expert evaluation in their capacity as co-designers and subject matter experts.

DBR is an iterative process that systematically improves practice (Wang & Hanna-
fin, 2005) resulting in contextually-sensitive principles or theoretical contributions 
(McKenney & Reeves, 2019). Researchers use DBR to distill theoretical design 
principles from the process of solving real-world educational problems in close col-
laboration with practitioners and the community they are serving. Using a generic 
DBR model (McKenney & Reeves, 2019) we moved through iterative cycles of 
revision and improvement involving perspectives from multiple stakeholders. 
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Based on the DBR approach and to improve the PoRTAL OERs, we collected eval-
uation data at various intervals from faculty specializing in instructional design, 
instructional designers, potential faculty users, and GTAs; and then, revised the 
PoRTAL OERs accordingly. At present PoRTAL contains 31 resources on topics 
grouped into: Strategies for online teaching and learning, Thinking about your 
course design, Upping your game, and Policies and procedures. This paper focuses 
on the research conducted during the development of PoRTAL. We also discuss the 
contributions of PoRTAL to the instructors and GTAs’ professional development, 
the identified affordances and barriers, and recommendations for improvement. 
Our guiding research questions were:RQ-1. What was the perceived need for online 
teaching resources for faculty and GTAs?
RQ-2. What affordances can make PoRTAL resources accessible to a diverse and 
broad population?
RQ-3. How practical were the PoRTAL resources in supporting faculty and GTAs 
in their online teaching practices?
RQ-4a. How effective were the PoRTAL resources in supporting faculty and 
GTAs in their online teaching practices?
RQ-4b. What were the affordances and barriers to implementing the PoRTAL 
training materials (e.g., content, format, localized context)

Figure 1 shows the alignment between the process followed for the development of 
PoRTAL and our research process. The research process included four major phases 
and each phase comprised two development steps. The results of each phase are theo-
retical insights which we have expressed as design principles (McKenney & Reeves, 
2019), the primary contributions of this study. Practitioners can find a thorough 
description of each step of the DBR process we engaged in by reviewing Richardson 
et al. (2023). Briefly, our phases were comprised of the following steps:

	● Phase 1

	● Step 1: Needs Analysis. Grounded in the literature on instructor training 
in online learning and analysis of peer-institutions approaches to online 

Fig. 1  Design-based research process for the development of PoRTAL. Note. A thorough description of 
development process steps 1 through 7 can be found in Richardson et al. (2023)
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teaching/ training, resulting in the design and implementation of surveys for 
instructors and GTAs

	● Step 2: Design & Development. We developed a prototype for our interven-
tion choosing an OER 2-page format and identified the topics necessary per 
the needs analysis survey results.

	● Phase 2

	● Step 3: Internal Evaluation. We developed a 15-point checklist for evaluation 
and implemented it across the OERs. Accessibility issues were checked with 
the help of Disability Resource Center.

	● Step 4: Modifications. Based on internal evaluation we identified cross-refer-
enced OERs, edited and revised the format.

	● Phase 3

	● Steps 5: Expert Evaluation. Reached out to experts in the field for feedback 
on topics and content coverage.

	● Step 6: Modifications. We reworked current and added new OERs to fill con-
tent gaps based on experts' insights, improved content with examples, and 
included experts as part of the co-creation of the OERs.

	● Phase 4

	● Step 7: Implementation of P[Anon] digital repository.
	● Step 8: Evaluation and Reflection. We used Google analytics and a follow-up 

survey including international faculty for ongoing evaluation of individual 
OERs and to inform a one-year follow-up of PoRTAL implementation.

Research process

The research process of this DBR study is divided into the corresponding four phases 
and eight steps depicted in Fig. 1. The first development step of each phase focuses on 
data collection and analysis (e.g., needs analysis, evaluation instruments, user analytics, 
accessibility analysis), which led to an evidence-informed development step in which 
theoretical design principles were distilled as results of each phase and theoretical con-
tribution of the study. Each proposed principle is discussed considering relevant theory. 
As DBR is an iterative process there was often a step back to refine each OER with each 
level of data collection as indicated by the arrows in Fig. 1 at the Phase level.

Phase 1 - Needs analysis and design & development

RQ 1. What was the perceived need for online teaching resources for faculty and 
GTAs?
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Step 1: Needs analysis and data collection

Implementations of online teaching and learning support for faculty and GTAs from 
comparable institutions (i.e., Big 10) were inspected to identify existing resources 
and a literature review about OER, HPT, and online pedagogy was conducted to 
inform instrument development for data collection. A survey was sent to all instruc-
tors and graduate students at the institution’s main campus via listserv, regardless 
of their experience teaching online. The survey had four sections: 1) prior online 
teaching and learning experience, 2) level of interest in online pedagogy topics, 3) 
level of interest in technological skills and specific software, and 4) additional topics 
or tools not included in our proposed list. Respondents were also asked open-ended 
questions to indicate what their perceived barriers were to teaching online and what 
was their preferred format to receive support when teaching online (i.e., in-person 
workshop vs self-pace module vs just-in-time resources). We could not use a vali-
dated instrument due to the lack of an available one in the literature on needs analysis 
on online teaching resources. However, the instrument we developed was informed 
by our team’s review of existing repositories and literature and was reviewed by four 
experts before administering. The instrument served as a diagnostic tool that evi-
denced the instructors’ concerns, expectations, and experiences when changing their 
teaching environments. Respondents were 174 faculty members and 435 graduate 
students. This needs analysis and data collection process reflects a co-design process 
with practitioners in shaping the design and development of our resources.

Step 2: Design & development

Resulting Theoretical Contribution, Design Principle #1: 24/7 Access Digital 
Repository and Open Educational Resources

A significant advantage of OERs is cost savings from knowledge reuse (Hilton et 
al., 2014; Martin et al., 2019; Yacci, 2008). However, producing high-quality digital 
repositories that meet users’ needs requires a lot of effort and motivation from knowl-
edge producers and the availability of resources to complete the task (Markus, 2001). 
In addition, maintaining the credibility and trustworthiness of the knowledge (Seck-
ler et al., 2015), considering the subjective perceptions of content that may influence 
user evaluations, and attitudinal and behavioral outcomes (Thielsch & Hirschfeld, 
2019), and identifying knowledge management tools to ensure accessibility and 
visibility of recorded knowledge (Rahaman, 2018) requires a lot of effort from the 
knowledge producers.

Building on Step 1 Needs Analysis and Data Collection, PoRTAL has been 
designed intentionally to provide easy-access, on-the-job, and self-paced support to 
instructors who are teaching online courses. Specifically, 22 initial OER topics were 
identified for development (Richardson et al., 2023, Table 1) by including a defini-
tion, examples, resources, and other pertinent information to help instructors imple-
ment pedagogical practices (Yacci, 2008) and to provide easy access to them (Huang 
et al., 2020; Pegler, 2012). The initial 22 OER topics were grouped into four cat-
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egories: instructor strategies (e.g., discussion board facilitation), course design (e.g., 
Universal Desing for Learning (UDL), course enhancement (e.g., gamification) and 
policies & procedures (e.g., accessibility). Although OERs are user-friendly, instruc-
tors may require higher skill levels to use digital repositories (Pegler, 2012). When 
reusing OERs there is the need for “educator-led decision-making within a techni-
cal-mediated system” (Pegler, 2012, p. 6). Additional technical skills are required in 
cases where resources are modified, when classifying and describing the resources, 
and when trying to identify the best licensing options for sharing OERs (Pegler, 
2012). However, PoRTAL’s OERs are available as downloadable PDFs from an open 
website that can be accessed and used based on individual context. For example, 
some users have considered translating the OERs to other languages as well (e.g., 
Turkish). Translations fit with the 5Rs guideline that provides license for anyone to 
retain, reuse, revise, remix, and redistribute (Wiley & Hilton, 2018) that was found 
to be helpful to users. We believe that the methods we followed to create PoRTAL 
involving a design based research (DBR) approach where design, research, and prac-

Table 1  Integrated results from faculty and GTAs recommendations for PoRTAL
Faculty GTAs
1. Incorporating worked examples from instructors with 
experience teaching online

1. Improving the overall design and 
layout of the PoRTAL site by making it 
more user friendly

2. Recategorize resources based on instructors’ experience 
(i.e., beginner, intermediate, advanced) teaching online to cre-
ate a personalized learning path

2. Incorporating the most relevant and 
focused resources on the front page. 
For example, the most viewed

3. Provide specific recommendations for large class size 
online teaching

3. Including more practical tips with 
examples from external resources

4. Provide recommendations for diverse contexts. Specifi-
cally, rural areas

4. Including more visual representation 
with images and videos

5. Incorporate an open Q&A discussion that resembles public 
comments in a blog

5. Improving the visual design of the 
OER by reducing words and number of 
bulleted lists

6. List institutions’ responsibilities regarding online teaching 6. Incorporating video guidelines of 
how to implement a particular concept/
principal

7. Introduce experiences from non-US based faculty (e.g., 
testimonials)

7. Incorporating job aids for relevant 
software

8. Shared examples should use easily accessible software 
(e.g., PowerPoint) instead of paid software (e.g., Camtasia)

8. Creating a list of mistakes to avoid 
for each resource

9. Include examples on how to introduce social media (e.g., 
Facebook) and chatting platforms (e.g., Slack).

9. Incorporating more examples of 
online tools and their applications (i.e., 
software)

10. Provide translations to other languages to improve out-
reach of resources

10. Including real case experiences of 
GTAs facing specific challenges

11. Include a section in the documents called “Potential Chal-
lenges and Possible Solutions.”

11. Including lesson plan templates and 
sample lesson plans for online teaching

12. Include extra topics: self-regulation, engagement vs 
presence, overuse/abuse of videos, transactional distance, 
synchronous vs. asynchronous environments, social media 
integration

12. Including a sample course incor-
porating the essential components of 
effective online teaching and learning

We integrated faculty and GTAs insights to provide a more comprehensive description of the type of 
professional development expected from both groups
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tice (Wang & Hannafin, 2005), guided us through iterative cycles of revision and 
improvement that considered perspectives from multiple stakeholders (Richardson et 
al., 2023) will be helpful for creators of OERs in the future.

Resulting Theoretical Contribution, Design Principle #2: Human Performance 
Technology for Faculty and GTAs Training

We framed the need for faculty and GTAs development in online learning as a human 
performance issue and investigated it further through an established HPT model. We 
adopted Van Tiem et al.’s (2012) HPT model in our DBR process to (1) perform a 
need, gap, and cause analysis to identify challenges faced by faculty and GTAs in 
the context of online teaching and why they occur, (2) develop and implement an 
intervention (i.e., PoRTAL) to address these challenges, and (3) concurrently and 
iteratively evaluate all these steps to improve our intervention (See Richardson et 
al., 2023 for details). Some of the major findings through our need, gap, and cause 
analysis were that faculty and GTAs did not have access to adequate tools, resources 
and training programs, and they had limited time to develop or upgrade their skills 
on online teaching. The solutions that emerged through this process were to develop 
just in time resources (PoRTAL tier 1) and develop self-paced training (PoRTAL tier 
2). HPT is aligned with the DBR process as it provides an iterative way of analysis, 
design, development, and evaluation (Richardson et al., 2023). The application of 
the HPT model in our DBR process helped us make sure that training and faculty 
resources on online learning are crucial to address the current gaps and prepare fac-
ulty and GTAs to effectively teach online.

The comprehensiveness and systematicity of the HPT-OER model gave us free-
dom in each step to perform ongoing analysis for meaningful change management 
within our institution. In the beginning, as part of the needs analysis, we conducted 
an environmental analysis to determine what the current status of online learning is 
in the world, what is the direction workplaces are taking in terms of online teaching, 
and what skills are expected of workers (i.e., instructors) to teach online. The envi-
ronmental analysis included world analysis (e.g., rapid increases in online courses), 
workplace analysis (e.g., high demand for online instructors in next 12–18 months), 
and worker analysis (e.g., demand for evidence-based practices). This analysis led 
to a gap analysis that further revealed that although the desired performance for 
instructors was to apply best practices in online teaching and learning, the reality 
was that instructors did not effectively integrate best practices. This insight led to 
the cause analysis of this gap, which consisted of environmental factors (e.g., inad-
equate tools and resources to support online teaching and learning) and individual 
factors (e.g., not having the skills and knowledge to effectively design, develop, and 
conduct online courses). These multi-phase analyses through the HPT-OER model 
helped our decision making in creating PoRTAL as an intervention to address the 
skill and knowledge gaps of instructors. Partnering with relevant departments across 
the campus gave us the opportunity to utilize varied expertise and resources and 
promote PoRTAL more widely. Collaboration was instrumental in implementing and 
maintaining PoRTAL. Evaluation was part of each step of the process, and it went 
through multiple iterations based on formative, summative, confirmative, and meta 
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evaluation. For a more detailed explanation of the model and alignments between 
different components, please refer to Fig. 2 in Richardson et al. (2023).

Phase 2 - Internal evaluation & modifications

RQ-2. What affordances can make PoRTAL resources accessible to a diverse and 
broad population?

Step 3: Internal evaluation

The internal iterative evaluations used a 15-item checklist for OER development to 
ensure format consistency and content quality in initial prototypes (Richardson et 
al., 2023). Two members of the research team evaluated each OER prototype inde-
pendently and then compared results before sending the OERs for expert evaluation. 
Several rounds of internal evaluation (designers and content-experts) were in place 
to improve content quality and maintain design uniformity of the resources. We also 
consulted with the Institutional Disability Resource Center to review our resources 
for any accessibility-related issues as part of our co-design process.

Step 4: Modifications

Resulting Theoretical Contribution, Design Principle #3: Attainable Universal 
Design for Learning Guidelines

We addressed accessibility from the Universal Design for Learning (UDL) perspec-
tive. UDL changes “the design of the environment rather than to change the learner” 
(CAST, 2018) by providing nine guidelines that foster multiple means for learners' 
engagement, representation, and action and expression. During PoRTAL Step 4: 
Modifications in Phase 2, we addressed users' engagement (UDL guideline #7) by 
recruiting interests through the refinement of the guiding questions that outlined indi-
vidual OERs (i.e., why this is important, Richardson et al., 2023). We also focused 
on identifying missing OERs and topics that supported users’ self-assessment and 
reflection (UDL Guideline #9), such as the Online Teaching Persona OER.

Then, we focused on providing multiple means of representation by editing each 
OERs' language to promote understanding across disciplines and institutions (UDL 
Guideline #2) by highlighting the relationships among OERs through cross-referenc-
ing and hyperlinks (UDL Principle #3). Finally, we partnered with our Institutional 
Disability Resource Center to individually review each OERs to ensure that they 
were accessible to users who needed to use text-to-speech software and to provide 
options for physical action (UDL Guideline #4). We acknowledge that it is still chal-
lenging to address all UDL guidelines comprehensively.

For example, we could not incorporate much of the action and expression compo-
nent of the UDL framework, which includes three sub-components: providing options 
for 1) physical action, 2) expression and communication, and 3) executive functions 
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(CAST Consortium for UDL, n.d.). The nature of the resources (e.g., two pagers, lim-
ited space) did not allow us to include all components. However, the CAST Consor-
tium for UDL (n.d.) clarifies that the UDL framework serves as checkpoints to reduce 
learning barriers and that some guidelines may not be relevant to specific learning 
goals. Then, our predominant mode of providing perceptions is through reading. We 
based our decision of designing reading resources on our phase 1 needs analysis. The 
insights gained from the UDL framework led us to incorporate more options for per-
ceptions and action and expressions in our second stage of PoRTAL (e.g., self-paced 
modules with videos). Since these resources are meant to be self-paced and learned, 
theories related to self-directed learning could be consulted to guide researchers and 
practitioners’ work in the future.

Phase 3 - Expert evaluation & modifications

RQ3. How practical were the PoRTAL resources in supporting faculty and GTAs 
in their online teaching practices?

Step 5: Expert evaluation

Expert evaluation participants
A pool of 10 experts were recruited to evaluate the resources for content accuracy, 
depth, and breadth. We developed a one-page evaluation instrument with eight open-
ended questions for experts to review each OER. This also signifies our constant focus 
on co-design with practitioners and experts. Sample evaluation questions included:

	● Does content appear up to date?
	● Is there enough/too much overlap between topics (e.g. twenty-first century skills 

and information literacy; social presence and CoI)?
	● We’ve used limited direct citations within documents because of length. How-

ever, within the PORTAL docs there are a few things that should be cited at the 
spot- quotations and definitions (as applicable). Are these items appropriately 
cited at the spot? Other comments regarding citations?

	● Are resources provided for users outside of P[anon] and/or Blackboard?
	● “Based on this particular PORTAL document do you believe you have enough 

information to (1) understand the basics of the topic, and (2) move forward using 
the resources and references provided?”

The responses from the experts to these questions not only filled the content gaps 
but also identified new examples and generated ideas for future versions of PoRTAL. 
Evaluation data from experts was categorized as feedback that could be addressed 
during the next Modifications step and feedback that recommended other future 
interventions. For a more in-depth description of the expert evaluation design process 
please refer to Richardson et al. (2023).
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Step 6: Modifications

Resulting Theoretical Contribution, Design Principle #4: Online Pedagogy vs 
Technology Training

Many instructors might fear online teaching and learning, thinking that they might not 
have the necessary technological skills to meet the challenges (Boettcher & Conrad, 
2016). When starting to teach at a distance, instructors might place a greater emphasis 
on technological skills (e.g., video editing) rather than their online pedagogical strate-
gies. Technical skills are useful in teaching distance learning, but facilitating mean-
ingful online learning requires strong pedagogical skills. The provision of appropriate 
support to instructors enables them not only to prepare higher education institutions 
for quality online courses, but also to adapt to change in teaching (McGee et al., 2017; 
Mohr & Shelton, 2017). Addressing this issue, we invited content experts from rel-
evant fields like special education and problem-based learning as well as “process” 
experts, instructors who had 5+ years in the design and facilitation of online teaching 
to provide further insights on the OERs. Experts were highly involved in the review-
ing process providing formative feedback and, in some cases, becoming co-authors of 
OERs. In this way, our research process involved multiple perspectives to critique our 
design resulting in valuable feedback that influenced our theoretical approach (Barab, 
2014). Our experts reported a need for more practical recommendations and worked 
examples, as a result, we included examples that instructors could use as templates 
for their own design and facilitation. For example, as part of the “Facilitation your 
Online Discussions” OER, we included two sub-OERs that provided recommendations 
ready to implement. Specifically, the sub-OER “Varying your Discussion Boards as 
Instructional Strategy '' integrates online learning theory (i.e., cognitive presence) with 
a variety of sample questions to guide instructors on writing discussion board props 
targeting various cognitive processes. We also included a sub-OER providing a sample 
discussion board rubric and examples for each criterion.

Finally, to ease instructors' navigation within PoRTAL, we implemented a tagging 
system for all OERs. Rather than using technical descriptors, we classified resources 
using tags that describe their pedagogical value and application context. Sample tags 
included “discussion boards" or "policies and procedures." Our pedagogically-ori-
ented tagging system aims to bridge the gap between how instructors conceptualize 
their online teaching needs and how resources are cataloged, potentially increasing 
resource discovery and adoption rates (Cox & Trotter, 2017). Additionally, we main-
tained consistency in tag application across all materials to avoid the fragmentation 
often seen in larger repositories where similar resources may be tagged differently, 
making them difficult to find through standard search functions.

Phase 4 - Implementation and evaluation & reflection

RQ4a. How effective were the PoRTAL resources in supporting faculty and GTAs 
in their online teaching practices?
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RQ4b. What were the affordances and barriers to implementing the PoRTAL 
training materials (e.g., content, format, localized context)

Step 7: Implementation

Following the previous steps, PoRTAL was launched in 2019 and hosted within the 
university’s “Innovative Learning” website under the Tools and Resources section. 
The resources were accessible from anywhere in the world. “Innovative Learning” 
promotes effective teaching and learning by offering quality resources and services 
to instructors within the university. PoRTAL was marketed across the university 
through social media and campus news sources, to professional organizations via list-
serv notices (e.g. AERA SIGs, AECT), and through professional presentations. Addi-
tionally, during this period, several feedback mechanisms were in place to inform us 
about the quality of the implementation.

Ongoing evaluation instruments, monitoring, and global spread  Google Analytics 
data was collected from 2019 to 2021 to gain insights into the number of views and 
downloads of each OER as well as users’ location. A link to a feedback survey is 
provided at the end of the PoRTAL web page. This includes three questions: was the 
PoRTAL resource useful?; was navigation through the PoRTAL website intuitive?; 
and will you recommend PoRTAL to a friend or colleague? Comments and feedback 
are also solicited in the survey along with two prompts about respondent demograph-
ics. Users were able to share brief comments about PoRTAL’s role in their work. 
Some examples are:“Finally!! An excellent resource for us “long time” teachers to 
utilize and keep up with the “changes!” - Anonymous

“This is a great project for academicians/lecturers who work out of the US and do 
not have access this kind of online teaching materials in their countries. Especially 
this project became more important after Covid-19 pandemic making online teach-
ing ability more and more necessary across the world” - Anonymous

A PoRTAL email was created to gather feedback from the audience as well. Based 
on the feedback that was received after the project was completed we created sev-
eral more OERs to meet specific needs. The new OERs include: Authentic learning, 
Case-based learning, Journaling with students, Posting with intentionality, Use of 
technology to enhance language teaching, Getting students ready for peer reviews, 
Interactive synchronous sessions in online courses, Copyright, Accessibility 101, 
Course management strategies, and Strategies for online academic integrity. The 
ongoing data collection helped us identify which resources needed further devel-
opment and to design an evaluation strategy for the one-year follow up. All these 
initiatives to continually collect data from users represent our co-design process with 
practitioners to improve our resources.

Since all the OERs included several hyperlinks we wanted to make sure that the 
links were always active. To facilitate this process an excel sheet with the OER titles 
and all the hyperlinks that it contained was created. If any link was found to be deac-
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tivated we immediately made sure that it was updated. A team member was appointed 
to monitor these links regularly.

Step 8: Evaluation & reflection

One-year follow up evaluation  Targeted evaluation data was collected one year after 
the launch (implementation) of PoRTAL. Participating instructors and GTAs received 
a list of the ten most-viewed OERs based on analytics data indicating number of hits 
and downloads of the OERs. Further, we listened to anecdotal evidence and submit-
ted feedback that indicated that the OERs were not always as relevant for an inter-
national audience. As such we invited international instructors to this phase of the 
evaluation process. International faculty (n = 19), US faculty (n = 10), and GTAs (n = 
45) were asked about the effectiveness of PoRTAL as an Open Educational Resource 
(OER) to support their online teaching and learning practices and the potential bar-
riers that instructors faced during the implementation. US Faculty came from across 
program areas like Career and Information Studies, Language Literacy and Socio-
cultural Studies, Instructional Systems Technology and Learning Sciences (n = 5), 
Educational Leadership (n = 1), and Counseling and Learning Sciences (n = 1). All 
international faculty were seasoned instructors from across disciplines and included 
curriculum and instruction (n = 6), English (n = 5), engineering (n = 4), business (n 
= 2), medicine (n = 1), and statistics and actuarial sciences (n = 1) and were based in 
countries like Colombia (n = 2), Bangladesh (n = 4), India (n = 5), Nigeria (n = 1), 
Saudi Arabia (n = 3), South Africa (n = 1), and Turkey (n = 3). In addition, the survey 
was sent to GTAs both in the university where this study was conducted (n = 38) and 
in other universities (n = 7) located in the United States. The GTAs also represented 
varying program areas including curriculum and instruction (n = 6), educational stud-
ies (n = 3), educational technology (n = 13), computer science (n = 4), biological sci-
ences (n = 1), philosophy (n = 1), mathematics (n = 1), Design, Art, & Performance 
(n = 1), educational psychology (n = 1), business management (n = 1), engineering (n 
= 6), and languages and cultures (n = 6).

Data collection one-year follow-up—instructors vs GTAs insights on 
implementation challenges

Participants were asked to review any three of the ten OERs through a Qualtrics sur-
vey that contained questions about their online course training, design and teaching 
experience, and effectiveness of PoRTAL providing both quantitative (5-point Likert 
scale—strongly disagree to strongly agree) and qualitative (open-ended questions) 
data sources. Participants evaluated each OER based on six user experience items 
related to online teaching content (e.g., “This PoRTAL resource covered the essential 
aspects of this topic”) or future application (e.g., “This PoRTAL resource will help 
me teach online effectively”). Examples of open-ended questions included “How 
can this resource support your online teaching/online course design practices?” and 
“Please provide some specific examples (e.g., designing and facilitating online dis-
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cussions, better able to manage my course).” Appendix A shows the user experience 
quantitative results of both faculty and GTAs.

We used deductive and inductive coding approaches to analyze our evaluation 
data (Saldaña, 2016). We analyzed data from each OER independently and differ-
entiated data from instructors and GTAs. Our initial round of coding was deductive. 
We focused on 1) perceived usefulness and benefits of the resources, 2) potential 
implementation challenges, and 3) suggestions for improvement. In the second round 
of coding, we used thematic analysis as an inductive approach to identify themes 
across OERs that synthesize practical recommendations for online teaching training 
and digital repository development. Appendix B shows the qualitative synthesis of 
faculty and GTAs recommendations per OER reviewed.

Faculty’s navigation challenges, general recommendations and other comments

Challenges regarding navigation focused on accessibility and web design. Four out of 
10 US faculty reported difficulties with navigation. Issues reported were accessibility 
(e.g., need for full hyperlinks), filters and tags on the main website (i.e., occasional 
failure), and organization (i.e., content in one page is overwhelming). Only three 
out of 19 international faculty reported navigation issues in the areas of accessibility 
and website design. On the one hand, hyperlinks were reported to be problematic 
for users with vision problems (n = 1). On the other, tags were reported to look 
like bottoms (n = 1). Furthermore, one US based faculty suggested new topics for 
future OERs like self-regulation, engagement vs. presence, and overuse/abuse of vid-
eos. Finally, US faculty recommended a reorganization of the PoRTAL resources to 
avoid overwhelming users. For example, suggesting a reading order using a roadmap 
indicating readings based on expertise level. One international faculty highlighted 
the need for translating the OERs, yet another faculty reported having translated the 
OERs into Turkish to share with colleagues.

GTAs’ navigation challenges, general recommendations and other comments

All GTAs asserted that the 10 OERs that they reviewed were very useful. One GTA 
said, “If you can somehow market these resources to all schools and universities, I 
think everyone will love it. Perhaps the Board of Regents and Superintendents of 
School Districts would be a good starting point for marketing.” Most GTAs found the 
navigation in PoRTAL easy while others felt it was not user friendly enough although 
functional. They recommended improving the design and layout, adding practical 
tips with examples, visual representations like images and videos, making the display 
more attractive, and having more focused resources on the first page.

Resulting Theoretical Contribution, Design Principle #5: Balance Between Con-
tent and Design
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Recommendations from faculty and graduate students

GTAs and faculty both agreed that the OERs should provide potential challenges in 
online learning and recommendations on what not to do. Likewise, both groups sug-
gested incorporating worked examples, case studies, and practical recommendations. 
Nonetheless, faculty asked for examples with higher complexity than GTAs. For 
example, scenarios on how to handle larger classes, diverse audiences, and examples 
specific to rural contexts, whereas graduate students centered on lesson plan tem-
plates. Similarly, graduate students demanded examples of various educational tech-
nologies. Conversely, faculty asked for examples with mainstream applications (e.g., 
PowerPoint) to improve ease of use. Altogether, we observed how novice instructors 
(i.e., GTAs) were concerned with visual aspects of PoRTAL while expert instructors 
(i.e., faculty) gave recommendations on the content and pedagogical approaches.

Through the open-ended questions, faculty and GTAs shared their views on the 
effectiveness of PoRTAL resources and barriers to applying them in their work. 
Both faculty and GTAs found the resources particularly useful for novice instructors 
in online teaching. Faculty found the resources useful or felt they would be useful 
to enhance their or their colleagues’ online teaching. Furthermore, they indicated 
that the OER format supports practicing instructors who cannot attend in-person 
professional development training for online teaching. Likewise, GTAs found the 
resources very helpful especially during the COVID-19 crisis. They thought that 
these resources provided them with important and innovative ideas that would help 
them build confidence. One drawback GTAs identified was about implementing these 
ideas easily because most often courses are designed by faculty. Furthermore, bar-
riers to implementing some inputs from the resources in online teaching practices 
included: large classes, technology availability issues for students, student resis-
tance to constructivist approaches to teaching, difficulty in introducing new formats 
as GTAs, time constraints, inflexibility of the syllabus, extra workload for students, 
change mindset from instructors, and increased planning time. International faculty 
were concerned about whether all strategies could be incorporated into their lessons 
for cultural reasons.

Resulting Theoretical Contribution, Design Principle #6: Cultural and Institu-
tional Barriers for PoRTAL Implementation

Faculty who transition from traditional face-to-face to online teaching can display 
negative and resistant attitudes towards online education. However, professional 
development initiatives improve attitudes and self-efficacy toward online teaching 
(Northcote et al., 2015). Reactively addressing online learning issues might produce 
unsatisfactory results (Burke, 2005) and stressful experiences for faculty members. 
Therefore, providing as much support as possible to faculty members might aid insti-
tutions in their quest to provide online courses at a large scale and faculty to adapt 
to the changes in teaching. It is not a surprise that offering sustained professional 
development to faculty members can be a success factor for institutions that are tran-
sitioning to online teaching (Hinson & La Prairie, 2005).
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Nonetheless, one might infer that such “sustained” support might be expensive for 
institutions. Furthermore, it implies considerable time investment from faculty mem-
bers (Carroll-Barefield et al., 2005). Taylor and McQuiggan’s (2008) study on faculty 
development concluded that instructors prefer online resources over face-to-face train-
ing possibly because of time constraints. However, it is necessary to offer comprehen-
sive, less time-consuming, and more economic resources to ensure that no instructor 
is left behind. Hinson and La Prairie (2005) recommended using examples of other 
institutions as guidance to foresee and address faculty needs when moving from tradi-
tional teaching to online teaching. Another strategy for a successful transition is assur-
ing involvement and cooperation from multiple stakeholders like administrators, staff, 
faculty peers, and instructional design teams (Bennett & Lockyer, 2004; Covington et 
al., 2005; Frey & Donehue, 2002; Hoffmann & Dudjak, 2012). Regardless of involve-
ment or delivery form, Adnan et al. (2017) recommends offering professional develop-
ment opportunities focusing on online teaching strategies and pedagogies as well as 
creating learning environments instead of only technology training.

Limitations

This study’s highly collaborative and iterative process implied that we faced expo-
nentially more limitations than in other research studies regarding the lack of exem-
plary studies, the feasibility of feedback implementation, data synthesization, and 
generalizability. During Step 1: Needs Analysis, we realized that there were no exist-
ing DBR studies on open repositories or online teaching and learning published. 
Nonetheless, we deeply explored the literature on faculty and GTA training, and OER 
integration in higher education. Also, we partnered with practitioners and subject 
matter experts to collect enough data to overcome this challenge. Therefore, despite 
the lack of examples to guide our inquiry, we are confident that our work can serve as 
a pioneering guide on implementing DBR for online pedagogy of faculty and GTAs. 
Another limitation was the feasibility of feedback implementation during Steps 5 and 
7. The mismatch between the changes in the design that users recommended (i.e., 
obtaining a certificate and hands-on experiences) and our team’s capacity was chal-
lenging. Nevertheless, users’ recommendations served as the basis to secure stake-
holders' buy-in and funding for a second tier of PoRTAL that will guide faculty and 
GTAs to more in-depth and self-paced training that exposes them to more practical 
experiences. We also faced challenges synthesizing the qualitative data collected in 
Step 7 in a way representative of instructors and GTAs’ experiences due to the large 
number of graduate students involved. Specifically, GTAs' insights could overpower 
US-based and international faculty suggestions. We analyzed instructors’ and the 
GTA data separately to address this issue and drew general suggestions for PoRTAL 
improvement. Finally, despite PoRTAL being open access, our study faces general-
izability challenges because other institutions might face structural (i.e., infrastruc-
ture, budget) and cultural (i.e., language) barriers when replicating. This limitation 
reminds us that open access does not equal inclusion and that future developments 
based on PoRTAL should emphasize inclusivity.
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Conclusions

There has been an increasing trend in learner preferences towards online learning 
that surged further after COVID-19. To meet this need, post COVID-19, educational 
institutions have made a move towards offering more online courses. However, our 
study found that, while offerings have increased, many instructors are not trained well 
to teach online due to the lack of professional development opportunities. In addition 
to technical skills instructors require training in online pedagogical skills. Further-
more, professional development initiatives must empower faculty to teach online and 
improve their attitudes and self-efficacy toward online teaching. Our needs analysis 
indicated that faculty generally prefer online resources as just in time resources when 
compared to face-to-face trainings owing to lack of time. Sustained training facilities 
might be expensive for institutions, and in such cases, faculty rely on resources cre-
ated by other educational institutions.

Following an extensive learner needs analysis, the PoRTAL Open Educational 
Resources (OERS) were created by taking a DBR approach. This paper highlights the 
iterative process that followed the DBR methodology involving multiple phases of evalu-
ations and revisions to ensure the quality and sustainability of the OERs. Most impor-
tantly the final evaluation phase that was conducted after one year of implementation 
allowed the research team to collect feedback data from a wide audience of faculty and 
GTAs. From the end user perspective, the effectiveness of the PoRTAL resources in sup-
porting users’ online teaching practices were perceived as successful. The practical impli-
cations and challenges that the faculty and GTAs experienced were leveraged to revise 
some resources and also create more resources. The interest also spurred Tier 2 of the 
PoRTAL project that resulted in online self-paced workshops that are hosted on the D2L 
Brightspace learning management system that can be accessed for free.

Perhaps the most valuable contribution of this DBR study is the six design princi-
ples, our theoretical contributions, resulting from each phase of our research process. 
The results of our DBR study propose evidence-informed theoretical contributions 
pertinent to digital repositories, OERs, faculty and GTA training, and online peda-
gogy. Our six theoretical design principles indicate that a successful open digital 
repository to support online instruction should offer 24/7 access and understand fac-
ulty and GTAs as workers from a human performance technology perspective. Fur-
thermore, it should strike a careful balance between online pedagogy and technology 
training on the one hand, and between pedagogical content and website design on the 
other. Finally, the major barriers to development and implementation were the attain-
ment of UDL guidelines and cultural barriers within institutions. Altogether, these 
theoretical design principles can guide peer institutions in their creation of digital 
repositories, as well as researchers on how to conduct DBR in online settings.

Appendix A

See Tables 2 and 3.
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Appendix B

See Table 4.

Resource Faculty GTAs
Discussion Board 
Facilitation

Contextual examples with hyperlinks 
to practical resources provided best 
practices and met institutional needs. 
Challenges: time management, gaining 
student participation, application in large 
classes, and technology issues. Sugges-
tions: Update references, more examples 
for accessibility, LMS specific manage-
ment strategies

Provided new ideas to engage and 
motivate student participation, giving 
constructive feedback, promoting 
critical thinking, and assessing student 
engagement with topic. Challenges: 
Difficult to implement in large classes, 
time management. Suggestions: 
Provide best practices for large classes, 
tips to grade discussion posts

Principles for 
Online Teaching

Suitable for faculty new to online teach-
ing. Tips and tricks section was practical 
and succinct. Challenges: Technol-
ogy issues, high expectations that may 
demotivate learners, time management. 
Suggestions: Modify research focused 
language, provide sample rubrics, and 
worked examples

Offers practical examples for novices 
to improve online communication, 
teaching presence, and teach diverse 
students. Challenges: Good for higher 
education not K-12, technology issues, 
requires planning. Suggestions: Provide 
tips to deal with defaulters, engage 
students, online class management, and 
samples. Improve format

Instructor Role 
Adjustment

Concise for implementation, well-defined 
concepts, helped understand their role, 
and supported novice instructors. Excel-
lent discussion board rubric. Challenges: 
Providing feedback in large classes, time 
management, supporting at-risk students. 
Suggestions: Provide examples per role 
type, examples to teach diverse students, 
and monitor class participation

Offers tips for content organization, 
individual feedback, transitioning to 
online teaching, demonstrating avail-
ability, and alternate types of activities. 
Challenges: Change in mindset, meet 
students' expectations for direct an-
swers. Suggestions: Tips to be flexible, 
examples for hard sciences, and to 
show instructor cares

Online Teaching 
Persona

Supported to be intentional as an online 
instructor and establish a teaching 
persona. Challenges: May require much 
time and heavy pre-work. Suggestions: 
Adding more links, adding more contexts 
to links and connecting to pedagogy, 
adding more examples

Builds confidence for novice instruc-
tors, helps understand the importance 
of a teaching persona, helps institutes 
to train grad students. Challenges: 
extra workload for students, students’ 
lack of skills in using tools. Sugges-
tions: video examples, list of common 
mistakes, job aids

Social Pres-
ence Student 
Engagement

Adds human elements to online teaching, 
decreases feelings of isolation. Chal-
lenges: video-related practices are time 
consuming, cultural challenges, privacy 
concerns, out of context for interna-
tional faculty, translations not available. 
Suggestions: Implementation could be 
supported with more worked examples, 
adding potential challenges and solutions

Tips to implement student-centered 
learning activities, encourages active 
participation. Challenges: time-com-
mitment, student resistance, technology 
unavailability, large classes. Sugges-
tions: visual examples, tips for social 
engagement with differently able stu-
dents, more examples of online tools, 
more tips based on self-determination 
theory and student-centered teaching

Table 4  OER specific feedback from faculty and GTAs
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Resource Faculty GTAs
Readiness to Teach 
Online

Helpful for new faculty, supports the 
design and delivery of instructions, reduces 
anxiety towards online teaching, supports 
international faculty. Challenges: network 
and infrastructure, need of training, being 
unsure about implementation. Suggestions: 
Avoid dichotomizing in person vs online 
instruction, examples in diverse contexts

Practical tips to gain confidence in online 
teaching, evaluating online teaching, 
helpful for transitioning to online teach-
ing. Challenges: lack of organizational 
support and appreciation, busy schedules 
of graduate students Suggestions: More 
focus on practical strategies, tips for 
synchronous interactions, real case 
experiences

Community of 
Inquiry (COI) 
Framework

A comprehensive and succinct account 
of the CoI framework, a reminder of 
the concept of presences. Challenges: 
providing formative feedback due to time 
constraints, students’ resistance to con-
structivist methods. Suggestions: adding 
illustrations, examples or external links, 
adding case studies or practitioner stories

Practical tips on implementing CoI, 
enhances social learning, very help-
ful for online teaching. Challenges: 
requires additional time, establishing 
CoI using technology may be difficult. 
Suggestions: A sample course based 
on CoI, real-world examples, more on 
how instructors can support student 
interactions

Gamification in 
Online Teaching

Supports student engagement, participa-
tion, and motivation and potential tool to 
increase attendance. Challenges: Institu-
tional barriers (e.g., lack of TA support), 
students’ resources (e.g., limited digital 
devices) and classroom size. Sugges-
tions: Worked examples focused on when 
and when not to implement gamification

Introduces emerging technologies 
to increase student engagement and 
reduce academic stress. Challenges: 
Gamification might promote grade 
driven behaviors, require extensive 
practice and preparation time. Sugges-
tions: Videos demonstrating gamifica-
tion practices and promoting faculty 
buy-out through training

Student Centered 
Teaching

Promotes student engagement, diverse 
instruction, and change from the 
traditional teacher-centered perspec-
tive. Challenges: Terminology can be 
overwhelming to new instructors (e.g., 
formative assessment). Instructors may 
face resistance from students and col-
leagues used to hierarchy in education. 
Suggestions: Include examples from 
diverse cultures

Promotes reflection on teaching style 
and formative assessment and feed-
back. Challenges: Implementing feed-
back demands, high time investment. 
Disciplinary differences (e.g., software 
programming). Suggestions: Provide 
scenarios in which instructors changed 
their instruction based on reflection and 
provide tips to improve relatedness and 
students’ autonomy

Teamwork Useful to prepare students for twenty-
first century skills and promote collabo-
ration. Challenges: Unclear guidelines 
for peer-assessment and difficulty of 
implementation in large classes. Re-
sistance from students and higher time 
demands. Suggestions: Address class 
management issues and guide when 
teamwork is appropriate

Encourages innovative teaching 
practices and clarifies instructors’ role 
on teamwork (e.g., Team agreement 
resource, guidance with unengaged 
students). Challenges: Creating teams 
in interdisciplinary classes and main-
taining diversity. Suggestions: Expand 
on diversity and teamwork assessment. 
Clarify differences between collabora-
tion and cooperation

We integrated faculty and GTAs insights to provide a more comprehensive description of the different 
expectations from both groups

Table 4  (continued) 

1 3



J. C. Richardson et al.

Author contributions  Conceptualization: all authors; Formal analysis: Castellanos Reyes; Janakiraman, 
Writing—original draft preparation: all authors; Writing—review and editing: all authors; Funding acqui-
sition: Richardson; Supervision: Richardson.

Funding  Partial financial support was received from Purdue University.

Declarations

Conflict of interest  The authors have no relevant financial or non-financial interests to disclose.

Ethical approval  The questionnaire and methodology for this study was approved by the Human Research 
Ethics committee of Purdue University (Ethics approval number: 1205012267).

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use 
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​n​s​.​o​r​g​/​l​i​c​e​n​
s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

AbuZayyad-Nuseibeh, H. (2017). Faculty perceptions towards the transitioning process from face-to-face 
to online instruction. University of South Florida. Retrieved from ​h​t​t​p​:​/​/​s​c​h​o​l​a​r​c​o​m​m​o​n​s​.​u​s​f​.​e​d​u​/​e​t​
d​​​​​; http://scholarcommons.usf.edu/etd

Adnan, M., Kalelioglu, F., & Gulbahar, Y. (2017). Assessment of a multinational online faculty develop-
ment program on online teaching: Reflections of candidate e-tutors. Turkish Online Journal of Dis-
tance Education, 18(1), 22–38. https://doi.org/10.17718/tojde.285708

Allan, R. N. (2009). Managing and using digital information. Virtual research environments: From portals 
to science gateways (pp. 55–77). USA: Elsevier.

Barab, S. (2014). Design-based research: A methodological toolkit for engineering change. In R. K. Saw-
yer (Ed.), Handbook of the learning sciences (pp. 151–170). Cambridge University Press.

Baran, E. (2018). Professional development for online and mobile learning: Promoting teachers’ peda-
gogical inquiry. In J. Voogt et al. (Ed.), Second handbook of information technology in primary and 
secondary education (pp. 463–478). https://doi.org/10.1007/978-3-319-71054- 9_31

Bennett, S., & Lockyer, L. (2004). Becoming an online teacher: Adapting to a changed environment for 
teaching and learning in higher education. Educational Media International, 41(3), 231–248. ​h​t​t​p​s​:​/​
/​d​o​i​.​o​r​g​/​1​0​.​1​0​8​0​/​0​9​5​2​3​9​8​0​4​1​0​0​0​1​6​8​0​8​4​2​​​​​​​

Besser, A., Flett, G. L., & Zeigler-Hill, V. (2022). Adaptability to a sudden transition to online learning 
during the COVID-19 pandemic: Understanding the challenges for students. Scholarship of Teaching 
and Learning in Psychology, 8(2), 85–105. https://doi.org/10.1037/stl0000198

Brew, A., Boud, D., Lucas, L., & Crawford, K. (2022). Hampering teaching excellence? Academics mak-
ing decisions in the face of contradictions. Studies in Higher Education, 47(4), 941–952.

Boettcher, J. V., & Conrad, R.-M. (2016). The online teaching survival guide. Jossey-Bass.
Burke, L. A. (2005). Transitioning to online course offerings: Tactical and strategic considerations. Journal 

of Interactive Online Learning, 4(2), 94–107.
Carless, D., & Winstone, N. (2023). Teacher feedback literacy and its interplay with student feedback 

literacy. Teaching in Higher Education, 28(1), 150–163. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​1​3​​5​6​2​5​1​​7​.​2​0​2​0​​.​1​
7​8​​2​3​7​2

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://scholarcommons.usf.edu/etd
http://scholarcommons.usf.edu/etd
http://scholarcommons.usf.edu/etd/6791
https://doi.org/10.17718/tojde.285708
https://doi.org/10.1007/978-3-319-71054
https://doi.org/10.1080/09523980410001680842
https://doi.org/10.1080/09523980410001680842
https://doi.org/10.1037/stl0000198
https://doi.org/10.1080/13562517.2020.1782372
https://doi.org/10.1080/13562517.2020.1782372


Using design-based research to gauge the impact of an open…

Carroll-Barefield, A., Smith, S. P., Prince, L. H., & Campbell, C. A. (2005). Transitioning from brick and 
mortar to online: A faculty perspective. Online Journal of Distance Learning Administration, 8(1), 
1–9.

Carson, S., Kanchanaraksa, S., Gooding, I., Mulder, F., & Schuwer, R. (2012). Impact of OpenCourse-
Ware publication on higher education participation and student recruitment. International Review of 
Research in Open and Distributed Learning, 13(4), 19–32.

CAST. (2018). Universal Design for Learning Guidelines, version 2.2. Retrieved from ​h​t​t​p​:​/​/​u​d​l​g​u​i​d​e​l​i​n​
e​s​.​c​a​s​t​.​o​r​g​​​​​​​

Caswell, T., Henson, S., Jensen, M., & Wiley, D. (2008). Open educational resources: Enabling universal 
education. International Review of Research in Open and Distributed Learning, 9(1), 1–11. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​1​9​1​7​3​/​i​r​r​o​d​l​.​v​9​i​1​.​4​6​9​​​​​​​

Chen, C. Y. (2015). A study showing research has been valued over teaching in higher education. Journal of 
the Scholarship of Teaching and Learning, 15(3), 15–32. https://doi.org/10.14434/josotl.v15i3.13319

Covington, D., Petherbridge, D., & Warren, S. E. (2005). Best practices: A triangulated support approach 
in transitioning faculty to online teaching. Online Journal of Distance Learning Administration, 
VIII(1), 1–9.

Cox, G. J., & Trotter, H. (2017). An OER framework, heuristic and lens: Tools for understanding lecturers’ 
adoption of OER. Open Praxis, 9(2), 151–171. https://doi.org/10.5944/openpraxis.9.2.571

Dessinger, J. C., Moseley, J. L., & Van Tiem, D. M. (2012). Performance improvement/HPT model: Guid-
ing the process. Performance Improvement, 51(3), 10–17.

Evanick, (2023). The role of instructional design mentors in supporting faculty transition to online teach-
ing. eLearning Industry. ​h​t​t​p​s​:​​/​/​e​l​e​​a​r​n​i​n​g​​i​n​d​u​​s​t​r​y​.​​c​o​m​/​t​​h​e​-​r​o​l​​e​-​o​f​​-​i​n​s​t​​r​u​c​t​i​​o​n​a​l​-​d​​e​s​i​g​​n​-​m​e​n​​t​o​r​s​-​​i​n​-​s​
u​p​​p​o​r​t​​i​n​g​-​f​​a​c​u​l​t​​y​-​t​r​a​n​​s​i​t​i​​o​n​-​t​o​-​o​n​l​i​n​e​-​t​e​a​c​h​i​n​g

Fisher, K., Counts, S., & Kittur, A. (2012). Distributed sensemaking: improving sensemaking by leverag-
ing the efforts of previous users. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (pp. 247–256).

Frass, L., Rucker, R., & Washington, G. (2017). An overview of how four institutions prepare faculty to 
teach online. Journal of Online Higher Education, 1(1), 1–7.

Frey, B. A., & Donehue, R. (2002). Making the transition from traditional to cyberspace classrooms. 
PAACE Journal of Lifelong Learning, 12, 69–84.

Gourley, B., & Lane, A. (2009). Re-invigorating openness at The Open University: The role of Open 
Educational Resources. Open Learning: THe Journal of Open and Distance Learning, 24(1), 57–65. 
https://doi.org/10.1080/02680510802627845

Hebert, E., Wood, R., Jeon, K., & Reena, I. (2022). Faculty making the emergency online transition dur-
ing the COVID-19 pandemic: The effects of prior online teaching experience and strategies used to 
learn to teach online. Higher Learning Research Communications, 12, 59–76. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​8​
8​7​0​/​h​l​r​c​.​v​1​2​i​0​.​1​3​2​2​​​​​​​

Hilton, J. L., III., Robinson, T. J., Wiley, D., & Ackerman, J. D. (2014). Cost-savings achieved in two 
semesters through the adoption of Open Educational Resources. International Review of Research in 
Open and Distributed Learning, 15(2), 67–84.

Hinson, J. M., & LaPrairie, K. N. (2005). Learning to teach online: Promoting success through profes-
sional development. Community College Journal of Research and Practice, 29(6), 483–493. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​0​8​0​/​1​0​6​6​8​9​2​0​5​9​0​9​3​4​1​9​8​​​​​​​

Hodges, C., Moore, S., Lockee, B., Trust, T., & Bond, A. (2020). The difference between emergency 
remote teaching and online learning. Educause Review, 27, 1–9.

Hoffmann, R. L., & Dudjak, L. A. (2012). From onsite to online: Lessons learned from faculty pioneers. 
Journal of Professional Nursing, 28(4), 255–258. https://doi.org/10.1109/ISDEA.2014.58

Huang, R., Tlili, A., Chang, T., Zhang, X., Nascimbeni, F., & Burgos, D. (2020). Disrupted classes, undis-
rupted learning during COVID-10 outbreak in China: Application of open educational practices and 
resources. Smart Learning Environments. https://doi.org/10.1186/s40561-020-00125-8

Hurtado, S., Eagan, K., Pryor, J. H., Whang, H., & Tran, S. (2012). Undergraduate teaching faculty: The 
2013–2014 HERI faculty survey (pp. 1–111).

Irvine, J., Kimmons, R., & Rogers, J. (2021). Recognizing and Overcoming Obstacles: What it Will Take 
to Realize the Potential of OER. EDUCAUSE Review. ​h​t​t​p​s​:​​/​/​e​r​.​​e​d​u​c​a​u​​s​e​.​e​​d​u​/​a​r​​t​i​c​l​e​​s​/​2​0​2​1​​/​7​/​r​​e​c​o​g​n​​
i​z​i​n​g​​-​a​n​d​-​o​​v​e​r​c​​o​m​i​n​g​​-​o​b​s​t​​a​c​l​e​s​-​​w​h​a​t​​-​i​t​-​w​​i​l​l​-​t​​a​k​e​-​t​o​​-​r​e​a​​l​i​z​e​-​t​h​e​-​p​o​t​e​n​t​i​a​l​-​o​f​-​o​e​r

Jackson, B. L. (2018). Online professional development courses in online teaching for higher education 
faculty. In Proceedings of the Society for Information Technology and Teacher Education (SITE 
2018) (pp. 187–195).

1 3

http://udlguidelines.cast.org
http://udlguidelines.cast.org
https://doi.org/10.19173/irrodl.v9i1.469
https://doi.org/10.19173/irrodl.v9i1.469
https://doi.org/10.14434/josotl.v15i3.13319
https://doi.org/10.5944/openpraxis.9.2.571
https://elearningindustry.com/the-role-of-instructional-design-mentors-in-supporting-faculty-transition-to-online-teaching
https://elearningindustry.com/the-role-of-instructional-design-mentors-in-supporting-faculty-transition-to-online-teaching
https://doi.org/10.1080/02680510802627845
https://doi.org/10.18870/hlrc.v12i0.1322
https://doi.org/10.18870/hlrc.v12i0.1322
https://doi.org/10.1080/10668920590934198
https://doi.org/10.1080/10668920590934198
https://doi.org/10.1109/ISDEA.2014.58
https://doi.org/10.1186/s40561-020-00125-8
https://er.educause.edu/articles/2021/7/recognizing-and-overcoming-obstacles-what-it-will-take-to-realize-the-potential-of-oer
https://er.educause.edu/articles/2021/7/recognizing-and-overcoming-obstacles-what-it-will-take-to-realize-the-potential-of-oer


J. C. Richardson et al.

Kimmons, R., & Irvine, J. (2023). Future directions in OER. In D. Otto, G. Scharnberg, M. Kerres, & O. 
Zawacki-Richter (Eds.), Distributed learning ecosystems: Concepts, resources, and repositories (pp. 
183–199). Springer Nature.

Kittur, A., Peters, A. M., Diriye, A., & Bove, M. (2014). Standing on the schemas of giants: socially aug-
mented information foraging. In Proceedings of the 17th ACM Conference on Computer Supported 
Cooperative Work & Social Computing (pp. 999–1010).

Liu, M. X., Kittur, A., & Myers, B. A. (2021). To reuse or not to reuse? A framework and system for 
evaluating summarized knowledge. Proceedings of the ACM on Human-Computer Interaction, 
5(CSCW1), 1–35.

Magda, A. J. (2019). Online learning at public universities: Recruiting, orienting, and supporting online 
faculty. The Learning House.

Markus, L. M. (2001). Toward a theory of knowledge reuse: Types of knowledge reuse situations and fac-
tors in reuse success. Journal of Management Information Systems, 18(1), 57–93.

Martin, F., Budhrani, K., & Wang, C. (2019). Examining faculty perception of their readiness to teach 
online. Online Learning, 23(3), 97–119.

McGee, P., Windes, D., & Torres, M. (2017). Experienced online instructors: Beliefs and preferred sup-
ports regarding online teaching. Journal of Computing in Higher Education, 29(2), 331–352.

McKenney, S., & Reeves, T. (2019). Conducting educational design research (2nd ed.). Routledge. ​h​t​t​p​s​:​
/​/​d​o​i​.​o​r​g​/​1​0​.​4​3​2​4​/​9​7​8​1​3​1​5​1​0​5​6​4​2​​​​​​​

Mohr, S. C., & Shelton, K. (2017). Best practices framework for online faculty professional development: 
A Delphi study. Online Learning, 21(4), 123–140. https://doi.org/10.24059/olj.v21i4.1273

Moreno, R., Flood, L. D., Rausch, M. A., Takahashi, A., & Kluge, S. L. (2022). Making sense of cri-
sis: Instructional designers’ experiences with Emergency Remote Teaching. Online Learning, 26(4), 
304–322. https://doi.org/10.24059/olj.v26i4.3131

Mueller, C. (2021). Instructional designers’ approaches to transforming conflict and attitudes [Doctoral 
Dissertation]. Purdue University.

Mullens, A. M., & Hoffman, B. (2023). The affordability solution: A systematic review of open educational 
resources. Educational Psychology Review, 35(3), 72. https://doi.org/10.1007/s10648-023-09793-7

National Center for Education Statistics. (2022). Undergraduate Enrollment. Condition of Education. U.S. 
Department of Education, Institute of Education Sciences. Retrieved May 31, 2022, from ​h​t​t​p​s​:​​/​/​n​c​e​​
s​.​e​d​.​g​​o​v​/​p​​r​o​g​r​a​​m​s​/​c​o​​e​/​i​n​d​i​​c​a​t​o​​r​/​c​h​a

Ní Fhloinn, E., & Fitzmaurice, O. (2021). How and why? Technology and practices used by university 
mathematics lecturers for emergency remote teaching during the COVID-19 pandemic. Teaching 
Mathematics and Its Applications: An International Journal of the IMA, 40(4), 392–416. ​h​t​t​p​s​:​/​/​d​o​i​
.​o​r​g​/​1​0​.​1​0​9​3​/​t​e​a​m​a​t​/​h​r​a​b​0​1​8​​​​​​​

Northcote, M., Gosselin, K. P., Reynaud, D., Kilgour, P., & Anderson, P. (2015). Navigating learning 
journeys of online teachers: Threshold concepts and self-efficacy. Issues in Educational Research, 
25(3), 319–344.

Okon, R., Eleberi, E. L., & Uka, K. K. (2020). A web based digital repository for scholarly publication. 
Journal of Software Engineering and Applications, 13(04), 67.

Oleson, A., & Hora, M. T. (2014). Teaching the way they were taught? Revisiting the sources of teaching 
knowledge and the role of prior experience in shaping faculty teaching practices. Higher Education, 
68(1), 29–45. https://doi.org/10.1007/s10734-013-9678-9

Otto, D., Schroeder, N., Diekmann, D., & Sander, P. (2021). Trends and gaps in empirical research on open 
educational resources (OER): A systematic mapping of the literature from 2015 to 2019. Contempo-
rary Educational Technology, 13(4), ep35. https://doi.org/10.30935/cedtech/11145

Pegler, C. (2012). Herzberg, hygiene and the motivation to reuse: Towards a three-factor theory to explain 
motivation to share and use OER. Journal of Interactive Media in Education, 1–18.

Pershing, J. A. (2006). Human performance technology fundamentals. Pfeiffer.
Poderi, G., Popov, J., & Møller, J. K. (2024). In search of time: Higher education teachers’ experience of 

an online professional development course. European Journal of Education, 59(3), e12685. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​1​1​1​/​e​j​e​d​.​1​2​6​8​5​​​​​​​

Rahaman, H. (2018). Digital heritage interpretation: a conceptual framework. Digital Creativity, 29(2–3), 
208–234. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​1​4​​6​2​6​2​6​​8​.​2​0​1​8​​.​1​5​1​​1​6​0​2

Rapp, C., Gülbahar, Y., & Adnan, M. (2016). e-Tutor: A multilingual open educational resource for faculty 
development to teach online. International Review of Research in Open and Distance Learning, 
17(5), 284–289. https://doi.org/10.19173/irrodl.v17i5.2783

1 3

https://doi.org/10.4324/9781315105642
https://doi.org/10.4324/9781315105642
https://doi.org/10.24059/olj.v21i4.1273
https://doi.org/10.24059/olj.v26i4.3131
https://doi.org/10.1007/s10648-023-09793-7
https://nces.ed.gov/programs/coe/indicator/cha
https://nces.ed.gov/programs/coe/indicator/cha
https://doi.org/10.1093/teamat/hrab018
https://doi.org/10.1093/teamat/hrab018
https://doi.org/10.1007/s10734-013-9678-9
https://doi.org/10.30935/cedtech/11145
https://doi.org/10.1111/ejed.12685
https://doi.org/10.1111/ejed.12685
https://doi.org/10.1080/14626268.2018.1511602
https://doi.org/10.19173/irrodl.v17i5.2783


Using design-based research to gauge the impact of an open…

Reid, J. W., & Gardner, G. E. (2020). Navigating tensions of research and teaching: Biology graduate 
students’ perceptions of the research–teaching nexus within ecological contexts. CBE Life Sciences 
Education, 19(3), 1–16. https://doi.org/10.1187/cbe.19-11-0218

Richardson, J. C., Castellanos Reyes, D., Janakiraman, S., & Duha, M. S. U. (2023). The process of devel-
oping a digital repository for online teaching using design-based Research. TechTrends, 67, 217–230. 
https://doi.org/10.1007/s11528-022-00795-w

Robinson, T. E., & Hope, W. C. (2013). Teaching in higher education: Is there a need for training in peda-
gogy in graduate degree programs? Research in Higher Education Journal, 2, 1–11.

Salajegheh, M., Gandomkar, R., & Mohammadi, E. (2022). Faculty development in the COVID-19 Era: 
A rapid systematic review. Medical Journal of the Islamic Republic of Iran. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​4​7​1​7​
6​/​m​j​i​r​i​.​3​6​.​8​6​​​​​​​

Saldaña, J. (2016). The coding manual for qualitative researchers (3rd ed.). Sage.
Scott, D. E., & Scott, S. (2011). Effective university teaching and learning. Retrieved August 23, 2019, 

from ​h​t​t​p​s​:​​/​/​w​w​w​​.​u​c​a​l​g​​a​r​y​.​​c​a​/​p​r​​o​v​o​s​t​​/​s​i​t​e​s​​/​d​e​f​​a​u​l​t​/​​f​i​l​e​s​​/​t​e​a​m​s​​/​1​/​s​​c​o​t​t​s​​c​o​t​t​-​​e​f​f​e​c​t​​i​v​e​u​​n​i​v​e​r​​s​i​t​y​t​​e​a​c​h​i​
n​​g​a​n​d​​l​e​a​r​n​i​n​g​.​p​d​f

Seckler, M., Heinz, S., Forde, S., Tuch, A. N., & Opwis, K. (2015). Trust and distrust on the web: User 
experiences and website characteristics. Computers in Human Behavior, 45, 39–50.

Shreaves, D. L., Ching, Y. H., Uribe-Florez, L., & Trespalacios, J. (2020). Faculty perceptions of online 
teaching at a midsized liberal arts university. Online Learning, 24(3), 106–127. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​2​
4​0​5​9​/​o​l​j​.​v​2​4​i​3​.​2​1​9​9​​​​​​​

Schroeder, E. (2022). Faculty teaching the way they were taught. Inside Higher Ed. Retrieved March 27, 
2023, from ​h​t​t​p​s​:​​/​/​w​w​w​​.​i​n​s​i​d​​e​h​i​g​​h​e​r​e​d​​.​c​o​m​/​​d​i​g​i​t​a​​l​-​l​e​​a​r​n​i​n​​g​/​b​l​o​​g​s​/​o​n​l​​i​n​e​-​​t​r​e​n​d​​i​n​g​-​n​​o​w​/​f​a​c​​u​l​t​y​​-​t​e​a​c​​
h​i​n​g​-​​w​a​y​-​t​h​​e​y​-​w​​e​r​e​-​t​a​u​g​h​t

Taylor, A., & McQuiggan, C. (2008). Faculty development programming: If we build it, will they come? 
EDUCAUSE Quarterly, 31(3), 28–37.

Thielsch, M. T., & Hirschfeld, G. (2019). Facets of Website Content. Human-Computer Interaction, 34(4), 
279–327. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​8​0​/​0​7​​3​7​0​0​2​​4​.​2​0​1​7​​.​1​4​2​​1​9​5​4

Tlili, A., Garzón, J., Salha, S., Huang, R., Xu, L., Burgos, D., Denden, M., Farrell, O., Farrow, R., Bozkurt, 
A., Amiel, T., McGreal, R., López-Serrano, A., & Wiley, D. (2023). Are open educational resources 
(OER) and practices (OEP) effective in improving learning achievement? A meta-analysis and 
research synthesis. International Journal of Educational Technology in Higher Education, 20(1), 54. 
https://doi.org/10.1186/s41239-023-00424-3

Tlili, A., Zhang, X., Lampropoulos, G., Salha, S., Garzón, J., Bozkurt, A., Huang, R., & Burgos, D. (2025). 
Uncovering the black box effect of Open Educational Resources (OER) and practices (OEP): A meta-
analysis and meta-synthesis from the perspective of activity theory. Humanities and Social Sciences 
Communications, 12(1), 504. https://doi.org/10.1057/s41599-025-04644-y

UNESCO. (2020). 1.3 billion learners are still affected by school or university closures, as educational 
institutions start reopening around the world, says UNESCO. UNESCO. ​h​t​t​p​s​:​​/​/​e​n​.​​u​n​e​s​c​o​​.​o​r​g​​/​n​e​w​s​​/​
1​3​-​b​​i​l​l​i​o​n​​-​l​e​a​​r​n​e​r​s​​-​a​r​e​-​​s​t​i​l​l​-​​a​f​f​e​​c​t​e​d​-​​s​c​h​o​o​​l​-​u​n​i​v​​e​r​s​i​​t​y​-​c​l​​o​s​u​r​e​​s​-​e​d​u​c​​a​t​i​o​​n​a​l​-​i​n​s​t​i​t​u​t​i​o​n​s

UNESCO. (2002). UNESCO promotes new initiative for free educational resources on the Internet. 
Retrieved January 11, 2019, from ​h​t​t​p​:​/​​/​w​w​w​.​​u​n​e​s​c​o​​.​o​r​g​​/​e​d​u​c​​a​t​i​o​n​​/​n​e​w​s​_​​e​n​/​0​​8​0​7​0​2​​_​f​r​e​e​​_​e​d​u​_​r​​e​s​
s​.​​s​h​t​m​l​z

Van Allen, J., & Katz, S. (2020). Teaching with OER during pandemics and beyond. Journal for Multicul-
tural Education, 14(3–4), 209–218. https://doi.org/10.1108/JME-04-2020-0027

Van Tiem, D. M., Moseley, J. L., & Dessinger, J. C. (2012). Fundamentals of performance improvement: 
Optimizing results through people, process, and organizations. Center for Creative Leadership.

Walsh, L. L., Arango-Caro, S., Wester, E. R., & Callis-Duehl, K. (2021). Training faculty as an institutional 
response to COVID-19 emergency remote teaching supported by data. CBE—Life Sciences Educa-
tion. https://doi.org/10.1187/cbe.20-12-0277

Wang, F., & Hannafin, M. J. (2005). Design-based research and technology-enhanced learning environ-
ments. Educational Technology Research and Development, 53(4), 5–23. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​B​
F​0​2​5​0​4​6​8​2​​​​​​​

Wiley, D. A. (2021). Open educational resources: Undertheorized research and untapped potential. Edu-
cational Technology Research and Development, 69(1), 411–414. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​1​4​2​3​-​0​
2​0​-​0​9​9​0​7​-​w​​​​​​​

1 3

https://doi.org/10.1187/cbe.19-11-0218
https://doi.org/10.1007/s11528-022-00795-w
https://doi.org/10.47176/mjiri.36.86
https://doi.org/10.47176/mjiri.36.86
https://www.ucalgary.ca/provost/sites/default/files/teams/1/scottscott-effectiveuniversityteachingandlearning.pdf
https://www.ucalgary.ca/provost/sites/default/files/teams/1/scottscott-effectiveuniversityteachingandlearning.pdf
https://doi.org/10.24059/olj.v24i3.2199
https://doi.org/10.24059/olj.v24i3.2199
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/faculty-teaching-way-they-were-taught
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/faculty-teaching-way-they-were-taught
https://doi.org/10.1080/07370024.2017.1421954
https://doi.org/10.1186/s41239-023-00424-3
https://doi.org/10.1057/s41599-025-04644-y
https://en.unesco.org/news/13-billion-learners-are-still-affected-school-university-closures-educational-institutions
https://en.unesco.org/news/13-billion-learners-are-still-affected-school-university-closures-educational-institutions
http://www.unesco.org/education/news_en/080702_free_edu_ress.shtmlz
http://www.unesco.org/education/news_en/080702_free_edu_ress.shtmlz
https://doi.org/10.1108/JME-04-2020-0027
https://doi.org/10.1187/cbe.20-12-0277
https://doi.org/10.1007/BF02504682
https://doi.org/10.1007/BF02504682
https://doi.org/10.1007/s11423-020-09907-w
https://doi.org/10.1007/s11423-020-09907-w


J. C. Richardson et al.

Wiley, D., & Hilton, J. (2018). Defining OER-enabled pedagogy. The International Review of Research in 
Open and Distributed Learning. https://doi.org/10.19173/irrodl.v19i4.3601

Williams, T., Layne, M., & Ice, P. (2014). Online faculty perceptions on effective faculty mentoring: A 
qualitative study. Online Journal of Distance Learning Administration, 17(2).

Wilson, G., Myatt, P., & Purdy, J. (2018). Increasing access to professional learning for academic staff 
through open educational resources and authentic design. Journal of University Teaching and Learn-
ing Practice, 15(2), 1–18.

Yacci, M. (2008). The knowledge warehouses reusing knowledge components. Performance Improvement 
QuartErly, 12(3), 132–140. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​1​0​.​​1​1​​1​​1​​/​j​.​1​​9​​3​7​-​​8​3​​2​7​.​​1​​9​9​9​.​t​b​​0​0​1​4​2​.​x

Publisher's Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Jennifer C. Richardson  is the 150th Anniversary Professor for the College of Education and serves as 
the program convener for the Learning, Design and Technology (LDT) programs at Purdue University. 
She has been involved with distance education for over 25 years as a researcher, instructor, mentor, and 
designer. Her research focuses on evidence-based practices in online learning environments and preparing 
instructional designers. Specifically, she researches strategies and design for teaching online, social pres-
ence, gauging learning in online environments, and the Community of Inquiry (CoI) framework. She was 
named the Mildred B. and Charles A. Wedemeyer Award for Outstanding Scholar in Distance Education 
and is also an Online Learning Consortium (OLC) Fellow.

Daniela Castellanos-Reyes  is an Assistant Professor of Learning, Design & Technology at North Carolina 
State University (NCSU), and a member of the interdisciplinary cluster Digital Transformation of Edu-
cation. Her scholarship resides at the intersection of instructional design, online learning, and learning 
analytics. In particular, she focuses on analyzing peer-interaction to support social presence in digital and 
distance-education environments. Her research has been supported by the National Academy of Education 
/ Spencer Foundation Dissertation Fellowship (2022–23), the Mary Kay Sommers Dissertation Award, and 
the Bilsland Dissertation Fellowship (2023). She was awarded the 2025 College of Education Early Career 
Faculty Strategic Excellence Award at North Carolina State University.

Shamila Janakiraman  is an Assistant Professor in Learning Design & Technology (LTEC) at the Univer-
sity of Hawai′i at Manoa. She is a lifelong learner and passionate educator who believes quality educa-
tion should be accessible to everyone. Shamila is keen on exploring the use of emerging technologies 
in promoting attitudinal and behavioral learning regarding environmental sustainability and other socio-
scientific topics, online teaching and learning, and competency-based education. Her research interests 
also include the application of emerging technologies like augmented reality, virtual reality, virtual tours, 
gamification and game-based learning in facilitating and sustaining learner interest.

Mohammad Shams Ud Duha  is an Assistant Professor of Learning Experience Design and Technology 
in the Department of Educational Psychology at the University of Oklahoma. He earned his Ph.D. in 
Learning Design and Technology from Purdue University. His research interests include online learning 
environments, social media in education, open education, Universal Design for Learning, and microlearn-
ing. Before joining the University of Oklahoma, Dr. Duha taught at several universities in Bangladesh, 
including Brac University. Additionally, he taught at Indiana University, Bloomington during the 2015–16 
academic year as part of his Fulbright program.

1 3

https://doi.org/10.19173/irrodl.v19i4.3601
https://doi.org/10.1111/j.1937-8327.1999.tb00142.x


Using design-based research to gauge the impact of an open…

Authors and Affiliations

Jennifer C. Richardson1  · Daniela Castellanos-Reyes2  · 
Shamila Janakiraman3  · Mohammad Shams Ud Duha4

	
 Jennifer C. Richardson
jennrich@purdue.edu

Daniela Castellanos-Reyes
dcastel2@ncsu.edu

Shamila Janakiraman
shamilaj@hawaii.edu

Mohammad Shams Ud Duha
duha@ou.edu

1	 Department of Curriculum and Instruction, College of Education, Purdue University, West 
Lafayette, IN, USA

2	 Department of Teacher Education and Learning Sciences, College of Education, North 
Carolina State University, Raleigh, NC, USA

3	 Learning Design and Technology Department, College of Education, University of Hawaiʻi 
at Manoa, Manoa, HI, USA

4	 Department of Educational Psychology, College of Education, University of Oklahoma at 
Norman, Norman, OK, USA

1 3

http://orcid.org/0000-0001-7534-1406
http://orcid.org/0000-0002-0183-1549
http://orcid.org/0000-0001-8750-3601
http://orcid.org/0000-0003-4235-8687

	﻿Using design-based research to gauge the impact of an open educational resource repository to support online teaching and learning
	﻿Abstract
	﻿Introduction
	﻿The professional development of instructors and GTAs for online teaching and learning: a human performance technology approach
	﻿Theoretical perspectives supporting the creation of digital repositories
	﻿Role of open educational resources in online teaching and learning in higher education
	﻿Conducting a design-based research study: Purdue repository for online teaching and learning
	﻿Research process
	﻿Phase 1 - Needs analysis and design & development
	﻿Step 1: Needs analysis and data collection
	﻿Step 2: Design & development


	﻿Phase 2 - Internal evaluation & modifications
	﻿Step 3: Internal evaluation
	﻿Step 4: Modifications

	﻿Phase 3 - Expert evaluation & modifications
	﻿Step 5: Expert evaluation
	﻿Expert evaluation participants


	﻿Step 6: Modifications
	﻿Phase 4 - Implementation and evaluation & reflection
	﻿Step 7: Implementation
	﻿Ongoing evaluation instruments, monitoring, and global spread


	﻿Step 8: Evaluation & reflection
	﻿One-year follow up evaluation

	﻿Data collection one-year follow-up—instructors vs GTAs insights on implementation challenges
	﻿Faculty’s navigation challenges, general recommendations and other comments
	﻿GTAs’ navigation challenges, general recommendations and other comments
	﻿Recommendations from faculty and graduate students

	﻿Limitations
	﻿Conclusions
	﻿Appendix A
	﻿Appendix B
	﻿References


