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Executive Summary

Technology is rapidly transforming how people learn and how we provide training. For
example, in higher education, there are estimated to be nearly 6.7 million students enrolled in
online education courses (National Center for Education Statistics Fast Facts, 2018). This
substantial number of students accounts for 33.7% of the current student population (National
Center for Education Statistics, 2018, Table 311.15) and are part of a two-decade long growth
trend for online learning. Technology is changing even traditional classrooms. Flipped
classrooms and technology-enhanced classrooms offload much of the direct instruction using
distributed resources, with instructors taking on the role of “guide” or “facilitator.” This rapid
growth and change in student populations has made educational technology into a $7.5 billion
industry as of 2019.

The dynamic and high-stakes nature of education and training software demands that we rely on
evidence-based practices and policies to make decisions about technology adoption and
implementation. The purpose of the Science of Learning and Readiness project (SoLaR) is to
identify these practices. This State-of-the-Art Report (SoAR) is the first project deliverable and
summarizes evidence-based practices and implementation within public, private, and academic
sectors. The SoAR also includes specific guidance on metrics-based, most effective, at scale, and
blended learning strategies within institutional systems, courseware, and pedagogical methods.
Methodologically, this report emerges from a broadly scoped review process comprising over
200 formal database searches. Our search strategy was inclusive of academic, military, and
industry resources.

Overarching findings demonstrate that (1) fundamental principles of human learning from the
learning sciences are applicable to blended and learning-at-scale environments, (2) human
learning within these environments must be supported by technology, (3) the technology must
report data on the learning process to the learning organization, and (4) learning organizations
must use data to (a) support learners with learning, social, and academic guidance, and (b)
support members of the learning institutions with training, support, and recognition.

To further understand perceived importance and implementation of these practices, we
surveyed learning organizations representing public, private, and academic sectors. We
observed a consistent discrepancy: respondents reported that actual implementation of best
practices fell short (i.e., ratings of implementation were significantly lower than ratings of
perceived importance). This pattern was most striking within military organizations. The survey
sample was small and thus limited in generalizability. Nonetheless, the consistently high
perceived importance of best practices in the public sector—particularly the military—suggests
a readiness for a transition to advanced distributed learning methodologies.

SoLaR-SoAR consists of a review of the current state of the art for distributed learning
environments. The report is structured for use by multiple types of end users. The main report
provides a 22-page, high-level overview of findings of the current state of the art. This section
can serve as a quick reference. The report’s Appendixes provide a detailed summary of the
empirical literature on state-of-the-art distributed learning ecosystems. These materials enable
“deeper dives” into learning organization, technology, and human pedagogy topics.
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State of the Art Report: The Current State of

Blended Learning and eLearning at Scale
S

Report Overview

Learning organizations are rapidly changing how they enable learning and provide training.
These changes are driven by both technological innovations and the need to provide education
and training to larger numbers of learners at a rapid pace (Graesser, Hu, & Ritter, 2019). Many of
these learners are immersed in online learning environments. For example, there are an
estimated 6,651,536 students enrolled in online education courses at the postsecondary level in
the United States (National Center for Education Statistics Fast Facts, 2018), and these 6.7 million
students account for 33.7% of the current student population (National Center for Education
Statistics, 2018, Table 311.15). These numbers are indicative of a growth trend of online learning
that has continued for the last 13 years in the United States (Allen & Seaman, 2013). Moreover,
even traditional classrooms are changing—increasingly use technology to offload direct
instruction and allowing instructors to facilitate higher level learning (e.g., flipped classrooms
and technology-enhanced classrooms) (Enfield, 2013; Roehl, Reddy, & Shannon, 2013).

The high pressure of providing education and training within this rapidly growing technological
environment often requires rapid decisions based on limited information. Unfortunately, such
demands can result in well-meaning decision makers pursuing suboptimal or fallacious choices.
Decision makers often cling to traditional methods (e.g., in-person lectures) instead of
innovating (Allen & Seaman, 2013), in part due to beliefs that eLearning and flipped/technology-
enhanced classrooms are less effective. This is not true. eLearning (Means, Toyama, Murphy, &
Baki, 2013) and blended/flipped/technology enhanced classrooms (Liu, Peng, Zhang, Hu, Li, &
Yan, 2016) can be just as effective as traditional classrooms and, in some cases, more effective.
However, to be successful, there must be a deliberate consideration of the needs of learners and
the organization, support for those needs, and willingness to explore state-of-the-art techniques
for addressing the needs.

This report presents a state-of-the-art exploration of distributed learning environments. For this
report, we define a “State-of-the-Art Distributed Learning Environment” as a learning ecosystem
that is supported by technology and educational theory/findings. To be considered state of the
art, components within the ecosystem must
have (a) empirical evidence of effectiveness “Three pillars [for scaling eLearning] include
(i.e., data) and (b) evidence of implementation  content, operation, and technology. The three
(i.e., application). To establish a modern pillars are the key to have a real solution to

learning ecosystem (Walcutt & Schatz, 2019), personalized learning. Moreover, buszr?ess,
. o people, and data are the three foundations of
learning organizations must focus on best

deploying the personalized learning.”
practices that span the organizational or Richard Tong, Chief Architect

enterprise level, the technology level, and the Squirrel Al Learning
human level. Key evidence-based and state-of-
the-art practices are summarized in the main report; expanded reviews of relevant research are
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subsequently available in Appendix A (Institutional Support), Appendix B (Technology),
Appendix C (Human Learning).

Human learning has not changed, but technological support has

While technology has become a more important component within the learning process, the
fundamental principles of how humans learn have not changed in the last few decades. For
humans, learning is messy. The act of teaching and learning does not take place in a sterile
environment, nor can it take place automatically (Hattie, 2009). Learning is individualistic,
sometimes spontaneous, but often very effortful, slow, and gradual, and moves forward in fits-
and-starts (Hattie, 2009). Learning organizations must be established to support the needs of the
stakeholders, ensure that appropriate resources are allocated, and that there must be buy in
from all stakeholders (Giattino & Strafford, 2019; Muilenburg & Berge, 2001; Moore & Kearsley,
2011). Thus, it is important for educational decision makers, instructional designers, and
instructors to understand the best practices for learning and implement them to the best of their
ability and resources. In the remainder of this section, we have summarized the basics of human
learning that could be supported by well-organized, state-of-the-art distributed learning. For an
expanded discussion on these issues, please see Appendix C: Distributed Online Pedagogy
Review.

“[We had to] turn Kaplan into a learning engineering organization that uses
learning sciences and good evidence about learning in practical ways to
iterate improvements for learning outcomes that were relevant to each

different learning organization inside Kaplan.”
Bror Saxberg, Vice President
Learning Sciences at Chan Zuckerberg Initiative

Guides for Human Learning

This report highlights key areas of human learning that have been shown to impact learning with
technology. There are numerous theoretical perspectives on human learning, such as
behaviorism (rote association/practice), cognitivism (mmemory, encoding, and processing of
information), and constructivism (build representation of knowledge) (Ertmer & Newby, 2013).
Previous extensive summaries have offered actionable recommendations (see Alexander,
Schallert, & Reynolds, 2009; Craig & Douglas, 2019; Graesser, 2009; Pashler et al., 2007), and
expansive reviews can be found within How People Learn volume I: Brain, Mind, experience, and
School (National Research Council, 2000) and How People Learn Volume 2: Learners, Contexts,
and Cultures (National Academies of Sciences, Engineering, and medicine, 2018). The current
report highlights and exemplifies aspects of human learning that are particularly salient to
learning with technology.

Human Cognitive Processing and Technology

Principles of cognition have been applied to instructional design using many different
approaches that are grounded in the understanding that basic human cognition consists of
sensory memory, working memory, and long-term memory (Mayer, 2017), each with their own
unique properties and limitations. Sensory memory functions as the receiver of stimuli,
transmitting information to working memory where active manipulation and encoding take place
(Mayer, 2009). Both sensory and working memory are limited in capacity and duration (Cowan,
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2010; Mayer, 2017; Paas and Sweller, 2014). Information that is not actively attended to can be
easily lost. In contrast, long-term memory is both expansive in scope and duration—this is where
learned information is stored over time, whether days, weeks, years, or a lifetime (Paas &
Sweller, 2014; Sweller, Ayres, & Kalyuga, 2011). However, the transition of information from
working memory to long-term memory requires encoding. New information must be mentally
organized and integrated with prior knowledge to be held in long-term memory (Mayer, 2017).
Such encoding can proceed in multiple ways, including visual (e.g., images, scenes, and text),
auditory (e.g., sounds), verbal (e.g., spoken or written words), semantic (e.g., conceptual and
personal meaning), episodic (e.g., temporal sequences), and more. Indeed, memories are more
robust when they are encoded in multiple ways or modalities, such as combining visual,
auditory, and verbal memory traces simultaneously.

Two prominent examples emerging from these concepts include cognitive load theory (CLT)
and the cognitive theory of multimedia learning (CTML). In brief, CLT argues that the properties
of instructional designs and activities impose burdens or “load” on human cognitive systems in
different ways. One source of load is the inherent complexity of the material or learning task
(i.e., intrinsic load), which is necessary and unavoidable. In contrast, the design of instructional
materials may induce unnecessary burdens (i.e., extraneous load), such as distractions or clumsy
interfaces, that require cognitive effort unrelated to learning. Finally, several models describe
additional cognitive effort that is beneficial to learning (i.e., germane load). In some cases,
learners might be asked to engage in tasks (e.g., self-explaining and self-questioning) that are
more difficult than the core task (e.g., reading a text or listening to a lecture), but which engage
them in deeper or more meaningful encoding. Importantly, regardless of the types of load, the
essential argument of CLT is that learning is hindered when total cognitive load exceeds the
working memory capacity of the learner (Paas & Sweller, 2014). Thus, designers must strive to
balance necessary or beneficial task demands while minimizing wasteful or distracting.

CTML expands and applies CLT prnciples to the design of multmedia leaming materials. CTML
emphasizes two processing pathways or modalities (Le, visual and anditory) that possess thelr
own working memary capacity (Mayez, 2009). Each pathway can withstand a certam degree of
“load” and can complement each other—distributing load across different modalities is better
than overloadmg either system. Moreover, strateqic processing and mtegratmg mformation via
both channels encourages multiple encoding and more robust recall and comprehension. Like
CLT, research CTML is supported by an expansive body of hterature and generalizable
mstructional design principles (discussed i this report, also see Mayer, 2003, 2017). Indeed,
multimedia learning has been an influential area of research over the last 30 years. These
methods have applied i digital and computer-based settings and are easily transferable to
eleaming environments (Mayer, 2017). They have also been shown to be one of the most
consistently effective technologies for learning at scale with 64% of reported results being
positive (Davis, Chen, Hauff & Houben, 2018). In sun, many research-based instructional design
iies; bl primirtes-of] o e :
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Scaffolding and Instructional Guidance

Learners are (almost by definition) individuals who lack robust knowledge or skill within a given
domain. The goal is to help learners acquire these competencies and proficiencies. An important
consideration, however, is how much support and guidance are provided to the learners. Should
learners receive direct and structured instruction, or should they be encouraged to explore and

discover within more open environments?

Problem-based learning (PBL) and inquiry-based learning (IL) are two example paradigms in
education where this debate has taken place. In brief, PBL presents learners with open-ended,
complex, and real-world problems that must solve by researching the problem, acquiring
necessary knowledge and skills, and then applying these resources to obtain a solution. PBL
emerged from and is extensively used in medical education (e.g., Colliver, 2000; Schmidt, 2010).
Similarly, IL presents learners with meaningful scientific phenomena and questions, and asks
them to explore the domain to develop hypotheses, test their hypotheses, and gain necessary
knowledge and skills to do so (Hmelo-Silver et al., 2007). Importantly, both PBL and IL can be
implemented with very little direct guidance (i.e., primarily exploration) or with higher degree
of structure and feedback at each stage.

Hatti’s (2009) review of four meta-analyses and more than 200 studies found that inquiry-based
learning produced an average effect size of d = 0.35 or an 14% increase over the average
performance of controls. Importantly, implementation exhibits a significant influence on efficacy,
which interacts with learners’ prior knowledge and skills. When learners’ knowledge is limited
or they are provided no to little guidance, PBL and IL teaching methods are often ineffective
(Kirchner, Sweller, & Clark, 2006). PBL and IL activities must be properly scaffolded to provide
structure and support for the learners (Hmelo-Silver et al., 2007), which enables them to dissect
complex problem cases into more reasonable pieces within the students’ zones of proximal
development (Fernandez, Wegerif, Mercer, Rojas-Drummond, 2001; Hmelo-Silver et al., 2007).
In contrast, unsupported “floundering” does not facilitate learning.

Scaffolding in PBL and IL environments (generalizable to other learning settings) can take many
forms, such as providing missing information or prompting students to reflect (Kim & Lim, 2019).
Feedback is also essential for promoting growth and productive change (Alharbi, 2017). Hattie
(2009) reported ranked feedback in the top ten factors that influence human performance out of
100 surveyed. Notably, not all feedback is equally effective. Effective feedback must be
consistent, specific, performance-focused, timely, purposeful, task-appropriate, and applied to
future learning (Coll, Rochera, Gispert, & Diaz-Barriga, 2013; Harvey, Radomski, & O’Connor,
2013; Shute, 2008). Finally, although teacher-to-student feedback is often the focus, Hattie (2009,
2012) noted that student-to-teacher feedback was invaluable for helping teachers to adapt and
improve their instruction.

Motivation and Emotion

One limitation of “cognitive” approaches to learning is that they sometimes (over)simplify by
neglecting human motivational states or emotional responses, or by assuming that such states
are consistent across learners. However, academic emotions (e.g., anxiety, confusion, boredom,
and frustration) have been found to significantly influence cognition, learning, and learning-




related processes (Craig, Graesser, Sullins, & Gholson, 2004; Pekrun, Goetz, Titz, & Perry, 2002;
D’Mello, & Graeser, 2012).

Five contemporary motivational theories have been particularly influential: expectancy-value
theory, social cognitive theory, attribution theory, self-determination theory, and achievement goal
theory. In brief, such theories articulate how human expectations, goals, psychological needs,
comparisons to others, explanations of behaviors (both others’ and our own) shape our
behaviors in complex ways. Learning behaviors and environments are no exception. For
example, research on achievement goals describes how goals focused on seeking mastery (i.e.,
gaining skills and proficiency) and positive performance (i.e., gaining good grades and
rankings) inspire better strategic effort and learning outcomes, whereas goals focused on
avoiding all mistakes (i.e., perfectionism) or failure are associated with less effort and learning.

There is evidence that motivational variables—as defined by the above motivational theories—
can be important and predictive within learning analytics (Aguilar, 2016), MOOCs (Beaven,
Hauck, Comas-Quinn, Lewis, & de los Arcos, 2014; Loizzo, Ertmer, Watson, & Watson, 2017;
Martin, Kelly, & Terry, 2018), synchronous and asynchronous instruction (Lin & Overbaugh,
2009), collaborative online learning (Du, Fan Xu, Wang, Sun, & Liu, 2019), vicarious online
learning (Craig, 2018; Twyford & Craig, 2017; Craig, Sullins, Witherspoon, & Gholson, 2006;
McNamara, Levinstein, & Boonthum, 2004), and other online learning environments (Chen &
Jang, 2010; Kennan, Bigatel, Stockdale & Hoewe, 2018; Wang & Wu, 2008). Accordingly, there
may be value in designing courses to foster learners’ motivation. Understanding theories of
motivation, in conjunction with an understanding of the learners being taught, could help create
effective distributed learning environments.

The literature on motivation and learning is extensive, detailed, and nuanced. Although much of
this research emerged from traditional “offline” and face-to-face courses, one might perhaps
extrapolate to distributed learning contexts. However, although designing for emotions related
to learning is an emerging area of study, there is not yet sufficient evidence to define concrete
instructional design principles regarding emotions and learning (Mayer & Estrella, 2014).

Self-Regulated Learning

Self-regulated learning (SRL) refers to learners’ (primarily) self-directed efforts to organize,
manage, and motivate their own learning processes and outcomes. Numerous theoretical
perspectives and models for SRL have been articulated (Panadero, 2017), but they generally
comprise similar sets of metacognitive and strategic activities (e.g., planning and analyzing
tasks, performing tasks and enacting strategies, monitoring performance and learning, and
adapting future learning efforts). SRL has been consistently linked to more successful and robust
learning outcomes (Zimmerman & Schunk, 2011), although students frequently need external
support to initiate or continue through the SRL process (e.g., feedback, Winne, 2005).

In the domain of online higher education, Broadbent and Poon (2015) conducted a systematic
review to examine the role of SRL strategies in academic achievement. These researchers
identified only 12 studies examining self-regulation strategies: metacognition, time
management, effort regulation, peer learning, elaboration, rehearsal, organization, critical
thinking, and help seeking. Importantly, only four of these strategies were significantly
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associated with improved academic performance: metacognition, time management, effort
regulation, and critical thinking.

Learning analytics approaches are increasingly being used to automatically detect and/or
promote SRL (Milligan & Criffin, 2016; Pardo, Han, & Ellis, 2017; Winne, 2018). For instance,
learners’ SRL strategies (e.g., goal-setting and strategic planning) have been found to be
predictive of behavior and goal attainment in massive open online courses or MOOCs (Kizilcec,
Perez-Sanagustin, & Maldonado, 2017). However, despite positive initial results, research on
self-regulation in learning at scale (e.g., in MOOCSs) remains sparse (Wong, Baars, Davis, Van
Der Zee, Houben, & Paas, 2019).

More research is needed to understand the importance of SRL in distributed learning contexts.
At this point, we cannot recommend any specific or generalizable interventions. Nonetheless,
several approaches may be plausible or fruitful. For example, one approach might be to display
learning analytics to learners via dashboards—learners’ SRL may be facilitated by having access
to detailed information about their own learning behaviors, performance over time, or affective
states. Revealing this information to learners might “offload” some of the challenges of self-
monitoring, which might in turn facilitate self-regulation. Regulation might be further supported
by personalized suggestions for adaptive behaviors (e.g., if procrastination is detected, then
time-management techniques could be offered).

Learning Platforms

For this report, we examined state-of-the-art distributed learning within two categories of
technology-enhanced learning platforms that support implementation of learning at scale:
blended learning environments and online learning environments. Blended learning
environments are face-to-face learning environments that provide part of the instruction using
technology. Online learning is defined as learning within an online medium (e.g., internet or
localized intranet). Learning at scale refers to serving large number of students (e.g., hundreds
or thousands of students) within the same courses and/or at the same time. Our definition of “at
scale” is somewhat broader than other definitions. For example, Roll, Russell, and GaSevic¢
(2018) define learning at scale as “the study of the technologies, pedagogies, analyses, and
theories of learning and teaching that take place with a large number of learners and a high ratio
of learners to facilitators.” Our definition is more applied and practical instead of research
based. Such environments can be viewed as a continuum that vary in the degree of human
versus technological support. Blended learning environments tend to entail more human
support, whereas technological support increases as learning environments move online.

Levels of Online Learning

Online learning can be defined as learning over the Internet or a digitally networked system.
Importantly, online learning continues to provide students with direct connection to course
instructors and other students, along with direct communication between them. Such
communication differentiates modern online learning environments from older distance learning
environments, wherein learners might install an isolated software program (e.g., an intelligent
tutoring system) that never connected to a larger network (see Graesser, Hu, & Ritter, 2018 for
detailed history). In addition, once fully online delivery has been attained, online learning
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environments can rapidly offer instructional resources to large numbers of students via (a)
system infrastructures that support many users and (b) deploying additional instances of the
course. The primary limitation involves the amount of human instructor contact needed to
support the learners.

Smith et al. (2007) suggested a four-level taxonomy for classifying online learning based on the
percent of materials that are online: (1) web-enhanced courses or environments that use minimal
web elements (e.g., LMS syllabus or announcement features); (2) blended courses that provide

online documents yet hosts less than 45% of course activities online; (3) hybrid courses that
deliver 45% to 80% of class activities online; and (4) fully online courses or environments in
which more than 80% of activities and content are online. Due to their higher levels of both in-
person and online interaction, this report considers Levels 1 through 3 to be forms of “blended
learning.” The in-person human resources needed to support such instruction induces
constraints on scale-up. In contrast, this report considers the fourth level to be “true” online
learning with the best potential for implementation at scale.

Levels of Technology Integration

In addition to the percentage of course materials
available and supported online, another essential
factor is the nature of technology integration.
Specifically, the way in which technology is used to
support teaching and learning.

The Substitution Augmentation Modification
Redefinition Model (SAMR; Romrell, Kidder, &
Wood, 2014) provides a useful framework for
evaluating such usage.

Substitution describes the most common approach,
wherein technology replaces existing resources or

“If you look at the current technology, for
example learning management systems, a lot
of the current digital learning capabilities are
still built on top of an instructor-centric model.
However, we need to understand the individual
need and provide support accordingly at both
a granular level where customized learning
experiences are for everyone and a global
level where customized whole curriculum is for

each one of them.”
Richard Tong, Chief Architect
Squirrel Al Learning

tasks. For example, instructors might use PowerPoint and projectors to replace acetate slides
and chalkboards, or students replace paper notebooks with laptops. Instructors and
organizations often use this substitution method to facilitate fast transition from face to face to
online instruction. At this level, instructors take class materials and place them online for

students to access.

The second level is augmentation, in which technology resources not only replace existing
resources but also offer improvements. For example, instead of merely sharing online eBooks or
lecture notes, instructors might also provide multimedia videos. Such videos allow students to
view information with greater control (e.g., pausing, rewinding, and fast-forwarding), and can
also afford communication of dynamic processes and demonstrations (unlike static text or
presentations). Many traditional eLearning systems do not go beyond this level.

In modification, technology is used to transform or modify the learning process. One approach is
to use technology to reinstate elements of face-to-face learning that are lost in the online
transition. For example, a virtual collaborative workspace might be provided that allows
students to engage in collaborative discussion and co-construction of ideas.
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The highest level is redefinition, in which technology enables new learning processes or tasks
that were previously impossible or inconceivable within face-to face learning settings. For
instance, technology might offer just-in-time feedback, learner modeling and tracking, data
visualizations, or personalization. The redefinition level is key characteristic for state-of-the-art
distributed online learning systems—such systems are either redefining learning via technology
or attempting to move in this direction.

In sum, most traditional eLearning can be categorized at the substitution or augmentation levels.
However, state-of-the-art practices for improving blended learning and online learning, and
scaling up distributed learning environments, involve intentional design for modification and
redefinition levels.

S A M R The SAMR model highlights our tendency to
use new technologies in old-school ways.

REDEFINITION
Technology enables new tasks, previously inconceivable

MODIFICATION

Technology enables significant task redesign

._.\_"/é“_‘ AUGMENTATION

Ll'\"f Technology acts as direct substitute, with functional improvement

. . C.. SUBSTITUTION

Technology acts as direct substitute, with no functional improvement

Figure 1. Open source image summarizing SAMR model reused from Craig & Douglas, (2019).
Distributed learning instructional theories. In Walcutt, J.]J. & Schatz, S. (Eds.). Modernizing
Learning: Building the Future Learning Ecosystem (pp. 43-60). Washington, DC: Government
Publishing Office. Creative Commons Attribution CC BY 4.0 IGO.

Scale Up of Online Learning: From Traditional eLearning to Learning at Scale
From large scale lecture halls that can hold hundreds of participants to massive online open
courses (MOOC:s), learning at scale is not a new issue. Numerous interventions have been
explored as educators sought to effectively, efficiently, and simultaneously educate or train
large numbers of learners. This report focuses on the state of the art for distributed learning
environments. Consequently, we focus our discussion on learning at scale on MOOCs because
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these settings have (a) very broad implementation (i.e., currently over 4000 active users), a
rapidly growing research base, and (c) clear potential for learning at scale (Davis et al., 2018).

In brief, MOOCs are online courses that can host very high enrollments. These courses were
originally thought to be a revolution in education by providing free, accessible information to
everyone with an Internet connection. However, MOOCSs have faced a variety of challenges,
including low completion rates and limited retention after the first year (Reich & Ruipérez-
Valiente, 2019). These issues have caused researchers to question what success looks like in
MOOCs (Aparicio et al., 2019). In addition, it is important to understand why learners enroll in
MOOC:s in the first place (i.e., learning goals). Do students intend to complete or master the
entire course, or are they seeking only specific skills or pieces of knowledge (and thus
disregard the remaining content)?

Our review concluded that MOOCs are not the answer for every distributed learning ecosystem.
Even with advanced learning analytics and capacity for personalization (e.g., xAPI), MOOCs are
not appropriate for every context. Although any content delivered fully online might potentially
be scalable, it is important to consider what content should be scaled and how scale up should
be achieved.

Researchers have proposed using Bloom’s classic taxonomy of learning objectives as a
framework to answer these questions (Taft, Perkowki, & Martin, 2011). Bloom’s taxonomy
comprises six basic levels: knowledge, comprehension, application, analysis, synthesis, and
evaluation (Bloom, Englehart, Furst, Hill, & Krathwohl, 1956). The knowledge level includes basic
recognition and recall of that information, whereas comprehension entails the ability to
demonstrate understanding of information. At higher levels, application involves using
information to solve problems, analysis requires understanding the underlying components and
relationships between information, and synthesis involves integrating and organizing diverse
elements of information. At the highest level, evaluation involves forming arguments based on
the information and/or evaluating work using the information. Taft et al. (2011) recommended
that information on the lower levels of Bloom’s scale (i.e., knowledge and comprehension) is
more readily taught and learned in larger class sizes (e.g., MOOCs or other at scale classrooms).
In contrast, it perhaps inappropriate or difficult to scale up courses that require students and
faculty to work at higher levels of the taxonomy (i.e., analysis, synthesis, and evaluation) or that
require constructive and interactive learning (Chi & Wylie, 2014). Online classes that teach
complex content can reach larger numbers of students by offering multiple sections, but this
approach also demands significantly more instructors and instructor time.

In sum, considerations of human resources, technology resources, and levels of information
complexity suggest that learning at scale may be constrained by content area or population—not
every topic or course is readily scalable. Nonetheless, across traditional eLearning, blended
learning, and online learning at scale approaches, general recommendations might be broadly
applicable to many distributed learning ecosystems. The following sections consider several
such themes related to issues of institutional support, courseware, and distributed learning

pedagogy.
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What is State of the Art for Scaling Up eLearning?

Inspired by the SAMR model, modification and redefinition levels of technology integration are
critical for scaling up traditional eLearning. This section summarizes the evidence-based and
state-of-the-art practices for learning at scale revealed by our review of literature. This section is
organized into current practices in three categories: institutional, technological, and pedagogical.

Institutional Practices

“To turn vision into executable deployment and the whole solution, a lot of
the policy and procedures need to be focused on how to achieve that vision
and reduce common risks or obstacles that are preventing [the vision] from
happening.”
Richard Tong, Chief Architect
Squirrel Al Learning

Learning Expertise within the Institution

Although new technologies enable new tasks, interactions, and ways of thinking, the
fundamental mechanisms underlying human learning remain unchanged. Technology tends to
change the learning ecosystem by offloading unproductive tasks and focusing attention on tasks
that afford active and constructive learning (Craig & Douglas, 2019). Consequently, effective
technology implementation ideally requires that all levels of an organization (i.e., including,
administrators, subject matter experts, instructors, etc.) possess a basic understanding and
commitment to human learning principles. This culture must be established and reinforced by
top-level administrators and then supported throughout the organization (Erb & Shah, 2019). It is
also useful for all decision-makers to possess an understanding of good practices.

Of course, it is not realistic for all individuals within a learning organization to be “learning
experts,” and is unlikely that top-level administrators will be well-versed in learning theory and
practice (Dooley & Murphrey, 2000). An essential compromise is that learning institutions must
include at least a few individuals with detailed knowledge of learning principles along with the
trust and authority to support implementation within the institutional network (Sohoni & Craig,
2016). This role should not (perhaps cannot) be filled by a single person. Optimally, such
expertise should be provided by group of individuals or teams distributed throughout the levels
of the organization (Kurzweil & Marcellas, 2019). Example roles include educational specialists
serving as higher-level directors, learning engineers, instructional designers, or
SMEs/instructors who are domain-based educational researchers (DBER). These individuals
should not represent an isolated unit but should participate in an integrated and interconnected
network that supports the overall learning organization (Sohoni, Craig, & Vedula, 2017).

Establish Trust

In addition to promoting a basic understanding of human learning, organizations must also foster
a sense of trust at all levels. In this case, “trust” broadly encompasses confidence in and positive
appraisals of available technologies, as well as confidence and positive attitudes between
organization members.
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Administrators can encourage trust, foster relationships, and seek common ground for
discussion and action between stakeholders, while also collecting and using data to facilitate
change and support faculty in the online education endeavor (Burnette, 2015). To be
“trustworthy,” administrative decision making should be guided by evidence-based tools and
metrics, such as the UPCEA Hallmarks of Excellence in Online Leadership, Quality Matters Program
Rubrics, and the Online Learning Consortium Scorecard for the Administration of Online Programs
(Cook & Uranis, 2019). Another foundation for trust is reciprocity (Levine, 2003). Evaluation of
stakeholder performance should be fair and transparent, and evaluations should incorporate
feedback from stakeholders (Berk, 2013). The overall process should be grounded in policy
(Giattino & Stafford, 2019; Hai-Jew, 2006) that includes recognition of stakeholders’ contributions
(e.g., compensation or acknowledgement of time commitment) (Muilenburg & Berge, 2001;
Roby, Ashe, Singh, & Clark, 2013).

Trust is also crucial at the student level. Students’ trust in instructors (Cavanagh, Chen, Bathgate,
Frederick, Hanauer, & Graham, 2018) and perceived relevance of class content (Hai-Jew, 2007)
have been shown to directly impact course grades. Hai-Jew (2007) suggests several methods for
developing and maintaining student trust, including social engineering of the learning
environment (i.e., building logical class structures that minimize negative events), frequent
communication, maintaining a positive and consistent instructor persona, supporting peer-to-
peer mutual dependence (e.g., collaboration), involving students in decision-making and
communication, defining clear policies, and creating clear and transparent oversight.

Human-centered Evaluation

Modern learning ecosystems are large, complicated structures with diverse stakeholders. To
serve the entire organization and make informed decisions, it is essential to understand the
needs of distinct groups (Dooley & Murphy, 2000) and how those groups are impacted by
elements of the learning organization (Giattino & Stafford, 2019). In other words, evaluations
(e.g., of learning, feasibility, technology adoption, and productivity) must consider the “human
side” of the environment.

Human-centered evaluations have been used to evaluate the functionality of computer and
technological systems (e.g., usability and human-computer interaction, Nielson & Molich, 1990;
Norman, 2013; Roscoe, Cooke, Branaghan, & Craig, 2017), and the same techniques can be
implemented to collect data on how humans function within a learning ecosystem (Roscoe et al.,
2019). Human-centered evaluations within an eLearning courses might take various forms.
Usability evaluations can enroll students in online class shells, and record errors and navigation
behaviors as they locate materials and perform tasks. Such usability tests can span observational
methods (e.g., digital observation via screen capture software) or think-aloud procedures (e.g.,
via videoconferencing) wherein students talk about what they are attempting to accomplish.
Within a larger organization, survey methods can be used to develop an understanding of
general knowledge or perceptions about proposed implementations. Many of these techniques
and their uses are described in the UI/UX considerations subsection of Appendix B: Courseware
& Distributed Technology Review.

Flexible Class Sizes

Although learning at scale aims to provide worthwhile instruction to larger numbers of learners,
this goal does not mean that class sizes can grow infinitely. Appropriate class size is a
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complicated question that must be considered by learning organizations, which should consider
(a) the type(s) of information being taught and (b) the technologies available to support the
learning environment. One generally recommended “rule” is that class size should be guided
by nature of the content (see Bloom’s taxonomy). Topics that require higher-level thinking (e.g.,
synthesis and evaluation) may be best suited to smaller class, whereas topics that entail lower-
level thinking (e.g., recall) may be taught in larger classes (Taft, Kesten, & el-Banna, 2019).

Traditionally, eLearning has been scaled up by offering multiple course sections. Taft and
colleagues (2011) report that the most common recommendation is 25 students per class for
online classrooms. However, the ideal class size remains an open question, which is likely
influenced by available technologies, TA/grading assistance, faculty training, and class
level/topic. Importantly, it has been estimated that online teaching requires 14% more effort
(Tomei, 2006) compared to face-to-face teaching. Tomei (2006) further estimated that online
class sizes should be only 70% of the size of an in-person class. Independently, Anderson and
Avery (2008) derived a similar estimate of additional effort (14.5%) for online classes compared
to in-person classes.

For scaling up courses with large enrollment—from hundreds to thousands of students—simply
increasing the number of sections (and thus instructors and TAs) becomes prohibitive. For this
level of scale up, learning organizations must have courses that incorporate appropriate student
interactions, and these tools must be ready before the course is launched. These needs require
faculty to be fluent in the technology of the online course and adept at using the technology to
engage students (Laws, Howell, & Lindsay, 2003). However, as noted above, such large classes
may need to be limited to the lower levels of Bloom'’s taxonomy, with a focus on familiarization
and basic content knowledge.

Student Social Support

As online distributed learning technologies continue to advance and propagate, the potential for
isolating students has been acknowledged as potential problem (Ludwig-Hardman et al., 2003).
“Virtual” interactions and asynchronous environments may result in fewer opportunities for
students to interact with peers in meaningful ways.

To combat this problem and similar challenges, learning organizations must offer student
support services and mindfully enable additional social structures. There are several categories
of support, such as academic services (e.g., advising, library, financial, and admissions) and
social services (e.g., student organizations, psychological services, placement services, and
instructor support). These services interact with and build upon other essential factors, including
students’ family framework, personal satisfaction, and perceived course relevance. All these
elements play critical role in students’ decisions to persist or drop out of online courses (Park et
al, 2009).

Relationships between Participants and Resources

Interaction between learners, teachers, content, and technology form a complex and
interdependent learning environment (Anderson, 2003). Anderson’s (2003) original model
outlined several proposed relationships between the student, the instructor, and the content.
Dron (2007) applied the model to social learning and added a “group interaction” component.

22




Thus, Anderson (2003) and Dron (2007) together outline the interrelationships and
intrarelationships of four elements: students, instructors, content, and groups.

There is strong evidence that organizations need to provide resources to support these
interactions. Bernard et al. (2009) demonstrated that the strength of the student-instructor,
student-student, and student-content relationships were related to student outcomes.
Zimmerman (2012) observed a statistically significant relationship between the amount of time
students spent engaging in online course activities and students’ weekly quiz grades, which
provides evidence for the importance of student-content interactions. This effect indicated that
students with moderate to high levels of interaction outperformed students with low levels of
interaction (Bernard et al., 2009). Notably, student-instructor interactions seemed less impactful
than student-student or student-content interactions. This pattern is significant when considering
at scale course structures (e.g., MOOCSs) where students tend to interact with content in diverse
ways to satisfy their own goals rather than instructors’ goals (Emmanuel & Lamb, 2017; Ho et al.,
2014).

Supporting Infrastructure from Adoption to Sunset

Technological infrastructure support should be at the core of any learning organization. Modern
infrastructure must transcend vertical and isolated systems to embrace open data formats that
can integrate data from across the learning enterprise (Walcutt & Schatz, 2019). This idea is not
new. In a 1996 paper on technology in learning organizations, Yohe (1996) described how
organizations struggled to deliver new technology for users while also (a) maintaining legacy
systems beyond their reasonable lifespans, (b) seeking interoperability between incompatible
applications, and (c) doing so with dwindling resources. Angolia and Pagliari (2016) found that
developing and sustaining quality distance learning programs required universities to possess a
variety of supporting infrastructures. Such resources included appropriate policies and
processes, information and communication technologies, instructional support staff, technology
hardware and facilities, and training. Ricci (2002) similarly warned that successful institutions
must have a comprehensive support structure in place for faculty, staff, and students with
emphasis on technology support.

Technological Practices
Data Supported Courses

To modernize courses and enable information sharing, learning technologies must be able to
collect and output learning data. Several data standards are already in use. For example, xAPI is
a popular method for capturing, standardizing,
and sharing human performance data.

“Data analytics is going to continually grow and
become a critical part of our organization as
Within xAPI, all learning experiences can be ASU EdPlus seeks to understand what's
represented as interactions both internal and happening with all the students that we're
serving. We are going to be innovative as far as
the quality of education online.”

James Cunninci;'ham, Senior Research Analyst EdPlus

external to the online environment (Murphy,
Hannigan, Hruska, Medford, & Diaz, 2016).
These data can be stored within databases for
later analysis via learning analytics and data mining techniques. The output of these analyses can
then be used to optimize future learning through increased personalization (e.g., of learning
materials or processes) or data visualizations (e.g., dashboards that offer feedback or
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recommendations to students, instructors, or administrators). Additionally, these data can be
used to detect unproductive learning behaviors (Papamitsiou & Economides, 2014) and even
cheating behaviors (Chuang Craig, & Femiani, 2017). Long and colleagues (2015) implemented
personalization and visualization strategies within a rifle marksmanship course, resulting in a
nearly 40% reduction in training time. Although this approach is promising, additional research
is needed to determine the best practices for implementation and impact.

Video

Instructional videos have been a foundational and population resource for online learning
environments and learning at scale (Davis et al., 2018). Asynchronous video (i.e., prerecorded
videos that can be accessed outside of scheduled course time) is one of the most widely adopted
technologies (Malaga & Koppel, 2017). Both students and instructors believe that video is an
appropriate way to communicate course content (Miner and Stefaniak, 2018), and these
perceptions are supported by evidence. Scagnoli, Choo, and Tian (2019) reported that video
lectures were an effective means of delivering content, providing teaching presence, and
enhancing student engagement in a virtual learning environment.

Importantly, instructional videos can vary widely in quality and efficacy (MacHardy & Pardos,
2015). Students learn better from videos that adhere to research-based principles of multimedia
design. These principles enable learners to engage new material in ways that respect human
cognitive capabilities (deKoning, Hoogerheide, & Boucheix, 2018), such as modeling successful
learning behaviors (Craig & Douglas, 2019; Twyford & Craig, 2017) or providing dialogue
interactions to ground procedural information (Craig, Chi, & VanLehn, 2009; Gholson, Coles, &
Craig, 2010). Information on effective video creation can be found in Appendix B under Video
and Appendix C under Social Cognitive Theory and Cognitive theory of multimedia learning
(CTML).

West, Armstrong, & Borup (2017) identified actionable strategies for implemented instructional
video within online environments that can improve efficiency for instructors, make video
personable, and make videos more effective teaching tools. To improve efficiency, they
recommend writing out note of what will be said first, turning these notes into summary notes for
students, and keeping videos short. To make videos more personable, they recommend
projecting your personality (even if it more for unpolished videos) and be positive and
conversational especially in early videos. To increase effectiveness, it was recommended that
videos are concise, be aware of your setting and lighting, also use video feedback to give
overall feedback to students.

Virtual Reality, Augmented Reality, baming, and Simulations

Although video is one of the oldest and most used formats, modern technologies have enabled
the rapid rise of more sophisticated learning environments that simulate or enhance real-world
phenomena. For instance, virtual reality (VR) environments immerse learners in simulated
experiences that may mimic real-world experiences (e.g., a virtual tour). Augmented reality
(AR) environments provide information or interactions that are “overlaid” the real-world (e.g., a
digital heads-up display while piloting an aircraft). Simulations can also be provided in 2D or
“desktop” versions, and games can infuse elements of “play” in these virtual, augmented, or
simulated learning experiences. One of the most critical affordances of such learning
environments is the ability to create virtual settings for learning that would otherwise be
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impractical (Correia et al., 2014) or unsafe (Patterson, Pierce, Bell, Andrews, & Winterbottom,
2009). Collectively, we refer to these scenarios as virtual learning environments.

Virtual learning environments can be an effective tool within modern learning ecosystems. In a
structured review of the learning at scale literature, Davis and colleagues (2018) observed that
such environments were consistently one of the most effective categories with respect to
beneficial learning outcomes and behaviors. However, although effective, these systems can be
expensive and require extensive human resources to build (Fuentes, 2018). Moreover, some
evidence suggests that they can replicate or reinforce human biases during training (Gamberini,
Chittaro, Spagnolli, & Carlesso, 2015; Zipp & Craig, 2019), which can negatively impact efficacy
(Zipp & Craig, 2019).

Virtual environments are best used for domains that involve stable rather than dynamic content
(i.e., concepts are known and do not require frequent updating), and domains that are not easily
achieved within the real world (Alison, et al., 2013). As with most learning technologies, these
environments should be supported by well-established learning methods (Shubeck, Craig, &
Hu, 2016, 2016), such as modeling of expected
behavior and appropriate use of feedback (i.e., just- “In order to increase learning efficiency, you
in-time and after-action reviews). Systems should provide more personalized feedback to the
also incorporate behavioral performance logging students ancj also you have fo deliver that one-
mechanisms (e.g., xAPI) that enable detection of and on-one, ?Vhwh means that each student must .

have their own needs addressed all the time in
response to errors or biases exhibited by users (Zipp  ,o4] time.”

& Craig, 2019). Richard Tong, Chief Architect
Squirrel Al LearninL

Social Media and Cogperative Learning
Social learning acknowledges and leverages the social nature of all humans, who shape their
realities by scaffolding prior knowledge with new information and experiences (Bingham &
Connor, 2015). Social aspects of learning (e.g., cooperation, competition, knowledge sharing,
and teamwork) can be facilitated within online learning ecosystems via social media platforms
and related technologies. The facilitation of social learning via social media has emerged as an
engaging and effective pedagogical tool (Martin, Martin, & Feldstein, 2017).

First, social tools and technologies permit learners to engage in interactive learning. Within the
ICAP framework (i.e., Interactive-Constructive-Active-Passive; Chi & Wylie, 2014), interactive
learning entails students’ co-construction of new ideas—students are simultaneously building
their own knowledge and the knowledge of others. Students work together to create and
transform knowledge more successfully than they might do so alone. Research shows that social
media tools can improve social interactions and engagement within MOOCs (Bingham & Connor,
2015) and similar online platforms. Social environments allow students to express their prior
knowledge about the domain, discuss their current understanding, give and receive feedback,
and co-construct new ideas.

Second, social technologies build social capital. In online spaces, social capital includes the
relationships that are formed in distributed social networks and how those relationships facilitate
action (Coleman, 1990). In an educational context, social capital further includes intangible
relationships that exist between families, institutions, and communities, which may take the form
of obligations or expectations that serve to aid or hinder academic success (Ho, 2019). In
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research on social learning environments, Venter (2019) found that informal collaborative
activities exceeded the mandatory levels of engagement from LMS interactions required by
course instructors. Several students sought out study groups even before engaging in an online
learning experience, and their commitment to those groups was that of a “family” of learners.
Moreover, these commitments were maintained throughout students’ enrollment in the degree
program.

Microlearning and Mobile Learning

Microlearning is a learning approach that emphasizes small learning units and short-term,
focused activities (Hug, Lindner, & Bruck, 2006; Lindner, 2007). Microlearning activities are
typically less than five minutes in duration (Jahnke, Lee, Pham, He, & Austin, 2019). Evidence
suggests that this approach can be more effective than traditional classrooms, with students
exhibiting better learning outcomes and reporting increased perceived autonomy (Mohammed,
Wakil, & Nawroly, 2018; Nikou & Economides, 2018). Mobile-based microlearning is a relatively
new approach that enables microlearning via mobile devices (e.g., smartphones and tablets;
Hug et al., 2006). Evidence in support of this mobile approach has been observed within both
MOOC (Kamilali & Sofianopoulou, 2013) and corporate settings (Clark, Jassal, Van Noy, & Paek,
2018; Goggins, Jahnke, & Wulf, 2013).

Pedagogical Practices

Communities of Inquiry and Increasing Presence

A common critique of online learning, particularly in the early years of online course delivery,
was that learners could feel isolated from their peers and instructor. To address and prevent
these situations, researchers began investigating how to create a community of inquiry (Col).
Any group of individuals who work together to create both personal and shared meaning
through processes of critical thinking, discourse, and reflection can function as a Col (Garrison,
2017; Rovai, 2002; Shahrtash, 2017; Thompson & McDonald, 2005).

The Col framework suggests that there are three types of presence that can be fostered to help
facilitate the establishment of a Col: cognitive presence, social presence, and teaching
presence. Cognitive presence, although inherently difficult to foster and study (Duphorne &
Gunawardena, 2005; Garrison & Arbaugh, 2007), refers to the extent to which an individual can
use critical thinking to construct meaning in an online course (Garrison, Anderson, & Archer,
2001). In a sense, cognitive presence refers to how effectively the course helps the learner to
manipulate the content in their own context. On the other hand, social presence refers to how the
individual perceives the learning group’s cohesion, such as how well they can openly
communicate and express themselves (Garrison, Anderson, & Archer, 2000). Finally, teaching
presence refers to how well the instructor designs and facilitates the online course (Garrison et
al., 2000), which is critical for facilitating both social and cognitive presences (Nagle & Kotze,
2010; Shea et al., 2014; Tolu, 2013).

Establishing an effective Col may be critical for distributed learning. Muljana and Luo’s (2019)
review found that many Col-related constructs, such as a sense of belonging and the course
design, relate to online student retention. The Col framework has been investigated in a variety
of online settings, such as MOOCs (Kovanovic et al., 2018), synchronous and asynchronous
courses (Rockinson-Szapkiw, 2012; Rockinson-Szapkiw & Wendt, 2015; Claman, 2015), and
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blended learning environments (Akyol, Garrison, & Ozden, 2009; Shea & Bidjerano, 2012).
However, it is possible to support presence using asynchronous video, which can include short
video lectures, video feedback, or learner response videos in discussions (Borup, West, &
Graham, 2012). However, it is important for instructors to build a welcoming and professional
space for these videos, and to be mindful that negative non-verbal cues (e.g., voice tone,
posture, and facial expressions) can have a strong impact on learners (Thomas, West, & Borup,
2017).

Blended Learning

Blended learning environments combine face-to-face learning with online learning or other
forms of technology, although there is no clear-cut definition for the specific ratio of face-to-face
and online opportunities that qualifies as “blended learning” (Graham & Dziuban, 2008;
Millichap & Vogt, 2012; Stacy & Gerbic, 2008). Blended learning offers flexibility, ease of access,
and the use of technology to enable learning. Moreover, students have been shown to
experience an increase in creative thinking, tailored learning, and independent learning in
blended learning settings (Becker et al., 2017). For such reasons, blended learning (along with
mobile and online learning) have been described as a ‘foregone conclusion’—its use in
educational settings, particularly colleges and universities, is on the rise (Becker et al., 2017).

These claims have been consistently supported by empirical research and summarized in
multiple meta-analyses. In a meta-analysis of forty-five studies, Means and colleagues (2013)
found that students participating in online learning performed better than students receiving
face-to-face instruction, and these improvements reached statistical significance when blended
learning was the delivery mode. However, Means et al. (2013) also noted that blended learning
studies generally increased learning time (i.e., time-on-task) and offered additional course
resources as part of the instructional design. In a meta-analysis on blended learning, Liu et

al. (2016) found that blended learning in health settings had a large, consistent, and positive
effect compared to control settings. In a more recent meta-analysis, Dziuban, Graham, Moskal,
Norberg, and Silicia (2018) found that blended learning improved success rates for most
students, whether minority or non-minority. Students also ranked blended learning as their most
preferred delivery mode. Researchers also observed that students in blended learning classes
perceived course objectives and progress toward the objectives as important, along with
enjoying an effective learning environment and communication from the instructor.

Blended learning is an interesting hybrid of face-to-face and online learning. It is important to
note that our original section on human learning principles still applies to blended learning.
Additionally, many of the institutional and technological principles (see Learning at Scale) could
also be useful for supporting blended learning. In the sections below, we review features and
practices of learning institutions, technology, and pedagogy that are crucial for supporting
blended learning.

Institutional Practices

Support for Blending Leamning Classrooms
The success of blended learning requires institutional policies and plans for guiding the
implementation of blended learning environments (Becker et al., 2017). These policies may
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include plans for faculty development, strategies for making necessary curricular changes, and
financial appropriations to enable a switch to blended modes of delivery (Becker et al., 2017).

Teacher training and support should include models of best practices in blended learning, along
with exemplar courses, to aid instructors in (re)designing content (McGee & Reis, 2012).
Teachers may be suspicious of vague directives issued by administrators. Blended learning
initiatives can also induce stress for instructors who fear that course quality may decrease or that
they will lose intellectual property rights in the transition (Moskal, Dziuban, & Hartman, 2012).
Dziuban and Moskal (2011) reported that one successful training strategy was to offer faculty a
professional development course using a blended format for an extended period (e.g., eight
weeks or 80 contact hours). In this approach, faculty members become “the students” and
experience the blended context for themselves. Training support for faculty has been shown to
improve faculty satisfaction with teaching blended course sections.

Moskal et al. (2012) stresses that institutions implementing blended learning must have a robust
infrastructure that can handle continuous change. An understanding of blended learning
strategies must be integrated throughout the academic system, including the registrar, teaching
and learning centers, and technology centers for academic and IT concerns (McGee & Reis,
2012). Without an understanding of blended learning, organizational support units will be
unprepared to guide learners, and might even offer advice aligned to traditional classroom
learning rather than blended learning.

Class Size Recommendations for Blended Learning

Blended learning can serve as a relatively fast and simple method for increasing the size
capacity of face-to-face classrooms. Blended learning has been shown to support larger class
sizes from 60 to 200 learners (Schell, 2012). Within large classes of comparable size, blended
learning classes have also demonstrated higher student achievement compared to lectures
(Deri, Mills, & McGregor, 2018).

Technological Practices

Limited Evidence for Data Driven Learning

Our review did not identify any studies that specifically delineated the effectiveness of
dashboards and visualization techniques in blended learning contexts. Long and colleagues
(2015) implemented this strategy within basic rifle marksmanship training and observed a
nearly 40% reduction in time spent training. While this area is promising, additional research is
still needed to determine the best practices for implementation and overall impact.

Microlearning Principles and Mobile Learning in Blended Learning Environments

Mobile learning has been shown to improve student participation, achievement, and learning
within blended environments (Suartama, Setyosari, & Ulfa, 2019). Mobile blended learning is the
use of mobile devices for learning. It is normally integrated within learning environments.
Mobile internet technology has created opportunities for blended learning. Microlearning is a
learning approach based on small learning units and short-term focused activities (Hug, Lindner,
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& Bruck, 2006; Lindner, 2007). They are normally less than five minutes in length (Jahnke et al.,
2019).

To integrate mobile learning, Suartama and colleagues (2019) recommended a three-phase pre-
analysis that (a) evaluates learners’ prior knowledge and characteristics, (b) employs learning
object identification to determine what must be taught about the subject, and (c) analyzes the
blended learning environment to select learning activities and resources, and to determine how
assessments will be conducted. To identify design principles and essential characteristics for
mobile microlearning platforms, Jahnke et al. (2019) conducted a review academic research
literature, industry reports, and interviews with industry professionals. Eight major themes were
identified for creating effective mobile learning content: Interactive micro-content for closing
practical skill gaps, creating chunked courses, highlighting the instructional flow for activity-
based model of instruction, system design (i.e., App availability, push notifications, track
learning progress, searchable micro-lessons), supporting learner needs, Supportive social
structures, costs, and curriculum provides single lessons but sum up into certificates/degrees.

Video: Procedural Interactions and Modeling Behavior

As with online learning, video is a popular method for blended learning. Many instructors view
blended learning as just putting the lecture online. While video can provide useful material for
students to engage with, it needs to be used as part of an overall blended learning approach
(Mitra et al., 2010). Within blended learning settings, students respond positively to video
communication and it has been shown to improved perceptions of instructor immediacy and
social presence (Borup, Graham, & Celasquez, 2011).

The overall use of video in blended learning is not different from the use of video previously
discussed within online learning. As with video in micro learning content, it is best to keep video
short. Learners often perceive long video segments as having poor alignment with other
curricular learning activities and as less helpful (Lehman, Seitz, Bosse, Lutz, & Huwendiek, 2016).
Also consistent to video-based learning in other areas such as online and face to face classrooms
(Gholson, Coles, & Craig, 2010; Twyford & Craig, 2017), video within blended learning
environments using modeling of a defined standardized procedural sequence, explanatory
comments, and demonstration of infrequent procedures were perceived as most useful by
students (Lehman et al., 2016).

Pedagogical Practices

Motivation and Self-regulation

Varthis and Anderson (2016) found that blended learning environments increased learner
motivation, learning skills gains, active learning, perceptions of learning quality, and student
self-regulation. Van Laer and Elen (2017) observed seven attributes of blended learning
environments that promote self-regulation: (1) authentic tasks; (2) tailored learning experiences;
(3) learner control of pace, content, sequence, and learning activities; (4) scaffolding that helps
students bridge their current zone of proximal development; (5) learner collaboration with the
instructor and other students; (6) using cues to signal learners to reflect on critical content; and
(7) calibration processes that allow learners to evaluate their own performance. The researchers
suggested that blended learning may prove more challenging for less self-regulated students
than for highly self-regulated learners. However, Silva, Zambom, Rodrigues, Ramos, and de
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Souza (2018) observed that providing learning analytics feedback at frequent intervals improved
student self-regulation in blended learning environments.

Competency-Based Learning

Competency-based learning (CBL) is parsing of learning into specific chunks of skills and
knowledge. It involves the creation of learning outcomes to clearly establish levels of mastery
and assessments that allow learners to demonstrate their mastery. It is more output driven with a
focus on the learner and the learning (Stafford, 2019).

The Department of Defense is responsible for training and educating personnel to a minimum
level of proficiency. Traditionally, there has been a separation between these two entities.
“Education” has typically emphasized incremental and gradual gains in conceptual
understanding, whereas “training” has emphasized readiness, demonstrable skills, and
immediate feedback (Smith, Hernandez, & Gordon, 2019). In addition, CBL is less common in
education than in training because of the difficulty of extrapolating competencies from purely
cognitive development (Stafford, 2019).CBL accounts for the unique training that occurs in
military contexts that encompass the service members knowledge, attitude, skills, traits,
abilities, and other aptitudes (Smith et al., 2019). Successful implementation of CBL can be
attained by providing user-friendly, real-time mapping tools to help guide curriculum (Wong et
al., 2019). Maza, Lozano, Alarcon, Zuluaga, & Fadul (2016) found that students gained flexibility
and autonomy in the learning process and were able to develop cognitive, procedural,
technical, integrative, professional, communicative, and reflective competence.

Although there have been decades of interest in implementing competency-based, our review
found limited evidence for effectiveness within blended or eLearning environments. Previous
reviews have obtained the similar results and have called for strong empirical quantitative
evidence of pedagogical effectiveness (Henri, Johnson, & Nepal, 2017). This is not a
recommendation that competency-based learning should be avoided or abandoned. However,
empirical research on competency training, both at scale and in blended learning environments,
is still lacking (see Appendix C: Competency-based Learning for more detailed discussion).
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General Methods Section

Literature Review Methodology

To locate and synthesize relevant literature for this review, we used a broadly scoped review
process consisting of more than 200 formal database searches. Our search strategy was aimed at
trying to locate resources from academia, the military, or industry when relevant, and included
the following databases: Academic Search Complete, Academic Search Premier, ACM Digital
Library, DTIC, ERIC, Google Scholar, Education Full Text (H. W. Wilson), Education Research
Complete, IEEE Xplore Digital Library, I/ITSEC, Military and Government Collection, ProQuest,
NDIA Repository (2018 Proceedings), Psychlnfo, PubDefense, SAGE Journals, Scopus, Sports
Medicine and Education Index, SpringerLink, Teacher Reference Center, and Web of Science.

We kept records of the database searches conducted, the relevant keywords, and databases
used in these searches. After conducting a search, we first reviewed the titles and abstracts of
articles to determine their relevance to this report. When articles were deemed relevant, they
were set aside for full-text review. If the article was still found to be relevant after reviewing the
full text, it was set aside to be potentially included in the relevant research summary. Member(s)
of our team reviewed relevant studies located and synthesized them into the summaries present
in this report.

Survey Methodology
Design/participants and procedure

A survey was conducted to determine integration of the best practice within learning
organizations and the views held by individuals within these organization of the practices. The
survey data was collected entirely online through Qualtrics. Participants were recruited from
organizations that specialized in eLearning, including academic (e.g., college, school, or
university), private (e.g., company or industry), and public (e.g., military or government)
sectors. All participating organizations were required to have headquarters based in the United
States. The recruitment process consisted of contacting (i.e., email and phone) 105
organizations. During this initial contact phase, the purpose of the study was explained and a link
to the online survey was provided. The contact phase consisted of five rounds for each
organization; two rounds to establish contact, a round of sending the email containing the link to
the survey, and two rounds of follow up emails to help remind participants to fill out the survey.
Out of the 105 contacted organizations a total of 16 responses were received, which consisted of
a 15.24% response rate. 52 academic organizations were contacted and 6 completed the survey
at a response rate of 11.54%, from the 45 private organizations contacted 6 completed the survey
at a response rate of 13.33%, and out of the 8 public organizations contacted 4 completed the
survey at a response rate of 50%.

The survey itself contained a demographic questionnaire (e.g. age, education, organization
type), four question categories, and an open-ended response question. The age of participants
ranged from 29 to 66 (M = 48.29, SD = 10.62). The educational levels held by the participants
were 5 Bachelor’s degrees, 7 master’s degrees, and 4 Doctorates. The responses received from
each organization type consisted of 6 Academic (42.85%), 6 Private (42.85%), and 4 Public
(25%)) institutions. This report outlines significant differences found between responses from the

44




military run organizations (25%, the public organizations) and civilian run organizations (75%,
the academic and private organizations).

Survey description

The demographic questionnaire asked age, gender, race, highest level of school completed and
field of the degree, current position within their organization, time held in their current position,
time held in their current organization, overall description of their organization (Academic,
Private, and Public), and how they would describe their learning organization.

Following the demographic questionnaire, the survey was divided into four categories of
questions with each question using a 6-point Likert scale for participants to rate their perceptions
of their organizations in several key e-learning areas. Participants were asked to rate how
important a certain e-learning feature was to their organization and how well that feature was
incorporated in current practice. These paired question categories explored an organization’s
use of technology, technological features, instructional methods, and supporting principles.

o Use of Technology — Perceptions on the use of technology (e.g., intelligent tutoring
system or video) during learning

e Technological features — Perceptions of features (e.g. personalization) that technology
can offer

e Instructional methods — Perceptions of instructional methods (e.g., at scale, blended
learning, synchronous eLearning) for supporting learning

e Supporting principles — Perceptions of principles of learning (memorization,
collaboration)

Finally, there was an open-ended question in which the participants were asked what they would
recommend their organization do to better support eLearning.

General findings

Results for this survey generally reinforce the known gap between research and practice. The
survey found that reported use fell just slightly above the midpoint indicating only slight
adherence. However, perceptions of best practices were consistently higher with respondents
agreeing on importance. Detailed findings and tables are available in Appendix D: Survey
Results.
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Rppendix A: Institutional Systems Review

Transitioning more traditional classroom-based (i.e., face-to-face) learning organizations into
modernized learning organizations that utilize advanced technological learning techniques is
not a simple task. However, the good news is that some of the best practices are like those of
traditional learning organizations but need support for a transition into an online medium.
Thus, learning organizations must have commitment to technological infrastructure, human
infrastructure, and human centered design focus (Walcutt & Schatz, 2019).When thinking
through the new learning organization structure, there must be clear understanding of the
resources at hand to set up the organization, an understanding of the members (i.e.,
stakeholder groups) within the organization and their needs, as well as the process by which
the organization will function and policies that will govern the organization (Giattino &
Stafford, 2019). Specifically, Rovai and Downey (2010) state that the factors that lead
online/distance learning organizations to fail are planning, marketing and recruitment,
financial management, quality assurance, student retention, faculty development, and online
course design and pedagogy.

e State-of-the-art distributed learning environments use learning principles and
strategies and are supported by a network of learning specialists.

e State-of-the-art distributed learning environments work to establish trust at all levels
establishing them using transparency when possible.

o State-of-the-art Distributed learning environments provide a full framework of student
social support.

e State-of-the-art distributed learning environments provide an integrated institutional
support system that focuses on interactions as a key element.

e State-of-the-art distributed learning environments plan and allocate resources for
technology support and training from adoption to sunset.

e State-of-the-art distributed learning environments provide sufficient support for
blending learning classrooms.

o State-of-the-art distributed learning environments have flexible class sizes based on
needs and provide adequate technology for supporting larger class sizes.




Understanding the learning process
R Holistic Approach to Education - Pedagogy, Andragogy, and Heutagogy

For generations, educators have practiced the art and science of learning and teaching, called
pedagogy (Bandura, 2008). In pedagogy, instructors use standard teaching strategies intended
to target all learners, who are considered receptacles (Crawford, Young Wallace, & White,
2018). The learner is passive and dependent, while the teacher’s goal is to pass on knowledge
and culture to the students (Bangura, 2005) for the purpose of changing, shaping, or controlling
behavior (Knowles, Holton, & Swanson, 2015). The job of the teacher does not end after they
impart the required knowledge, because teachers are charged with teaching students how to
learn and think critically (Bonney & Sternberg, 2017).

For the teacher or the learner to be considered effective, some assessment must be made on the
process and outcome (Hattie, 2009). Pedagogy is framed around learners assimilating the goals
and rules of a subject in a process called single loop learning (Crawford et al., 2018). The goal of
single-loop learning is the use of knowledge to avoid mistakes in an actions-results approach.
Learning design often takes on a linear format as the learner moves from one element of the
subject to the next. Consequently, modular learning is often used in pedagogical designs
(Crawford, 2018).

Pedagogy may assume a “blank slate” approach to learning which adequately reflects a
student’s lack of prior knowledge and understanding, however not all learners are
inexperienced or young, and more mature learners may require a modified educational
approach (Crawford et al., 2018). The term andragogy was coined to speak to the way adults
learn and how best to teach them (Bangura, 2005; Crawford et al., 2018; Knowles et al., 2015).
Andragogy, as envisioned by Knowles et al. (2015), places the adult learner in a more active role
of deciding what they need to know, why they need or want to know it, and how to go about
learning it. Andragogy lifts learners out of their dependency on the instructor and makes a
learner’s own experience and motivation central to learning. Andragogy esteems learner-
directed plans and activities, offers mutual control between the teacher and the student, and
demands a collaborative atmosphere where the learner looks to the instructor to bring a new
character to the knowledge (Crawford et al., 2018; Knowles et al., 2015). According to Crawford,
and colleagues, andragogy uses a double loop learning process that is framed around
formulating a deeper understanding of a subject so that the learner can look beyond the actions
or results, and function more adroitly than just avoiding mistakes. Double-loop learning helps
learners use knowledge proactively and form a deeper understanding that results in a better
ability to derive meaning from the acquired knowledge. Working with knowledge in new and
different ways adds depth of understanding to the knowledge base, which results in a sort of
spiral or cyclical learning where knowledge re-organization is scaffolded into higher order
thinking Some learners are more self-directed and self-determined. These learners possess an
awareness of the subject matter and have already decided what and how they would like to
continue learning about the subject. Learning experts developed a third learning framework
called heutagogy to explain this self-directed learning paradigm (Crawiford et al., 2018). The
heutagogy framework operates on the principles of andragogy with an enhanced focus on
learner autonomy (Blaschke, 2012; Crawford et al., 2018). Self-directed learners can accurately
choose what knowledge they are lacking in a subject and pursue improved understanding in
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ways that are most relevant to their situation (Crawford et al., 2018). These learners can use
multiple engagement styles in what is called a triple-loop learning style, where knowledge is not
just mistake-avoidant and proactive, but is also transformational to the point of mastery learning
due to the progressive reflection on the subject matter (Crawford et al., 2018). Also, as learners
gain independence, the role of the instructor diminishes (Canning, 2010).

In comparing pedagogy, andragogy, and heutagogy, one should consider these methods based
upon their nature, focus, power structure, design, attention to the learner’s perspective, and the
ability to foster learner development (Crawford et al., 2018). Below is a table summarizing the
differences in these educational foundations. Crawford et al. (2018) suggest that instead of
viewing pedagogy, andragogy, and heutagogy as some type of age-related phenomenon, these
constructs should be viewed as a progression within a learner’s individual learning pathway in
any given subject (Crawford et al., 2018). In this scenario, learners may begin learning a subject
from a pedagogical perspective which is teacher-directed and knowledge-based, and progress
through a more andragogical stage in which the teacher and student coordinate learning.
Finally, as a student begins to approach mastery, they progress to a more self-directed,
autonomous plateau in which they control more of the learning process (Blaschke, 2012;
Crawford et al., 2018). Blaschke (2012) claims that heutagogy should be given serious
consideration in the current educational climate because of its net-centricity, and that it could
serve both distance and traditional educational paradigms in a time of emerging technology. As
a modification of andragogy, heutagogy shares the same audience and goal of making self-
sustaining learners. Further, a heutagogical approach could also be beneficial for preparing 21st
century learners for pursuing multiple career paths or re-skilling throughout their lifetime.
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Comparison of Educational Frameworks

Characteristics Pedagogy Andragogy Heutagogy
Learning Style Instructor Directed Self-Directed Self-Determined
Focus Knowledge Content Process
Acquisition
Power/Control Instructor Directed Instructor/Learner Learner Directed
Directed
Learning Progression Single loop (rules, Double loop Triple or Spiral loop
objectives) (modifying (transformative)
application)
Design Linear or modular Cyclical or Spiral Holistic/Mastery
Learner Development Prerequisite Competency Capability
Knowledge Development Development

es (McLoughlin & Lee, 2010).

(Table contents from Crawford et al., 2018).

Blaschke (2012) found that one possible caveat is that some campus-based students may exhibit
less maturity and possess less prior experience than working adults and that Web 2.0 and social
media may be suited to heutagogy by encouraging individual learning experiences due to these
platforms’ encouragement of user-generated content . Students need a rich environment for
learning that is both social and participatory, and instructors are intrigued by the opportunity to
support learning in these diverse environments (Dron, 2007; McLoughlin & Lee 2010). Social
software, by its nature, seems to recommend heutagogy because it encourages meaning-
making, engagement, and collaboration (Dron, 2007).

Interaction between learners, teachers, content, and technology, form a complex
interdependent learning environment (Anderson, 2003). Anderson’s (2003) original model
outlined the proposed relationships between the student, the instructor, and the content. Dron
(2007), to hone the model to social learning, added a group interaction component.

Bernard et al. (2009) demonstrated that the strength of the student-instructor, student-student,
and student-content relationships were related to the effect size of student outcomes, thereby
supporting Anderson’s (2003) model. Zimmerman (2012) found a statistically significant
relationship between the amount of time students spent engaging in online course activities and
the student’s weekly quiz grades, which provides further evidence for the importance of the
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student-content interaction. The effect size was evident with both moderate and high student
interaction levels compared to students with low levels of interaction (Bernard et al., 2009).
Further, they found that, overall, student-instructor interaction treatments were less impactful
than student-student or student-content interactions. This may be a significant finding when
considering certain course structures, such as MOOCs, where students tend to interact with
content in diverse ways to satisfy individual goals (Emmanuel & Lamb, 2017; Ho et al., 2014).

No discussion of teaching or learning can be cogent without reflecting on the human cognitive
architecture and its limitations, especially in regard to working memory and its constraints and
specifically in the context of the novice learner (Hattie, 2009; Paas & Sweller, 2014). Further, no
discussion of teaching and learning would be complete without acknowledging the influence
(whether negative or positive) of the individual learner, the home, the school, the curriculum, the
teacher, and the instructional approach (Hattie, 2009). It is here that the amalgamation of
institutional policies, governance, support, and student characteristics have their interplay in
shaping the learning experience and outcome.

The act of teaching and learning does not take place in a sterile environment, nor can either
endeavor take place automatically (Hattie, 2009). Hattie suggests that the hindrances to effective
teaching and learning are numerous, and the pinnacle of success in teaching and learning
happens “next”; after the information has been structured, designed, imparted, interpreted,
accommodated, reacted to, and applied. He describes learning as individualistic, spontaneous,
effortful, often slow, and gradual, and moving forward in the manner of an old jalopy, -in fits-and-
starts. Learning and teaching are inseparable, and each participant requires the other to exhibit
effort, attention, patience, and passion.

Foundational elements of online course design
Classroom Management

Online learning can be delivered in multiple formats such as blended courses, where there is
some combination of classroom and online interaction, synchronous online learning, in which
there is some set course time for course instruction, and asynchronous online learning, which
allows students flexibility for interacting with course materials (Bernard et al., 2004). An early
meta-analysis performed by Bernard et al. (2004) revealed that, in online learning environments
to that point in time, mean achievement effect sizes favored the classroom form of instruction
over synchronous learning and asynchronous distance education was favored over classroom
instruction, although the authors warn that there was too much heterogeneity in studies to make
distinct recommendations. Furthermore, it should be noted that this study was published more
than 15 years ago.

For classes taught via distance education, whether asynchronous or synchronous, certain
practices are recommended, such as paying specific attention to quality course design instead of
media characteristics. Active learning, such as problem-based learning with some form of
collaboration, is encouraged to make distance education courses profitable for deep learning.
Other recommendations include pre-recorded video, some form of “face-to-face” interaction,
providing information about courses in advance, and interactivity in media (for asynchronous
distance education classes) (Bernard et al., 2004).
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In a more recent meta-analysis of 45 studies, Means, Toyama, Murphy, and Baki (2013) found that
students participating in online learning performed better than students receiving face-to-face
instruction and that the improvement reached significance when blended learning was the
delivery mode. Means et al. (2013) note that blended learning studies generally reported
increased learning time and additional course resources as part of the instructional design.
Further, the blended learning studies used design elements that promoted learner interactions
(Means et al., 2013). In a meta-analysis of the effect of blended learning in health professions, Liu
et al. (2016) found that blended learning had a large consistent positive effect compared to no
intervention in health professions learning. Additionally, blended learning courses
outperformed non-blended courses, demonstrating that, in health professions learning, blended
courses are more effective for student learning (Liu et al., 2016).

Yet, not all online or blended courses are taught in the same way. Martin, Ritzhaupt, Kumar, and
Budhrani (2019) identified online faculty that were acknowledged by the Online Learning
Consortium, the Association for Educational Communications and Technology, or the United
States Distance Learning Association to query these esteemed professionals on their online
design processes. These authors noted that the recognized faculty recommended using
systematic design processes, including chunking meaningful content, backwards design
processes, ascertaining learner’s needs, and designing learner interaction into their course
designs (Martin et al., 2019). Student engagement was maintained through timely responses and
feedback, periodic communication about the course, and demonstrating instructor availability
and presence (Martin et al., 2019). Further, Martin et al. (2019) found that accomplished online
instructors incorporate a variety of assessments into their courses and used rubrics to steer
student evaluation. These faculty also paid attention to course feedback, learning analytics, and
peer assessment to improve their online offerings (Martin et al., 2019). Other suggested
practices to aid in course management aimed at retention include making financial assistance
available, providing counseling and library services, providing prompt feedback, providing
opportunity for students to learn technology skills, making student assignments with social
interaction, utilizing diverse approaches to student engagement, and ensuring reasonable
expectations of student performance by identifying success factors for the class (Aversa &
McCall., 2013).

In the case of MOOCs, due to their open and less-regulated format, it is advisable to support
learners in becoming self-regulated through instructor interventions such as prompts, feedback,
and using learner analytics to tailor support for individual students (Wong, Baars, Davis, Van Der
Zee, Houben, & Paas, 2019).

Retention in Online Courses

Recently, a systematic review by Muljana and Luo (2019) listed strategies to aid student retention
as a component of course management. At the institutional level, support for student retention
includes communication, orientation to online learning, and adequate student support services,
including technical support (Angelino, Williams, & Natvig, 2007; Aversa & McCall, 2013; Bunn,
2004). Early measurements of student participation in the course have been shown to be
predictive of course completion, such that instructors can identify low participation learners and
intervene to provide support (Nistor & Neubauer, 2010). Further, Boston, Ice, and Gibson (2011)
found that “swirling,” a term used to denote students who purposefully attend at least two
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colleges or universities prior to graduating, may affect an institution’s perception of retention.
Student support services are also cited as being demonstrably beneficial for student retention
(Nichols, 2010).

Course Quality and Accessibility

Quality course design is critical to making online courses available to all types of learners
(Martin, Ndoye, & Wilkins, 2016). There are several outside organizations that are available for
assisting educators and developers in the quest for online course excellence. Quality Matters
(QM) is a subscription service for online course developers that provides them with the highest
standards for designing online courses (Loafman & Altman, 2014). These authors state that QM is
built around a strong research base and users follow a rubric to evaluate their courses for online
accessibility and student support. The QM rubric addresses eight aspects of pedagogy that,
working together, can improve online course offerings (Martin et al., 2016). These
characteristics address the inclusion of a course overview and introductory materials, writing
and following course learning objectives, designing effective assessment and measurement of
students, providing instructional materials, selecting course activities and maintaining learner
interaction, utilizing course technology, providing learner support, and designing online
materials with accessibility and usability in mind (Martin et al., 2016). Dietz-Uhler, Fisher, and
Han (2007), reported a 95% retention rate when using QM in online course design, although
Fredriksdottir (2018) reported that retention rates between 2.4% -18.2% depending on the
course delivery method.

Loafman & Altman (2014) suggest other resources for developers to consider including The
Online Learning Consortium (formerly The Sloan Consortium) is another resource center for
online course developers to access content on best practices in designing online learning. A
third quality-focused group is the Texas Higher Education Coordinating Board which developed
the “Principles of Good Practice” document to guide online education.

Personnel Requirements in Online Learning

One of the first decisions to be made in beginning a distance learning program or course is who
will be responsible for overseeing the development of the learning environment. Some
institutions choose to organize and develop an online offering internally, while others choose to
utilize an online program management provider (OPM) to take responsibility for the onboarding
(Springer, 2018). The for-profit nature of the OPM allows the provider to invest some or all of the
investment capital up-front to develop and launch the online program in exchange for a share of
the profit that the program generates (Springer, 2018). Hillman and Corkery (2010) state that
even institutions that are not novices in the distance education arena may discover that the
university infrastructure may not be adequate to design and implement the online learning
solution, which requires a necessary impingement on academic and non-academic departments
(for example, the admissions offices and business offices). Out-sourcing does not have to be all-
inclusive, as some institutions may have certain strengths departmentally, which can handle the
overload of phasing-in distance learning (Hillman & Corkery, 2010).

Whether utilizing in-house course development or an OPM, a needs analysis will need to be
performed (Hillman et al., 2010). According to Khedhiri’s findings, measuring the institutions
readiness to change can help planners and developers understand the climate of the institution

52




so that change is viewed as a solution to faculty demotivation, communication challenges, and
teamwork issues on a personal level. Times of upheaval in institutions can have stakeholders
looking to leadership for qualities that reinforce an alignment of individual stakeholder values to
the institution’s goals. Leadership alone cannot prevent demotivation to institutional change nor
the challenges that accompany the changes (Khedhiri, 2018).

Hillman & Corkery (2010) found that when examining institutional readiness for launching an
online education opportunity, there was duplication of services in some areas which required
admissions offices, technology teams, bookstores, financial aid offices, and business offices to
have representatives willing to help streamline processes for students to move quickly through
those services. The solution these authors recommended was to have the processes so
thoroughly streamlined that the students can move efficiently through all departments to provide
excellent customer service with the goal of improving retention. Throughout the development
process, stakeholders must hold on to a transition mindset with continual collaboration and
communication

The undertaking of distance learning by an institution is weighty and the final end-user, the
student, must not be forgotten. Administrators must be mindful of their obligation to assist
student learning, to bridge the gap between the instructors and the students, and to aid students
in completing their program of study (Stein & Anderson, 2017).

In summary, to develop competitive online courses, institutions must gather a team of
instructional designers, subject matter experts, instructors, support staff, administrators, and
learning engineers (Kurzweil & Marcellas, 2019). Other insights suggested were that learning
engineers should function beyond a traditional instructional designer as they work in theoretical
realms of education and learning, but also in analysis of data and interdisciplinary roles to bring
learning professionals together to design and implement the learning ecosystem. Learning
engineers can use data and analytics to scale learning using practical and theoretical models.

UX Considerations

Learning experience design has grown from origins in user experience (UX) to encompass the
objectives of sound instruction, such as learner-centered design principles, usability, and
interaction in the learning space (Schatz, 2019). Santoso, Schrepp, Isal, Utomo, and Priyogi
(2016) have worked to establish a User Experience Questionnaire (UEQ) to address the major
components of a user’s evaluation of the distance learning experience. These components
include the attractiveness, efficiency, ease of use (perspicuity), dependability, stimulation, and
the novelty of the experience. However, a recent study by Lallemand, Gronier, and Koenig
(2015) found that defining a ‘good’ user experience may be difficult due to important differences
between what is pleasing to people in different geographical locations and different cultural
backgrounds. While nearly 84% of respondents to a UX survey stated that UX was central to their
professional work, interest in UX was less central for responders who were researchers (whose
primary interest in the topic was as a field of study) or students than for managers. The
respondents’ definitions of what UX is depended on work domain (industry versus academia),
and different cultures and levels of expertise affected the perceptions of whether UX definitions
should be standardized. Most seasoned practitioners were less disturbed by stringently defining
UX, which, they reasoned, was due to experts developing a working definition for themselves
and no longer needing a shared viewpoint. Further, they also noted that respondents believed

53




UX to be an individualized notion, but when queried whether people could have a comparable
UX definition, respondents were divided in opinion.

Yet, experts agreed that UX is contextual (Lallemand et al., 2015). User experience in
instructional design can be learner-centered, not just regarding focusing on the content and
learning outcomes but viewing UX as a cooperation with learners to achieve the goal of learning
(Matthews & Yanchar, 2018). Also, to truly make designs learner-centered, they recommend that
instructional designers should invite learners to engage with content through meaningful and
relevant instruction. This happens when designers imagine what learners would think and feel as
they navigate the content areas to determine if the design is likely to be a favorable experience
for the learner. If learning is truly a personal meaning-making, then designs should provide a
suitable environment for that to happen (Clinton, 2015).

It is important to think about students in terms of the various burdens placed on them in online
learning, such as the overabundance of resources, which can be contrary to productivity (Shatz,
2019). In a fast-paced, media-rich environment, students can suffer from inefficiency and
ineffectiveness, which can diminish attention span, encoding, and decision-making (Schatz,
2019). To counteract the rush and breadth of learning opportunities, instructional designers must
consider the learner holistically and tailor learning to personalize it (Schatz, 2019). Further,
helping students steadily improve in self-regulation abilities can improve their resistance to
distraction, which not only improves concentration but assists with long-term encoding and
decision-making (Schatz, 2019).

Learner experience design tries to solve one of five problems for learners: a lack of knowledge,
a lack of skill, a lack of motivation, a lack of confidence, or a lack of tools or resources for
learning (Interaction Design Foundation, 2017). Of all these deficits, overcoming a lack of
motivation is the most difficult to solve using learner experience design (Interaction Design
Foundation, 2017).

By thinking of the learners in terms of what is meaningful and relevant to them, UX designers
may improve motivation (Interaction Design Foundation, 2017), however motivation has many
complicating factors such as the self-directedness of the learner. According to the Interaction
Design Foundation (2017), three questions can guide the design of an excellent learning
experience. These are:

1) What does someone need to know to do this?
2) What does someone need to be able to do to complete this?
3) What resources or tools are needed to do this?

The answers to these questions determine what type of content is needed and how to best design
and deliver that content (Interaction Design Foundation, 2017). Instructional designers must
move from only considering the appropriate means and method of content delivery through a
course or training unit, and move into considering lifelong learners who, with diverse
experiences and contexts for learning, require more active and self-directed experiences
(Bannan, Dabbagh, & Walcutt, 2019). This new paradigm will force instructional designers to
imagine how learners think, feel, sense, act, and relate (Schatz, 2019). Furthermore, learner
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experience design will be tasked to multiple disciplines in addition to instructional designers,
such as: learning scientists, engineers, and data scientists (Schatz, 2019).

Student Characteristics, Barriers, and Support in Online Environments

Instructor and student support in online learning is critical to minimizing attrition (Park & Choi,
2009). Individual student characteristics, internal factors, and external factors can contribute to a
student’s desire to complete or drop an online course (see table below) (Park et & Choi., 2009).
Bell and Federman (2013) found that there was a higher dropout rate for students in
asynchronous learning modalities and a more negative student attitude in synchronous learning
environments, although there was no difference in overall achievement between traditional
students and e-learners.

Park & Choi (2009) found that students who dropped out of a course had perceptions that were
significantly different in terms of internal and external characteristics when compared to
students who persisted in courses. The learner’s framework of family, organizational support,
satisfaction, and course relevance plays a critical role in their decision to persist or drop out of
online courses, while age, gender, and educational level were not predictive.

Individual Characteristics Age, Gender, Educational Level
Internal Characteristics Family, Organizational Support
External Characteristics Motivation (Satisfaction and Relevance)

Adult learners are more likely to persist in their online courses when they perceive they are
supported by their family and friends, and they are more likely to persist when they perceive
that the learning organization supports them adequately (Park et al., 2009). I Initially, the
organization should support the learner by maximizing the external characteristics of the course
(satisfaction and relevance) to maintain student motivation, but that a shift to include maximizing
student support should begin after the course is underway. Furthermore, they stated that
instructional designers can facilitate this shift by planning and implementing their designs such
that students can be encouraged when family support lags.

Student Barriers to Online Learning

Several researchers have examined student barriers to online learning. For example,
Muilenburg and Berge (2005) found that there were eight factors that acted as barriers to online
learning from the student’s perspective. These were administrative issues, social interactions,
technical skills, academic ability, time and support in studies, student motivation, technical
problems, and cost and access to the internet. The four most critical barriers were social
interaction, administration or instructor issues, learner motivation, and time and support for
studies. The variables with the largest effects on these barriers were a student’s ability and
confidence with online learning technology, their effectiveness with online learning, their
enjoyment of online learning, the number of online courses completed, and the likelihood of
taking future online courses
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Sun, Tsai, Finger, Chen, and Yeh (2008) found that learners’ satisfaction was significantly and
negatively affected by anxiety over computer use, and significantly and positively affected by
the instructor’s attitudes about e-learning, course flexibility, course quality, perceived
usefulness and ease of use of the computer learning system, and the diversity of learning
assessments. Additionally, Sun et al. (2008) found that there was no significant effect of students’
perceptions of satisfaction related to their attitude about computers, their internet self-efficacy,
the timeliness of an instructor’s responses, the quality of the technology, the internet quality, or
the learner’s interaction with others.

Park and Choi (2009) demonstrated that learners were more persistent in online learning when
they were experiencing satisfaction with the course and when they see the relevance of the
course to their lives. The importance of satisfaction and relevance are echoed by Yang, Baldwin,
and Snelson (2017), who found that interest in technology, career goals, time and effort invested,
and the perceived utility of the material were the individual attributes that led to persistence in
online learning at a personal level. From an institutional perspective, course relevance to either
individual or professional needs, course satisfaction, program satisfaction, and a connection
between the course of study and a job promotion proved to be the most relevant factors
influencing learner persistence (Yang et al., 2017). Muilenburg and Berge (2005) stated that
since social interaction was the most relevant impediment to online learning, and because social
interaction was strongly associated with online learning enjoyment, online learning
effectiveness, and the likelihood of pursuing another online class, it would follow that improving
social interaction would be a worthy goal for creating enjoyable, effective, and desirable online
courses.

Again, as with instructor support, it is necessary to address the unique barriers that students may
experience in a MOOC. In a study of student engagement in MOOC environments, Hew, Qiao,
and Tang (2018) found that the most mentioned factors in engagement were instructor attributes.
Students perceived the xMOOC format, a more traditional structured course with a syllabus,
objectives, assignments, evaluations, etc. (Touro College, 2013), more favorably than the
cMOOC, a MOOC formed with connectivist theories in which students and the instructor share
responsibility for content and discussions (Hew et al., 2018). Since xMOOCs frequently have a
video component, students also identified feeling engaged when the instructor used humor in
the video. Other impactful engagement tools were identified by MOOC participants such as
using real-world problems and solutions, content depth and difficulty, and interaction with and
support from instructors or tutors. Further, this study found that MOOC students did not attach
significance to relating to other participants compared to face-to-face courses or traditional
online courses, perhaps due to the anonymous nature of the MOOC or the personal
responsibilities of the participants. Knox (2014) found that students in cMOOCs considered the
student submitted creations as superfluous or excessive and that a significant proportion of
MOOC participants did not value peer contributions. Furthermore, the constructivist MOOC:s,
which offer a learner-centered experience, were found by students to be overwhelming and
confusing and students frequently opined that guidance was lacking, and courses were lacking
support. Dissenters to more course guidance in MOOC:s felt that the learning could happen
without an instructor, but in the absence of instructors the community must be fostered in some
way. As shown, a variety of factors can become barriers to students enrolled in MOOC:Ss. This is
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important, as Fridriksdottir (2018) found that all modes of delivery of MOOCs show low retention
rates as low as under 5% completion.

Students with disadvantaged backgrounds, especially minority students, and those with
insufficient academic achievement, face unique challenges getting access to advanced
education or work training (Deming, Goldin, & Katz, 2013). Often these students resort to for-
profit colleges that rely heavily on federal grants and loans. For-profit colleges can be more
expensive for degree programs than their community college counterparts, which further
exposes low-income students to higher debt. For-profit graduates are more likely to be
unemployed after the completion of the degree than those students graduating from community
colleges and other non-selective admittance schools.

Class Size

Increasing class size is sometimes seen as a method to increase university revenues (Taft et al.,
2011). This can unwittingly place an increased burden on online faculty members who find that
workload often increases when online class size swells (Taft et al., 2011). Increased class size
decreases the amount of contact time per individual student, which causes faculty members to
perceive a decline in the quality of the educational experience (Dykman & Davis, 2008; Taft et
al., 2011). Taft et al. (2011) suggested that optimum online class size is somewhat determined by
the mode of instruction and may be dependent upon where the instructional goals fall on the
continuum of objectivist and constructivist theories. Also, these researchers stated that if a class
falls along an objectivist pattern of teaching and learning, then the online class size can increase
without detriment to the student educational experience. However, the more constructivist-
based courses, which require increased instructor contact time, need to have lower enrollment
to satisfy teacher workload and student satisfaction. They remarked that class size can also be
thought of in terms of Bloom’s Taxonomy such that information on a lower level on Bloom’s scale
may be taught and learned with a larger class size, while those classes that require students and
faculty to work at higher levels of the Bloom Scale should enroll fewer students. Burruss, Billings,
Brownrigg, Skiba, & Connors (2009) found that class size relates to certain educational practices
and outcomes. For example, class size is not related to the use of technology or perceived
satisfaction or professionalism; however, educational practices such as active participation in
classes, interaction with peers, and student-teacher contact time were perceived as relevant to
class size. Taft et al. (2011) found student satisfaction was negatively affected by increased class
size in distance education.

Due to the increased faculty workload, Tomei (2006) recommends that class size for online
courses be kept to 12 students (compared to 17 students in a traditional format). However, Drago
and Peltier (2004) found no relationship between class size and course effectiveness in their
study range of 22-83 students. Orellana (2006) found that actual online class size was not related
to an instructor’s perception of the course interactivity level nor actual interactivity level of the
class, however instructors still perceived interactivity would improve with a smaller class size. In
Orellana’s (2006) study, actual class size was 22.8 students, while the perceived optimal class
size was 18.9 students. Maringe and Sing (2014) pointed out that there is no definitive definition
of a large class, but that there is evidence (Cuseo, 2004) of diminishing returns in terms of
educational effectiveness (opportunity to learn) as class size increases in traditional formats,
such as with early undergraduate education. Lowenthal, Nyland, Jung, Dunlap, and Kepka (2019)
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found that, in traditional online courses with large enrollment, students reported less satisfaction
with the course and learning outcomes were significantly lower than in face-to-face formats.

In the case of MOOCs, one confound to discussing class size is that many MOOC formats allow
learners to begin the course at any time, even close to the time of the class closure (DeBoer, Ho,
Stump, & Breslow, 2014; Leach & Hadi, 2017). In their study of xMOOCs, DeBoer et al. (2014)
found that completing registration was the only contact one-third of enrolled students had with
the course. They noted that, unless students wanted to opt-out of email contact, there would be
no motivation to remove their names from the class list since there is no monetary exchange nor
penalty for withdrawal. Further, DeBoer et al. (2014) remarked that class size versus completion
rate in MOOC:s is perhaps a reflection of class commitment that is in contrast to more traditional
online offerings because students in a university setting share more commonality in their
reasons for taking the online course and more shared learner characteristics.

Course size in traditional or MOOC environments is not clearly defined or articulated in the
current research. For the present, the Bloom’s taxonomy argument may provide guidance; that
is, lower level information may be successfully taught and learned in a large class format, while
subjects requiring higher order thinking would be best approached with a smaller class size
(Taft et al., 2011).

Blended Learning and Class Size

Large lecture class instructors may perceive that blended learning is impossible due to class
size since, in some cases, like flipped classrooms, the benefits of blending are derived from
active learning, peer interaction, and other student-centered tools (Danker, 2015). Danker
(2015) was able to use a flipped format using tools like peer learning, active learning, and
inquiry-based learning and 90% of students reported engaging in connecting topics from
previous learning. Deri, Mills, and McGregor (2018) found that structuring a previously small
general chemistry class into a large (from 20 to 1000 students) class was possible using a flipped
arrangement and demonstrated improved performance over traditional lecture-based learning.
The improvement in performance was static across different instructors and different student
demographics (Deri et al., 2018). Further, the benefit of the flipped arrangement benefitted
students considered less well prepared for college (Deri et al., 2018). Similarly, Robert, Lewis,
Oueini, and Mapugay (2016) found that using peer-led team learning allowed for content to
remain consistent with traditional classroom instruction and attain higher achievement and
higher knowledge retention than did traditional students.

Brown, Karle, and Kelly (20158) found that studio learning could be achieved using blended
methods when large classes (n =170) were subdivided into smaller sections (n =18) and further
subdivided into teams of six students to give students stronger support. Brown et al. (2018) They
demonstrated that the larger class size was no hindrance to achieving the practices and
outcomes of more intimate studio courses when the blended design utilized collaborative
technology platforms. Francis (2012) offered sage advice that using appropriate instructional
strategies for blended learning, such as advance organizers, formative assessments during class
meetings, class questions or polls, cooperative learning and reporting, exit tickets, minute
papers, and encouraging student engagement in class activities instead of using class time for
personal web surfing or social interactions.
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Trust

According to Shaw (1997), trust is defined by three imperatives, namely results, integrity and
concern. Results implies that people deliver on what was promised; integrity implies following a
known paradigm of values, beliefs and practices, and concern is showing deference to the well-
being of others. Trust in education can be considered in several contexts, including a student’s
propensity to trust, communication, instructor characteristics and behaviors in online courses,
organizational reputation, peer-peer relationships, policy structures, student control or
empowerment, curriculum, and technology (Hai-Jew, 2006). Trust and privacy issues arise in e-
learning in several activities, such as peer review, peer tutoring, learning object selection
(reliability of the object or competence of the contributor), collaboration, group learning, role
playing, evaluation, and personalization of the learning objects (Anwar & Greer, 2012). Studies
outside education yield information that demonstrates that users of online health information
systems place a high premium on trusting the ability and benevolence of the health infomediary
(Song & Zehedi, 2007). Reputation, therefore, plays a significant role in a person’s ability to trust
(Anwar & Greer, 2012; Song & Zehedi, 2007).

Wang (2014) proposes a socio-technical framework to advance trust in online learning
environments which differentiates several trust-inducing components into two categories. The
two categories are course instruction and privacy and security. Course instruction includes prior
positive online course experience and the good reputation of the online learning system or the
instructor, design quality and high information level, contact details, instructor assertiveness, the
responsiveness of the instructor, the sense of community and caring exhibited by the instructor,
and reliable and timely course access (Wang, 2014). Privacy and security encompass the
disclosure of appropriate security and privacy information, the use of system security measures,
and third-party privacy and security features such as encryption (Wang, 2014).

Trust from the Student Perspective
Trust is a critical component of the online learning environment because of the nature of online
interactions which can make participants vulnerable due to sharing stories and opinions with
strangers (Hai-Jew, 2007). Trust in Western higher education is based upon multiple criteria
such as instructors exercising appropriate boundaries toward students, respecting student
privacy, respecting student differences, and not endangering a student’s free will.

According to Hai-Jew (2007), instructors handle both truth and opinion while training learners to
increase their learning or skills for future endeavors. For students to have high trust in their
online instructors the teachers must engage in consistent and regular communication, be
perceived as credible experts in their field, exercise sincerity, and be perceived as honest.
Further, students expressed that instructors who showed personhood and engaged in personal
sharing were trustworthy. Conversely, students can express a loss of trust, as early as the first
log-in for the online course if the instructor has failed to put appropriate information and
expectations in the course materials. Students felt their trust waver if the instructor gave out
grades that were “unreal”. For example, if instructors gave too many high marks, were harsh or
inconsistent in grading, or gave inconsistent feedback, students felt a loss of trust). Furthermore,
some online technologies, such as those that use electronic surveillance technology to monitor
student behavior in learning spaces, can provoke distrust. Wang (2014) found that there was no
difference in trust producing factors between genders, educational levels, time spent in the
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course material, or previous online experience. Furthermore, students with disabilities reported
that they would self-disclose their needs to an instructor if the instructor was deemed trustworthy
by them, although 67% of the sample stated that they would only ask for accommodations if they

felt that they needed them.

Hai-Jew (2006), in research aimed at the creation of a survey instrument to measure student
online trust (Online Trust Student Survey or OTSS), found that students naturally fell into “low
trust” and “high trust” learner categories. Hai-Jew (2006) describes this phenomenon as trust
propensity. Trust propensity is a person’s tendency to extend trust in the first place and it is
linked to parental styles and attitudes (Hai-Jew, 2006), self-trust, and a person’s capacity to trust
(Reina & Reina, 1999).

Trust from the Instructor Perspective

In Hai-Jew’s (2007) study, instructors emphasized that trust was pivotal in both traditional and
online course formats, and that the instructor trust paradigm began by trusting oneself to
competently teach the material. Instructors noted that trust between the teacher and the student
was maintained when instructors met stated expectations and when instructors were supportive
of dissenting ideas and respected and welcomed the student participation, all of which resulted
in greater expression by students.

Instructors felt that trust in the online classrooms became evident by the third week and teachers
felt an urgency to establish trust early by fostering rapport and relationships (Hai-Jew, 2007).
This approach was echoed by Jaffe (1997) who encouraged quick response times and early
student interaction. Instructors ranked peer-peer interactions as highly important and cited that
peer trust was a result of respect for each other (Hai-Jew, 2007). Instructors encouraged student
self-efficacy and warned students against excessive self-revelation in online environments.
Instructors also warned that the student needed trust that the curriculum and materials would be
relevant to future endeavors.

Technology could also be a barrier to trust in the online environment, and instructors believed
online educators needed to keep students informed through appropriate communication, such
as alerting students to changes in the schedule, class announcements, or expectations, and
modeling the traditional classroom experience (Hai-Jew, 2007; Wegner Holloway, & Garton,
1999). Furthermore, educators encouraged other online instructors to verify that any student
responses were free of innuendo or sarcasm (Hai-Jew, 2007).

Trust from the Administrator Perspective
In a study by Hai-Jew (2007), administrators reported that support for online education can take
on se