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Abstract: Many researchers have identified the need for a more holistic understanding of the role
of feedback in supporting learning in online environments. This study explores how our design,
development, and implementation of an online feedback facilitation system influenced high school
science teachers’ learning in an asynchronous teacher professional development online course. We
then describe teachers’ and facilitators’, i.e., feedback providers’, perceptions of the effectiveness
of the system’s features for supporting participants’ learning and engagement. Our work also
responds to recent calls for developing a more nuanced understanding of how the complexity
of feedback influences learning and the need for more qualitative research on online facilitators’
and learners’ experiences working with new technologies. Results demonstrated that, despite the
difficulty of analyzing the complex variables influencing learners’ interactions and perceptions of
the feedback system, designing adaptive feedback systems that draw on the principles of design-
based implementation research (DBIR) offer promise for enhancing the systems’ contributions to
teacher learning.

Keywords: instructional design; feedback; complex systems; teacher professional development

1. Introduction
Developments in learning technologies have enabled new forms of interactions be-

tween learners and the various components of technological systems [1]. By introducing
new possibilities for collaborative learning, these technological advancements have led to
the emergence of fields such as computer-supported collaborative learning (CSCL), where
the aim is to use technology to scaffold learning through collaboration [2]. The growing
deployment of technologically mediated collaborative learning systems has demonstrated
the importance of understanding how technological artifacts and structures can be lever-
aged to achieve the collaborators’ intended learning outcomes [3]. Accordingly, several
studies have analyzed how the digital and educational design of technologically mediated
collaborative learning systems can create conditions for collaborative knowledge construc-
tion [4]. Some of these studies showcased the affordances of technologies in illuminating
participants’ behavior (e.g., showcasing participants’ online activity), providing them with
data-driven advice (e.g., recommending responses to participants based on their engage-
ment), and offering them multiple development opportunities (e.g., supporting instructors
in noticing participants’ challenges, and offering them personalized opportunities to im-
prove their situational interest) [5]. Most of these studies demonstrated the complexity of
analyzing the relationship between computer support and collaborative learning due to the
plethora of educational technologies and the presence of multiple dynamic, interconnected,
and interdependent variables [4]. Through the lens of complexity theory, a CSCL system
can be categorized as a complex adaptive system (CAS) that continuously self-organizes
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and evolves to optimize learning [6]. Within these systems, feedback guides the reaction to
such imbalances, which helps learners achieve their desired equilibrium for learning (i.e.,
learning goal).

As we discuss in more detail later, we view feedback as a collaborative process of
learning that is constructed through loops of dialogue and information [7]. Researchers
and practitioners are still exploring different approaches for using it to best support
learning. This is particularly the case for research on CSCL environments, such as online
professional development courses, where researchers continue to explore approaches for
offering effective online feedback. Firmin [8] and Gayoung [9] recommended viewing
learning within these online environments holistically, and thus analyzing how feedback
between learners, instructors, and learning support systems can advance learning [10]. By
delving deeper into the literature on online feedback, the feedback of facilitators has been
signaled by many researchers as critical for encouraging academic self-efficacy and learner
engagement [10]. Siemens [11] and Kasch [12] articulated a range of comprehensive actions
and design considerations for supporting educators in fulfilling their instructional roles.
Yet, there continues to be a lack of research that explores online facilitation in greater depth
and offers insights into how it might look different in an online context [13]. The need for a
more holistic understanding of the affordances and limitations of facilitating online learning
environments has been recognized by several researchers studying online asynchronous
teacher professional development (PD) [14,15]. Although some studies acknowledge the
potential of online PD as an accessible, high-quality learning experience [16,17], these
studies also note the importance of developing a more nuanced understanding of the
complexity of online PD environments where feedback plays a pivotal role in facilitating
learning. Moreover, researchers have yet to comprehensively use a complex systems
lens to guide the design and implementation of online feedback systems that aim to
produce high-quality PD. Doing so would offer more insights into the effective use of a
feedback system’s dynamic, interconnected variables to support learning. In this paper,
we present a feedback system for facilitating participants’ learning and engagement in
an online course designed to support their instruction of complex systems in high school
science classrooms. We explore the framework guiding the design, development, and
implementation of our feedback system. We then describe how the facilitation system
influenced participants’ and facilitators’ perceptions of the effectiveness of the system in
supporting participants’ learning and engagement. Our work also responds to recent calls
for more qualitative research on the experiences of instructors and learners working with
new technologies [13,18].

1.1. Learning as a Complex System of Feedback
Learning is increasingly recognized as a complex system of feedback where, as Ster-

man [19] noted in his seminal article, “our decisions alter the real world, we receive
information feedback about the world and revise the decisions we make and the mental
models that motivate those decisions” [20]. In this system, the relationship between learn-
ing and teaching is perceived as a dynamic process of knowledge exchange and relationship
building rather than a one-way transmission of knowledge [21]. Feedback plays a critical
role in nurturing our ability to close the gap between current and desired knowledge
states by helping us identify flaws in our learning strategies [22]. It also contributes to
our ability to self-regulate to reach or exceed our intended learning goals [23]. Despite the
affordances of feedback for supporting learning, as a complex system, feedback processes
are sometimes impeded by the ambiguity of the feedback, systematic misperceptions of
feedback, insufficient modeling of our cognitive maps, ineffective social and emotional
support, and inadequate scientific reasoning skills [24]. For example, feedback lacking
specificity and relevance may cause confusion among learners and deter them from en-
gaging with the learning community. Many learners also expect to receive feedback that
humanizes them and acknowledges their social and emotional state. As a result, when
these learners receive generic feedback that is devoid of social and emotional components,
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their perception of the quality of the learning experience tends to suffer [22,24]. Our ability
to learn through complex feedback systems and overcome their impediments is critical for
advancing human knowledge. In developing our online feedback system for supporting
participants’ instruction of complex systems, we draw on two areas of research: research
documenting the role of feedback in supporting learning and research documenting the
value of online facilitation in helping participants achieve the intended learning goals.

1.1.1. Learning through Feedback Loops
To better understand the impact of feedback systems on learning, scholars who have

written about the importance of feedback, such as John Dewey [25,26], have referred to the
importance of analyzing the feedback-loop character of learning as a guiding framework
for supporting better learning outcomes. Argyris and Schön, [27] in their seminal article on
feedback loops, recommended viewing learning as an iterative cycle of dynamic “invention,
observation, reflection, and action”, where feedback loops can provide helpful insights
about how we learn [28]. Most of the research on the impact of feedback loops on learning
focuses on two types of loops, the negative feedback loop and the positive feedback
loop [29]. The negative feedback loop shown in Figure 1, which is also referred to as the
single-loop learning model, refers to the process whereby we learn to reach our learning
goals based on our current mental models. According to Sterman [30] and Carless [31],
single-loop learning is defined as an attempt to “solve problems with minimal variation in
method” and without reviewing the underlying assumptions driving the solution. Single-
loop learning does not result in deep change to our mental models. As a first-order linear
feedback, a single-loop produces stable convergence to a desired equilibrium. For example,
when a student sets a specific learning goal, this goal is the desired equilibrium point that
they will work to reach and maintain. In this case, the intended learning goal is reached and
maintained through feedback loops between the learning goal recognized by the learner
and the learners’ environment. If the environment makes it harder for the learner to reach
the intended learning goal, the learner responds by increasing their effort until they are
able to return to the desired equilibrium.

In contrast to single-loop learning, a positive feedback-loop, which is also referred
to as a double-loop learning model (shown in Figure 2), that refers to a system’s thinking
mental model that replaces the “reductionist, partial, narrow, short-term view” of the
single-loop learning model with a “holistic, broad, long-term, dynamic view” [31,32].
Double-loop learning involves reframing our cognitive schema by creating new decisions,
decision rules, and equilibria based on the feedback we receive. Accordingly, double-loop
learning involves revising our mental models and redesigning the system itself rather
than being confined to a specific set of rules. As noted by Scott [33], both positive and
negative feedback loops are unclosed when those receiving feedback fail to reach their
respective goals. Much of the research on feedback loops has focused on the theoretical and
practical considerations for using these loops to help attain the system’s goals, especially
within the disciplines of management, science, technology, engineering, and mathematics.
Nevertheless, more work is needed to advance our understanding of how feedback loops
can influence participant learning in online learning environments [34]. Specifically, we
need to examine how feedback loops can guide the design and implementation of online
feedback systems to support learners’ uptake of feedback by closing feedback loops.
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1.1.2. Understanding Online Facilitation
The rapid rise of online offerings has prompted researchers and practitioners to explore

the affordances and limitations of online feedback in supporting learning. A few studies
have shown that online facilitators’ ability to provide feedback that builds relationships,
encourages active participation, and offers subject matter expertise can improve learning
outcomes [35]. Furthermore, online facilitators’ feedback has shown promise for its ability
to increase the notoriously low course completion rates for most online courses, especially
for Massive Open Online Courses (MOOCs) [36]. Facilitation within massive courses such
as MOOCs has also benefited from technological supports that allow instructors new ways
to support the engagement of large numbers of diverse learners. Facilitation systems
of feedback also have the potential to solve some of the collaboration and interactivity
issues that are present in some online asynchronous PD [37]. Despite these promising
results, more work is needed to understand how online facilitation systems of feedback
operate within dynamic, complex online learning systems to overcome their limitations
and leverage available resources to maximize learning [38].

Because online learning entails the physical separation of instructors and learners,
the design decisions of instructional designers can greatly influence learner engagement
and relationship building within online environments [39]. As such, analyzing the design
of online feedback systems can help us develop a more holistic conception of how these
systems can effectively contribute to participants’ online learning [40,41].

1.1.3. Understanding the Implementation of Online Facilitation Systems of Feedback
One of our study aims is to show how the different features of an online facilitation

system of feedback can influence participants’ learning about complex systems in online
PD. Despite the presence of various system components that offer feedback to online
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learners (e.g., peer feedback, automated feedback), our study focuses on the feedback
offered through the online facilitation system that we designed specifically for supporting
high school biology educators (hereafter referred to as participants) enrolled in an online
professional development course. The facilitation system’s design was guided by Yang
and Carless’s [42] “feedback triangle” framework shown in Figure 3. This framework
views feedback as an interplay of structural, cognitive, and social-affective dimensions that
aim to advance learning. The structural dimension refers to the instructional design of
the feedback system and how feedback is organized. The cognitive dimension refers to
how the content of the facilitator’s feedback supports participants’ understanding of the
course content. The social-affective dimension refers to the interpersonal and relational
exchange of feedback between the facilitator and the participant. As noted above, as a
collaborative process of learning, the goal of the co-constructive model of feedback is to
build equitable relationships where the experiences of both the expert participant and the
novice participant are respected and appreciated. The facilitator’s role in this feedback
model is to encourage dialogic engagement with their participants based on their common
experiences [43]. Research by Gerard [44] and colleagues has shown how PD experiences
that adopt co-constructivist feedback models are more likely to enable participants to
enhance their comprehension of inquiry-based science learning [45]. Ultimately, our
facilitation system aimed to use the feedback triangle’s three dimensions to support a
co-constructive feedback model that offers participants double-loop learning opportunities.

1.2. Complex Facilitation System Framework
The framework guiding our facilitation system is depicted in Figure 3.
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As discussed in the previous section, the framework has three main dimensions:
structural, cognitive, and social-affective. These dimensions are aligned with the literature
on best practices for offering feedback that aims to support participants’ instructional
practices for teaching complex systems.

2. Methodology
2.1. Context

This study is part of a larger U.S. National Science Foundation project focused on
developing curriculum and instruction to support learning about complex systems in
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high school biology classrooms. This project involved developing an online PD that is
designed to take participants approximately 40 h to complete over six weeks. As the second
iteration of the online course, this publicly accessible course launched in May 2020 and
ended in September of the same year. This iteration of the course included the first attempt
to implement a structured online facilitation system. We designed and implemented the
facilitation system following the literature on what constitutes high-quality feedback in
online learning environments while effectively deploying the different components of
the feedback triangle to support participant learning (as described above). The seven
facilitators we selected were expert high school biology teachers selected based on their
cognitive and social-affective contributions to the course’s previous iterations. To enhance
our facilitation system’s effectiveness and likelihood of scalable success, we relied on the
four principles of design-based implementation research (DBIR) developed by Fishman
and colleagues [46]. DBIR aims to challenge the “traditional” barriers between research,
practice, and policymaking in a way that facilitates the design of educational experiences
that are effective, sustainable, and scalable [47]. DBIR’s four principles include: a focus
on the persistent problems of practice facing the various stakeholders engaging with the
education system; a commitment to an iterative and inclusive process of collaborative
design; a concern for using systematic inquiry to develop theories and knowledge related
to implementation processes and student learning outcomes; and a concern for developing
the capabilities of researchers, practitioners, and policymakers to influence sustainable
change within systems [47]. See Appendix A, Table A1 for more details on how the different
principles were incorporated into our design process.

2.2. Pedagogical Method
Our facilitation system was guided by the feedback triangle framework. The facilita-

tion framework’s structural dimension involved the instructional design of the facilitation
system and its organization to support participant learning. Jung [10] discussed the tech-
nology acceptance theory, which suggested that participants’ perceptions of the usefulness
and ease of use of the structure and function of a learning support system can influence
participants’ willingness to continue their online learning experience. Drawing from this
theory and other best practices for designing online facilitation structures [48], we devel-
oped a facilitation manual that included the facilitators’ pedagogical and administrative
roles and responsibilities and the structure in which they were operating. We aligned the
guide’s recommendations for high-quality feedback with the literature on best practices for
using feedback to support participants’ needs [49,50]. The guide also included an overview
of the components of the facilitation structure guiding the facilitation system. The first
component involved attending facilitation training. Second, facilitators were asked to
participate in biweekly facilitation meetings designed to allow facilitators an opportunity
to exchange knowledge, discuss improvements to the facilitation system, and nurture a
learning community supportive of constructive facilitation. Third, facilitators were as-
signed a cohort of participants based on the facilitator’s experiences and the participants’
preferences, which they communicated in a pre-PD survey. Fourth, participants were asked
to attend three synchronous meetups to discuss course content and connect with the course
participants. Fifth, facilitators were tasked with monitoring their cohort members’ activity
every week and offering them support when needed. Facilitators were guided by Kizilcec
et al.’s. [51] engagement clustering methodology to help them decide on the appropriate
actions needed to encourage participants within every engagement cluster. Sixth, template
emails were shared with facilitators to help them encourage participants’ participation
within each activity cluster. Participants who were not engaging for more than three weeks
were offered the opportunity to choose to continue within a cohort, transfer to another
track, or complete the course at their own pace [52]. Seventh, facilitators had weekly online
office hours, which were informal sessions that revolved primarily around being accessible
to participants for support.
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Several instructional decisions that were not facilitation-specific ended up impacting
the implementation of the facilitation system. First, by dividing the course into three
suggested timing tracks, a track being a six-week period in which facilitators can mentor a
cohort of participants and support their completion of the PD, the facilitation system had
to support participants’ transition from one track to the other when needed. Second, with
the course being hosted on the edX online platform, the facilitation system was confined
by the platform’s features. The organization of the course content and the required tasks
were two other factors that influenced how the facilitation system operated.

Researchers have shown that the quality of the cognitive dimension of feedback can
significantly influence participants’ academic self-efficacy and cognitive engagement [53].
More specifically, Darling-Hammond and colleagues [54] recommended several cognitive
scaffolds for supporting participants in developing their practices for improving learning
outcomes. These include: (1) offering participants expert support; (2) promoting partic-
ipants’ active learning and meaning making; and (3) providing participants with time
for feedback and reflection on practice. Accordingly, nurturing participants’ conviction
in their cognitive abilities and encouraging them to acquire complex content knowledge
were two of the main goals driving our facilitation system’s cognitive dimension. To
guide our pursuit of these goals, we drew on the concept of adaptive expertise, defined
by Baroody and Dowker [55] “as the ability to apply meaningfully learned procedures
flexibly and creatively,” as opposed to routine expertise, which assumes that participants
perform the tasks without understanding them. Accordingly, we envisaged facilitators
and participants as inquiring professionals working in different contexts that influence
their teaching effectiveness and their ability to support their learning and that of their
participants [56]. Adaptive expertise influenced the operationalization of our facilitation
system’s cognitive dimension in a variety of ways. First, when selecting our facilitators,
we evaluated their cognitive contributions to the course through their discussion posts
and their implementation of the course content to ensure that the facilitators had a deep
understanding of the content and its implementation in different contexts and settings.
Second, we offered facilitators training on how to provide high-quality feedback, and
we had ongoing discussions on ways to improve the content of our feedback during the
biweekly facilitation meetings. Third, facilitators who were facing some challenges with
some aspects of the course content were connected to other facilitators or other subject
matter experts who would respond to their inquiries. Fourth, we continuously engaged in
discussions with our facilitators to ensure that the design and implementation of our facili-
tation system were not causing them or our participants a cognitive overload that would
hinder their cognitive engagement within the course [57]. Fifth, synchronous meetings
were used to encourage facilitators and participants to reflect on course-related practices
and implementation strategies.

The social-affective dimension of the facilitation system was guided by the theory
of connectivism, which explains learning as a network phenomenon of building and sus-
taining connections influenced by technology and socialization [58,59]. The goal of the
social-affective dimension of the facilitation system was to leverage participants’ and facili-
tators’ social capital to promote knowledge distribution among members of the learning
community. In our system, we viewed social capital as encompassing the complexity of
human relational interactions that are mediated by technology within an online learning
community [59,60]. Emotional engagement, defined by participants’ positive emotions
towards the various actors and structures within the facilitation system, was also used to
support the construction of knowledge and relationships between members of the course’s
learning community [49]. Drawing on research that shows the importance of teaching
presence on participant persistence and engagement in online environments [61,62], our
system focused on supporting the accessibility and availability of facilitators for supporting
participants cognitively, socially, and emotionally. First, each facilitator was assigned a
cohort of participants based on the facilitators’ experience and the participants’ preferences,
which they communicated in a pre-PD survey. This process was designed to leverage
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the benefits of personalized mentorship in online spaces [63]. Second, facilitators shared
the contact information of their cohort members among each other to encourage them
to interact within and beyond the course. Third, we encouraged facilitators to use their
monitoring reports to send personalized guidance to their participants based on their
engagement status. We also offered them templates for these emails. Given the fact that
the course was running during COVID-19, our facilitation team was fully aware of the
importance of providing our participants with the necessary social and emotional support
to support their engagement and learning and to refrain from any activity that would lead
them to feel any sense of shame or guilt for their delay. Fourth, we recommended that
facilitators send virtual taps on the shoulder to high performing participants to recognize
their input while encouraging them to continue their exemplary performance. Fifth, to
encourage the formation of a learning community, we offered participants biweekly syn-
chronous meetups to meet and share their experiences. Sixth, the facilitation system offered
participants multiple modes for engaging with their facilitators via email, office hours,
synchronous meetups, and discussion boards, with the goal of supporting the participants’
different preferences for online social engagement.

2.3. Participants
Of the 180 participants who engaged with the course by posting at least once in the

discussion forum, 74 completed a post-PD survey (out of the 76 who completed the course).
The who completed the post-PD survey had an average of 14.3 years of experience, with
a range of 1 to 28 years, with 13 males, 59 females, and 2 participants who preferred not
to indicate a gender. Table 1 shows the demographics of those who completed the course
and a post-PD survey. To develop a deeper understanding of participants’ responses to
the facilitation survey questions, we selected a sample of 10 participants to participate in
semistructured interviews about their experience with the facilitation system. To select
our sample, we divided the survey participants into three different satisfaction categories
(i.e., low, moderate, and high). The low satisfaction included any participant who rated
more than one facilitation question as dissatisfactory. The moderate satisfaction category
included participants who rated more than one question as neutral and no question as
dissatisfactory. Finally, the high satisfaction category included participants who rated
more than one question as satisfactory and no question as dissatisfactory. We then selected
three participants from each satisfaction category for four of our seven facilitators. We also
selected all the participants who had more than two dissatisfactory ratings. Our participants
were working in schools that differed in types (e.g., public, private, etc.), resource level, and
location (e.g., urban, rural, and suburban). Accordingly, we selected a sample that would
allow us to control for school resource level, type, and location while including participants
with different satisfaction categories. This sample included participants operating in high-
and middle-resource public schools in suburban and rural settings within the United
States. Of the 15 participants solicited for interviews, 10 responded and were subsequently
interviewed. Table 2 includes more details on the demographics of our sample.

Table 1. Demographics of the 74 participants who completed the course and a post-professional
development (PD) survey.

Participant Demographics

Ethnicity
White 49
Black 1

Hispanic 4
Asian or Pacific Islander 12

Multiethnic 2
Other 5

Prefer not to say 1
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Table 2. The characteristics of the 10 participants who were selected for the semi-structured
interviews.

Participant ID Facilitator Satisfaction Category School Resource Level School Location

1 A High Middle Resource Suburban
2 A Neutral High Resource Suburban
3 B High High Resource Suburban
4 B Low High Resource Suburban
5 B Low High Resource Suburban
6 C High High Resource Suburban
7 C Neutral High Resource Suburban
8 D Neutral Middle Resource Rural
9 D High High Resource Rural
10 D Low High Resource Suburban

2.4. Data Sources and Analysis
To investigate the impact of our facilitation system on participant learning, we fol-

lowed a mixed methods evaluation that included collecting three data sources over a
period of three months. A constant comparative method [64] was used to identify emerg-
ing themes in these data sources. To understand the participants’ perception of the ef-
fectiveness of the facilitation system, we conducted a post-PD survey that included six
Likert-scale (1 = strongly disagree to 5 = strongly agree) questions. These questions focused
on understanding how each participant evaluated the different dimensions of the feedback
triangle guiding the facilitation system by asking them to rate their satisfaction with (1)
their facilitator’s help in developing the participant’s understanding of the course content;
(2) their facilitator’s accessibility and availability whenever they needed support; (3) their
ability to benefit from the facilitators’ office hours; (4) the relationship they developed with
their facilitator; (5) their facilitator connecting them to other participants; and (6) whether
they would recommend their facilitator to future participants.

As for the semi-structured interviews, they lasted for approximately 30 min and
included 20 questions, of which 11 were facilitation-related. The interview questions
concerning facilitation aimed to explore how participants evaluated the structural, cogni-
tive, and social-affective dimensions of the facilitation system of feedback. For example,
participants were asked questions like (1) How did you find your experience interacting
with your facilitator? And if you didn’t interact, what was the reason behind your lack of
interaction? (2) Did your facilitator support you in developing a better understanding of
the course content? If yes, in what ways? If not, why was that the case?

Interviews were digitally recorded, transcribed, and mined for themes that would
highlight participants’ perceptions of the facilitation system’s affordances and limitations.
Following the guidance of Campbell and colleagues [65] for coding complex interview data,
we pursued a unitization strategy that focused on meaning units within a participants’
response rather than coding a participant’s full response to a question under one code.
In this unitization process, the lead author unitized the responses based on his under-
standing of the theoretically motivated questions guiding the study, the context, and the
author’s subjective interpretation. After the unitization process was complete, a total of
174 utterances were coded into the following three categories: positive feedback, negative
feedback, and other, which are described in Table 3. This categorization aimed to help
us develop a better understanding of participants’ perceptions regarding the influence of
feedback on their learning. To understand which dimension of the feedback system might
have affected participants’ perceptions of the feedback system and the directionality of this
impact, we created the six subcategories described in Table 4. The coding scheme guiding
the categorization process drew from the theoretical frameworks of Yang and Carless [42]
and Sterman and colleagues [30].
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Table 3. Categories for evaluating the effectiveness of the facilitation system.

Positive feedback

A positive feedback occurs when the feedback allows the participant an opportunity to close the feedback
loop and develop an understanding of the course content. Within a facilitation system, examples of positive
feedback include (1) a facilitator offering a participant feedback on the content of their post and this feedback
incentivizing the participant to learn more about the course content, (2) a facilitator sharing with a
participant the contact information of another participant and they end up connecting or interacting within
or beyond the course.

Negative feedback

Negative feedback occurs when the feedback causes the output of the participant to decrease or prevents the
participant from closing the feedback loop. Examples of negative feedback include (1) when a feature of the
facilitation system is disregarded by the participant, (2) when a facilitator’s feedback limits the participant’s
ability to engage with the course content and community.

Other Participants’ feedback is categorized as “other” if they refer to the facilitation system in a way that doesn’t
fall into either of the other two categories.

Table 4. Subcategories for evaluating the effectiveness of the facilitation system.

Subcategory Definition Example

Positive Structural
Dimension

The structural dimension refers to disciplinary practices and
institutional policies that determine how the feedback process
is arranged and what resources are mobilized in providing
feedback [42]. This dimension is deemed as facilitating a
positive feedback when participants favorably refer to a
structural aspect of the facilitation system as the main factor
supporting their judgment of this system. In these instances,
the facilitator’s role in supporting the participants’ experiences
is not highlighted by the participant beyond their performance
of a structural practice.

“I think the synchronous meetups were
helpful because I think that’s where you
all talked to us more about different
things and when we split off into those
little small groups it wasn’t necessarily
with our specific cohort person.”

Positive Cognitive
Dimension

The cognitive dimension of facilitators’ feedback refers to the
facilitators’ specific contribution to a participant’s
understanding of the course content and its related activities
beyond the structural dimensions of the facilitation system.
This dimension is deemed as facilitating a positive feedback
when participants favorably refer to a facilitator’s contribution
as valuable to their cognitive processes. The cognitive
dimension of feedback can influence a participant’s
understanding of course content, task completion, and
implementation strategies.

“And there were a couple of things that
my facilitator had responded to in some
of my discussion posts that I actually, I
would save them to use. One of the ones
that she provided me with was “How
science works” I believe, was the
document. Most of it was through
discussion posts and email. She did
provide me with some, a lot of good
resources that applied to what my
response was in the discussion posts.”

Positive Social
Dimension

The social dimension of the facilitators’ feedback refers to the
facilitators’ specific contribution to a participant’s ability to
connect with other members of the learning community and
build relationships beyond the impact of the structural
dimensions of the facilitation system. The social dimension
also includes a participant’s ability to nurture their social
capital through the support and presence of the facilitator. This
dimension is deemed as facilitating positive feedback when
participants favorably refer to a facilitator’s specific
contribution to their ability to interact and/or build social
relationships with other members of the learning community.

“All my interactions were positive. I
think she was just reaching out and it was
clear that she wanted to make sure that
everyone in the group got through it and
at least knew each other’s emails. We all
for sure knew from her that that was a
group that we could contact and
communicate with if we were
struggling.”

Negative Structural
Dimension

This dimension is deemed as promoting negative feedback
when participants refer to a structural aspect of the facilitation
system as the main factor influencing their unfavorable
judgment of this system. In these instances, the facilitator’s
role in hindering the participants’ learning experience is not
highlighted by the participant beyond their performance of a
structural practice.

“I was just thinking that the other day,
like yesterday. How come I have to go
back in there and search for that topic and
try to remember where I posted it, you
know, get the answer to that question.”
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Table 4. Cont.

Subcategory Definition Example

Negative Cognitive
Dimension

This dimension is deemed as promoting negative feedback
when participants refer to a facilitator’s contribution as a
reason for hindering their cognitive processes. The cognitive
dimension of feedback can influence a participant’s
understanding of course content, task completion, and
implementation strategies.

“She did respond to one or two that I
recall. But that was about it. I didn’t feel
like it was real significant or anything.
But yeah, she did. I think it was one or
two that she responded to”

Negative Social
Dimension

This dimension is deemed as promoting negative feedback
when teachers refer to a facilitator’s specific contribution as a
reason for their inability to interact and/or build social
relationships with other members of the learning community.

“Yeah. I would not say that I interacted
much, if any with my facilitator. I
certainly would not know my facilitator
was. I did get two emails that seem to be
sort of automatically generated. They
might be personal, but they certainly
didn’t seem so anyways.”

To obtain inter-rater reliability, two researchers were trained who are a part of the re-
search team but were not involved in the analysis of the data. The two raters independently
coded 46 utterances, which is equivalent to 26% of the data. Alpha scores for each pair of
raters ranged between 0.705 and 0.815. The remaining codes were assigned by another
member of the research team.

To better understand the themes emerging from the post-PD surveys and semi-
structured interviews, we relied on the researcher field notes that we gathered from the
twelve bi-weekly facilitation meetings. During these sessions, facilitators shared their
experiences engaging with their participants and offered recommendations for improving
the facilitation system. We informally analyzed these field notes for themes that allowed a
more holistic understanding of the data gathered from the participants.

3. Results
In this section, we present the themes that emerged on the influence of the facilitation

system on the facilitators’ and participants’ perceptions of learning engagement within the
course. Survey responses showed that online participants on average rated all six Likert-
scale questions between 3.38 and 4.08, which indicates that participants had a relatively
positive experience with the facilitation system but that some challenges limited their
overall satisfaction. See Table 5 for the detailed survey results. Participants’ responses
highlighted some preliminary themes that we sought to understand by conducting semi-
structured interviews and analyzing researcher field notes.

Table 5. Descriptive statistic for participants’ responses to the post-PD survey Likert-scale questions (1 = strongly disagree
to 5 = strongly agree).

Descriptive
Q1-My Facilitator

Helped Me Develop a
Better Understanding
of the Course Content

Q2-My Facilitator
Was Accessible

and Available for
Me Whenever I
Needed Support

Q3-I Was Able to
Benefit from the

Facilitators’ Office
Hours

Q4-I Am Satisfied
with the

Relationship I
Developed with
My Facilitator

Q5-My Facilitator
Connected Me

with Other
Participants

Q6-I Would
Recommend My

Facilitator to Future
Participants.

Mean 3.88 4.08 3.38 3.78 3.54 3.99
SD 1.03 4.00 0.87 1.02 1.12 0.99

Median 4.00 4.00 3.00 4.00 3.00 4.00
Mode 5.00 5.00 3.00 3.00 3.00 5.00
Range 4.00 4.00 4.00 4.00 4.00 4.00

3.1. Negative and Positive Impacts of the Structural Dimension of Feedback
3.1.1. Negative Responses to the Structural Dimension of Feedback

Even though participants’ survey responses show their relative satisfaction with
the facilitation system, the analysis of participant interviews showed responses related
to the category of negative structural feedback (59 responses) outnumbering responses
related to the category of positive structural feedback (28 responses). These responses
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indicate that the design choices for structuring the feedback process might have led to these
negative views. Participants’ articulation of the main factors affecting their perception of
the limitations of the structural dimension of feedback can be categorized into the following
three themes: a gap between participants’ needs and a facilitation system feature, multiple
features adding to participants’ cognitive load and reducing the system’s ease of use, and
participants needing more synchronous engagement.

There are several examples of how participants felt that a specific facilitation feature
did not meet their learning needs, with the most recurring feature being facilitators’ office
hours. The following quote shows how a participant did not use office hours because they
felt that having the structural feature of communicating via email was preferable:

I did not use the office hours. I did not need them. I think I got everything I
needed via email.

According to our facilitation field notes, facilitators felt that many of their participants
might have felt too intimidated to use office hours because they had never met their
facilitators in person. Driven by this feedback, we recommended that facilitators create
their own introductory welcome videos. We also offered them the necessary training
on how to create more personalized videos with the goal of mitigating or preventing
social intimidation.

Another reason offered by the participants for their underutilization of office hours
was their relative comfort with the course content, as illustrated in the following quote:

I didn’t feel like it would sort of add too much. I felt pretty comfortable with
the progress that I was making already. If I felt like I was really struggling with
something, that would have been an impetus for me to join, but I didn’t feel like
it was necessary, so I didn’t do it.

In this example, the participant’s self-efficacy with the course content allowed him to
navigate the course without feeling the need for office hours. This participant’s perspective
aligns with our field notes on facilitators’ feedback about office hours. According to the
facilitators, because the vast majority of online courses on edX, the course’s host platform,
do not offer office hours and require minimal synchronous interactions, participants who
were exposed to courses on this platform might not see the merit in attending them.

Some participants also felt that the structure of the facilitation system limited their
ability to build social relationships with other participants. For example, when asked about
whether her facilitator connected her to other participants in her cohort, the participant
responded by saying the following:

She did tell in an email. I recall she did mention who all was in her groups, all the
names of the people and that that would be people to look for in the discussion
boards. And when I first saw that I was like, okay. And then I went into the
discussion boards, and then I felt like it was very cumbersome to try to find
names and look back and forth. I lost interest in that pretty quickly. But maybe
again, if it was her with our cohort or a smaller group in a more isolated setting, I
feel like that a lot more interaction, exchange would probably happen with the
people in her cohort and probably with her too.

According to this participant, the current structure for connecting participants chal-
lenged her ability to identify other participants within her cohort. This process seems to
have added to the participants’ cognitive load and her interest in engaging with her cohort
members. This quote may also indicate barriers to the facilitation system’s ease of use,
which, as Jung [10] indicated, may directly hinder participants’ learning persistence and
their ability to complete an online course.

Several participants also recommended offering more opportunities for synchronous
engagement when asked about possible improvements for the current facilitation structure.
This is highlighted in the quote below:
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And I would hope that we would have more [synchronous meetups], rather
than just having two or three. And maybe not make it mandatory, but at least if
somebody wanted to join and interact with people, it’ll definitely be held.

In this example, the participant recommended offering them more opportunities for
building social capital, which refers to the resources that a participant can access through
their social relationships [66]. The participant’s recommendation for more synchronous
interactions might have been due to their feeling of isolation due to the lack of “humanlike”
interactions (e.g., the absence of visual cues in text-based communication), which is one
of the challenges of asynchronous courses [67]. Thus, having synchronous video-based
meetings may help the participant feel that the learning experience is more “real” [68].
This quote also shows the importance of offering participants multiple modes for building
knowledge, depending on their engagement preferences.

Overall, the deficiencies in the feedback system’s structural dimension may have
contributed to participants’ inability to close the feedback loop that can support their
learning. That said, some of the participants who did not feel the need to interact with one
of the system’s structural dimensions might have been following a single-loop learning
model, where their perceptions of the usefulness of the system’s features were guided by
the specific learning goals that they aimed to achieve regardless of the learning possibilities
offered by the structure.

3.1.2. Positive Responses to the Structural Dimension of Feedback
In terms of participants’ perceptions of how the structural dimension of the facilitation

system added to their learning and engagement, participants highlighted several positive
structural features. For example, when asked about how to improve the facilitation system,
one participant said the following:

I don’t feel like it needs to be improved. The only one question I had, I posted.
And I like the idea that you could post a comment or a question, so that those
questions were easily seen by the facilitators.

Offering participants an opportunity to highlight their questions with a unique format
that differentiates their questions from other posts seems to have been favored by this
participant. The researcher field notes showed that this feature was mutually beneficial
to participants and facilitators. Facilitators found that it reduced their cognitive load
by allowing them an efficient way of locating participant questions. The ease of use of
this feature may also allow participants to ask more questions, which may support the
development of double-loop learning.

Some participants found the synchronous meetups to be helpful for their learning.
The following two examples illustrate this point:

So those synchronous meetings really kind of give us the feel of the safety net,
that if we have any questions or anything, there is somebody we can ask and we
will definitely get our answers. So that’s the good aspect, I think.

And so [through the synchronous meetups] we did get a chance to experience all
of you, in a way. And that, I think, was very helpful.

These quotes show that participants appreciated the synchronous personal interactions
with the facilitation team, even when these interactions were virtual.

According to participants’ responses, offering participants three different tracks for
completing the course seems to have allowed them more flexibility to engage with the
course while dealing with the disruption caused by the pandemic. The following examples
illustrate this point:

So, from a participant’s perspective, having multiple tracks is awesome because,
again, I was sort of thrown into the middle of pandemic teaching in the spring,
and that’s essentially why I forgot that I had signed up for this thing. So having
the ability to go back and sort of restart on the third track there was really great.
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I thought it was helpful. In fact, I felt it was extremely helpful because when I
started off, I could tell that there were participants that really did have the time
to get into it. And I just wasn’t able to put in the effort that I should have been
able to put into it. When I shifted into that second track, I felt that I was able to
make better connections with those participants in that track because I was able
to focus on it more.

Having multiple tracks also allowed the facilitation team to adjust the facilitation
structures and practices based on participants’ responses to the post-PD surveys. After
analyzing the responses of the 45 participants who completed the course within the first
two tracks (Table 6), we discussed possibilities for improving these results during every
subsequent facilitation meeting and changed some facilitation features to enhance the ef-
fectiveness of the facilitation system. Since only 20 (28%) of the participants who registered
for the first track ended up completing the course during its designated time, we began
reviewing the survey responses after the first two tracks to allow us a better understanding
of participants perceptions of the facilitation system, including their perspectives on having
multiple tracks. Analyzing the responses of the participants who completed the course
by the third track (Table 7) showed the possible effects of these revisions in improving
participants’ perceptions of the facilitation system. The results revealed that participants’
positive perceptions increased significantly for the following factors: facilitators’ ability
to offer participant help in developing a better understanding of the course content (Q1),
facilitators’ accessibility and availability for offering support (Q2), facilitators’ ability to
connect participants to one another (Q5), and participants’ recommending their facilitator
for future participants (Q6) (Table 8). As for the changes for questions Q3 and Q4, the
changes in participants’ responses were not statistically significant (p > 0.05).

Table 6. Descriptive statistics for participants’ responses to the post-PD survey Likert-scale questions
for the first 45 participants who completed the course during the first two tracks (1 = strongly disagree
to 5 = strongly agree).

Descriptive Q1 Q2 Q3 Q4 Q5 Q6

Mean 3.60 3.93 3.27 3.64 3.31 3.78
SD 1.07 1.07 0.89 1.09 1.16 1.02

Median 4.00 4.00 3.00 3.00 3.00 4.00
Mode 3.00 5.00 3.00 3.00 3.00 4.00
Range 4.00 4.00 4.00 4.00 4.00 4.00

Table 7. Descriptive statistics for participants’ responses to the post-PD survey Likert-scale questions
for the 29 participants who completed the course by track 3 (1 = strongly disagree to 5 = strongly agree).

Descriptive Q1 Q2 Q3 Q4 Q5 Q6

Mean 4.31 4.31 3.55 4.00 3.90 4.31
SD 0.81 0.81 0.83 0.89 0.98 0.85

Median 5 5 3 4 4 5
Mode 5 5 3 3 3 5
Range 2 2 2 2 3 2

Researcher field notes offered more information about the usefulness of some of the
structural factors of the facilitation system. According to the facilitators, the biweekly
facilitation meetings provided opportunities to build relationships with one another, share
their knowledge and expertise, and review and adjust the structure of the facilitation
system when needed. For example, after the third week, the facilitation team agreed to
focus their attention on providing feedback for all capstone projects while continuing to
offer feedback for other posts using their own discretion and when a participant asks for
feedback. This process helped improve the efficiency of our feedback process.
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According to the facilitators, the weekly monitoring report that they used to track
participant progress allowed facilitators to tailor their feedback and communication to
support the participants’ needs and engagement status.

Table 8. Results for an independent samples t-test for the post-PD survey questions.

Tracks
Q1 Q2 Q3 Q4 Q5 Q6

1&2 3 1&2 3 1&2 3 1&2 3 1&2 3 1&2 3

Mean 3.6 4.31 3.93 4.31 3.27 3.55 3.64 4 3.31 3.9 3.78 4.31
SD 1.07 0.81 1.07 0.81 0.89 0.83 1.09 0.89 1.16 0.98 1.02 0.85

Range 4 2 4 2 4 2 4 2 4 3 4 2
t-test 3.23 1.71 1.41 1.53 2.33 2.43

p-value 0.002 * 0.09 * 0.165 0.129 0.023 * 0.018 *
Cohen’s d 0.689 0.095 0.322 0.353 0.527 0.535

* p  0.05.

3.2. Negative and Positive Impacts of the Cognitive Dimension of Feedback
Participants’ survey responses seemed to show their relative satisfaction with facilita-

tors’ ability to support their understanding of the course content, with the mean of their
responses being 3.88 and a standard deviation of 1.03. The analysis of the participants’
interview responses offered us an opportunity to develop a more nuanced understanding
of their perceptions of the cognitive dimension of facilitators’ feedback. There were more
positive responses (29) than negative responses (12) to the cognitive dimension of feedback.

3.2.1. Negative Responses to the Cognitive Dimension of Feedback
Participants’ main challenges with the cognitive dimension of the facilitation system’s

feedback included feedback lacking substantive cognitive value and the absence of feedback
on some of the participants’ online contributions.

The following excerpt illustrates how some participants felt that the content of the
feedback they received did not add to their cognitive engagement with the course content:

Honestly, I feel like I did get feedback. Honestly, I don’t remember very well. I
feel like if I did, it must’ve been just a little more generic, just a little more general
comments about things. It’s nothing that I felt like I needed to change or alter
what I did, or nothing that really added to what I had already planned. I guess
nothing’s really, to be honest, nothing’s really sticking out in terms of what the
feedback was on anything like that.

This example showed how the feedback that the participant received from the facilita-
tor was relatively generic and did not add to the participants’ content knowledge to the
extent that she could not remember receiving any feedback.

Other participants felt that the cognitive dimension of the feedback they received
included a mix of positive and negative contributions, as seen in the example below:

Well, like I said, it was hit or miss, you never know who was going to respond. It
felt bad because I posted something late and nobody had answered me.

This example highlights one of the facilitators’ challenges during the facilitation
system, which was monitoring and supporting participants’ engagement when the partici-
pants were relatively behind schedule in course. According to the field notes, facilitators
faced some technical issues using the platform to search for participants’ posts. Moreover,
because the platform does not notify participants when they receive feedback on their
posts, some participants were unaware of their facilitators’ feedback, as exemplified in the
following quote from a facilitator:

One of my friends is enrolled in the course, and when I asked her about the
feedback she received, she told me that she didn’t receive any. I was surprised,
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so I went and checked, and it turns out that she did receive feedback; it’s just that
she didn’t get an email notifying her of its existence.

According to some facilitators, some of the participants’ negative feedback about
the cognitive dimension of feedback might be due to the time it took for them to adapt
their expertise by familiarizing themselves with the updates in the course curriculum and
the new facilitation structure. Some facilitators also felt overwhelmed with the amount
of feedback they needed to provide for the 180 participants engaging with the course.
Guided by their recommendation, we agreed to focus the facilitators’ attention on offering
feedback for participants on their Capstone assignments rather than on every participant
post. The course had a total of four Capstone assignments that required participants to post
about how they planned to implement some aspects of the course curriculum with their
students. According to the facilitators, directing their focus to prioritize offering feedback
on these assignments helped them provide more substantive feedback on participants’
implementation plans and efficiently utilize their time to advance participants’ learning.

3.2.2. Positive Responses to the Cognitive Dimension of Feedback
Many participants seemed to have benefited from the cognitive dimension of the

facilitation system’s feedback. Participants appeared to appreciate the quality of the
facilitators’ feedback and their guidance for implementing the course content in their own
classrooms. The following example highlights how some participants appreciated the
facilitators’ cognitive contributions to the course:

[My facilitator], she was great. I don’t really have anything in particular. Like
I’m trying to think about like how I would, if it were me in those shoes, like what
would I do differently? And I really feel like she, she nailed it. Again, the quality
of the ideas that she was sort of putting out there was excellent. Her pace in terms
of when she was responding to the things that I put out there was really good.

This feedback seems to show how our facilitators might have benefited from our
training on providing high-quality feedback. Other participants mentioned how their
facilitators’ content knowledge expertise added to the cognitive dimension of their feedback.
The following quote illustrates one of these examples:

I think those [the facilitator’s feedback] just inherently were probably better
because they’ve done it before, and they know how to give good constructive
feedback. Good feedback, real feedback. I think most of those were really good;
they definitely had more information.

Participants’ responses also highlighted how they highly valued facilitators’ cognitive
feedback on their implementation of the course content within their own classrooms and
contexts, as shown in the example below:

I think she’s very willing to share and elaborate on the stuff that she does in her
classroom and willing to offer it up to the population of participants out there
that are trying to do that . . . and she definitely has a lot of valuable resources and
ideas that I can tap into that if I need to. I’ll definitely take that moving forward
into the school year.

Participants also seemed to appreciate how some facilitators moderated and encour-
aged some of the participants’ online discussions about the course content. The following
example illustrates how one facilitator contributed to a discussion about a capstone assign-
ment in which participants were required to post about how they planned to implement
some aspects of the course curriculum with their own students:

Yes. So, I’m thinking about that one class participant that I mentioned to you that
he and I had gone back and forth with some feedback on one of my capstones,
and my facilitator actually jumped in on that. And it was just a really nice
discussion among the three of us.
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The researcher field notes offered helpful insights about some of the factors that
contributed to the facilitators’ ability to develop the cognitive dimension of their feedback.
Many facilitators noted the importance of the biweekly facilitation meetings in building a
learning community that allowed them to develop their content knowledge expertise and
pedagogical approach. Facilitators also appreciated having the facilitation manual to guide
them in providing high-quality feedback.

3.3. Negative and Positive Impacts of the Social-Affective Dimension of Feedback
Participants’ responses to the survey question regarding their facilitators’ ability to

connect them to other participants receive the lowest average rating among the facilitation
questions, with a mean of 3.54 and a standard deviation of 1.12. We used participants’
interview responses to develop a more holistic understanding of their perceptions of the
effectiveness of the social-affective dimension of feedback.

3.3.1. Negative Responses to the Social-Affective Dimension of Feedback
The most recurring theme among participants’ negative perceptions of the facilitation

system’s social-affective dimension was participants’ inability to identify or build a rela-
tionship with their facilitator. In the following quote, for example, a participant describes
being unable to identify whether her facilitator was the person providing the feedback. The
participant also did not know if the people interacting with her were part of her cohort:

I want to say I know one of the facilitators had commented on one of my posts.
But I know that I’ve made a connection with another person in Ohio that was
teaching using the modeling method too. But I don’t remember much beyond
that. I know that there was two or three people, I just don’t know if they were
part of my group, my section two group, or not.

This example highlights the absence of a social relationship between the participant
and the facilitator. It also reveals a possible deficiency in the facilitators’ ability to connect
participants to others within their cohort. Structural dimensions of the feedback system
may have contributed to the participants’ inability to connect with other participants, as
discussed earlier. The example below also illustrates a participant’s inability to remember
who offered her feedback:

So, there was feedback, but I have no idea who those people were.

Another participant complained about her facilitator’s delay in sending the contact
information of other participants, as seen below:

I guess the only thing I sort of wished was the email I got that said who was
in my group. That came probably like week three. To have that information
sooner would have been helpful. I might’ve made a bigger attempt to connect to
that group.

According to the researcher field notes, all the facilitators highlighted their struggle
with building relationships with their cohort members. Several facilitators even complained
that several members of their cohort members never responded to their emails. Participants’
preferences and learning goals might drive this lack of social interaction. For instance,
some participants might have been interested only in completing the course rather than
building relationships, as highlighted by one of the participants:

So, my priority in completing the course in what I was sort of looking for was
definitely, I wouldn’t say completing the course, but I was trying to get sort of
pedagogical ideas out of it. So, resources and ideas for how to teach this type of
thing for my students, I didn’t put a priority on community building. So that was
definitely not something that was like top of my list in terms of what I was doing.

Some participants also felt that the communication they received via email lacked a
personal, as illustrated in the excerpt below:
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Yeah, I’ve received some emails from my facilitator, but they seem to be sort of
automatically generated. They might be personal, but they certainly didn’t seem
so anyways.

This comment highlights how the discourse used in sending emails might impact
participants’ perceptions of the facilitators’ social presence.

3.3.2. Positive Responses to the Social-Affective Dimension of Feedback
Our analysis of participants’ perceptions of the benefits of the social-affective dimen-

sion of feedback reveals that participants valued their facilitators’ presence throughout the
course. Participants’ average rating of their facilitators’ accessibility and availability had
the highest score among facilitation-related survey questions, with a mean of 4.08 and a
standard deviation of 4.0. The same theme was prominent among interview responses.
This observation is in line with the findings of Chang and colleagues [60] and Gurley [69],
which confirmed the direct impact of teaching presence on online participants’ ability to
complete a course. The examples below illustrate two participants’ experiences with their
facilitators’ presence:

Like I said, the way it was this year, I definitely knew that I had a contact person
I could reach out to and that there was a group of people who were giving me
feedback and who were answering questions. So, I felt well-supported.

Having her reach out and say, “Hey, I’m here for you. If you have questions, here’s
how to get a hold of me.” And that was perfect.

In both examples, the participants felt that their facilitators’ accessibility and presence
supported their online learning experience. Another participant appreciated his facilitator’s
communication approach and his efforts to build a community among participants by
encouraging them to complete the course with the same cohort of participants:

He reached out once. I’d been on vacation and he just sent a reminder, not mean
or anything just saying, hey, here’s our timeline. And he did it in an effort to kind
of maintain that community within our session.

The researcher field notes included several examples of facilitators offering sugges-
tions for augmenting social relationships among members of the learning community.
For example, some facilitators shared some communication that spurred more social in-
teractions among participants. Other facilitators mentioned how they tried to connect
participants who shared similar backgrounds by introducing them to each other and
recommending that they look at each other’s posts.

Given that the course was running during a pandemic, facilitators always insisted on
providing participants with the necessary emotional support to engage with the course.

4. Discussion
This study explored participants’ and facilitators’ perspectives on the effectiveness

of an online facilitation feedback system in supporting their learning and engagement.
We introduced an online facilitation system of feedback to support participants’ learning
and instruction about complex systems; the facilitation system incorporated structural,
cognitive, and social-affective dimensions of feedback. The findings show how the different
dimensions of the system were perceived differently by various participants based on
their needs and backgrounds. By adopting a feedback-loop learning model, participants’
experience with the content and similar online experiences seems to have influenced their
interest in adjusting their goals to engage with the system’s structural features beyond their
initial single-loop learning goals. Other participants’ responses showed how the feedback
system’s structural dimension supported their ability to build social capital by allowing for
more synchronous and asynchronous personal interactions. This finding highlights the
difficulty of categorizing participants’ perceptions, given how the various dimensions of a
feedback system tend to be interdependent and interrelated. For example, if a feedback
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system supports social interactions, is it because of the system’s structure, the facilitators’
social skills, or some other element in the online environment?

Participants’ responses show an appreciation for their facilitators’ efforts to encourage
their cognitive engagement, the quality of facilitators’ ideas and feedback, and facilitators’
expertise in implementing the course content within their own classrooms. Participants’
perceptions of the limitations of the cognitive dimension seem to have been influenced
by the time it took facilitators to adapt their expertise to support participant learning. In
other words, facilitators had to follow a double-loop learning model, where they tried
to develop a deeper understanding of the course content and the facilitation system to
be able to support their cohort members. To avoid this issue, facilitators recommended
offering more training on how to offer content-specific feedback. As for the social-affective
dimension of feedback, participants’ learning goals seem to have influenced participants’
perceptions. Some participants appreciated their facilitators’ efforts to build relationships
with them, while others did not feel the need to engage with their facilitators because they
were mainly focused on learning the content and completing the course. That said, most
of the participants’ responses indicate that they valued their facilitator “being there” both
synchronously and asynchronously, a finding that aligns with the literature on fostering
presence in online learning environments [13,70].

5. Contributions and Implications for Practice
Our results corroborate Ludvigsen [4] and Blum-Smith and colleagues’ [13] findings

on the difficulty of analyzing the complex relationships between the dimensions of an
online facilitation system and the various interconnected and interdependent variables
influencing learners’ interactions and perceptions of this system. For example, several
hidden variables, such as a limitation within a platform’s algorithm, might impact a
participant’s perception of the feedback system. As a result, participants might not be able
to develop a holistic understanding of how the feedback system influenced their learning
outcomes, which makes it harder to evaluate the system’s effectiveness. That said, this
limitation should not deter educators from finding ways to capitalize on technological
advancements to develop a more nuanced understanding of how the different complex
variables of a feedback system may influence participants’ learning and engagement [35].
As such, educators designing these systems will need to embrace the process of “ongoing
negotiation” between the intended goals of these systems and the affordances for their
enactment within a complex dynamic environment of diverse participants [13].

In our analysis of how the facilitation system might have impacted the feedback-loop
character of participants’ learning [25], we found mixed results. More specifically, the
system contributed to double-loop learning for some participants, single-loop learning
for others, and in some cases, participants were unable to close the feedback loop and
reach their intended learning goals. Importantly, it was clear that most of our participants
engaged with the course with the aim of achieving specific learning outcomes. These
predetermined short-term goals may have contributed to their interest in attaining single-
loop learning while challenging their motivation to engage in efforts to improve their
long-term learning strategies and achieve double-loop learning [25]. Supporting an online
facilitation system’s advancement of both learning models may require the design of
adaptive feedback systems that tailor their responses to participants’ diverse motivations,
expectations, and backgrounds, with the ultimate goal of supporting deeper long-term
learning [70,71]. Allowing participants more opportunities for collaboration and offering
peer-to-peer feedback may also be critical for supporting participants’ ability to explore
both learning models. For example, nurturing collaborative learning environments, such as
collaborative inquiry learning, may allow participants access to their collaborators’ diverse
pool of resources and expertise, offering them new insights that can scaffold their learning
outcomes [72].

Our results further suggest that following the principles of the DBIR framework
may offer researchers and practitioners an opportunity to adapt and adjust these feedback
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systems in a way that responds to participants’ and facilitators’ different learning needs [62].
This was evident in how participants’ survey responses improved after adjusting our
system to respond to their needs. Given our focus on analyzing the responses of the
74 participants who completed the course rather than the 180 who engaged with the course,
our results were limited by our inability to capture the perceptions of the participants who
did not complete the course and the post-PD survey.

One of our main goals in this paper was to develop and provide promising evidence
of the effectiveness of an online facilitation system of feedback on participant learning.
Despite the mixed results highlighted by participants’ and facilitators’ perceptions, this is
an important pursuit, particularly because of the disruption caused by COVID-19 and the
massive shift towards online learning which might continue well beyond the pandemic.
Clearly, there are many possibilities for improving learning outcomes through online facili-
tation; we encourage researchers and practitioners to build on our findings to strengthen
online feedback systems and thus make online learning a more positive and rewarding
experience for facilitators and participants alike.
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Appendix A

Table A1. How the different principles were incorporated into our design process.

# DBIR Element How It Guided Our Design and Implementation of the Facilitation System

1
A focus on understanding persistent problems
of practice facing the various stakeholders
engaging with the education system

The facilitation system was guided by feedback from:
(1) The facilitation team, which included expert participants who were enrolled in the
course in previous years;
(2) Our participants during the duration of the course; and
(3) The instructional team, which is the team responsible for curating the course content
and structure.

2 A commitment to an iterative and inclusive
process of collaborative design

The facilitation system went through a process of continuous iteration throughout the
course. In this process, we relied on feedback from our facilitators and participants to
adjust the facilitation system to meet their needs. For example, we decided to include more
details in the participant engagement monitoring report based on facilitators’ feedback.

3

A concern for using systematic inquiry to
develop theories and knowledge related to
implementation processes and student
learning outcomes

Our facilitation system was guided by the feedback triangle framework, where we viewed
learning as a process of closing feedback loops. Throughout the course, we offered
participants different features and multiple modes for engaging with the course to support
their different needs and preferences.

4
A concern for developing the capabilities of
researchers, practitioners, and policymakers to
influence sustainable change within systems

The facilitation system was supported by a dedicated facilitation team that followed a
structured process. The team had its own dedicated infrastructural resources and tools to
guide its goals.
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