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Abstract

The adoption of blended and hybrid Flipped Classroom (FC) models increased dramat-
ically during COVID-19 and is still highly valued and recommended for enhancing the
quality, flexibility, and effectiveness of teaching and learning post-pandemic. While meta-
analyses indicate a small yet meaningful effect size of the FC approach, examined studies
often lack theoretical groundings and/or explicit design frameworks. As a result, there is an
ever-increasing need for instructional design guidance for effectively integrating and facili-
tating online and in-person learning in the FC context. The current paper outlines a frame-
work intended to guide educators, designers, and researchers to maximize the synergy of
online and in-person learning as they design and implement FC. Grounded in (Merrill,
First principles of instruction: Identifying and designing effective, efficient and engag-
ing instruction, Pfeiffer, 2013) First Principles of Instruction, (Zimmerman and Schunk,
Zimmerman and Schunk (eds), Handbook of self-regulation of learning and performance,
Routledge, 2011) Self-Regulated Learning process, (Jones, Motivating students by design:
Practical strategies for professors, CreateSpace, 2018) MUSIC Model of Academic Moti-
vation, and (Flavell, American Psychologist 34:906, 1979) Metacognition theory, we first
present a conceptual framework with flipped learning cycle, self-regulated learning cycle,
and metacognitive FC orientation. Informed by these theories and our FC design expe-
rience across disciplines, we convert the conceptual framework into a procedural frame-
work by organizing the design aspects and components into a generic FC learning process.
Finally, we propose theoretically and empirically grounded design strategies for individual
components of the FC process, which can be further validated and refined through iterative
educational design research.
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While the impact of COVID-19 brought an unprecedented disruption in education (United
Nations, 2020), it also provided the opportunity for reimagining how teaching and learn-
ing could take place (Zhao, 2020; Zhao & Watterston, 2021). The adoption of blended and
hybrid learning models accelerated during the pandemic to reduce in-person class time and
class size in order to control the spread of virus (Pelletier et al., 2021). In particular, the
flipped classroom approach offered effective solutions to providing safe and flexible learn-
ing environments while maintaining in-person instructor-to-student and student-to-student
interactions (Divjak et al., 2022; Romanow et al., 2024). As we emerge from the pandemic,
blended/hybrid and flipped learning methods are still highly valued and recommended for
enhancing the quality, flexibility, and effectiveness of teaching and learning (Joosten et al.,
2021; Pelletier et al., 2022; Singh et al., 2021). Further, with the accumulated online teach-
ing and learning experience during COVID-19, educators and students become more and
more likely to accept, test, and adapt to blended/hybrid and flipped learning in the post-
pandemic era (Clark et al., 2022; Zhao & Watterston, 2021). Following this trend and the
ever-increasing need for instructional design guidance, our paper presents a flipped class-
room (FC) design framework that proposes theoretically grounded strategies for integrating
online and in-person learning modes post-pandemic.

Originating in the high school chemistry classroom (Bergmann & Sams, 2012), FC has
already been widely adopted as an innovative teaching and learning approach in both K-12
and higher education (Al-Samarraie et al., 2020; Bond, 2020; DeLozier & Rhodes, 2017;
O’Flaherty & Phillips, 2015). FC is often defined as two interconnected components: (1)
Pre-class direct instruction, where students learn with technology-based instructional mate-
rials at their own pace in an individual learning space, and (2) in-class active learning,
where students engage in higher-order learning activities such as applying concepts and
solving problems in a group learning space with instructor and peers (Bishop & Verleger,
2013; DeLozier & Rhodes, 2017; Flipped Learning Network, 2014). However, as FC prac-
tice emerging from the pandemic often involved reduced in-person class time and class
size, its definition has evolved to blended/hybrid FC by reconsidering the distribution of
goals, tasks, and time throughout pre-class, in-class, and after-class learning stages, creat-
ing the need for the development and sharing of new frameworks.

Reviews of FC literature before the pandemic already reveal a lack of theoretical
grounding and/or explicit design framework(s) in FC design and research (Bond, 2020; Lo,
2018; O’Flaherty & Phillips, 2015). A majority of studies focus on the effects of this gen-
eral approach through comparisons of student performance, engagement, and satisfaction
with the traditional classroom, with relatively few emphasizing the theoretical framework
or elaborating on the pedagogical design of the FC approach being used (Cheng et al.,
2019). Meta-analyses of FC implementation indicate that the effect size of the FC approach
on learning outcomes across studies has been small (e.g., Cheng et al., 2019; Lag & Sele,
2019; van Alten et al., 2019). However, we argue that the varying qualities of FC design
and implementation, due to the lack of operational design frameworks, could be one factor
leading to the observed low effect size on learning outcomes.

However, a growing number of FC studies or reviews are moving beyond the basic
FC characteristics of pre-class direct instruction and in-class active learning by cre-
ating theoretical frameworks to support FC design and investigation. Three general
approaches have been taken to build frameworks: the first approach involves integrat-
ing a variety of pedagogical (e.g., knowledge construction, active learning, collabora-
tive learning) and technological (e.g., seamless platforms, technology use) elements to
create comprehensive FC models for at-home and in-class learning design (e.g., Blau
& Shamir-Inbal, 2017; Chen et al., 2014; Hwang et al., 2015). The second approach

@ Springer ACECT



Integrating cognition, self-regulation, motivation, and... 2427

identifies and applies cognitive or social learning theories in the context of FC, such
as first principles of instruction, cognitive apprenticeship, and community of inquiry
(e.g., Kim et al., 2014; Lin et al., 2021; Lo et al., 2018; Yorganci, 2020). The third
approach utilizes metacognitive and motivational theories, particularly self-regulated
learning (SRL) and self-determination theories, to enhance FC design with SRL support
and gamification strategies (e.g., Huang & Hew, 2018; Lai & Hwang, 2016; Liu et al.,
2024; Ng, 2018; Zainuddin, 2018).

Although the aforementioned research has garnered positive findings, the extent to
which these FC designs can be easily adopted by others across educational contexts is lim-
ited. Many of the frameworks are presented at a conceptual or theoretical level, supple-
mented with FC design descriptions that are heavily contextualized by the research setting.
Few frameworks provide generalized design principles or strategies that can be transferred
to different FC contexts and tested over time (e.g., Huang & Hew, 2018; Kim et al., 2014;
Liu et al., 2024). Moreover, existing frameworks tend to be confined to the two traditional
FC components of pre-class learning (also referenced as out-of-class learning, at home
learning, or online learning) followed by in-class learning activities, making in-class learn-
ing the end of a flipped learning session. Although this reflects the original concept of
“flipping”, the implementation of student-centered pedagogies (e.g., knowledge integra-
tion, peer interaction, and learning reflection) often cannot be fully accomplished during
limited in-class time, especially in blended/hybrid settings where in-class time is partially
replaced with online learning. Additionally, most frameworks only recommend pre-class
and in-class activity types that can be repeated throughout part of or an entire semester,
without guidelines for introducing students to FC learning, giving them effective strategies,
or helping them keep up with FC tasks.

We build upon the emerging trends in FC research by proposing a theoretically and
empirically grounded framework that can provide practical guidance for FC design in the
post-pandemic era that has further embraced blended/hybrid learning models. Below are
three unique attributes.

First, to address the aforementioned limitations of existing frameworks, this framework
is founded on interconnected theories, including First Principles of Instruction (Merrill,
2002, 2013), Self-Regulated Learning (Zimmerman, 2002, 2011), the MUSIC Model of
Academic Motivation (Jones, 2009, 2018), and Metacognition (Flavell, 1979). We chose
these theories because we believe that a successful flipped classroom requires not only
effective and engaging instructions and activities (Lo et al., 2018), but also self-regulated
and motivated learners with metacognitive awareness (Awidi & Paynter, 2019; Cheng
et al., 2019; Liu et al., 2024).

Second, given the positive impact of blended/hybrid learning observed during the pan-
demic (Joosten et al., 2021; Pelletier et al., 2022; Singh et al., 2021), this framework inte-
grates blended/hybrid concepts (Johnson et al., 2022) into FC design by highlighting the
significant roles of online (pre-class), in-class, and after-class learning phases and their
connections, which constitute the flipped learning cycles that can help educators and stu-
dents build upon and revitalize their online and in-person teaching and learning strate-
gies, as well as increasing the efficiency, flexibility, and effectiveness of post-pandemic
education.

Third, the development of this framework is driven by the real-world challenges of
implementing FC design across different higher education disciplines (see Appendix A)
before, during, and after the pandemic. Those challenges gave us opportunities to apply
the theoretical principles in various subject areas and at different pandemic stages, while
generalizing design strategies across contexts. They also required us to consider the
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semester-long FC teaching and learning process, and ultimately led us to situate the design
strategies in a procedural framework that can be directly applied in real-world FC settings.

Theoretical perspectives

Cognition, metacognition, and motivation are three interdependent components for suc-
cessfully completing any complex learning task (Mayer, 1998), which is particularly true in
the FC environment. We believe that support from all these areas is needed to help students
productively and efficiently engage in FC learning. The following section outlines the theo-
retical perspectives we identify as the foundation of our framework and how we adopt their
principles and/or procedures applicable to FC learning.

First principles of instruction

Effective FC design should be guided by a robust instructional design framework grounded
in learning theories (Lo, 2018). Merrill’s (2002, 2013) First Principles of Instruction iden-
tifies five principles based on a variety of instructional design models and cognitive theo-
ries, including Problem-Centered, Activation, Demonstration, Application, and Integra-
tion principles. The Problem-Centered principle highlights the importance of acquiring
knowledge and skills through real-world problem solving. The Activation principle advises
activating learners’ mental model through prior knowledge recall and/or new knowledge
acquisition to provide the basis for learning new skills. The Demonstration principle sug-
gests having learners observe a demonstration of the skills to be learned. The Application
principle emphasizes engaging learners in applying their newly learned knowledge or skills
to solve problems. The Integration principle recommends that learners integrate their new
knowledge and skills by defending and sharing with others what they learned.

Although not widely adopted in FC studies, some researchers have applied these prin-
ciples to the design of out-of-class and in-class learning activities and reported positive
results (e.g., Hall et al., 2020; Lo et al., 2018; Yorganci, 2020). Since the ultimate goal of
FC is to promote active learning and higher-order thinking skills (DeLozier & Rhodes,
2017), the Problem-Centered principle can serve as the overarching theme of FC design.
The Activation and Demonstration principles prescribe direct instructional strategies, thus
aligning well with pre-class learning. The Application principle can supplement pre-class
learning design, however, due to its shared focus with the active learning component of FC,
would be mainly applied to designing in-class and after-class activities. The Integration
principle can be incorporated during class to reinforce new skills and after class through
review, transfer, and further peer sharing.

Self-regulated learning

Given increased autonomy over learning, FC students are expected to possess a higher level
of self-regulation skills (Cheng et al., 2019; van Alten et al., 2020), which were shown to
impact their achievements in FC (e.g., Jovanovic et al., 2019; Sun et al., 2018). Zimmer-
man (2002; 2011) defines self-regulated learning (SRL) as a cyclical process that occurs
across Forethought, Performance, and Self-Reflection phases. The Forethought phase
focuses on task analysis through setting goals, planning strategies, and allocating resources
for achieving those goals. The Performance phase involves monitoring and controlling the
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implementation of the forethought plan through self-observation. The Self-Reflection phase
requires evaluating self-observed performance against Forethought goals and adapting
goals and strategies to inform planning in future SRL cycles.

Many FC studies have used quizzes to ensure the completion of pre-class learning (Lag
& Sele, 2019; van Alten et al., 2019); however, few provided systematic self-regulation
support (e.g., Lai & Hwang, 2016; Ng, 2018; Yoon et al., 2021). We suggest that the three
SRL phases be integrated with the recurring pre-class, in-class, and after-class learning
activities to develop students’ self-regulation skills required in FC. The Forethought phase
can guide students to analyze FC tasks by setting goals, identifying learning strategies,
and allocating resources. The Performance phase can guide students to monitor and con-
trol their FC learning behavior based on their planned goals, strategies, and resources.
The Self-Reflection phase can guide students to periodically evaluate their learning per-
formance, revisit learning goals, and adjust learning strategies to inform Forethought of
upcoming FC learning. Iterative implementation of these phases will stimulate students’
self-satisfaction with their learning progress that further enhances their SRL behaviors
(Zimmerman, 2011).

The MUSIC model of academic motivation

Positive FC outcomes require motivating students to complete the before- and after-class
activities (Huang & Hew, 2018) that often create an increased workload (Lag & Sele,
2019; van Alten et al., 2019). Existing FC studies have applied self-determination theory
(SDT) to enhance student motivation by embedding gamification elements in out-of-class
activities (e.g., Huang & Hew, 2018; Zainuddin, 2018). In the current framework, we
attempt to take a more holistic approach to designing motivational support for both out-
of-class and in-class learning, utilizing Jones’s (2009, 2018) MUSIC model of academic
motivation, which integrates SDT with other motivation theories.

The MUSIC model components—eMpowerment, Usefulness, Success, Interest, and
Caring—can be highlighted during self-regulated FC learning to foster student motivation.
eMpowerment refers to giving students’ control over some aspects of their learning. Pre-
class direct instruction can be designed to empower students through self-paced learning,
while SRL activities can engage students in taking ownership of their learning goals and
strategies. Usefulness helps students understand how learning contributes to their long-
term and short-term goals. It can be promoted as students reflect on their goals and values
or solve real-world problems. Success is about establishing students’ belief that they can
succeed if they put forth effort. It can be implemented by clarifying FC expectations, pro-
viding feedback on performance, and encouraging reflection on learning outcomes. Inter-
est refers to eliciting situational and personal interests that can attract student attention to
learning. Pedagogical and technological strategies (e.g., providing real-world scenarios,
using visual media) can be applied to stimulate student interest during FC learning. Caring
gives students the feeling that the instructor and others in the class care about their learning
and general well-being, which can be communicated through various social interactions,
such as individualized assistance and peer sharing.

Metacognition

Metacognition, involving metacognitive knowledge (person, task, and strategy) and meta-
cognitive experience (Flavell, 1979), plays an indispensable role in self-regulated learning
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Fig. 1 Conceptual framework of flipped classroom design

(Schraw, 1998). Students with limited FC experience are likely to have inadequate knowl-
edge about the FC learning tasks, useful strategies, and their strengths and weaknesses as
FC learners, thus affecting the regulatory skills they adopt during SRL phases. Therefore,
effective FC should first prepare students with the essential metacognitive knowledge about
this learning format, followed by engaging them in guided SRL phases to continuously
develop their metacognitive knowledge and experience related to FC.

Conceptual framework

Given the connections between these theoretical perspectives and the nature of FC, we
created a conceptual framework of FC design in Fig. 1 with three main aspects: Flipped
Learning (FL) Cycle, Self-Regulated Learning (SRL) Cycle, and Metacognitive FC Orien-
tation. Next, we will first introduce each design aspect and then situate them in a generic
FC learning process that serves as the foundation for the design strategies discussed later.

Flipped learning (FL) cycle
Borrowing from Caulfield’s (2011) suggestion to use a repeatable and continuous learning
cycle to help establish the rhythm of learning in hybrid/blended classes, our framework

first conceptualizes the FC process as a set of FL cycles repeated throughout the semes-
ter. Each FL cycle includes online, in-class, and after-class learning stages that incorporate
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First Principles of Instruction (Merrill, 2002, 2013) and motivational components from the
MUSIC model (Jones, 2009, 2018).

In accordance with definitions of blended/hybrid learning models (Johnson et al., 2022),
“Online Learning” is used instead of “Pre-Class Learning” to highlight self-paced online
learning before coming to class as a formal step of the cycle that is equally important as
in-class active learning. In-Class Learning extends online learning outcomes to focus on
problem-centered applications with guidance and interaction. In blended/hybrid learn-
ing settings where a portion of the face-to-face instruction is replaced by online learning
(Blended Learning Toolkit, 2011), the amount of class time can be reduced to compensate
for online learning time, while also allowing large class sections to be divided into smaller
sections that share the in-person class time with the instructor. This has been used as a
strategy to reduce class size and enhance in-class interactions in large public universities
(e.g., Spencer et al., 2022). Although there are mixed findings about whether the reduction
of class time affects learning outcomes (van Alten et al., 2019), we argue that the decision
should be made based on the benefits of reduced class size as a result of decreasing class
time, the students’ existing SRL skills, and the amount of SRL support available. Finally,
After-Class Learning, essential to blended/hybrid classes with limited in-person class time,
is included as a separate step to provide continued opportunities for review, application,
peer sharing, and obtaining support beyond online and in-class learning, solidifying stu-
dents’ newly acquired knowledge and skills before they engage in the next FL cycle.

Self-regulated learning (SRL) cycle

To help students manage FC learning, a set of SRL cycles should be implemented in paral-
lel with the FL cycles. Each SRL cycle consists of Proactive Planning, Performance Moni-
toring, and Learning Reflection stages that correspond to the Forethought, Performance,
and Self-Reflection phases of SRL (Zimmerman, 2002, 2011), while being enhanced by the
MUSIC model (Jones, 2009, 2018) components to further increase learning motivation.
We consider SRL cycles and FL cycles as separate but interconnected processes that
could have the same or different rhythms of repetition, depending on the teaching and
learning settings. When SRL cycle and FL cycle rhythms match (e.g., Lai & Hwang, 2016;
Yoon et al., 2021), Proactive Planning begins prior to the FL cycle, with Performance
Monitoring occurring throughout and Learning Reflection following the completion of the
FL cycle. However, FC studies using such SRL support were often conducted in an experi-
mental setting of several weeks, which may not be feasible for longer periods of learning
due to the cumulative amount of SRL activities. We suggest that, in the context of semes-
ter-long learning, SRL cycles can be set less frequently by aligning one SRL cycle with
multiple FL cycles to reduce excessive planning and reflection, thus avoiding SRL fatigue
in FC (Robbins et al., 2020). The Proactive Planning stage can span a number of FL cycles,
whereas the Learning Reflection stage can conclude those cycles and inform the planning
for the next set of FL cycles, all while encouraging continuous Performance Monitoring.

Metacognitive FC orientation

Due to the differences between flipped and traditional learning, FC orientation is necessary
for clarifying expectations to help students adapt to this new approach (Lee et al., 2017;
O’Flaherty & Phillips, 2015). Metacognitive FC Orientation emphasizes developing stu-
dents’ metacognitive knowledge about the FL and SRL values, tasks, and strategies, as well

AECT @ Springer



2432 Y.Shen et al.

as themselves as learners in the FC environment. This knowledge can promote metacogni-
tive awareness that helps students see value in the SRL cycle activities (Schraw, 1998).
Meanwhile, students’ later experience during the FL and SRL cycles can refine their ini-
tially developed metacognitive knowledge (e.g., strategy A works better for me than strat-
egy B) to guide subsequent learning. Additionally, motivational components (e.g., Use-
fulness, Success, Caring) from the MUSIC model (Jones, 2009, 2018) can be integrated
into the orientation to encourage reflection and sharing on longer-term goals, beliefs, and
how they relate to FC learning to help students develop appropriate self-knowledge and
attitudes.

Review of relevant FC studies

Due to the originality of this framework, there are no existing FC studies that have fully
implemented the entire framework. However, we identified three representative FC stud-
ies that incorporated one or multiple design aspects discussed above, providing empirical
evidence for the value and feasibility of the conceptual framework in supporting effective
FC design.

Spencer et al. (2022) implemented a blended/hybrid FC design in a college level cal-
culus course by first introducing this new format through an FC Orientation module that
clarified the cyclical learning process and expectations and provided strategies for utilizing
the course resources. Flipped Learning Cycles were created to guide students through steps
of completing online lessons and assessments of basic concepts and skills, participating in
in-class problem solving in small groups with guidance, and solving after-class problems
independently to reinforce in-class learning. According to their results, students reported a
high level of engagement and positive perceptions regarding the FC Orientation module,
as it helped them understand the new course format. Student learning performances and
perceptions in the FC format improved significantly from the traditional lecture format.
Moreover, they found that better online learning outcomes tend to produce better in-class
readiness, which further led to better after-class performances and exam grades, indicat-
ing that accumulative achievements throughout the flipped learning steps created fruitful
cycles that ensured students’ ultimate success in FC.

Lo et al. (2018) proposed an FC approach based on the First Principles of Instruction
for designing out-of-class learning and in-class interactive learning, and applied it in high
school courses of four subject areas. They used Activation, Demonstration, and Application
principles in creating pre-class video lectures and follow-up exercises, and implemented all
five principles, including Integration and Problem-Centered principles, through learning
review, mini-lectures, and problem-solving activities during class. They reported greater
student achievements in the flipped courses in three of the four subject areas, and attributed
the results to self-paced learning of basic materials before class and group-based problem-
solving activities during class. They also stressed the need to keep some amount of in-class
lectures to explain and demonstrate the complex concepts while focusing on problem-cen-
tered learning activities. Based on their findings, they recommended grounding FC practice
in this First Principles of Instruction-based model.

To support self-regulated learning in FC, particularly pre-class learning, Yoon et al.
(2021) suggested three design principles based on Zimmerman’s (2002) Forethought,
Performance, and Self-Reflection phases of SRL, including having students set learning
goals for a pre-class session, using visualizations to show their progress and performance
after each session, and asking students to transfer what they learned from the session to
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new contexts. In the setting of facilitating SRL in a three-week flipped learning unit of a
pre-service teacher course on technology integration, they applied these design principles
by creating (1) a dashboard module that visualized students’ activity completion progress
and quiz scores of the pre-class session and (2) a reflection module that prompted students
to assess their pre-class session performance, set a learning goal for the next session, as
well as thinking about ways to apply what they learned from the session materials. They
reported that the experimental group using the two modules exhibited higher levels of SRL
skills, behavioral and cognitive engagement, and learning performance than the control
group.

To summarize, Spencer et al. (2022) employed a preliminary version of this framework
that considered the FC Orientation and the cyclical FL process that included online, in-
class, and after-class learning. Lo et al., (2018) intentionally applied First Principles of
Instruction in out-of-class and in-class learning design based on the original concept of FC.
They proposed and validated more detailed design strategies than Spencer et al. (2022),
but did not mention after-class reinforcement activities, which could be due to the different
expectations in high school vs. higher education. Yoon et al. (2021) integrated the cyclical
process of SRL in FC by providing support for all three SRL phases and presented oppor-
tunities for using technology-based visual feedback to guide FC learning, which comple-
mented the other two studies with the SRL dimension of FC design. However, given the
short study duration and the limited focus on pre-class learning, more systematic SRL sup-
port integrated with the full FC process in longer-term should be explored further. Overall,
all three studies indicated positive learning outcomes as a result of adopting their theoreti-
cally and/or empirically grounded FC design, giving us confidence in the value of our con-
ceptual framework that encompassed the same design aspects. Still, these are independent
studies that cannot provide a coherent set of FC design strategies that seamlessly integrate
FC Orientation, FL. Cycles, and SRL Cycles, suggesting the need for building upon the
conceptual framework to develop concrete FC design guidelines.

Procedural framework and design strategies

To make the conceptual framework more pragmatic, we converted it into a procedural
framework (see Fig. 2) by organizing the design aspects and components into a generic
FC learning process. The process begins with an FC orientation to develop students’ initial
metacognitive knowledge about FL/SRL tasks and strategies, and themselves as FC learn-
ers. Students then engage in a number of SRL cycles organized by learning milestones
(e.g., content topics, exams, projects) and repeated throughout the semester or chosen time
frame. They start each SRL cycle with proactive planning for FL goals and strategies, and
end the cycle with learning reflection that enhances their metacognitive knowledge and
informs future planning. During each SRL cycle, students go through one or multiple FL
cycles while monitoring their learning behavior and performance using the planned goals
and strategies. Each FL cycle is structured with online, in-class, and after-class learn-
ing steps that incorporate teaching and learning activities based on the First Principles
of Instruction. In summary, FC orientation prepares students to effectively engage in this
new approach of learning; repeated FL cycles guide students through the entire process of
cognitive learning; repeated SRL cycles help students intentionally manage their learning
across the FL cycles.
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Fig.2 Procedural framework of flipped classroom design

In the next sections, we discuss three sets of design strategies for FL. Cycle, SRL Cycle,
and Metacognitive FC Orientation respectively. Originated from the conceptual framework,
these strategies (see Table 1) elaborate on the ways to approach the individual design com-
ponents and have been fully or partially applied in the FC courses listed in Appendix A.

FL cycle design strategies
Creating FL cycles

1.1 Define the FL cycle length, steps, and learning tasks to clarify expectations To pro-
mote Success (Jones, 2018), effective FCs should have explicit expectations that are clearly
communicated to students (Lee et al., 2017). Central to this is defining the FL cycle itself. A
generic FL cycle can first be delineated by its typical length, key steps, and types of learning
tasks associated with each step, and then be applied to individual FL cycle design.

Defining the cycle length based on a regular class schedule makes the FL cycles easier
to plan. Depending on how often the class meets, the FL cycle can be set around each class
day, a week, or other regular schedules. Cycles should be as consistent in length and steps
as possible, each encompassing online, in-class, and after-class learning. Learning tasks of
each cycle step should be designed by selectively applying the First Principles of Instruc-
tion to address the intended learning outcomes as well as to leverage the advantages of the
accompanied learning environment (e.g., using the Application principle for in-class learn-
ing where instructor guidance and peer interactions are readily available). The FL cycle
structure should be presented to students at the beginning of FC and reflected in the organi-
zation of the materials and activities to reinforce expectations.

1.2 Gradually increase the challenge level along the FL cycle Challenge levels of learning

activities should match students’ abilities in order to create a state of flow (Csikszentmiha-
lyi, 1990) that motivates them to learn and promotes Success (Jones, 2018). Similarly, the
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Problem-Centered principle also suggests situating learning in a progression of simple-to-
complex problems to help students develop their mental model (Merrill, 2013).

Online, in-class, and after-class learning tasks should be designed to match students’
incremental skill levels throughout a cycle. All knowledge types and cognitive processing
levels (Anderson & Krathwohl, 2001) can be considered in each stage, yet, the complex-
ity level of the learning tasks should be calibrated based on students’ growing capabilities.
Online learning should focus on introductory tasks that can be completed asynchronously
with minimal real-time interactions (e.g., watching problem-solving demonstrations, solv-
ing well-structured problems with automated feedback, sharing or discussing initial ideas
on discussion forums). In-class learning should transition to more complex tasks that
require students to actively retrieve and apply the newly acquired knowledge and skills to
solve less structured real-world problems with appropriate scope for in-class completion.
Instructor guidance and peer interaction during class can tailor the challenge levels to indi-
vidual needs. After-class learning tasks should further increase the challenge by asking
students to solve new problems, at sustained or increased complexity levels (e.g., challenge
assignments, comprehensive projects), with reduced support and improved autonomy, as
well as sharing their achievements with others. Individual assistance (e.g., tutoring, office
hours) should be offered when the challenge levels are likely to be above any particular
student’s abilities.

1.3 Provide regular and specific feedback throughout the FL cycles Jones’s (2018) Suc-
cess strategies recommend providing regular feedback about levels of competence to help
students determine how well they are performing and whether their learning strategies are
effective. Such feedback helps shape students’ self-perception of competence which sustains
motivation along the FL cycle steps.

To make feedback specific and effective, intrinsic and corrective feedback can be used
following application tasks (Merrill, 2013). Online learning, with an emphasis on the basic
concepts and skills, should use corrective feedback (e.g., correct answer with explanation
and/or further demonstration) to reinforce the intended level of understanding and applica-
tion. As productive failures are effective for developing advanced application skills (Kapur,
2008), in-class learning should first let students observe the intrinsic feedback from their
own application (e.g., initial attempts to solve a problem without assistance) followed by
corrective instructor/peer feedback. Since after-class learning requires more autonomy in
application, corrective feedback (e.g., solution notes, instructor comments) should be avail-
able to compensate for reduced guidance. Feedback from each FL cycle step can enhance
students’ self-competence (Jones, 2009) as they engage in the ensuing steps and cycles.

Designing online learning

2.1 Create online learning to support initial mental model development Students need
to develop an initial mental model of new knowledge and skills (Merrill, 2013) through
online learning in order to retrieve and apply them during class. This can be addressed
by procedurally implementing the Activation, Demonstration, and Application principles,
while incorporating the Problem-Centered principle.

Online learning materials, delivered using text and visual media, should first activate
students’ prior knowledge and provide a framework of reference (e.g., advanced organ-
izer). Next, new knowledge and skills are presented, followed by demonstrations of ways to
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apply them. Well-defined problems can serve as the context for Activation and Demonstra-
tion to help students see the Usefulness of what they learn (Jones, 2018), while observing
the problem-solving process they need to master.

Students should also be given the opportunity to apply new knowledge and skills
through structured activities or simplified problem-solving exercises targeting the compo-
nent skills (e.g. quiz questions on particular concepts or skills, discussion activities on well-
defined topics, assignments of solving problems similar to those in the demonstration), as
opposed to comprehensive applications. Such practice allows students to self-assess their
initial mental model after completing online learning, as well as receiving feedback from
available sources (e.g. quiz feedback, answer keys, peers’ responses) that can guide them to
revise their mental model, and help them decide if they need to revisit the learning materi-
als or seek additional help.

2.2 Apply multimedia learning principles to designing online materials As suggested by
Merrill (2002), Mayer’s (2001) multimedia learning principles offer more detailed guidance
of using relevant media in designing Activation and Demonstration materials. They help
capture students’ Interest in the materials (Jones, 2018) while ensuring the effectiveness of
learning.

Based on Mayer’s (2001) principles, online materials should be relevant to the learn-
ing goals without extraneous information (Coherence principle), starting from introducing
the component concepts or skills to showing more complex models (Pre-Training princi-
ple). Verbal or visual organizational cues (e.g., outlines, concept maps) should be incor-
porated to direct students’ attention and activate their mental framework (Signaling prin-
ciple). Materials presenting new knowledge and skills, particularly lecture videos, should
be broken into small and sequentially presented segments that allow students to control
the pacing and deepen their learning (Segmenting principle). Moreover, online materi-
als should use narrated visual media with proper amounts of text information (e.g., bul-
let points, labels), to make the materials easy-to-understand while best utilizing students’
cognitive capacity (Modality, Multimedia, and Redundancy principles). Social cues such as
conversational words (e.g. you, I) and the real instructor’s voice in videos can contribute to
students’ feeling of relatedness (Personalization and Voice principles).

2.3 Complement online learning with dialogue-based learning support Online learn-
ing creates a high transactional distance between instructor and students that requires high
learner autonomy (Moore, 1993). Increasing instructor-student and student—student dia-
logue helps reduce the transactional distance and autonomy requirement (Moore & Kears-
ley, 1996). In the FC context, these types of dialogue can complement individual online
learning with dynamic learning support from the instructor or peers, resulting in reduced
transactional distance (Caulfield, 2011; Chen et al., 2014) and increased sense of Caring
beyond the learning materials (Jones, 2018).

Asynchronous dialogues can be facilitated using technology tools such as discussion
forums, whereas synchronous or in-person dialogues can be conducted through office
hours, study groups, or at the beginning of each class. To encourage student participa-
tion in these dialogues, the available learning support options should be clarified and inte-
grated into the FL cycles steps (e.g., direct students to ask questions in a discussion forum
after presenting the online materials and activities). Students should also be encouraged to
reflect on the effectiveness of the different learning supports in resolving their online learn-
ing challenges.
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Designing in-class learning

3.1 Engage students in solving whole problems with supplementary instructions In-
class learning transitions from asynchronous online instruction to in-person active learning
(DeLozier & Rhodes, 2017). Regardless of which active learning methods are used (e.g.
class discussion, pair-and-share activities, group collaboration), students should participate
in problem-centered application activities during class, with appropriate levels of guidance.
The Problem-Centered principle suggests using “whole problems” that are representative
of problems learners will encounter after learning (Merrill, 2013). Solving authentic whole
problems not only helps develop situated and transferable knowledge and skills, but also
stimulates students’ Interest in the learning context and helps them recognize the Usefulness
of what they learn (Jones, 2018).

While online learning involves the application of component skills, in-class learning
should require students to use the acquired component skills comprehensively to solve
whole problems. Challenges from in-class application problems, alongside peer interac-
tions and instructor feedback, help students check the adequacy of their existing mental
model (Merrill, 2013) and create a collaborative zone of proximal development (Goos
et al., 2002). However, additional activation and demonstration should be provided as sup-
plementary instructions (e.g., mini lectures, just-in-time teaching) if the whole problem
requires complex knowledge and skills not fully covered during online learning.

3.2 Guide problem solving using different scaffolding types and functions To help stu-
dents achieve their zone of proximal development (Vygotsky, 1978), adequate levels of scaf-
folding should be provided in the learning environment to support students in solving whole
problems using their new knowledge and skills (Merrill, 2013). Fixed and dynamic scaf-
folds, typically provided by technology and instructor/peers respectively, can be designed to
implement the four scaffolding functions of open learning environments, including proce-
dural, conceptual, metacognitive, and strategic scaffolding (Hannafin et al., 1999).

Procedural scaffolding (e.g., steps of completing a task) guides students through the in-
class problem-solving process, whereas conceptual scaffolding (e.g., prompts for retriev-
ing learned concepts) prompts retrieval of relevant concepts and skills from online learn-
ing to apply during class. Both procedural and conceptual scaffolding should be integrated
with the whole problem to give students contextualized support and help them see connec-
tions between online and in-class learning. However, to prevent the piecemeal approach of
using procedural and conceptual scaffolding (Sharma & Hannafin, 2007), metacognitive
and strategic scaffolding are needed for developing autonomy and forming a deeper under-
standing. Metacognitive scaffolding (e.g., reflection questions, checklists) encourages plan-
ning, monitoring, and evaluating the problem-solving process, while strategic scaffolding
(e.g., ideation resources, examples) offers suggestions and alternative perspectives of prob-
lem analysis and solutions. All four scaffolding functions can be provided through fixed
scaffolds in the form of digital templates with guiding prompts and resource links, as well
as being augmented with dynamic scaffolds emerging from interactions with the instructor
and peers.

3.3 Facilitate peer interaction during problem solving to support integration Peer
interactions through discussion, collaboration, or critiquing can initiate the Integration
process in conjunction with knowledge/skill application, as they require students to con-
solidate new and old knowledge/skills by explaining their modified mental models to
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others and defending them when challenged (Merrill, 2013). They also give students
opportunities to showcase their increasing competencies and receive feedback, which can
enhance their self-efficacy and peer relatedness.

In-class problem-solving activities can be organized in pairs or small groups to facili-
tate peer collaboration and critiquing. To maximize the benefits of peer interactions,
problem-solving activities should start with individual application using students’ own
mental models, and then move on to collaborative discussion to help group members
adjust their mental models through explanation and argumentation. Students from other
groups can be invited to critique the group’s solution or product and prompt them to
revise or defend their work. This process allows students to continuously reflect on and
revise their mental models, making them more flexible for solving new problems (Mer-
rill, 2013). To prevent uneven participation, instructors should provide protocols or
guidelines of the collaboration process to ensure all students are actively engaged.

Designing after-class learning

4.1 Foster learning review and new problem solving with reduced support Since in-
class learning has limited time and focuses on guided application, students need after-class
learning to complete the Integration process (Wang, 2019). Reviewing online and in-class
learning helps students make connections between the new and prior knowledge/skills and
reflect on their problem-solving strategies. With their reorganized mental model after learn-
ing review, students should then solve whole problems in new contexts in order to develop
better conditioned knowledge/skills (Merrill, 2013). In contrast to guided in-class applica-
tion, after-class problem solving can be the starting point for fading scaffolds and giving stu-
dents choices regarding which problems to solve and how to solve them, with the intention
to eMpower students with autonomy in application (Jones, 2018). However, students should
still have access to problem-solving support asynchronously or in-person (e.g., help forums,
office hours) to allow help-seeking when needed.

4.2 Encourage after-class peer sharing and critiquing to reinforce integration Peer
sharing and critiquing of new knowledge/skills can be extended after class using asyn-
chronous communication tools such as discussion forums. Students can show proofs of
their competency level by demonstrating the process and outcomes of problem solv-
ing via digital formats (e.g., text, images, screencasts, videos). Exchanges of problems
solved in new contexts could be even more beneficial for after-class peer sharing, as they
require knowledge/skills with relatively high autonomy. Peers can review each other’s
work and comment on the strengths and weaknesses based on criteria consistent with the
learning objectives. Instructors can provide additional guidance by answering questions
or redirecting conversations. As students respond to peer and instructor feedback, they
are likely to defend their work and/or further modify their mental model, thus reinforcing
knowledge/skill integration. Similar to in-class peer interactions, these activities can also
create a sense of relatedness and Caring that enhance motivation (Jones, 2018).
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SRL cycle design strategies
Creating SRL Cycles

5.1 Define iterative SRL cycles encompassing the FL cycles While FL cycles foster aca-
demic skill development, SRL cycles facilitate the “self-directed process by which learners
transform their mental abilities into academic skills” (Zimmerman, 2002, p. 65). Proactive
Planning (Forethought) and Learning Reflection (Self-Reflection) should occur in between
the FL cycles, whereas Performance Monitoring (Performance) can be integrated within
the FL cycles to encourage monitoring and controlling processes while students work on
FL tasks.

Given the cyclical nature of the SRL process, SRL cycles should iterate multiple
times throughout FC learning to allow students to utilize self-regulatory experience
from previous cycles. The length of an SRL cycle is best defined by the learning mile-
stones that provide feedback on learning outcomes (e.g., exams, projects). Assessment
feedback helps students reflect on their progress toward goals, the effectiveness of their
learning strategies, and the adequacy of their efforts, which can assist them in planning
and monitoring their learning and performance in the following SRL cycle and the asso-
ciated FL cycle(s).

5.2 Provide internal and external feedback support during SRL cycles Feedback from
internal or external sources is an inherent catalyst for SRL activities (Butler & Winne,
1995) and an essential supporting factor for Success (Jones, 2018). Internal feedback is
self-generated by students as they compare their current state with their goals or criteria,
make judgements about their level of success, and develop affective reactions that influence
subsequent engagement. Students should be encouraged to revisit their goals and plans from
Proactive Planning as they engage in FL cycle tasks to generate internal feedback that helps
them monitor progress and adjust actions. Students should also be prompted to reassess
their initial goals and plans during Learning Reflection, the feedback from which can guide
them to make adaptations to reduce any discrepancy between their goals and performance.

External feedback is provided by external sources such as instructor, peers, or tech-
nology tools. Elaborated external feedback, containing a profile of cues (e.g., time spent,
completed activities, accuracy levels) predicting final performance, can be useful in guid-
ing self-regulation (Butler & Winne, 1995). Instructors can highlight the predictive cues
by sharing exemplary profiles of self-regulated FC learning, and giving comments and
suggestions on individual students’ profiles. Peer sharing and discussion of each other’s
self-regulation experience in FC (e.g., study schedule before/after class, online learning
strategies, ways to get help) can offer personalized feedback and encourage co-regulation
(Hadwin et al., 2017). Moreover, with the advent of learning analytics tools, many predic-
tive cue data can be easily recorded and visualized by technology to provide feedback for
students to monitor their progress and consider the next steps (e.g., Appendix B; Pérez-
Sanagustin et al., 2021; Silva et al., 2018; Yoon et al., 2021).

Designing proactive planning

6.1 Start each SRL cycle with goal setting According to Zimmerman (2011), goal setting
is a major source of motivation for self-regulation. A well-organized goal system involves
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“short-term goals serving as proximal paths to more distal outcome goals” (Zimmerman,
2011, p. 56). Proactive Planning at the beginning of each SRL cycle helps set the short-term
goals that are stepping stones to the longer-term goals of the entire semester.

Two types of goals are mentioned in goal orientation theories (Dweck & Leggett, 1988;
Elliott & Dweck, 1988): learning goals to increase competence (acquiring or improving
skills) and performance goals to prove competence (getting good grades). Students should
first be guided to set learning goals as the competency levels they aim to achieve regarding
the upcoming FL cycle learning outcomes (e.g., Which competency level regarding
do I want to be at?). They can also be given the option to set performance goals (e.g., I am
aiming to achieve a _____ score in the test/exam) if they have high self-perceptions of their
current competency levels, or skip performance goal setting if they have low self-percep-
tions. By setting these goals, students are more likely to become motivated to strive toward
Success and demonstrate persistence as they engage in the nested FL cycles (Jones, 2018).

6.2 Guide strategic planning for task, time, environment, and help-seeking Strategic
planning, as another beginning step of self-regulation, refers to selecting or creating strate-
gies that can guide cognitive learning, direct actions, and manage emotions during the learn-
ing process (Zimmerman, 2011). Four types of strategies, including task, time, environment,
and help-seeking, support the SRL cycle goals.

Task strategies help improve the efficiency and effectiveness of cognitive learning. Stu-
dents should be familiar with what task strategies to use and why/when/how to use them
during the FL cycle (e.g., when watching online videos, pause or rewind the player to allow
time for notetaking and/or deeper processing). Time management strategies, a significant
predictor of performance (Zimmerman, 2011), should be planned by setting aside sufficient
time for completing online learning tasks before in-class learning, and completing after-
class learning tasks before starting the next FL cycle (e.g., Pérez-Sanagustin et al., 2021).
Environmental structuring strategies “make the physical surroundings more attractive for
task completion” (Zimmerman, 2011, p. 57), such as setting up a productive learning space
with little distractions, enough safety and privacy, convenient access, and plenty of work-
space for outside-of-class learning. Help-seeking involves reaching out for assistance from
other individuals to meet one’s learning needs. Students should recognize their need for
help during the FL cycle and be aware of the types of help available to them.

Proactive Planning of these strategies sets the stage for Performance Monitoring. How-
ever, students should be given the choice to select which strategies to adopt or adapt based
on their learning needs and preferences, in order to eMpower them with ownership in
learning and increase their autonomy (Jones, 2018).

Designing performance monitoring

7.1 Support self-control by making planned strategies easily accessible Performance
Monitoring of the SRL cycle requires students to execute self-control as they implement
their planned strategies during the nested FL cycle(s) to achieve their goals. To facilitate
self-control, students should be reminded about intentional strategy use, either through pro-
vided materials or interactions with the instructor and/or peers. These prompts should be
highlighted during the initial FL and SRL cycles where students are exploring various strat-
egies, but can fade as students develop autonomy in using them.

Task strategies can be embedded within the online, in-class, and after-class learn-
ing materials or activities. For example, strategies or prompts of how to learn effectively
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using videos (e.g., pause and rewind, take notes, self-check understanding levels) can be
added next to or embedded within the video (e.g., van Alten et al., 2020). Strategies of col-
laborating with peers during in-class activities (e.g., think through a problem individually
before working with peers) can be included in activity instructions and/or facilitated by the
instructor. Time management and environmental structuring strategies can be reinforced
using technology tools such as an online calendar, which helps students set up planned
study time and space, as well as sharing their plans with peers to form study groups. Help-
seeking strategies, including when/where to get help and how to ask questions, should be
organized as resources that students can easily reference. Easy access to planned strategies
encourages students to apply them during the FL cycle tasks and allows them to assess the
Usefulness of different strategies (Jones, 2018).

7.2 Facilitate self-monitoring of strategy use and learning outcomes Monitoring strat-
egy use and its outcomes can elicit increased effort from the student to promote Success
(Jones, 2018; Zimmerman, 2011). Monitoring involves self-recording of learning behaviors,
conditions, effects, and performance (Zimmerman, 2011). During the SRL cycle, students
should be guided to monitor their strategy use related to learning task, time, and environ-
ment, as well as monitoring their interim learning outcomes to help detect the need for
seeking help.

Since strategies for task completion, time management, and environmental structuring
are planned ahead of time, they can be recorded in a spreadsheet template (e.g., Appendix
C) or other tools (e.g., Pérez-Sanagustin et al., 2021; Yoon et al., 2021) that allow students
to keep track of the frequency and/or effectiveness of each strategy employed during a FL
cycle. Based on their judgments of effectiveness, students can adjust their behavior or strat-
egy use throughout the FL and SRL cycles. As students develop autonomy in using certain
strategies, they may stop intentional monitoring but resume when necessary.

As help-seeking is initiated by detecting a lack of understanding or competency (Kara-
benick & Berger, 2013), students should be guided to first monitor their knowledge and
skill levels in each FL cycle, and then monitor the actions they take and the usefulness of
any help they receive, using a similar spreadsheet template (e.g., Appendix D) or other
tools designed for help-seeking purpose. Specifically, to self-monitor cognitive competen-
cies, students can be directed to revisit the learning objectives/outcomes covered in the FL
cycle, along with assessment examples, to self-assess their confidence levels. Once gaps
are identified, students should be prompted to select appropriate help-seeking strategies
and monitor their effectiveness.

Designing learning reflection

8.1 Guide self-evaluation by comparing with appropriate references Learning Reflec-
tion requires students to self-evaluate their performance at the end of the cycle with a stand-
ard or goal, leading to affective reactions that can increase or decrease one’s self-satisfac-
tion (Zimmerman, 2011). Students should be guided to evaluate their competencies with
appropriate references in order to generate positive emotional reactions and develop Success
beliefs that can enhance their motivation to learn (Jones, 2018).

Prior knowledge and skill levels can serve as one type of self-evaluation reference. Stu-
dents can look back at what they knew or could do at the beginning of an SRL cycle to
assess the amount of progress they have made (e.g., Pérez-Sanagustin et al., 2021). This
will likely help students see the incremental growth of their competencies and create some
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level of self-satisfaction. As another type of reference, students could compare their com-
petencies with the learning and/or performance goals they set during Proactive Planning
to assess where they are in meeting their goals (e.g., Onodipe et al., 2020). When encoun-
tering gaps between goals and current competencies or performance, students should be
guided to manage negative reactions while focusing on making adjustments during goal
setting and strategic planning for the next SRL cycle.

8.2 Steer causal attributions toward controllable factors and elicit adaptive reactions

Self-regulatory processes prior to the Learning Reflection phase have significant impact on
causal attribution factors (Zimmerman, 2011). Students who have engaged in accurate and
effective Performance Monitoring are already likely to attribute their success or failure to
controllable factors that can initiate adaptive reactions of adjusting strategies.

To ensure effective causal attributions, students can be first directed to reflect on their
implementation of strategies, their time management for online and after-class learning, the
physical spaces they used for study outside of class, and the timing, type, and amount of
learning help they requested. Such reflections can draw students’ attention to the control-
lable factors when making causal attributions of their learning outcomes afterward (e.g.,
not setting aside enough study time made it difficult to reach my learning goals). Causal
attribution should be followed by prompting students to suggest the changes they would
make to their strategies or implementation tactics as adaptive reactions for the next SRL
cycle. Moreover, individualized instructor feedback or recommendations on adaptive reac-
tions can show students the Caring from the instructor about their learning (Jones, 2018),
and can encourage them to use their reflection from the current SRL cycle to inform future
learning.

Metacognitive FC orientation design strategies
Developing task and strategic knowledge

9.1 Develop task knowledge of FC rationale, process, and expectations To prepare stu-
dents for self-regulated FC learning, it is necessary to develop their task knowledge of this
approach, including the task goals, demands, and how the task should be managed (Flavell,
1979). Specifically, the FC orientation should start by explaining the rationale of using this
approach, with an emphasis on the benefits for the intended learning outcomes, to help
students see the Usefulness (Jones, 2018). Comparison with the non-flipped version might
further demonstrate the purposes and advantages of using FC.

Moreover, the orientation should introduce the FL and SRL cycles to help students
understand the FC learning process and expectations. The generic FL cycle can be intro-
duced first to provide declarative knowledge about the repeated learning steps, tasks, and
pacing (e.g., Spencer et al., 2022), followed by the generic SRL cycle phases, activities and
their roles in supporting FC learning. Two types of visuals would be helpful: (1) a micro-
diagram of the generic FL cycle aligned with its typical length, such as a week, can show
students which days are designated for online, in-class, and after-class learning respec-
tively (e.g., Appendix E); and (2) a macro-diagram displaying all FL and SRL cycles of
the semester can help students see the big picture and recognize the connections between
the two types of cycles (e.g., Appendix F). Well-designed visuals could stimulate students’
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situational Inferest (Jones, 2018) in learning about the FC format and help them develop
procedural knowledge of how to complete the self-regulated FC learning tasks.

9.2 Develop strategic knowledge of approaching FL and SRL tasks Students need knowl-
edge about the cognitive and metacognitive strategies to effectively engage in self-regulated
FC learning, including the declarative, procedural, and conditional knowledge of those strat-
egies (Flavell, 1979; Schraw, 1998). The FC orientation should prepare students regarding
what the FL and SRL strategies are, why they are being used, and when/how to use them.

FL strategies are the task strategies discussed earlier for enhancing cognitive learning
(see strategy 6.2). The declarative and procedural information of these strategies can be
organized by the online, in-class, and after-class learning steps of the FL cycle to help
students understand which strategies can be used for which tasks. To develop conditional
knowledge, orientation activities can give students scenarios of typical FC learning chal-
lenges (e.g., I had difficulty solving the homework problem) and let them select appropriate
actions based on the task strategies (e.g., review notes of in-class problems before attempt-
ing the homework problem), followed by feedback on their choices.

Although SRL strategies, including goal setting, time management, environmental
structuring, and help-seeking, are essentially the SRL cycle tasks, they should be high-
lighted in the orientation materials to explain what they mean and why they are benefi-
cial (declarative knowledge), as well as how and when they should be applied throughout
the SRL cycle tasks (procedural and conditional knowledge). In the meantime, tools (e.g.,
planners, tracking tools, progress dashboard) and resources (e.g., available learning spaces,
help-seeking options) supporting the SRL strategies should be introduced or demonstrated
to help students use them strategically from the beginning.

Developing self-knowledge and attitudes

10.1 Guide students to reflect on their cognitive and motivational beliefs Self-knowl-
edge refers to beliefs about the nature of oneself as a cognitive processor (Flavell, 1979).
Here we expand it to students’ cognitive and motivational beliefs about themselves as FC
learners. Since the FC format creates different levels of challenges for different learners,
students should be guided to reflect on their strengths and weaknesses in approaching the FC
tasks and incorporate those self-understandings into initial Proactive Planning. Moreover, to
help students recognize their motivational beliefs, the FC orientation should also guide them
to reflect on their long-term goals for academic study or future career, their self-efficacy and
interest in the subject area, and their perceived value of FC. By exploring the connections
between the FC format and their self-knowledge about what motivates them to learn, stu-
dents are more likely to use the learning strategies persistently (Jones, 2009).

However, initial reflection during the orientation, before engaging in any FL and SRL
cycles, may only elicit a limited amount of self-knowledge. Both cognitive and motiva-
tional beliefs can be reinforced or refined through periodic Learning Reflection at the end
of each SRL cycle by asking students to identify the causes of their outcomes and suggest
ways to improve.

10.2 Develop proper attitudes through peer interactions and instructor feedback FC

research has shown mixed findings in student satisfaction (Lag & Sele, 2019; O’Flaherty &
Phillips, 2015), indicating that students are likely to bring a mixture of positive and nega-
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tive attitudes toward FC due to different beliefs about this new way of learning (e.g., “I can
learn at my own pace using the videos” vs. “I have to teach myself using the videos”). FC
orientation should engage students in peer interactions after they have reflected on their
individual cognitive and motivational beliefs. Instructors can prompt students to share and
discuss their FC related beliefs and self-knowledge, exposing them to various perspectives
about the values and challenges of FC learning, which may help transform negative attitudes
while immersing students in a Caring culture that can increase motivation (Jones, 2018).
Moreover, personalized feedback from the instructor regarding individual students’ goals
and beliefs not only demonstrates that the instructor cares about their FC learning experi-
ence and attitudes, but also serves as a good opportunity to point students to strategies or
resources for overcoming the challenges and concerns they have about the FC approach.

Conclusion and implications

This paper proposed an FC design framework grounded in theories related to cognition,
self-regulation, motivation, and metacognition, as well as being informed by our experi-
ence of designing FC courses across disciplines. We first created a conceptual framework
based on relevant theories, then converted it into a procedural framework that identifies
the design components, and finally proposed the FC design strategies for each component.
Our framework builds upon the trend of strengthening FC design with pedagogical theo-
ries (e.g., Huang & Hew, 2018; Kim et al., 2014; Lai & Hwang, 2016; Lin et al., 2021; Lo
et al., 2018; Yorganci, 2020) and goes a step further by contributing pragmatic FC design
strategies that can be applied to or adapted for various contexts.

With growing interest in blended and hybrid learning models since the pandemic, this
framework provides practical guidance for educators, designers and researchers who strive
to maximize the synergy of online and in-person learning during the post-pandemic era.
Derived from diverse theoretical underpinnings, the design strategies can guide FC design-
ers to consider a variety of factors essential to successful learning in the FC environment,
particularly the metacognitive knowledge for getting ready to engage in FC and the self-
regulated learning skills for managing online and in-person learning, which are often over-
looked in FC design and research (Cheng et al., 2019). This framework also highlights the
emerging direction of blended/hybrid FC that starts a flipping cycle with a considerable
amount of online learning and transitions to in-class learning that may have reduced class
time and size, followed by after-class reinforcement of online and in-class learning. This
direction could provide opportunities and insights for post-pandemic FC design, particu-
larly in large public universities.

Despite our internal evaluation of the FC courses (see Appendix A) that implicitly influ-
enced this framework, rigorous research studies are needed to examine the framework by
validating and refining the design strategies. We believe our framework can be used to initi-
ate educational design research, which involves iterative development of practical solutions
and consecutive investigations to build theories (McKenney & Reeves, 2019), in the inex-
tricable fields of FC and blended/hybrid learning. Researchers can use this framework as
a starting point for FC design and conduct iterative evaluations of the learning outcomes,
processes, and attitudes to test and elaborate on the strategies for FL cycle, SRL cycle,
and FC orientation design. Results from a series of empirical investigations can help us
better understand the values and challenges of such learning models and provide evidence
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for proving or revising the design framework and strategies. Through further research and
implementation efforts, we anticipate that this framework will continue to evolve and posi-
tively impact theories and practices in blended/hybrid FC learning.

Appendix A Flipped classroom courses designed using this framework

Course Title Course Setting FL Cycle Design SRL Cycle Design  FC Orientation

Design

Applied Web-based Class meets two 27 FL cycles were 3 SRL cycles were  The FL cycle steps

Client—Server
Computing

set up based on
class days. Each
day involved (a)
online concep-
tual learning of
2-3 interactive
mini lessons
with self-check
exercises, (b)
in-class coding
demo and guided
coding activities,
(c) after-class
individual project
tasks, and (d)
after-class team
project tasks

set up based on
the major course
stages (Stages
1&2, Stage 3,
and Stage 4).
Students planned
for and reflected
on the SRL
elements at the
beginning and
end of each cycle
using Moodle
quizzes. Students
monitored activ-
ity completion
using a Moodle
course roadmap
(See Appendix
B)

and tasks were pre-
sented. Strategies
for learning, pro-
ject management,
and help-seeking
were introduced.
Students reflected
on their long-term
goals in relation
to this course

and identified the
learning strategies
that they intended
to use through a
Moodle quiz
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Course Title Course Setting FL Cycle Design ~ SRL Cycle Design  FC Orientation
Design
College Physics I ~ Class meets 24-37 FL cycles 3 SRL cycles were  The FL cycle steps
2-3 days per were set up based  setup basedon3  and tasks were
week with on class days. midterm exams. presented. Learn-
100 + students Each day covered ~ Students planned  ing strategies were
per section, 3—4 1-3 modules that  for and reflected introduced for
sections per each involved (a) on the SRL each step. Students
semester online conceptual  elements at the reflected on their
learning using beginning and long-term goals
videos and basic end of each cycle  and related back to
exercises, (b) using Moodle the course learning
in-class guided quizzes. They objectives through
problem solving monitored activ- a Moodle quiz
using active ity completion
learning journals using a Moodle
(Google Docs), course roadmap
and (c) after-class
independent
problem solving
and sharing as
homework
Computer Methods Class meets one 15 FL cycles were 2 SRL cycles were  The FL cycle steps
in Biological day per week set up based on set up based on and tasks were
Engineering with 40-50 week-long mod- the Excel and R presented. Learn-

students in one
section, plus a
weekly lab with
about 25 students
per section

ules. Each mod-
ule involved (a)
online learning of
Excel or R skills,
online problem-
solving demo
and practices, (b)
in-class problem
solving using
planning tem-
plates (Google
Docs), along
with instructor
guidance and
peer interactions,
(c) lab problem
solving using a

topics taught in
class. Students
planned for and
reflected on the
SRL elements

at the begin-
ning and end of
each cycle using
Moodle quizzes.
Every week,
they reported the
learning strate-
gies that worked
well for them and
their confidence
levels in the
learning objec-

ing strategies
were introduced.
Students reflected
on their long-term
goals in relation
to this course

and identified the
learning strategies
that they don’t
naturally use but
would be beneficial
through a Moodle
quiz

simplified plan- tives using the
ning template, Moodle choice
and (d) individual  tool. They moni-
homework tored activity
completion using
a Moodle course
roadmap
AECT @ Springer
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Course Title Course Setting FL Cycle Design ~ SRL Cycle Design  FC Orientation
Design
Foundations of Class meets two 14 FL cycles 2 SRL cycles Weekly FL cycle
Interactive Game  days per week were set up by were set up by steps and tasks
Design with 100+ stu- weeks. Each grouping the were presented.

dents in one
section

week involved (a)
online theoretical
learning using
interactive videos
and readings,

(b) experiential
learning through
playing games
online and shar-
ing thoughts

in class, with
journal reflec-
tions after class,
(c) game design
project activities
using a guided
template, with
group col-
laboration inside
and outside of
class, and (d)
standalone online
learning of game
engine tutorials

milestones of the
semester-long
game design
project (plan

& design vs.
implement &
test). Students
planned for and
reflected on the
SRL elements
at the begin-
ning and end of
each cycle using
Moodle quizzes.
Learning strategy
callouts were
integrated with
relevant activi-
ties. Students
monitored activ-
ity completion
using a Moodle
course roadmap

Learning strategies
were introduced.
Students reflected
on their long-term
goals in relation

to this course

and identified the
learning strategies
that they don’t
naturally use but
would be beneficial
through a Moodle
quiz
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Course Title Course Setting FL Cycle Design ~ SRL Cycle Design  FC Orientation
Design

General Biochem-  Class meets two 14 FL cycles were 3 SRL cycles were  Weekly FL cycle

istry

Information Sys-
tem Management

days per week
with 100 + stu-
dents in one
section

Class meets one
day per week
(reduced from
two days per
week) with
70-80 students
per section, 8-10
sections per
semester

set up by weeks.
Each week cov-
ered 1-2 modules
organized as (a)
online learning
using videos and
quizzes, (b) in-
class active learn-
ing using activity
worksheets, with
group collabora-
tion and instruc-
tor walkthrough,
and (c) after-class
textbook learning
using readings,
review questions,
and challenge
problems

10 FL cycles
were set up by
weeks. Each
week involved (a)
online learning
using videos,
readings, demos,
and practices, (b)
in-class problem
solving with
peer interactions
and instructor
guidance, and (c)
after-class review
and homework
problem solving

set up based on
the 3 midterm
exams. Students
planned for and
reflected on the
SRL elements

at the begin-
ning and end of
each cycle using
Moodle quizzes.
Students moni-
tored activity
completion using
a Moodle course
roadmap

N/A

steps and tasks
were presented.
Learning strategies
were introduced
for each step.
Students reflected
on their long-term
goals in relation to
this course through
a Moodle quiz

Weekly FL cycle

steps and tasks
were presented
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Course Title

Course Setting

FL Cycle Design

SRL Cycle Design

FC Orientation
Design

Introductory Biol-

ogy

Class meets two
days per week
with 100 + stu-
dents per section,
1-2 sections per
semester

14 FL cycles
were set up by
weeks. Each
week covered
1-3 modules that
each involved
(a) conceptual
learning using
interactive videos
and self-check
quizzes, (b)
in-class guided
application using
active learning
logs (Google
Docs), with
peer interactions
and instructor
walkthrough, and
(c) after-class
independent
applications as
homework

2 SRL cycles
were set up
based on course
topics (Units
1&2 vs. Units
3&4). Students
planned for and
reflected on the
SRL elements
at the begin-
ning and end of
each cycle using
Moodle quizzes.
Every week,
they reported
the learning
strategies that
worked well for
them and their
confidence levels
in the learning
objectives using
Moodle choice
tool. They moni-
tored activity
completion using
a Moodle course
roadmap

The FL cycle steps

and tasks were
presented. Learn-
ing strategies
were introduced.
Students reflected
on their long-term
goals in relation
to this course

and identified the
learning strategies
that they don’t
naturally use but
would be beneficial
through a Moodle
quiz
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Course Title Course Setting FL Cycle Design ~ SRL Cycle Design  FC Orientation
Design
MATLAB Pro- Class meets one 10 FL cycles were 3 SRL cycles were  Weekly FL cycle
gramming day per week set up by weeks. set up based on steps and tasks

with 250 + stu-
dents in one
section, plus a
weekly lab with
about 40 students
per section

Each week cov-
ered 1-2 modules
organized as (a)
online learning
using videos and
basic applica-
tions, (b) in-class
exercises with
peer interactions
and instructor
walkthrough,
and (c) after-
class and lab
learning through
individual cod-
ing exercises,
problems, and
projects

the high-level
course topics and
tests. Students
planned for and
reflected on the
SRL elements

at the begin-
ning and end of
each cycle using
Moodle quizzes.
Students moni-
tored activity
completion using
a Moodle course
roadmap

were presented.
Learning strategies
were introduced
for each step.
Students reflected
on their long-term
goals in relation to
this course through
a Moodle quiz

@ Springer



2452

Y.Shen et al.

Course Title

Course Setting

FL Cycle Design

SRL Cycle Design

FC Orientation
Design

Precalculus

Python Program-

ming

Class meets two
days per week
(reduced from
three days per
week) with 60
students per sec-
tion, 2-3 sections
per semester

Class meets one
day per week
(first 30 min
being optional
Q&A) with
100 + students in
one section, plus
a weekly lab with
about 30 students

13 FL cycles were
set up by weeks.
Each week cov-
ered 2 modules
organized as (a)
online learning
using videos
and self-check
exercises, (b)
in-class Q&A on
lecture topics, (c)
in-class problem
solving with peer
interactions and
instructor walk-
through, and (d)
after-class review
and homework
problems

14 FL cycles were
set up by weeks.
Each week cov-
ered 1-2 modules
organized as (a)
online conceptual
learning using
videos and basic
application exer-
cises, (b) in-class
exercises and
coding problems
with peer interac-
tions and instruc-
tor guidance,

(c) lab coding
problems with
peer interactions
and TA guidance,
and d) after-class
coding problems
and projects
completed indi-

3 SRL cycles were
set up based on
the 3 midterm
tests. Students
planned for and
reflected on the
SRL elements
at the begin-
ning and end of
each cycle using
Moodle quizzes.
Students moni-
tored activity
completion using
a Moodle course
roadmap

4 SRL cycles were
set up based
on the course
topics. Students
planned for and
reflected on the
SRL elements
at the begin-
ning and end of
each cycle using
Moodle quizzes.
Every week,
they reported
their usage and
effectiveness of

the learning strat-

egies and their
confidence levels
in the learning
objectives using
Google Sheets.
They monitored
activity comple-

Weekly FL cycle

steps and tasks
were presented.
Learning strategies
were introduced
for each step.
Students reflected
on their long-term
goals in relation to
this course through
a Moodle quiz

Weekly FL cycle

steps and tasks
were presented.
Strategies for
learning tasks,
learning manage-
ment, help-seeking
were introduced
by specifying why,
how, and when to
use each strategy

vidually tion using a
Moodle course
roadmap
@ Springer ACECT
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Course Title Course Setting FL Cycle Design ~ SRL Cycle Design  FC Orientation
Design
Sports Manage- Class meets two 14 FL cycles were ~ N/A Weekly FL cycle
ment days per week set up by weeks. steps and tasks

Technology in
Society and
Culture

with 60-80 stu-
dents per section,
2 sections per
semester

Class meets two
days per week
with 60-70
students in one
section

Each week cov-
ered 1-2 modules
organized as

a) conceptual
learning using
videos, readings,
and quizzes, (b)
in-class active
learning through
discussions and
case studies
with instructor
guidance, and
(c) tasks from a
semester-long
career explora-
tion game for in-
class discussions
and after-class
homework

15 FL cycles were
set up based on
weeks. Each
week involved
(a) online mini-
lectures, read-
ings, and sharing
initial thoughts,
(b) in-class dis-
cussion of theo-
retical concepts
and examples,
(c) watching film
as a class and
discussing rel-
evant concepts,
with after-class
reflections, and
(d) in-class
essay planning
and workshop-
ping, with data
collection, data
analysis, and
essay writing
tasks after class

2 SRL cycles were
set up based on
the major course
units (Units 1&2
vs. Units 3&4).
Students planned
for and reflected
on the SRL
elements at the
beginning and
end of each cycle
using Moodle
quizzes. Students
monitored activ-
ity completion
using a Moodle
course roadmap
and discussed
their strategy
use with peers
in selected class
sessions

were presented

The FL cycle steps

and tasks were
presented. Learn-
ing strategies were
introduced for
each step. Students
reflected on their
long-term goals

in relation to this
course and identi-
fied the learning
strategies that they
intended to use
through a Moodle
quiz
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Appendix B Moodle course roadmap tool for visualizing student
progress

Course Learning Objectives (CLOs)

CLO 1: Define basic physics concepts and principles related to motion, energy, vibration and waves,
electricity and magnetism, light, and special relativity.

CLO 2: Apply physics concepts and principles to explain everyday phenomena that could have been taken

for granted.

CLO 3: Identify and apply appropriate variables and equations to analyze and solve physics problems.

Introduction to Physics

Module 1 Module 2

ge O

CLO: 1 CLO: 1,2 Conceptual Learning
W By: 10/14/2024 11:59 PM

The Moodle course roadmap visually organizes the major phases (e.g., Introduction to Phys-
ics) and the flipped learning cycles (e.g., Module 1, Module 2, Module 3) of a course. Each
roadmap icon represents a step in the flipped learning cycle (e.g., Conceptual Learning) and
is connected to the activities associated with that step. Students can see their progress of the
step (filling in the outside ring), whether they completed on time (with a star icon), and if
the expected completion date and time is approaching (with an exclamation mark). This tool
is designed based on the proposed framework and will be released in the Moodle Plugins
directory.

Module 3

st Law Linear Motion
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Appendix C Strategy tracking tool for task completion, time
management, and environmental structuring

If not tracking, Weeks 2-3
Categories Learning Strategies (see details) Tracking why? Usage Effectiveness
SS1 - Pause and/or rewind the lecture videos
to self-pace your learning. ~ |Fully used ~ Highly effective ~ ~
SS2 - Review the Conceptual Learning Somewhat
materials within 24 hours after initial learning. ~ | Slightly used v effective X
g::]:é ies SS83 - Take notes while working on the class
(SS) 9 or lab exercises. ~ | Partially used ~ Slightly effective ~
S84 - Revisit or redo the class/lab exercises
that you made mistakes in or struggled with. ~ |Not used ~ N/A v
SS6 - Self- your knc ge/skill levels
using the LOs and associated exercises. ~ [Fully used ~ Highly effective ~ ~
LM1 - Set aside sufficient study time before
and after class to work on assigned activities. v y v
) | already use it Fully used
k/leaar:;ms?mem (] spontaneously. ~ " -
(LM) 9 LM3 - Start early to work on the Conceptual Paitially used
Learning tasks before class. ”  slightly used -
LM4 - Start early to work on the homework
and project tasks. ~ Notused -

Strategies for task completion, time management, and environment structuring, as recom-
mended by the instructor and former students, are listed in the Google Sheet for current
students to selectively track based on their self-regulated learning skills. On a weekly or bi-
weekly basis, students rate their usage frequency and effectiveness levels of the strategies
they track to self-monitor their learning and develop autonomy over time.

Appendix D Strategy tracking tool for help-seeking

Next Step
Weeks Modules LO# Learning Objectives (LO) Confidence Level Need Support?  (Optional if you feel confident)
L0 41 Describe what functions are, and why we
. need functions. Extremely confident = - -
L042 Use function terminologies to describe how to
- define and execute functions. Extremely confident e v >
Use appropriate built-in and imported
L043 functions to solve given problems, and use
: the Python online documentation to look up
the syntax of the functions. Somewhat confident % i v
Week3 Module4 LO4.4 Create and use user-defined functions. Unconfident v Yes ~ Go to office hours >
LO 4.5 Identify the scope of a variable. Extremely confident b v ,
LO 46 Determine the value of global variables and
: local variables from given code. Somewhat confident v v v
L047 Trace and write code that uses nested
: function calls. Slightly confident ~ Maybe v Ask questions on Piazza *
L0438 Document the purpose of user-defined
: functions. Extremely confident v v v
LO 4.9 Test the correctness of user-defined functions. Unconfident ~ Yes ~ Do more review and practice ~

Module learning objectives are listed in the Google Sheet for students to self-assess their
confidence levels at the end of that module in order to determine whether they need addi-
tional support and what help-seeking actions they would take.

AECT @ Springer



2456 Y.Shen et al.

Appendix E Sample micro-diagram of a generic FL cycle

WepngspAY

In this example, the week-long generic FL cycle starts on Sundays and ends on Saturdays.
Students complete online learning during the first four days of the week, with the option to
attend the in-person Q&A session on Tuesdays. Students attend in-person class on Thursdays
to participate in guided problem-solving activities, and then complete homework activities
after class on Fridays and Saturdays. They are encouraged to get help throughout the FL cycle.
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Appendix F Sample macro-diagram of all FL and SRL cycles
Phase 1: Introduction and Computational Thinking
Start Here Week 1 Week 2

T cLo: 2.5

Phase 2: Functions and Basic Control Structures

Week 3

clo: 1.2.4 cLo: 1.2.4.5 €Lo: 1,2,4.5 cLo: 12,45

Phase 3: Object-Orientated Programming and Data Structures

Week 7 Week 8 Week 9

CLo: 1.2.3.4,5 CLO: 1.2.3.4.5 CLo: 1.2.3.4.5

Phase 4: Advanced Programming Topics

Week 11 Week 12 Week 13 Week 14 Final Exam

CLO: 1.2.3.4,5.6 CLO: 1.2.3,4,5.6 CLO: 1.2,3.4.5,6.7 CLO: 1,2.3,4,5,6.7 CLO: 1,2,3,4,5,6,7

This diagram is generated using the Moodle course roadmap tool to visualize the organi-
zation of FL cycles (by weeks) and SRL cycles (by phases) in a course. In this example,
under the Start Here section, the arrow icon represents the FC orientation, whereas the
scale icon represents initial SRL planning activities for Phase 1. The scale icons at the end
of each phase represent activities of reflecting on the previous phase and planning for the
next phase. The first four icons of each week represent the four FL cycle steps: online con-
ceptual learning (computer icon), in-class problem solving (three figures icon), lab prob-
lem solving (two figures icon), and homework projects (question mark and check mark
icon). The bulleted list icons at the end of each week represent SRL monitoring activities
within the FL cycles.
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