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Abstract In response to pedagogical challenges in higher education, blended learning has
become a prevalent practice in colleges and universities. Flipped learning (FL) represents a
newly emerging form of blended learning, where students individually watch online lec-
tures prior to class and then engage in classroom learning activities interacting with peers
and instructors. Although the conceptual framework of FL. may be intuitively appealing, its
design and implementation involve considerable intricacy. The purpose of this study was to
develop a FL design model for higher education that could systematically guide instructors
or designers in creating an appropriate blend of individualized online lectures and col-
laborative face-to-face learning activities. Using an established method for model devel-
opment research, a theoretically constructed initial model was iteratively improved and
underwent internal and external validation through model usability tests, expert review,
and field evaluation. The implementation of an algebra class in a Korean university
designed by the final model resulted in significant increases in the maturity of mathe-
matical views, quality of reflections, and satisfactions of students. Features of the model
are discussed, along with theoretical and practical implications and suggestions for further
research.
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Introduction

Colleges and universities have made ongoing calls for innovation in higher education,
where for decades knowledge has been transmitted mainly through traditional lectures,
despite continuous quality concerns (Arum et al. 2012). Numerous studies indicated that
students do not learn critical, creative thinking, or complex reasoning skills during intel-
lectually unstimulating classroom experiences (e.g. Arum and Roska 2011; Garrison and
Kanuka 2004; McLaughlin et al. 2014). Since the early 2000s, blended learning (BL)—a
convergence of face-to-face (F2F) classroom learning with technology-mediated online
learning—has emerged in response to such challenges and become a prevalent pedagogical
practice (Ginns and Ellis 2007; Graham et al. 2013). Typically implemented as a com-
bination of synchronous classroom lecture and asynchronous text-based discussion forum
(Graham 2006; Kerres and de Witt 2003), BL is intended to offer a more interactive and
flexible learning environment for students that fosters core values of higher education such
as advanced research and scholarship or critical and creative knowledge claims (Gatrison
and Vaughan 2008; Garrison and Kanuka 2004; Kerres and de Witt 2003; Lee and Jang
2014).

A crucial issue in the design of BL experiences is designing the right blend of learning
online and F2F (Allen et al. 2007; Garrison and Kanuka 2004; Gedik et al. 2013; Hofmann
2002). Blending the two modes of learning does not mean simply combining the two or
laying one on top of the other, as frequently occurs, but rather integrating the two by
maximizing the advantages of each environment. This sort of complementary relationship
requires recreating and reorganizing nearly the entire learning experience, however. The
typical mix of blended learning involves adding supplementary online discussion activities
to the classroom lecture. Furthermore, such F2F lectures have remained unchanged leaving
learners passive recipients, and online activities have not engaged learners as intended
(Arum and Roska 2011; Garrison and Kanuka 2004). Many researchers have critiqued that
such a mix achieves neither the tremendous benefit of effective human interaction in the
classroom nor the advantages of online systems and technological affordances for indi-
vidualized pacing and flexible access to learning resources (Huon et al. 2007; Lopez-Pérez
et al. 2013; Lou et al. 2006; Orton-Johnson, 2009). The current improper mix of blended
learning activities, then, calls for a better blend.

As a newly emerging type of BL, flipped learning (FL) represents a means to such a
better blend. FL combines asynchronous online lectures that individual students study
outside of class with F2F classroom learning activities in which students interact with peers
and instructors (Bergmann and Sams 2013; Bishop and Verleger 2013; Goodwin and
Miller 2013; Hamdan et al. 2013; Herreid and Schiller 2013; Mason et al. 2013;
McLaughlin, et al., 2014; Milman 2013; Strayer, 2012). The driving questions to suggest
FL were “when students are struggling and seeking help from their instructor or peers?”,
and “how instructors can help students while optimizing the technological benefits of an
online learning environment and the in-person benefits of human interactions in the
classroom?” (Bergmann and Sams 2012). Classroom time is devoted to discovering and
sharing ideas with one-to-one assistance, scaffolding, and inspiration, all made feasible by
offloading content delivery onto the online lectures that are better at visual representations
and self-pacing (Bush 2013; Goodwin and Miller 2013). In other words, FL saves for
human instructors to do what only they can do best, and leaves to the technology to do
what it can do best. This way of blending posits that neither component has a
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supplementary role, but rather each is a core complementary constituent of the learning
experience as a coherent whole (Stannard 2012).

Yet, although the conceptual framework of FL may be intuitively appealing, there is
considerable intricacy in its design and implementation, and practically infinite design
variability in diverse contexts (Bergmann and Sams 2013; Garrison and Kanuka 2004;
Overmyer 2012). Instructors and designers may find designing activities for a flipped
learning classroom to be a daunting challenge for several reasons. First, online lectures
must be designed so that their instructional and technical qualities are adequate enough to
prepare students for more engaging classroom activities. Yet, even if the lectures are of
good quality, students may not view or comprehend them, perhaps due to distractions
online, a lack of self-regulation, or inadequate live support by the instructor (Bergmann
and Sams 2012; Hamdan et al. 2013; Milman 2013). Second, the design of F2F requires
greater preparation and deliberation in order to provide the interactive learning experiences
that achieve the traditional values of higher education (Arum et al. 2012; McLaughlin et al.
2014). Most importantly, the design needs to create a tight link between what students do
in class and what they do at home (Stannard 2012), a link that is not addressed by existing
models that prescribe separate design processes for online lecture and classroom learning
activities. Thus, though FL offers many advantages, its potential may be compromised by
inadequate design and implementation, resulting in a corresponding lack of improvement
in learning practices and outcomes.

The purpose of this study was to develop a FL design model to systematically and
effectively guide designers or instructors throughout the design and implementation pro-
cess of FL at the higher education level. This FL design model is intended to result in an
appropriate blend of individualized online and collaborative F2F learning activities that
coherently harmonize meaningful learning experiences for specific needs and contexts.
Models make possible a systematic approach to design in that they intentionally lead
designers to balance considerations of varied critical factors (Daly et al. 2012). Models
incorporate both theoretical and empirical research in related fields (Dick 1997; Smith and
Boling 2009). Further, the iterative process of evaluation and modification leads to
improvement of practice, pointing to the potential of design to stimulated continued pro-
gress in a larger context (Daly et al. 2012; Smith and Boling 2009). The FL design model
developed for this study is prescriptive by nature. It proposes when and how particular
elements of FL should be selected and designed in a learning arrangement. Up to now, few
prior publications on BL or FL have investigated closely the full design process (Halverson
et al. 2014). The process for constructing and validating an FL design model reported in
this study, and its implications for improvement course-level practice and educational
innovation are thought to contribute to the growing literature on this meaning approach to
learning.

Review of literature

Studies on FL began to appear around 2012, after FL practitioners had begun to share
anecdotal reports with other (Goodwin and Miller 2013). Even if FL takes a fresh approach
to learning by redefining class time and the role of technology, however, the pedagogy
underlying FL is not entirely novel (Milman 2013). Numerous distance education and
e-learning researchers have studied online lecture, just as those researching collabora-
tive/cooperative learning, inquiry-oriented learning, or problem-based learning have

@ Springer



430 J. Lee et al.

studied F2F learner-centered learning. Team-based learning of Michaelsen, Knight, and
Fink (2004) even proposed similar format to FL, but with more emphasis on the F2F part.
Both lines of literature are relevant to FL because its success depends on defining the right
blend of online and F2F sessions and arranging each ingredient in such a way as to build an
integrated optimum learning experience (Halverson et al. 2014; Singh 2003).

The development of instructional design models specific to FL. may provide invaluable
assistance in the instructional design process. The steps in the instructional design process
are based on knowledge of what creates a successful design product, knowledge that is
primarily derived from related theoretical implications (Reigeluth 1992; Richey 1986). The
BL literature and the burgeoning body of FL literature provide such insights, and can
inform the development of a design model for FL. BL studies can inform decisions about
the best blend of the two FL components, while FL studies can offer detailed and practical
implications for design within each of the components.

Studies on blended learning

Although typical forms of BL include a mix of face-to-face instructor-led lectures and
supplementary online activities (Garrison and Kanuka 2004; Ginns and Ellis 2007; Kember
et al. 2010; Kerres and de Witt 2003), BL scholars and practitioners have long sought to
identify the optimal blend of the two learning modes. According to a thematic synthesis of
BL research performed by Halverson et al. (2014), publications on BL from 2000 through
2011 mostly questioned instructional design issues like models, strategies, and course
structure.

The didactical 3C model developed by Kerres and de Witt (2003) involves a framework
specifying three components of BL and corresponding learning tasks. The three compo-
nents of BL were: (1) a content component that makes factual learning content available to
learners, (2) a communication component that provides interpersonal interactions for more
complex or arguable learning tasks between learners or learners and instructors, and (3) a
constructive component that facilitates learners’ active engagement in most complex
learning tasks. In this 3C model, the three ingredients are arranged according to the
complexities of the learning tasks, and the weight of each ingredient depending on the
learning objectives.

Several theories have addressed how these components of the 3C model can best be
arranged using available media. One is media richness theory of Daft and Lengel (1984)
and Rice (1992), which categorizes media into richer media (media with richer sensory
input, immediate feedback or personal focus, for example, face to face meeting) and less
rich media (media with less rich sensory input, delayed feedback or shared focus, for
example, online discussion board), and learning tasks into equivocal tasks and unequivocal
tasks. Media richness theory proposes that equivocal learning tasks with multiple or
conflicting interpretations or solutions are better supported by richer media, while
unequivocal tasks with low haziness (such as learning factual knowledge) may be allocated
to less rich media.

Another theory that informs the allocation of BL components and tasks involves the cost
of media/communication (Hollingshead, 1996; Kerres and de Witt 2003). Cost, then, is
seen as related to the dependency of learning on time and space (asynchronous or syn-
chronous), and the directionality of communication (uni-directional transmission or
bi-/multi-directional interaction) in the learning process. In other words, the more
dependent learning is on time and location, and the more directions in which interactions
occur in the learning experience, the greater the cost of media or communication. Thus,
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face-to-face classroom learning would be a more expensive mode of communication, and
would be recommended for intensively challenging, high-benefit learning activities.

Media synchronicity theory of Dennis and Valacich (1999) considers the dependency of
time and location and different modes of communication, and proposes a match of syn-
chronous and asynchronous settings and two communication processes that lead to either
conveyance or convergence. That is, in a synchronous environment where learners work
together with a shared focus at the same time and place, learning should be designed to
facilitate a convergence process that reaches a common understanding. Conversely, in an
asynchronous environment where learners work and shared information regardless the
constraints of time and place, learning is more reasonably designed for conveyance, that is,
the exchange of information. Table 1 summarizes the blending arrangement that related
theories suggest.

Studies on flipped learning

The FL research literature may be divided into studies with conceptual or empirical dis-
cussions. The conceptual studies concern definitions, comparisons with traditional
approaches, educational rationales, and subject appropriateness of FL (e.g. Bergmann and
Sams 2013; Bishop and Verleger 2013; Bush 2013; Mason et al. 2013; Milman 2013),
while the empirical studies typically report on the effectiveness of actual cases of FL
instruction and include implications for design that can guide potential practitioners (e.g.
Covil et al. 2013; Herreid and Schiller 2013; Slomanson 2014; Strayer 2012; Talbert
2012).

The term FL derives from Baker’s (2000) phrase “the classroom flipped” (p. 9). More
recently, Bergmann and Sams (2012) described FL in this way: in this way: what is
traditionally done in class is done at home, and what is traditionally done as homework is
done in class. Learners begin at home, learning with video lectures or screencasts by

Table 1 Blending suggestions in related BL theories

Face-to-face Online
Didactical 3C model Communication component that provides  Content component that makes
(Kerres and Witt 2003) interpersonal interactions for more factual learning content
complex or arguable learning tasks available to learners

Constructive component that facilitates
learners to actively engage in most
complex learning tasks

Cost of communication Dependent on time and location Less dependent on time and
(Hollingshead, 1996; Higher cost location
Kerres and Witt 2003) Bi-/multi-directional interaction Lower cost
Media richness theory Intensive high benefit challenging learning  Uni-directional transmission
(Daft and Lengel 1984; activities Less intensive, less challenging
Rice, 1992) Equivocal learning tasks with multiple learning activities
interpretations Unequivocal tasks with low
haziness
Media synchronicity theory Synchronous environment Asynchronous environment
(Dennis and Valacich Convergence process for learners’ shared ~ Conveyance process for the
1999) focus and a common understanding at the exchange of information
same time
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themselves prior to the class, and then engage in enriching activities that help them apply
content at a deeper level (Bergmann and Sams 2013; Collins et al. 2001; Covil et al. 2013;
Gannod et al. 2008; Lage et al. 2000; Strayer 2012). This way of blending maximizes the
advantages of two modes of learning environment. A great strength of the online learning
environment is that it can readily provide visual representations like space simulations or
comparisons and allow for self-pacing (Bush 2013; Goodwin and Miller 2013). The F2F
learning environment can be undoubtedly optimal media for group work, idea sharing with
one-to-one assistance, immediate scaffolding, and individual inspiration. Thus, by flipping
or inverting the allocation of time and locations for learning, FL. combines two types of
learning activities—active problem-solving learning activities and direct instruction/mas-
tery learning activities (Bishop and Verleger 2013)—while making both approaches core
components of a coherent and meaningful learning experience (Stannard 2012).

Most FL literature stresses that the most critical issue in making FL successful is
structuring online and F2F learning experiences so that each component coherently sup-
ports the other at the macro-course level and micro-lesson level (Ginns and Ellis 2007).
Most researchers commenting on the macro-course level emphasize the need for a much
tighter link between the online and F2F modes of learning (Bush, 2013; Covil et al. 2013;
Mason et al. 2013; Stannard 2012; Strayer 2012). In order to achieve a desirable macro-
structure, the lecture part of learning should be kept to a minimum and the inquiry,
discovery, and application parts of the learning process should be allocated maximum time
(Stannard 2012). Technology should be used for what it can do better than humans, saving
for instructors what only humans can do (Bush 2013). These recommendations largely
correspond with recommendations in the BL literature. In addition, the FL literature
specifically addresses the need for a consistent course structure with thorough descriptions
of the course and design rationales in the syllabus, as well as an introductory orientation
that addresses learners’ potential fear or resistance to a new method (Herreid and Schiller
2013; Mason et al. 2013; McLaughlin et al. 2014). Assessment of FL courses should
include a variety of instruments designed to evaluate higher-order thinking skills like
critical and creative thinking skills and problem-solving skills along with content mastery
(McLaughlin et al. 2014). Assessment also should provide learners with multiple ways to
demonstrate their understanding (Milman 2013).

Studies investigating the design of online sessions contain three important concerns: (1)
physical features of online lectures, such as length, speed, and auditory quality (Bush 2013;
Goodwin and Miller 2013; Hattie 2008; Khan, 2012; Mason et al. 2013; Smith and
McDonald 2013); (2) content features of online lectures, such as proper allocation of online
portions, interactivity, and clarity (Bush 2013; Goodwin and Miller 2013; Milman 2013;
Shim, 2013; Smith and McDonald 2013); and (3) logistic features outside of the online
lecture, such as formative evaluation, scheduling, and after-activity (Bush 2013; Mason
et al. 2013; Slomanson 2014; Talbert 2012). In order to retain the learners’ attention the
online lecture should be less than twenty minutes (Mason et al., 2013; Smith and
McDonald 2013) and even less than ten minutes if it is a static screencast that does not
show the instructor’s face (Khan 2012). Further, creating one clip per topic is better for
further reorganizing and modularizing (Smith and McDonald 2013). The clip should have a
function for controlling speed (Bush 2013; Goodwin and Miller 2013; Hattie 2008) and the
audio quality should eliminate auditory distractions (Mason et al., 2013; Smith and
McDonald 2013). In terms of content, online lectures should contain a basic overview or
prerequisite content for an upcoming unit (Milman 2013), including a clear introduction
and summary of main points (Smith and McDonald 2013).
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The critical feature of a successful FL online lecture is its interactivity. Some
researchers have suggested embedding interactive activities such as stop-think-answer,
interactive graphs, or optional synchronous Q & A for this purpose (Bush 2013; Goodwin
and Miller 2013; Shim 2013). In order to improve the quality of online lectures both
instructionally and technically, formative evaluation of the resulting instructional product
with potential learners and following revisions of the design are invaluable (Slomanson
2014). Among the most crucial advice emerging from FL practitioners is that it is
important to design a speculative schedule for studying online content in order to help
learners come to class prepared (Mason et al. 2013; Talbert 2012). Summarizing activities
or self-checkup quiz also can help to ensure their understanding of online instruction (Bush
2013; Slomanson 2014).

Designing the F2F portion of FL can be much more demanding because it is the core
element of FL. Relevant studies primarily concern: (1) initial activities such as verification
quizzes and mini-lectures (Roehl et al. 2013; Strayer 2012; Talbert 2012); (2) main
learning activities in terms of task features and the instructor’s role (Bergmann and Sams
2012; Goodwin and Miller 2013; Mason et al. 2013; Talbert 2012); and (3) external
features such as after-activities, ground rules, and classroom culture (Covil et al. 2013;
Hamdan et al. 2013; Smith and McDonald 2013; Talbert 2012). One suggestion for F2F
sessions is starting with a quick verification quiz to check learners’ understanding of online
content (Roehl et al. 2013; Talbert 2012), or conducting a 5-10 min Q and A session
instead. These initial activities are a very important part of the FL design because suc-
cessful engagement in those activities as entry tickets for the classroom activities can
support the link between online and F2F session, and also promote learners’ motivation to
come to class prepared. Furthermore, such initial activities enable the instructor to catch
students’ lack of understanding or misconceptions before the class activity begins. Mini-
lectures can then address the identified issues, and be geared to the level of the class. The
relative ratio of lecture to class activity depends on the radicality of the instructor’s
approach of the course: the more radical the approach, the higher the ratio of class activity
to lecture. Though one researcher cautioned against entirely eliminating lectures or re-
teaching (Talbert 2012), another suggested that mini-lectures should gradually be reduced
as learners become more familiar with the FL structure (Strayer 2012).

The main F2F learning activity can be designed around tasks or problems. Studies
provide guidance on the optimal features of the classroom tasks and problems of the FL.
First, they should represent the most difficult components of learning in the course, and
accordingly, may require an instructor’s guide, feedback, or peer learner collaboration
(Talbert 2012). The tasks also should be authentic and intrinsically rewarding as learners
apply what they learned in the online lecture (Mason et al. 2013). The instructor should not
only provide direct and immediate feedback and correct learners’ misconceptions
(Goodwin and Miller 2013); but also respond to their social and emotional needs (Berg-
mann and Sams 2012). As external design factors, after class activities can be designed to
encourage further reflection that consolidates learning (Covil et al. 2013). Some practi-
tioners also recommend setting clear ground rules or appropriate boundaries, and creating a
positive engaging culture for the successful implementation of F2F sessions in FL
(Hamdan et al. 2013; Smith and McDonald 2013; Talbert 2012). Table 2 summarizes the
micro-level elements/issues to be considered when designing FL. from previous studies.
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Table 2 Micro-level design elements/issues for designing FL from previous studies

FL part

Design elements/issues

FL online part

FL F2F part

Physical feature design
Length; speed control; audio quality
Content feature design
Appropriateness; interactivity; clarity
External feature design

Formative evaluation of design; study Schedule; after activity

Initial activity design

Verification quiz; mini-lecture
Main learning activity design
Task; instructor’s role

External feature design

After activity; ground rule; culture

Analysis

Analyze content into

Online and F2F session

Online F2F
Factual, Arguable.
Less challenging  More challenging
Unequivocal Equivocal

learning content  learning content

Uni-directional.  Multi-directional,
Asynchronous  Synchronous

Design & Development
Online F2F

Content Festure Design Initial Activity Design
Appropristeness
Tnteractivity - Mini-lecture
Clarity

Muin Leamning Activity Design
Tusk
Instructor’s Role

External Feature Design

Implementation
Evaluation

interaction interaction Formutive Evaluation External Feature Design
Afler Activity
shysical Fealure Desig s A
Physical Feature Design Sroind Bule
Length - Culiure
Speed Control
Audio Quality
Trrt Pttt

BL literature

FL literature

Fig. 1 Synthesis of relevant findings from BL and FL literature

Synthesizing Findings from the BL and FL Literature

As an initial synthesis of literature, a tentative model can be formulated as in Fig. 1. The
BL and FL literature are mapped onto ADDIE (Analysis, Design, Development, Imple-
mentation, and Evaluation) process. BL literature constitutes the Analysis step, and each of
online and F2F FL literature was arranged in the Design and Development step, and
sequenced online session followed by F2F session.

Methods

An ID model is a systematic tool that assists designers in understanding related instruc-
tional variables and/or guides them through the design process (Lee and Jang 2014).
Research on ID models may be classified into three different types: model development,
model validation, and model use. This study concerned the first two of these, and largely
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followed the research methodology for model development and model validation expli-
cated by Richey and Klein (2007), who noted that ID models may be developed through
theoretical or practical means, or both. Theoretical approaches work by synthesizing
related literature, while practical approaches utilize simulated design tasks or real-life
design projects. The FL design model in this study was developed from a synthesis of
relevant literature, simulated design tasks, and real-life design project data.

Further, a developed model may be validated. The validity of a model refers both to the
appropriateness of the model components and the usefulness of the model with respect to
purpose (Barlas 1994). ID model validation is a carefully planned process of collecting and
analyzing empirical data to (1) provide support for each component of the model, or (2)
prove its usefulness in practice (Richey 2005). ID model validation can be performed either
internally or externally, or through the use of both methods. Internal model validation is a
validation that addresses the integrity and its usefulness of a model (Richey and Klein
2007). The integrity of the model refers to how valid the components or processes of a
model are; and the usefulness of the model points to how effectively the model “assists
designers in understanding related instructional variables and/or guides them through the
process of analyzing, designing, developing, implementing, and evaluating instructional
products” (Lee and Jang 2014, p. 744). Prevalent methods of internal validation are expert
reviews and model usability tests. External model validation deals with the effects of using
the model: the quality of the ID products it creates and the benefits of these products for
learners, clients, or organizations. Questions that might be asked in the course of an
external validation include: “To what extent does the resulting instruction meet learner
needs, motivate learners, or satisfy clients?” or “To what extent do changes occur in the
learners’ or organization’s performance or learning?” (Richey 2005; Richey and Klein
2007). However, such outcome issues may be influenced by a variety of factors such as
instructor variables, learner characteristics, or organizational priorities or policies. Typical
methods used for external validation are field evaluations or controlled tests. The FL design
model in this study underwent internal validation through expert reviews and model
usability tests, and external validation through field evaluations.

Procedure
Construction of the initial model

The first step of the study involved mapping specific design details found in the BL and FL
literature onto ADDIE (Fig. 1), and presenting this synthesis to an FL instructional design
team at a Korean university prior to the start of the fall 2013 semester. The team consisted
of one university professor and three teaching assistants, who were chosen based on their
position, field, and years of experience (See Table 3 for information on participants). The
team refined the synthesis of findings into an initial model that served as the basis for the
design of the course implemented in the semester.

Internal validation I: model usability test

The refinement of the initial model led to the second model that the instructional design
team used to design and implement a semester-long college calculus course for mathe-
matics education majors at a Korean university. As the semester progressed, the team
continued to develop both online learning content and F2F learning activities. We collected
the team members’ reflections on the FL design process via individual interviews. The
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Table 3 Participants for internal validation of the FL design model

Participant Role Position Expert field Years of teaching
experience

Usability test

A Instructor Professor Mathematics 21 years
education
B Teaching assistant Doctoral student Mathematics 3 years
education
C Teaching assistant Master student/secondary Mathematics 4 years
school teacher education
D Teaching assistant Master student/secondary Mathematics 8 years
school teacher education

Expert review

E Instructor/FL Professor Physics 10 years (3 FL
instructional design courses)

F Instructor/FL Professor Mathematics 25 years (2 FL
instructional design education courses)

G Instructor/FL Professor Electronic 12 years (2 FL.
instructional design engineering courses)

H Instructor/ Professor Educational 10 years (1 FL
instructional design TECHNOLOGY courses)

I Instructor/FL Professor Mathematics 16 years (1 FL
instructional design Education courses)

interview questions concerned conceptual and actual design tasks, such as, “Does this FL
design model appropriately reflect actual design practice?”; Are there any step that are
hard for designers to follow?; and “Can you elaborate on the component design process in
a more detailed manner?” Insights gained from this first usability test were then used to
create a revised second FL design model.

Internal validation II: model usability test

The second FL design model also underwent a the second model usability test involving
members of the original design team and additionally recruited three experts who have
experience in the design of FL (see Table 3 for information on these participants). These
individuals completed a model usability questionnaire modified from Tracey’s (2001)
model development study, and additional questions added for this study. The items on the
model usability test concerned on the usability of overall FL design model, specific stages
of the model, and resulting products. The responses to the questionnaire resulted in revi-
sions to the second FL design model and, ultimately, the final FL. design model for this
study.

Internal validation Ill: expert review

The internal validity of the final model was tested using experts’ reviews. Total of five
experts who have theoretical expertise and practical experience in the FL design were

@ Springer



Development of an instructional design model for flipped... 437

asked to answer questions on validity, as elaborated into explicability and comprehensi-
bility (for addressing the integrity of the model components); and usability and generality
(for addressing the usefulness of the model) of FL design model (See Table 1 for infor-
mation on experts). Four of the experts were asked to review the model through individual
F2F interviews, and one expert was asked to do it via email. The final content validity
index (CVI) and inter-rater agreement (IRA) were calculated and reported. The CVI is a
measure of how valid the model is, and the CVI of an item is calculated by dividing the
number of experts with positive ratings (i.e. 3 or 4) by total number of experts. A CVI
higher than 0.80 is recommended (Davis 1992). The IRA is a measure of the reliability of
their ratings and overall agreement among experts (Lynn 1986). The IRA of a scale is
calculated by dividing the number of items with an item IRA over 0.80 by the total number
of items. The CVI and IRA represent the integrity of a model, that is, the validity of the
components of a model.

External validation

The data used for external validation included (1) pre- and post-semester scores from a
survey of changes in student views about mathematics (VAMS) (Carlson, 1999); (2) the
reflection journal scores; (3) a class survey of learners’ satisfaction and follow-up inter-
views with selected students.

The VAMS The VAMS measures learners’ epistemological beliefs and attitudes about
math by having them choose from two sentences that represent opposing views about math.
For the purposes of this study, we included in the survey only items dealing with episte-
mological beliefs and dropped other items that did not fit our research objectives. We also
added two items related to authentic learning tasks and collaborative learning, both pre-
viously validated in a study by Rasmussen et al. (2006) (See Table 4). The responses to the
survey were coded on a five-point scale and analyzed using SPSS 21.0. The internal
consistency of the converted scale in Cronbach alpha was 0.79.

Reflection journals The instructor of the FL algebra course also asked students to record
their reflections after each class. The students then submitted their reflection journals to the
teaching assistants, who analyzed the content qualitatively according to the three types of
reflective thinking identified by (Mezirow 1990a, b): content reflection, process reflection,
and critical reflection. These types served as a priori categories for qualitative content. The
reflections also were evaluated quantitatively for completeness and punctuality.

Learner satisfaction survey and follow-up interviews Learners’ satisfaction data were
collected through a class survey in the seventh week of class. In the fifteenth week of class,
three students who had reported high satisfaction and two who reported low satisfaction in
the seventh week were interviewed one-to-one using questions such as, “What do you find
most helpful in the FL class?” “What do you find most challenging in the FL class?” and
“What do you think is the difference between the FL class and the traditional lecture-
centered class?”
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Table 4 Views about mathematics (VAMS) test items
Appendix. Views About MathematicS (VAMS) Test Items
1) 2 3) | () 5) (6)
Only (a) More (a) Equally More (b) Only (b) Neither
Never (b) than (b) (a) and (b) than (a) Never (a) (a) nor (b)
VAMS Items [ 1]2345]6

1 What I mostly liked in the college algebra course was :
(a) In-class lecture  (b) Learning alone or with peers out of class

2 |After I see a solution to a mathematics problem that I got wrong:
(a) I discard my solution and learn the one I saw.
(b) I try to figure out how the solution I saw differs from mine.

3 3. In solving mathematics problems, graphing calculators or computers help me:
(a) understand the underlying mathematical ideas.
(b) obtain numerical answers to problems.

4 |For me, the relationship of mathematics courses to everyday life is usually:
(a) easy to recognize.  (b) hard to recognize.

5 |The role of a mathematics teacher is to:
(a) show me how to work specific problems.
(b) guide me in learning to solve problems

6 | Scientists use mathematics as:
(a) a tool for analyzing and communicating their ideas.
(b) a source of factual knowledge about the natural world.

7 |College algebra course should engage students with learning with
(a) conceptual problems (b) application problems with practical context

8 |When I experience a difficulty while studying mathematics:
(a) I immediately ask for help, or give up trying.
(b) I try hard to figure it out on my own or with others.

9 |Reasoning skills that are taught in mathematics courses can be helpful to me:
(a) in my everyday life. (b) if I were to major in mathematics or a related field.

10 | A major goal of mathematics instruction is to:
(a) impart information. (b) equip students to solve problems independently.

—
—

When studying mathematics in a textbook or in course materials:
(a) I memorize it the way it is presented.
(b) I make sense of the material so that I can understand it.

12 |Graphing calculators or computers:
(a) bring new methods for solving mathematics problems.
(b) speed up problem solving using established methods.

13 |In a mathematics course, it is important:
(a) to understand main concepts (b) to understand how concepts can be utilized

14 |How well I do on mathematics exams depends on how well I can:
(a) recall material in the way it was presented in class.
(b) do tasks that are somewhat different from ones I have seen before.

15 |When solving a challenging mathematics problem, a mathematician:
(a) makes many incorrect attempts. (b) moves directly to a correct solution.

16 |After I go through a mathematics course and feel that I understand them:
(a) I can solve related problems on my own. (b) I have difficulty solving related problems.

17 |Using graphing calculators or computers:
(a) increases my interest in studying mathematics. (b) is a waste of time.

18 |For me, doing well in mathematics courses depends on:
(a) how much effort I put into studying. (b) how well the teacher explains things in class.
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Participants

The study involved three sets of participants whose feedback was sought at different times
in the model construction and validations. The first set of participants was composed of
four members of an instructional team (one university professor and three teaching
assistants) who served as model users. The instructional design team took part in the model
usability test and provided ratings on the general model usability, specific stages of the
model, and the resulting products. The instructor was a professor with twenty-one years of
experience in the field of mathematics education. The teaching assistants, one doctoral
student and two masters students (who concurrently were employed as secondary school
math teachers), had from three to eight years of teaching experience.

The second set of participants included five professors from US and South Korean
universities who provided the expert review in the second test of internal validity. These
five experts were recruited based on their theoretical expertise and experience in designing
and implementing FL for at least one course. Their fields of study were physics, mathe-
matics education, electronic engineering, and educational technology. Their experience in
designing FL ranged from one to three classes, as indicated in Table 3.

The third set of participants in the study included 18 college students enrolled an
algebra course developed from the study’s initial FL design model and taught by the first
set of participants, the instructional team. The algebra course was offered in the department
of mathematics education of a South Korean university in the fall 2013 semester. The
group of students contained eight females (44%) and ten males (56%), and all were
freshman mathematics education majors.

Results
Initial FL. design model

The initial FL. design model was developed from the synthesis of BL and FL literature
depicted via the ADDIE process (Fig. 1). Design suggestions from the BL studies were
incorporated and fleshed out in the Analysis step, the main task of which involved allo-
cating content into online or F2F sessions. Suggestions from the FL literature were mainly
embedded in the Design and Development steps along online or F2F sessions. Sub-ID
activities that also were suggested in the literature and generic instructional design tasks
were added and arranged along the two tracks of the ADDIE model. After analyzing
learning goals, content, learners, and technological environment, the content features (such
as content sequence and hierarchy and interactivity), and external feature (such as quiz,
study schedule, formative evaluation) of online sessions were designed, and then were
developed as video clips created from slides and graphics, for which shooting, editing, and
revising occurred throughout the formative evaluation. The design of the F2F sessions
centered on the design of initial and main learning activities, for which related worksheets,
quizzes, and an optional instructor’s guide were developed. The resulting F2F sessions
were implemented and evaluated, which provided data for further revisions of instructional
products. The initial design model described above is shown in Fig. 2.
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Fig. 2 The initial FL. design model
Second design model

The initial FL design model was first validated via two rounds of model usability tests. The
results of the first model usability test led to revisions that were incorporated in the second
FL design model. In the process of reflecting on the design and implementation process and
sharing their insights, the instructional team helped identify two major ways the model
might be improved. The first related to course level design and lesson level design; these
were seen as needing to be divided since the instructional designers usually do different
tasks for each level of design. At the course level, the analysis of goal, content, learner, and
environment, and the content outline and instructional strategy design are performed at the
macro-level. At the lesson level, however, the objectives of each lesson must be analyzed
and online and F2F sessions must be designed and developed at the micro level. The
second improvement inspired by the feedback of the instructional team was to include a
formative evaluation step in the center of the model in order to reflect how the actual FL
design process happens. An iterative revision process proceeds after a set of online and F2F
sessions is designed and implemented. The observation and students’ feedback data col-
lected during implementation of a lesson promotes the modification of the lesson or the
next lessons.

Final FL design model

The second model usability test brought about revisions that resulted in the final FL design
model. The feedback of the three members of the instructional team and five experts on the
usability of the second FL design model resulted in a number of improvements, the first of
which was at the course and lesson levels, where rapid prototyping processes should be
represented. At the lesson level, this rapid prototyping also should be present in the design
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Fig. 3 The final FL design model

of F2F and online sessions. Another improvement related to the need for an explicit textual
and visual explanation of the flow of the design process, because the complexities of the
model may cause instructional designers to feel frustrated about tracking the procedure that
the model suggests. The third and final improvement was a response to the need to describe
as clearly as possible the implicit assumptions and usage scenarios of the model in order to
prevent possible misunderstandings. The outcome of this last iteration, the final version of
the FL design model and model assumptions, is shown in Fig. 3. Figure 4 provides a
textual description of the final FL design model.

Finally, the FL design model can have three different usage scenarios at the lesson level.
In the first usage scenario, a full set of online sessions is developed, and then a full set of
F2F sessions is developed. After development, implementation begins. In the second
scenario, a full set of online sessions is developed and each F2F session is developed for
immediate implementation. In the third scenario, pairs of online and F2F sessions are
developed for immediate implementation.

Final evaluation of final FL design model
Internal validation (expert review)

The panel for the expert review consisted of five professors from a variety of disciplines
(educational technology, math education, electrical engineering, physics, and foreign
language education), all with experience in the design of FL and theoretical expertise with
FL. They were asked to evaluate the validity of final FL. design model by providing ratings
on the validity, explicability, usability, generality, and comprehensibility of the final
model. Mean scores ranged from 2.8 to 3.8 on a scale of 4 to 1, with 4 indicating “strongly
agree” and 1 indicating “strongly disagree”. The content validity index (CVI) and inter-
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rater agreement (IRA) was higher than 0.80 for all items, indicating that the validity of the
model is acceptable (Davis 1992; Lynn 1986), and experts’ evaluations were mostly in
agreement about the usefulness of the model. They were especially positive about the
separated course and lesson level design in the higher education context, and the inclusion
of a usability test step by which the FL design could be tailored to the particulars of a

The assumptions of the model

- The users of this model are an instructional design team (teacher, instructional designer, teaching assistants, and
technological supports) for Flipped Learning. In university-teaching circumstances, a teacher may as well serve as
the instructional designer and play all instructional roles when resources are limited.

- Designing at the course level means designing overall courses ranging from 10 to 15 weeks in duration and
consisting of several pairs of F2F classes and online video lectures that should be studied before the F2F class.

- In the context of the model, “goal” refers to what students need to achieve in real-world circumstances after

finishing a course. “Objective” refers to what students need to acquire after having had a lesson.

Macro-level has the same meaning as Course Level and Micro-level has the same meaning as Lesson Level.

1.

1.1.

Description of the Model

Analysis

Goal Analysis

Instructional designer analyzes overall goal of the
course. This fundamental step is global in nature and
should address what the students will be expected to
do in the real world.

1.2. Macro-level Content Analysis

Instructional designer analyzes content topic-by-topic,
which constitutes a semester-long (or quarter-long)
weekly plan of the course syllabus.

1.3. Potential Learner Analysis

Instructional designer analyzes the expected learners.
This step may include learners who took the same
class in the previous semester. The required prior
knowledge, prerequisite courses, and the level of
motivation of learners also should be analyzed.

1.4. Technological Resources/Environment Analysis
Instructional ~ designer  analyzes  technical —and
environmental supports needed for operating a flipped
learning. This includes the technical capabilities for
shooting and editing video lectures. The feasibility of
using existing open educational resources and other
administrative support should be considered.

1.5. Allocate Contents into On and Off

Instructional designer uses the analysis of previous steps
to allocate content for online or F2F instruction. Basic
concepts and learning content easily understood without
the teacher’s support should be allocated to the online
portion. Difficult learning materials requiring peer or
teacher’s help and topics needing discussion or various
perspectives should be allocated to the F2F portion.
Online lectures and F2F activities should relate closely
to each other, and all should be treated as essential
components of the course.

Design

2.1. Macro-level Content Outline Design by Unit/Lesson

Instructional designer draws outline by distributing
learning topics for the semester to each lesson. These are
mirrored in a course syllabus.

2.2. Macro-level Instructional Strategy Design

Instructional designer designs the pattern of teaching
strategies and framework for running online and F2F
classes. At this stage, the overall structure of online
classes such as time plan, method of recording and
providing video lectures, and the teaching model for the
F2F class should be considered. Instructional designer
also must decide decision whether or how much to allow
mini-lectures in F2F classroom.

2.3. Macro-level Learning Activity Design

Instructional designer designs the F2F learning activities
to be done throughout the semester. This should be in the
form of rough manual providing information about
various types of feasible learning activities including
procedures and expected times needed so teachers can
properly choose according to topics or subjects.

Fig. 4 Description of the final FL design model
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2.4. Course Orientation /Course Structure Guide
Design
Orientation activities are designed to provide an
explanation of the flipped learning. A guide for
students who might not be comfortable with the new
type of learning will explain its design rationale,
evaluation methods, and activity purposes.

2.5. Macro-level Assessment Design

Based on the goals set in the Analysis stage,
instructional designer should determine how learning
achievement will be evaluated. In addition to helping
students learn content, a flipped learning should
promote critical and creative thinking, problem
solving and communicative abilities, and presentation
skills. Thus, the instructional designer should decide
what kind of learning achievement are assessed, by
what means (e.g., formative evaluation as learning
happens, summative evaluation through mid-term and
final exams), and how evaluation criteria will be set.

Course Curriculum Prototype

After the Analysis and Design stages, instructional
designer develops prototype, such as a course syllabus
and video shooting plans. The prototype must be
revised repeatedly after discussing its appropriateness
with teachers, designers, and technology experts.
Revisions can be done continuously and repeatedly
through the Analysis and Design stages.
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3.

3.1.

3.2

Analysis

Objective Analysis

Instructional designer analyzes lesson level-objectives.
These might be described considering the items used in
the goal analysis stage.

Learner Analysis

More specific learner analysis should be conducted for
the each lesson. The required prior knowledge,
prerequisite courses, and the level of motivation of
learners should be analyzed. Learners’ accessibility to
personal computer should also be assured.

3.3. Lesson-Level Content Analysis

The learning content of each class is analyzed. Related
learning resources are analyzed at this stage and the
hierarchy is analyzed in light of the relative difficulties
of the learning content.

4.1

4.2

Design

Content Design

Instructional designer decides on the specific learning
content to be delivered by the online video lecture.
Video-lecture continuities are designed, along with pop-
up quizzes or self-checking activities inserted within the
video lecture to check learner understanding.

Verification Task/Quiz Design

Instructional designer designs quizzes or activities to
check overall understanding of video lectures. Quiz
checking could be conducted at the opening of F2F class
or the end of online class. Summary assignments and
question making activities can be designed as well.

4.3. Study Scheduling Design

Instructional designer sketches study schedule for online
learning based on information on learner characteristics
derived from learner analysis. A schedule to complete
study of online learning material before F2F class
sessions should be designed.

5.

5.1.

Development

Material Development

Various materials that can be used in the online video
clip, including presentation material, images, and tables,
are developed. Teaching plan and script are developed to
give overall direction.

5.2. Shooting

Instructional designer (teacher) removes visual and
audio noises and checks audio recording status. Teacher
then shoots self and develops video lecture. Open
learning resources like OCW or MOOCS can be used in
a mixed way. Explicit learning objectives should be
provided at the opening of video lecture and summary
should be done at the end. Important concepts must be
repeated and simple reading of a script should be
avoided. When real learners are in front of teacher, it
might help for the teacher to overcome unfamiliarity
with video shooting.

5.3. Editing

Instructional designer edits segments video lecture and
learning materials. Considering typical attention span of
learners video lecture should be shorter than 20 minutes
and be segmented by topics.

Online Course Prototype

At this stage, already designed and developed online
learning prototypes are reviewed in terms of achieving
learning objectives and revised as needed. The results of
usability testing by teacher, instructional designer,
several learners, and technology experts can provide
feedback about the prototype. They must check to see if
learning material covers learning objectives, if it is
overloaded, or if technological limitations exist.
Allocation issues should be reviewed in light of both
F2F and online portions of the class, and their alignment
must be examined. This work can be done repeatedly
and continuously in design and development stages.

a

6.3.

Analysis /Design

6.1. Online Content Analysis

In order to design an F2F session that is tightly link to
online counterpart, the online content is analyzed. The
online content should be prerequisite for the F2F
activities.

6.2. Micro-level Learning Activity Design

Instructional designer designs learning activities for F2F
classroom. Decisions are made concerning the
procedure, time, and proportion of opening quiz and
following activities as well as main class activities. The
unique goal of the F2F activities is to make different
knowledge applications among peers and instructor
visible and to promote interactions.

Group Interaction/Scaffolding Design

Activity groups and group interaction and scaffolding
are designed. Decisions are made about in-group
interaction and inter-group interaction in light of overall
course design. The scaffolding methods to facilitate
group interaction also are considered and designed.

Fig. 4 continued

6.6. Formative, ive A

6.4. Mini-Lecture Design

The instructional designer designs mini-lecture to be
used at the opening of class to remind students of online
video lecture previously watched and to make linkages
between the two. When used midway through class, it
can help adjust learning activities; if used at end of class,
it can help learners to organize what they have learned
and enable them to connect it with upcoming learning
materials.

6.5. Reflection Task/Assignment Design

Reflection assignment is provided after F2F classroom
activities to help learners consolidate what they have
learned individually. Also can be done following the
same patterns on a regular basis.

Design
Instructional designer designs formative assessment and
summative assessment. Teacher and learner can
interactively complete formative assessment during
offline activities, for which assessment plan and
evaluating criteria need to be designed. Assignments and
mid-term and final exams are also planned.
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Development

7.1. Worksheet/Quiz Development

‘Worksheets and quizzes to be used in the classroom are
developed. Worksheets should be developed in light of
the hierarchy of learning content and its order, expected
time spent, and students’ workload. The online learning
content should be reflected in the quiz so that once

F2F Lesson Prototype
The teacher, instructional designer, and several learners
review the prototype of F2F learning activities and
worksheets to see if they are appropriate to the learning
goals and to check if they can be implemented as planed
without an excessive overload. They should be also
compared with the online learning prototype, and
allocation issues on-off alignment should be examined.

learners have studied it they are able to move forward. This process can be conducted repeatedly and
continuously in the design and develop stages.
7.2. Instructors’ Manual Development

If several teaching assistants and facilitators are

involved, they collaboratively develop learning

activities, interactions, scaffolding, mini-lectures, and

teaching plans. The role of teachers as facilitators of

interaction-provoking activities should be made explicit

in the learning activities emphasized points in the

learning activities.

8. Tmplementation/ Evaluation 8.2. F2F Implementation

F2F classroom activities are conducted.
8.1. Online Implementation
Developed online learning materials are uploaded on
time according to a schedule so that learners do not have
problem studying online.

8.3. Next Lesson Feedback
Suggestions for improvement drawn from implement-
tation are integrated into the design of the next class.

Fig. 4 continued

course. Additionally, they felt strongly that a detailed description of the model needed to
be included for novice instructors who might otherwise find it difficult to effectively utilize
the model. In addition, they believed that guidelines for allocating learning content to
online or F2F sessions would be very helpful.

External validation (field evaluation)

A 15 week algebra course was designed according to the model. The topics of a traditional
algebra class were assigned throughout the fifteen weeks, with a mid-term exam in the
eighth week and a final exam in the fifteenth week. Each week, two clips with 20 min
lectures recorded by the instructor were uploaded on the online course management system
for students. In addition, students had a 75 min F2F class each week. Each F2F class
started with a quiz on the lecture clips, followed by a 10-15 min mini-lecture. For
approximately the next hour, students then engaged in group problem-solving activities
with three to four problems provided by the instructors. The difficulty of these problems
gradually increased over the class time. Students first discussed the problem in teams, and
then participated in a whole class discussion. Students also were assigned to submit a
reflection journal within the class day.

After implementing the FL course designed according to the final FL design model, the
various data indicate how resulting instruction impacted students’ views of mathematics
(VAMS), student reflections about the FL design of the class, and students’ satisfactions in
regard to the course overall.

VAMS (views about mathematics survey) Although the normality assumptions of Sha-
piro-Wilk statistics were met (p = 0.20, and p = 0.61, respectively), both parametric and
non-parametric statistics were calculated due to small sample size (n = 17). Both Wil-
coxon signed rank test and paired ¢ test indicated that participants showed significantly
higher scores in the post-VAMS (M = 3.59, SE = 0.085) than in the pre-VAMS
(M = 3.28, SE = 0.061), (Z = 2.33, 1(17) = 2.774, p < 0.05, r = 0.56).
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Studies suggest that students with low VAMS scores usually have naive views toward
math and knowledge whereas students with high VAMS scores have advanced mathe-
matical views and epistemological beliefs closer to those of experts (Hofer 2004). Students
in the former group regard knowledge as a solid, absolute, structured, separate, and
stable truth. To the contrary, students in the latter group regard knowledge as a variable and
provisional agreement that is complex and constructed by interaction, and these students
tend to have better mathematical problem-solving ability (Higgins 1997; Verschaffel et al.
1999) and greater ability to synthesize information than naive viewers (Muis, 2008).
Research also has indicated that the VAMS scores rarely increase much in a short period
like a single semester (Carlson, 1999; Chris et al. 2006). In this study, then, the meaningful
difference between students’ pre- and post-VAMS scores after just a single semester
suggests that the FL design model had a very positive impact on the development and
implementation of the FL algebra course.

Reflection journals Over the fifteen weeks of the FL course, the teaching assistants
discovered qualitative improvement in the level of students’ reflective thinking. At the start
of the semester, students’ reflective journals mostly contained summaries of learning
content and activities, and mentions of the novelty of the video clips and comments about
the difficulties of online and F2F activities, much in the way of a diary. These thoughts
were mostly content and process reflection. As students approached the end of the
semester, they described their own ways of critical understanding what had not been
adequately discussed during the class activities, and even provided suggestions for FL
implementation such as the optimum number of class activities or ideas about group
composition, which can be regarded as critical reflections. The journals also were assessed
using a combined score for the quality of the reflection (70%) and punctuality of sub-
mission (30%), and these scores increased overall throughout the semester, as indicated in
Fig. 5.
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Fig. 5 Average combined score changes of weekly reflection journal throughout the semester
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Student satisfaction 1In the seventh week of the algebra course, a short-answer mid-term
survey was conducted to measure learners’ satisfaction. Students’ responses were some-
what mixed. Some students complained that their workload was too heavy due to the
lecture clips, discussion participation, and reflection journals. Other complaints involved
the limited time for problem solving during the F2F sessions and the inaccessibility of
instant Q & A when learning with the lecture clips. Students also commented on the
positive impacts of FL on their learning. Many valued being able to pause and repeat the
clips when they did not understand a specific part or needed a while to reflect or think
deeper. Students also responded very positively to the increased opportunities for dis-
cussion and active engagement in the overall learning process, and they reported enhanced
motivation for learning itself.

At end of the semester, three of the most satisfied learners and two of the least satisfied
learners on the mid-term survey were asked to participate in in-depth interviews. The
results showed that all students, including the least satisfied, expressed great satisfaction
with FL designed by the FL design model. Students reported that they appreciated the
opportunities for active participation, including the interaction between them and the other
learners and the instructor. Four of the five learners interviewed (A, B, C, and E) reported
that they felt motivated by the activities and engaged in deep understanding:

I think group work was the best part here. When I asked other friends about what 1
couldn’t understand, 1 found at least one of us understood it well. Hearing this, |
learned, and at the same time, I could practice explaining things that I understood
well. That made me feel organized and I loved it. (Learner A)

In my group, there were some smart guys, and I felt more comfortable asking them
questions than asking the teacher. Of course, they knew me [and my needs] better
than the teacher and so they could explain it better. (Learner C)

Thanks to the group work, I think I studied harder this semester than last semester.
Last semester, I rarely studied after the mid-term exam. However, this semester, in
order to participate in discussions in class, I had to bring some basic knowledge to
the classroom. I had to watch the video lectures and study the subject before the
class. That was the main difference from the last semester. (Learner B)

I believe the key to success is students’ participation. I myself became engaged in the
process of understanding during group discussions. Just watching lectures doesn’t
guarantee understanding and they do not always give clear explanations about what
I haven’t understood. Even when what I couldn’t understand was not a big part, [my
lack of understanding] but was eliminated in group discussions. I loved the group
work. (Learner E)

Those interviewed also mentioned the benefits of the online lectures, particularly
because of their repeatability. In the previous semester, the length, breadth, and rapid
progression of mathematical proofs gave students little time to stop and think, and they
often lost pace as a consequence, and frequently giving up in the end. In contrast, the ready
availability of the online lectures in the course studied enabled students to pause, rewind,
and re-think.

Last semester, the teacher couldn’t finish the class in time because of too much
content to cover, and some students dozed off or gave up. However, when watching
the video lectures we don’t doze off and we can take a nap if it is really needed and
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ask the teaching assistants questions in class. That was the good part. There was a
synergistic effect when combining the video lecture and offline class. (Learner C)

First of all, the video lectures were helpful for reviewing the study materials when
preparing for exams. They could be replayed anytime, and [helped me] to master
calculus anyway because calculus requires incremental understandings. I felt I had
to master theories by myself but it gave chances to think deeply about the subject.
(Learner B)

One of the critiques of the FL class was the increased workload—even among students
who admitted it was good for them, like Learner D. Learner E, however felt that the total
burden of work was not greater, but was distributed more evenly than when the focus of
learning centered on mid- and final exams.

It should be a four-credit course with this much homework. There were lots of small
homework assignments and they counted for 5% of our total grade. We were eval-
uated multi-dimensionally. That was a really good part of it. It was possible because
it was flipped classroom. So, it went past rote learning and went deep into the
subject. More subjects were introduced, and students were more interested in them.
(Learner D)

I didn’t study that much for the mid- and final exams. Actually, I didn’t need
to... cause I already had studied and mastered the content. Last semester, I usually
stayed up nights for the exams because I had to start to review and recall the content
from the beginning. (Learner E)

All the students, including some who complained in the mid-term survey, said they
would take a FL course again if one were available in the next semester.

I would take it again because it was fun. I confess I am one who dozes off a lot in
class, but I never did in this one. (Learner D)

If I could choose between a normal class and a flipped learning class, 1 would
definitely choose a flipped one. (Learner E)

Discussion and conclusion

This study was a developmental investigation of a process for constructing and validating a
flipped learning design model. Through an iterative process of review and revision, the FL
design model was formatively improved and internally validated. The implementation of
the final model was shown to result in meaningful increases in students’ maturity of
mathematical views and epistemological beliefs, reflections, and satisfactions. Related
issues that emerged during the process will be discussed below.

Distinctive features of the final FL. design model

Two distinctive features of the final FL. design model would worth further discussion: the
macro and micro two-level approach and the integrative design of online and F2F sessions.
First, in taking both a macro-view of the course level, and a micro-view of each lesson
level, the FL design model creates a more systematic approach to FL design. At the macro-
level, course goals are defined, which in turn guides the design of macro-level content and
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micro-level objectives and content. The macro-design corresponds to the syllabus design,
and the micro-design corresponds to the lesson plan design, by which the model reflects the
design context of higher education. This sort of two-level approach for designing FL has
been suggested in the FL literature, though without any explicit recommendations. In fact,
the review of FL literature revealed its clear division into studies concerning either macro-
level or micro-level design elements. Macro-level studies tended to concern issues like
content allocation and a consistent structure throughout the lessons of a course (Bush 2013;
Covil et al. 2013; Mason et al. 2013; Stannard 2012; Strayer 2012), an introductory
orientation to the overall design rationale (Herreid and Schiller 2013; Mason et al. 2013;
McLaughlin et al. 2014), and course outcomes and assessment at course end (McLaughlin
et al. 2014; Milman 2013). By contrast, micro-level studies concerned the length of lessons
(Mason et al. 2013; Smith and McDonald 2013), speed control of lessons (Bush 2013;
Goodwin and Miller 2013; Hattie, 2008), audio quality of lecture clips (Mason et al. 2013;
Smith and McDonald 2013), strategies for interactivity (Bush 2013; Goodwin and Miller
2013; Shim 2013) the study schedule of online lectures (Mason et al. 2013; Talbert 2012),
in-class verification quizzes (Roehl et al. 2013; Talbert 2012), mini-lectures (Strayer 2012;
Talbert 2012); and in- and after-activity design of F2F sessions (Covil et al. 2013;
Goodwin and Miller 2013; Mason et al. 2013). The apparent distinction between the two
lines of FL studies indicates that design tasks at the macro- and micro-level are best
modeled separately, as the final FL. design model in this study proposes.

Secondly, the final model starts with a collective analysis step dealing with both online
and F2F sessions, and proceeds to the formative design and development of the online
lessons. The design and development of F2F lessons start with another analysis specifically
intended for the design of F2F activities. Results from the common implementation and
evaluation are to be reflected in the analysis step of the next lessons. These model changes
can be interpreted as working towards the right blend, that is, the optimal integration of the
two parts of FL. The common analysis, implementation, and evaluation steps will
undoubtedly improve the amalgamation of the online and F2F pair by aligning the two
sessions with a shared lesson objective and by allocating content into on and off, thus
maximizing the advantages of each environment.

These strategies are consistent with recommendations derived from related FL litera-
ture. Most FL studies have stressed that online and F2F learning experiences should
coherently support each other in order to create a successful FL experience (Bush 2013;
Covil et al. 2013; Mason et al. 2013; Stannard 2012; Strayer 2012). This kind of coherent
support means that the two FL components have a complementary rather than supple-
mentary relationship. Put simply, without the online sessions, F2F activity should not be
effective; and without the F2F sessions, learning with online lectures should not be
complete or have enough depth. Conducting an integral evaluation of online and F2F
learning, in particular, can increase the congruency of all the learning experiences in a FL
course. This is because such an evaluation reveals the extent to which each portion of the
design as well as the entire design optimally contributes to the achievement of course and
lesson goals and objectives. Another analysis for designing F2F activities represents an
effort to increase the tight integration of the two parts, and to design the F2F sessions more
deliberately.

Model specificity

The final FL design model created in this study evolved gradually, and more making it
possible to create a specified guide to the FL design process with model assumptions, usage
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scenarios, and step-by-step descriptions. Model specificity can be achieved both by
specified model assumptions and by specified step components. The model assumptions
and usage scenarios specify the target users, scope, and design context for which the final
FL design model should be used. The step-by-step descriptions provide more precise
guides that are useful when designers make decisions on the actual design.

However, in general, the more specific a model gets, the narrower the application of the
model becomes. Downes (2003) referred to this dilemma when asserting that design
requires specificity but specificity is incompatible with reusability and general application.
The task of finding the best balance between a useful model with specific and practical
guidelines and a wide-reaching model with general and flexible guidelines is crucial, but
challenging. In the process of internal validation in this study, the experts closer to being
practitioners preferred the former approach whereas the experts who were closer to being
theorists prefer the latter. These preferences reflect the theoretical and practical roles of ID
models, that is, to promote understandings of ID realities and to guide ID performance
respectively (Branch and Kopcha 2014; Davies 1996; Gustafson and Branch 2002; Jung
and Rha 1989; Lee and Jang 2014; Rubinstein 1975; Seels and Glasgow 1998). Since an ID
model for designing FL is not yet available in the research literature, the final FL design
model developed in this study was intended for general application within the higher
education context, while clearly specifying the meanings of the component steps so that the
steps can cognitively guide designers to make intelligent design decisions.

This study may be limited in that the FL. design model was developed from a single
case, suggesting the need for confirmation in more cases. Also, since the case was an
algebra course, the model may include some features relevant to courses in natural sciences
but not to disciplines such as liberal arts, social sciences, or art and music, which may
require different design processes. Further, even though the FL design model in this study
underwent internal validation from experts from diverse disciplines like engineering,
physics, mathematics education, and educational technology, actual implementation of the
model in courses in these fields might reveal different aspects of FL design.

Another potential limitation of this study that suggests future research topics regards the
broad definitions used for outcomes of FL. Many FL studies have found meaningful
improvements in students’ satisfaction or attitude (e.g. Bland 2006; Kellogg 2009; Talbert
2012). However, other studies have reported insignificant or marginal increases in aca-
demic performance when comparing FL to traditional methods (e.g. Kellogg 2009;
Papadopoulos and Roman 2010). In those cases, the academic achievement of students in
FL courses was measured using the same instruments as in traditional courses. By contrast,
in this study the outcomes of the FL course were broadly defined as epistemology change,
quality of reflection, and satisfaction. Observation throughout the semester revealed other
areas in which FL has positive outcomes, including study skills, presentation skills, col-
laborative or communicative skills, and inquisitive attitudes toward learning, some of
which are mentioned in previous studies (Bishop and Verleger 2013; Mason et al. 2013;
Talbert 2012). Thus, balancing qualitative and quantitative assessment, and content
knowledge and general competencies, research on more comprehensive approaches to
evaluating the learning impacts of FL is recommended for the future.

The interview data from students taking the course pointed to changes in their episte-
mology and classroom culture. Thus, a potential impact of the course designed using the
FL design model may be innovation in learning from a broader institutional context, which
may be due to the transformative potential of design by envisioning different types of
learning experiences (Collins et al. 2004). Design has been described as systematic
planning for future innovation (Rowland 2008; Simon 1969; Smith and Boling 2009), an
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approach that diverges from the widely-accepted view of design as a solution to a problem.
Increasingly, design is seen as providing “a big picture lens of the problem” in a larger
context rather than “a direct path” (Daly et al. 2012, p. 200) or an immediate intervention
to a problem at hand. Some scholars have even argued that design is a matter of “shaping
the world into desired states” (Molenda and Boling 2008, p. 121) or “how things ought to
be” (Simon 1969, p. 133), thus “making the world a better place” (Laurillard 2012,
p- 225). Design models, then, can inform, guide, and lead to successful educational
innovations (Smith and Boling 2009). Although proposed innovative potential of FL. design
models is somewhat speculative, they nevertheless may serve as a bridge that approaches
FL from the individual course level as well as from the level of institutional support and
policy. It is hoped that the FL design model developed in this study would contribute at
both level.
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