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A flipped learning class was held in an attempt to overcome the limits of lecture-type classes in pre-service
science teacher training and to provide a student-oriented education suitable for digital native generation.
The principles of teaching-learning in flipped learning were applied to the general ADDIE model to
design the class; learning materials were developed accordingly. The developed flipped learning materials
and class design were verified for their validity using an expert panel’s Delphi method and validity
test, in which the validity was verified with 0.75 CVR. The developed flipped learning materials were
applied to the theory of science education and the instructional effectiveness was analyzed. The results
suggest that the students” motivation to study, interest, and confidence in learning increased; however,
their satisfaction in class decreased by 30% as compared to the lecture-type class and their self-confidence
in the improvement of their academic achievement was not sufficient. In order for a flipped learning

learning class to be successful, the class should be small in size, which would ensure appropriate teacher-student
communication and individualized learning; also, the students’ burden of learning should be reduced
and accessibility to video materials for pre-class learning should be reinforced.
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Figure 1. Research procedures
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Figure 2. Flipped learning class process and contents and student worksheets of each stage
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Table 1. The validation results of teaching-learning contents based on flipped learning

Evaluation item Question M SD CVR
Validity Proper activities of FL were well-presented 4.63 0.52 1.00

Explanation ~ Proper construction and procedure of FL elements were well-explained 438 0.52 1.00

e U ented sl mtied eaming and salibonatve e 45008100
Universality ~ FL can be applied flexibly and various in pre-service science teacher training 4.13 0.64 0.75
Understanding FL is structuralized to understand the whole easily 4.50 0.53 1.00
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Table 2. The validation results of flipped learning class based on ADDIE model

Evaluation item Question M SD CVR

Analysis Class elements, students, objective and class environment analyses are appropriate 4.25 0.71 0.75

Design ClassA contept se.le.ctAmn and rc.:-constltutlon, . pre-class/in-class/after-class 438 052 1.00
teaching-learning activities and strategies are appropriate

Ag;ziE Development  Class material, tool development, activity material per each class stage are valid 4.50 0.53 1.00

process Implementation It provides teaching-learning environment, student activities and individualized 463 052 1.00

feedback properly
Evaluation Class process and result, teaching-learning design model, class introspection are 413 0.64 0.75
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Figure 3. Pre-class learning material in flipped learning offered at the J University cyber campus (i Class)
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Table 3. Lecture plan of flipped learning class (Theory of science education)

Flipped learning Material

Week Topic . Teaching-Learning activit
P (Video lecture) & & Y
. . . . . . olIntro on flipped learning method
[e]
1 Orientation Lecture & flipped learning orientation oGuideline on flipped learning worksheet
[flipped learning activity]
- quiz(Review, motivation, presentation of goal, 5-10min)
- Students” Q & teachers” A (flipped learning home
worksheets, 10-20min)
- Small group discussion and individual learning (in class
2 Essentials and academic ©What is science? activity worksheets, 30min)
structure of science - Teacher circulating teaching (worksheet, performance
evaluation, 20min)
- Teacher feedback (10-20min)
- Formative evaluation, quiz, class summary, worksheets
submission
o Ancient scientific thinking (IMovement of object @
3 History of science and Fundamentals of matter @) Heat and temperature @ Same as [flipped learning activity]
science education Fundamentals of matter GHistory of science and science - Addt’l material: Relevant dissertation, discussion material
education)
ientifi 1 1 oI i falsificati I ivi P ’ . . ..
4 Scienti ic d(?VC opmenta r?duct{on.and alsification ((DInductivism @Popper’s Same as [flipped leamning activity]
principle I falsificationism)
Scientific developmental ©Kuhn and Lakatos (@Kuhn’s scientific revolution @ . . ..
5 . , Same as [flipped learning activity]
principle II Lakatos’ research program)
oScientific exploration (IDefinition of exploration 2 . . ..
6 Scientific exploration I Types of scientific knowledge (3Types of scientific Same as - [lipped learning activity]
. - Addt’l material: Problem-solving material
exploration)
L . oObservation (@Process of observation (GProcess of Same as [flipped learning activity]
7 Scientific exploration II . . . R . . .
hypothesis verification) - Addt’l material: Problem-solving material
8 Evaluation oMidterm, lecture summary, discussion and summary
9 Scientific education goal ©Educational trend (DScience educational trend @ [tlipped learning activity]
and process Science educational goal (3Process of education) PP & Y
10 Teaching-learning theory ~© Constructivist science education (DConstructivism @ Same as [flipped learning activity]
I Behaviorism) - Addtl’l material: relevant dissertation
Teaching-learning theory " . . e Same as [flipped learning activity]
1 I °Coguitive science education @Cognitivism) - Addtl’l material: relevant dissertation
12 Teaching-learning theory ©Bruner’s discovery learning/Ausubel’s meaningful Same as [flipped learning activity]
11 learning theory/Vygotsky’s proximal development theory - Addtl’l material: relevant dissertation
. . oScience evaluation (DGoal and process of science . . ..
Science learning . . . . Same as [flipped learning activity]
13 . evaluation (2Science evaluation field QAttitude @ . . . .
evaluation . - Addt’l material: Problem-solving material
Performance evaluation)
14 Lecture summary oLecture summary and discussion
15 Evaluation oFinal exam
o SIS 16 A0 o Ble] gan020, SR M S o el e ol ) o] 344 Yge a
TV AAE AHEE SO= ofgAu dA & 4= Qlojof OP—Eﬂ (Kim & Lee, 2015). ZH#d oA shgAEo] 2= 251
PCEYE & 4= QloiA /ol Wkt & ARl Hiet /S A& Sage 712R st AN esAkEelAl 25| B0l v Ak
oA TS PC AR QIEYl WA 5 st skt 7le A oFe sk A A 4= ojoRrt =}loll gt Wi} sl

ol st Bk, SgAF 7o) A1 95t 2o o #-2(48.2%)
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Table 4. Questionnaire of the class based on flipped learning

S-points Likert scale*

Question
1 2 3 4 5 Mean
Class I’'m overall satisfied with i_Class(flipped learning) 1 8 13 5 3.81
satisfaction I want to recommend i Class class to friends 1 9 10 7 385
) The workload of Worksheet and Exercise sheet were reasonable 8 15 4 3.85
Class material
Worksheet and Exercise sheet were helpful in understanding the contents 9 15 3 3.78
Technical s . . Lo . . .
support I’'m satisfied with the support or help on technical issues (buffering, disconnection, error) 1 312 10 1 3.26
I worked hard on homework and class preparation in addition to class 3 13 9 2 3.37
Class method I’m satisfied with the interaction with the teacher in this class 1 13 10 3 3.56
Teacher lead student participation through various methods such as questions and discussion 10 9 8 393
This class helped improving academic achievement 1 13 12 1 3.55
This class helped reaching class understanding and academic goal 7 17 3 3.85
This class helped increasing studying motive and interest 8 14 5 3.89
Class effect - — -
This class helped self-initiated learning 311 7 6 3.59
This class helped improving communication skills 2 13 10 2 3.44
This class helped collaborative learning ability needed in teamwork with peers 5 14 5 3 322

% What should be improved in flipped learning class? (Open-ended question)

©0Too much time required in prior learning (12)

0Too much workload and teaching load (8)

oScreen composition and design not refined (6)

oUnstable compatibility such as PC specs and internet version (5)

©0Too much assignment each session (10)
oFunctions not sufficient enough for discussions (8)
oError in completion of session when watching the lecture video(6)

©No availability of support from relevant department in case of problem (4)

oDifficulty in accessibility of learning (4)

*Lekert scale(5-points) 1: Strongly disagree, 2: Disagree, 3: Undecided, 4: Agree, 5: Strongly agree
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Table 5. Results of student evaluation of teaching for ‘Theory
of science education’(J university)

Year 2011 2012 2013 2014 2015*

Lecture satisfaction** 4.48 4.19 4.54 4.11 397

* Flipped learning class ** 5-points Lekert scale
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