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The Development of 4M Leaming Cycle Teaching Model Based
on the Integrated Mental Model Theory:
Focusing on the Theoretical Basis & Development Procedure

Jiyeon Park - Gyoungho Lee’

Seoul National University, Department of Physics Education

Abstract: Many researches have reported that it is difficult to solve students' difficulties in learning science
with teaching models focused on certain aspects because of various reasons. Recently, in science education
research, the integrated perceptive has been to put emphasis on understanding complex situations of real teaching
and learning. In this research context, the integrated mental model theory that were considered as a whole factor
related to learning has been studied by integrating previous studies that related to students' conceptions and
learning in various fields. Thus, it is needed that the teaching model be based on the integrated mental model
theory to help students to solve their difficulties. The purpose of this research was to develop a new teaching
model based on the integrated mental model theory to address this issue. We reviewed current studies on student
difficulties and teaching models. After this, we developed 4M learning cycle teaching model. In this paper, we
described the process of developing a new teaching model and discussed how to apply this teaching model to
the practices. We also discussed the effects of 4M learning cycle teaching model based on the integrated mental
model theory in learning science with its implications.

Key words: the integrated mental model theory, 4M learning cycle teaching model, teaching strategy, student
difficulty
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Table 1
The framework for analyzing student difficulty in learning science

Substance
Cause of Circular motion
difficulty
Conceptual The acceleration of objects which rotate at constant speed is 0. -
Knowledge Procedural Students lack appropriate algorithms for solving problems. -
Contextual According to contexts, the kinds of force which activate change. ---
Motivational Student learn circular motion to take the course. -
Belief Epistemological Circular motion has no connection with linear motion. ---
Ontological Centrifugal force is scientific force. ---
Performance Students only learn circular motion by rote. ---

Environment The words which describe circular motion are difficult. ---
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Table 2

Student difficulty in learning science & suggestions for teaching

Students difficulty in learning
science

Sources of
difficulties

Suggestions for teaching

+ The lack and inappropriateness

+ To connect concepts with concept-mapping and mind-mapping

Conceptual of knowledge about + To provide opportunities to relate new concept to existing
k subject-domain, mathematics cognitive structure
n
+ The lack and inappropriateness . . . . .
o . . .pp P + To teach problem-solving strategy with active learning physic
of reasoning ability, . . .
A . sheets, House model, motion diagram and free diagram
metacognitive strategy and . e Lo L
1 Procedural . + To provide opportunities to visualize a situation or a problem
problem-solving strategy . . .. v
[§ . .. - To provide opportunities to make explicit students' prior
+ To learn without thinking . . .
d . knowledge and to discuss their conception
about the mechanism
8 - To apply the same concept
e . . - To provide opportunities to apply concepts which students
Contextual differently according to b oPP PP P
learn to various context
contexts
- To Focus on the results of . . . .
exam « To facilitate students' confidence, satisfaction and interest of
learning science
L + Low self-efficacy & . . . .
Motivational . , + To perceive the importance and usefulness of learning science
+ To lose confidence in one's L. .
- + To focus on students' improvement and mastery of learning
own ability .
B . . . science
+ Anxiety about learning science
e : -
| + Epistemology lessons embedded into labs, problems, and class
. discussion
i + Students' knowledge as . . .
. . . + To Assign homework and in-class problems designed to foster
e Epistemological something handed down from . .
. reflection about learning
f authority

+ Effort-based homework grading, and solutions handed out with

the assignment

+ The existence of a mismatch

-+ To facilitate to the shift from a matter-based conception of

Ontological or incompatibility between the .
& mp v . knowledge to a process based conception of knowledge
categorical representation
- To learn concepts and formula
Performance - To teach students to learn how to learn

by rote.

- Unfamiliar words to students

- Education focused on the
entrance examination

+ An overcrowded classroom

Environment

- Object teaching
+ Audio-visual Education

(Carnin et al., 2002; Chi et al., 1994, Reeve, 2000;
Venville, 2004; Wittmann & Scherr, 2002)E %3
zed HeeFore] ofHS X4 AEE 9AEE
BERe 7, o8 d4aT e FEAHe 42T A
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Table 3
Main teaching strategies of 4E learning cycle teaching model

Step Main teaching strategies

1. To provide opportunities to activate mental models about new concepts which students must

Mental model learn

exploration
&
Reflection

. To provide opportunities to recognize limits of mental models
. To provide opportunities to apply mental models to presented contexts
. To facilitate students' interest, curiosity and importance

. To explain the process of forming scientific mental model concretely
Mental model

development &

AN Wk W N

. To provide opportunities to compare the processes of forming mental models with the process
of forming scientific mental model

Reflection .
7. To facilitate students' confidence
Mental model 8. To provide opportunities to apply mental models to everyday different contexts
elaboration . . .
& 9. To provide opportunities to construct as a whole contents which students learned
Reflection 10. To facilitate students' satisfaction

Mental model

assesment/
Difficulty check 11. To provide opportunities to think about difficulties and sources of difficulties perceived in class
&
Reflection
12. To analyze difficulties and sources of difficulties about contents to teach
Whole 13. To think over factors in the framework of knowledge & belief to address students' difficulties
14. To provide opportunities to reflect students' mental models continuously
15. To provide opportunities to interact between teacher and students, and among students
WA Fe SIS 43 EH Table 33 2tk A, A 7zsel 98 + 9E Zolojol s,
A7} ofuf R s AT EH ket Zolojof gt
NEREL R Ry fobet SYEE Aol $HT w AGH A3} A
S Rlel AARY FHo 2We wE 2Y GBS ANEIS HE} ¥ 5, WS AN 5
714t 8Fx(model-based learning)S F73HE Boulter A7] wZoltt. ¥k ofu} SAYEo] oA Hl-g-
o al 001 SAEe] FARYS FskE RN A )oY AP BAYS 22 5 Y=
BE ol Agslop Hlojop Athn FASAT £F  ARSL A4 . 2ARORA FrI9 54E fuA
SHIES ALl 50l RHE ARG dAS =2 + 7125 Jth
A= 7135 Topop & Axsk3ithBoulter ef al, g, S0l 99k 2ol ANE ARSAA 5
2001). Marzano ef al.(2001)% AEAA A2 A & My BEe Wedy FARFL oo T g
4 o) *§7Jr‘8H BE /138 AZRE W GA4A 5o P BEY /138 Aesgy RAnd
S7b Bobde Rtk 293 % A, ST U WAES ok #9E A48T & QA "ok B9 ok
el A% a}% Aol A el Bl Bk WAE HYEY oJAFEL A olsth
£ A+ 4AxE°] Jth(Hamaker, 1986; Osman & (Glynn 1997; Gobert, 2005; Gobert & Buckley, 2000).
Hannafin, 1994; Pressley er al, 1992). o9} 7S @ o] FHoA A= A Eo] T3 AT o] tx]
SN 4M £BHE FYRILS AEF HA FYY BIHolA RS AAFES = AR ohlet of
A SAe AR 34 3w dAR it W oolfE e APl FPHNEA 2 AH S
FAHCE of WAN A BB F&T Qo] W WHT F AES B B ARS 5
Fephgel el BARYS Wed wA & F, AN £2 Bk o ANEA ZARY PR OB
Eol W& FARFYY g ALINES Frsfof o] B9 F4l9 ¢ FFE v T3t wabA
B ol dIa AAHE B4 S BES Y5 wAE B0 2ol dojx AW FARIS
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