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2017 Constitution of the
Kingdom of Thailand B.E. 2560

T R e —

af various branches of science, technoloey and disciplines of arts to create knowledee,

development and innovation to strengthen the society and to enhance the competence of
people in the Nation.
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Importance of Classroom Research

1999 National Education Act
(Amendments 2002)

National Education Act
B.E. 2542 (1999)

Section 30 Educational institutions shall develop effective leaming

And Amendments
processes. In so doing, they shall also encourage instructors to carry out (Socond National Education Act B.E. 2545 (2002)

___________________________

of education.

Office of the Education Council i
Minisury of Education
Kimgdom of Thailand

Bofd dnn (ol wu/seen SN TR S5-I

Nk — T

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning



il Importance of Classroom Research

1999 National Education Act
(Amendments 2002)
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Ll Importance of Classroom Research

1999 National Education Act

(Amendments 2002)

National Education Act

_— : 2 e ; B.E. 2542 (1999)
Section 30 Educational institutions shall develop effective leaming .
3 > And Amendments
processes. In so doing, they shall also encourage instructors to carry out (Socond National Education Act B.E. 2545 (2002)

P
. 3 i | .
tescarch for developing suitable learning Ior learners at different levels
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of education.

Office of the Education Council
Ministry of Education
Kamgdom of Thailand
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Laal Importance of Classroom Research

Research to improve the teaching and
learning process (e.g., classroom
research) for greater effectiveness is
the responsibility of every teacher/
instructor.
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Lial Importance of Classroom Research

“Great teachers are not born;
they are made through
reflection and research.”
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L Origins of Classroom Research

#1 When I see something beneficial for my students, I want
to use it with my students.
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Origins of Classroom Research

Journal writing is beneficial to:

= Review and examine learning
= Link theory with practice
= Promote
= Reflection
= Metacognition
= Analytic thinking
= Synthetic thinking
= Problem-solving skills
= Teacher-student interaction
= Students’ feedback
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Lael Origins of Classroom Research

. Weekly Learning
Journal writing isbeneficialto: ~ Journal

= Review and examine learning ‘
* Link theory with practice Consists 6 topics
= Promote . _Summary of learning

. _Learning result

Feeling and experience

1
= Reflection 2
3.
4. Problem
5
6

= Metacognition

= Analytic thinking
= Synthetic thinking . Guideline for applying
* Problem-solving skills knowledge and

Solution

= Teacher-student interaction experience
= Students’ feedback

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

il Origins of Classroom Research

Research Research Sample/ Data Research
Question  Design  Participants Collection Instrument
and
Analysis
What are Survey 48 pre-service Weekly Students'
students' Research science teachers opinions on
o 27 Mean and journal
?P SIS on (Course: Science SD writing
;ournal process skills) questionnaire
writing 21
(Course:

Measurement and
evaluation in
science)
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Origins of Classroom Research

o

Table 2 Opinions about lhelpurwscs of journal writing,
S ——— o

Aspect of purpose Frequency (%)

wizing and reviewing things learned

- Verifying learning 16 (9.25%)
- Summarizing and reviewing teaching and learming activities 11 (6365
- Applying knowledge 10 (5.78%)
= limsging concepls 1 (0,585

: Self-expres 'nn=

- Expressing feelings 23 (13.30%)
- Expressing opinions 8 {4.63%)
- Expressing expectations 1 (0.58%)

ying self-improvement 5 (2E9%)
sJleing seliampovanal - 3 {2745
_uﬂu.l_k'um_iuu IE‘E:\:TEI :

- Improving ng and learnmg 19 (10.98% )
===t ageestions o mstructor and leamers 4 (2.31%)
:E‘mbl'cm-wl\'mg :

T 'J.l1; problems in teaching and leaming 15 (B.67%)
’___-_(m'_ia;_wagcsriom for solving teaching and leaming problems 13 (751%)
1_Communication_}

yuestions T 4055

- Communicating with instructor 2 (L16%)
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Fragoency (%)

o idea to wrile i jourmil 5 (h.25%)
1 dont want w wrie joumal 1 (5.00%)

sen more work losd 4 (5.00%)

- Writing junal i
1 am lary n writing Joual 1 (3,75%)

1am tived with journal writing 75%)

< 1am bored with journal wnting becaine | have to s jourmal every week 1 (1256

93.75% want

1 am bord with journal wating because topicy writlen are the some 1 (1.25%
1 am borsd with journal wriling becaise there should be bester 1 (1,25%) -
S b Bk g to continue

oy, with journal wniting. exen 1 realiz that jowrnal is useful 1 125%)

s 1 the “Journal

jve fe
Nt/ 7

- e
T oot with journal whiting hecame 1 sammaizes and reviews 20 (25,006 )

iogs e _ writing”

1 like responses from fnstractor written in joumal

()/ 1 write jounal better becowse | understund more about writing jourmal
o felt

-1 feel good with jaurnal writing becaiise | identify problem and

. .
activity
[ L ” propese s solution
Positive £ St il i ol G i i
=1 feel good with journal wating becatise | improve imysell
(+) 1 feel good with joumal wating becaise | have chance 10 ask questions

1 feel good with journal writiog becsuse | pay more atieniion in lesming

1 feel goad with journal writing hecanse | heve fian ancd write it in joumal

1 feel good with journal writing because 1 improve writing skill

Jousmal writing 15 good comumnicaton ol between rmtrucsor wmd leamer
Neunal feeling

I fecl neutral with yoamal writing hecause | gol tsed to o 5 (6.25%)
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Origins of Classroom Research

Frequency (%)

19 (24.26%)

15 (19.23%)

other tasks interte }uurnul wriling 8 (10.26%)

I have problem when pr 2 journal 8 (10.26%)

I have no problem in writing journal 5 (6.41%)
— I am lazy in writing journal 5 (6.41%)
I have no time o write journal 5 (6.41%)

I have difficulty in summarizing things leamed 5 (6.41%)

I am confused with items of journal 4 (5.13%)

I am bored and do not want to write journal 2 (2.56%)

I dislike expressing fecling and opinions in journal 1 (1.28%)
R forget to write joumal 1 (1.28%)

How to help students overcome these obstacles
= Feedback to improve course (report in TQF5 = next
classroom research?)
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Benefits of Classroom Research

= Increase communication with
students

= Gain a deeper understanding of
students

= Assist students in solving problems

= Encourage students to practice
metacognition

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning



Origins of Classroom Research

#2 When I want to understand students’ content knowledge

MENENT Case 02
INHASAAAT

Social Sciences
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Exploring Preservice Physics Teachers’

(_Content Knowledge >

2
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Khajornsak Buaraphan, Penchantr Singh and Vantipa Roadrangka
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Origins of Classroom Research

Research  Research Sample/ Data Research
Question Design  Participants Collection Instrument
and
Analysis

What are Survey 33 4th year Before Physics
students’ Research student teaching Concepts Test

T teachers from  practicum (42 items
physics 7 teacher covering 6 main
concepts colleges topics: .
before their TEAEE,

g wave,
teaChmg electromagneti
practicum? sm, heat,

thermodynamic
atomic and

nuclear physics)
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Ll 6 Types of Students’ Conceptions

1. Sound Understanding (SU)

(All components of student’s answer are aligned with correct concept)

2. Partially Understanding (PU)

(At least one component of student’ s concepts is aligned with correct concept)

‘r
1
1

\I
3. Specific Misconception (SM) ! => next classroom
| (Student shows incorrect concept) ,: research?

1
\,

4. Partially Understanding with Specific Misconception
(PU/SM)

(A combination of 2 + 3)

5. No Understanding (NU)

(Student answer is not relevant to the question)

6. No Response (NR)

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

Ll Benefits of Classroom Research

* Gained a deeper understanding of
students' concepts

* Led to finding ways to address
misconceptions (= next classroom
research?)

= Identified the impact of the curriculum on
students’ concepts

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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Origins of Classroom Research

#3 When studying the impact of developed teaching on
students' concepts

Songklanakarin J. of Social Sciences & Humanities Conceptual Development of Foree and...
Vol. 12 No. 1 Jan. - Mar. 2006 98 Khajornsak Buaraphan, et al.

Conceptual Development of Force and Motion in
Third-Year Preservice Physics Teachers Participating
in Constructivist Learning Activities

Khajornsak Buaraphan', Penchantr Singh® and Vantipa Roadrangka’
'Ph.D. Candidate (Science Education)
The Program to Prepare Research and Development Personnel for Science Education
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bl  Origins of Classroom Research

Research Research Sample/ Data Research
Question Design Participant Collection Instrument
and
Analysis

How and to what Interpretive 4 Pre-service Beforeand Interview-
extent does the study physics after PCK about-
"PCK Modeling of teachers Modeling Instance (1AI)
Force and of Force and
Motion“ develop Motion
students'

concepts of force
and motion?
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Expert teachers must possess PCK

Content Pedagogical
Knowledge Knowledge

Pedagogical Content Knowledge

(Shulman, 1987)
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Content Pedagogy

Force and

Motion
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Content Pedagogy

Constructivist

Force and X
Teaching

Motion Strategies
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L= Innovative Technique in Data Collection

— =51

Interview about Instance (1Al)

Instance
is a simple line drawing

IAI

is an interview method that uses simple
line drawings as a stimulus tool to in-
depth explore students’ specific
concepts. ] \

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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L= Benefits of Classroom Research

* Gained a new technique (IAI) to in-depth
explore students' concepts

= Developed new constructivist learning
activities based on a new concept (PCK
Modelling)

= Studied the impact of the new activities
(PCK Modelling) in addressing students’
misconceptions

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

bl  Origins of Classroom Research

#4 Want to improve the existing course

Songklanakarin J. of Social Science & Humanities Relationships between Fourth-Year Preservice...
Vol. 13 No. 4 Oct. - Dec. 2007 596 Khajomsuak Buaraphan

Relationships between Fourth-Year Presenvice Physics
Teachers’ Conceptions of Teaching and Learning Physics
and their Classroom Practices during Student Teaching

Khajornsak Buaraphan
Ph.D. (Science Education), Lecturer,

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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L Origins of Classroom Research

Research Research  Sample/ Data Research
Question Design Participants Collection Instrument
and
Analysis
How is the Multisite * 4 pre-service ° Atthe * Classroom
concept of case study physics beginning observation
teaching teachers and end of schedule
physics related * 2 University teaCh_'"g * Individual
to student supervisors practice interview
* Observe
teachers’ actual * 4 School twice a protocol
teaching mentors month + * Interview
practice? interview after
with teaching
students, protocol
supervisors,
teachers
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Benefits of Classroom Research

* Gained an understanding of students’ concepts
about science teaching

* Gained insight into the relationship between
students' concepts and actual teaching practice

* Developed a more suitable course (teaching
practice) and teaching process (prepared students’
good concepts, practiced and collaborated with
mentors and supervisors)

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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Origins of Classroom Research

#5 I want to study the impact of the new curriculum
on students’ beliefs about science teaching
Case 05

International Journal of Science Education

FPublication details, including instructions for authors and subseription information:

Tittps!www.informawoarld.com/smpp/title- content=1713747 283

International Metaphorical Roots ofBeliefs about Teaching and Learning Science nd
Journal of their Modifications in the Standard-Based Science Teacher Preparation
Science Programme
Education Khajornsak Buaraphan®
— * Institute for Innovative Learning, Mahidel University, Nakhen Pathom, Thailand Ql
First published on: 15 December 2010
s IF = 2.518

https://wwuw.tandfonline.com/toc/tsed20/current
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bl  Origins of Classroom Research

Research Research Sample/ Data Research
Question Design Participant Collection Instrument
and
Analysis
How do Interpretive < 110 pre- Beginning * MCT
students in the study service and end of * Interview
q teachers semester Protocol
new curriculum .
= did the
develop their Metaphor
beliefs about Constructio
science n Task
teaching? (McT)
* In-depth
interview
with 30
participants

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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Metaphor Construction Task (MCT)

Innovative Technique in Data Collection

Appendix. Metaphor Construction Task

Instruction:

In your view, what should teaching and learning science look like? Please construct
your own metaphors of teaching and learning science and describe how your meta-
phor represents teachers, learners, and teaching and learning process.

In addition, please make drawing to illustrate your metaphors of teaching and learn-
ing science.

nstitute for Innovative Learning

Table 1. Meaphor categories of teaching and |earning science

Metaphor Teaching and learning
1. Teacher as 1.01 Sun, 1.02 Candle, 1,03 * Teaching is wrunsmission of
knowledge provider Tree/Fruit tree; 1.04 Light, 1,05 knowledge from teacher to
(student as passive Flower, 1.06 Computer user, students
recipient of 1.07 Television, 1.08 Book *  Leamning occurs when students
knowledge) Cookbook, 1.00 Pen, 1,10 accumulate knowledge
Spring, 1.11 Jug/Glass, 1.12 transmitted from tea
Fountain, 1.13 Rain, 1.14
Writer/Poet, 1,15 Shopkeeper,
1.16 Buddhs, 1.17 Sky, 1.18
Wind, 1.19 Food, 1.20 Cook
2. Teacher as moulder!  2.01 Sculptor, 2.02 Painter, 2.03  « Teaching is producing
craftsperson Constructor, 2.04 Baker, 2.05 students as soctally useful
(student us raw Potter, 2.06 Honeybee, 2.07 products.
materials) Cook, 2.08 Jeweller, 2.00 Tailor, + Learningoccurs when students
2.10 Carpenter, 2.11 Archutect, change as teachers intended.
2,12 Miner, 2,13 Weaver, 2.14
Tronworker, 2.15 Contracror,
216 Technician, 2.17 Mill, 2.18
Factory, 2.19 Garland maker
3. Teacher as curer 3.01 Doctor, 3.02 Medicine, * Teaching is diagnosing and
repairer (student as 3.03 Mechanic fixing students” errors or
defective individual) deficiencies
* Learning occurs whe:
students’ errors or deficiencies
are fixed
t. Teacher as supenor 4.01 Shepherd, 4.02 Captamn’ *  Teaching 1s 1otally controlled
authoritative fgure Driver, 4.03 Locomotive, 4.04 by teacher
(student as absolute Brain, 4.05 Vehicle, 4.06 Lite, * Lcarning occurs when students

compliant) 4.07 Earth, 4.08 Rod, 4.09 Chef, follow instruction

4.10 Container

2 Teaching is changing students’
Scriptwriter, 5.03 Laundryman lives for society's future.
Learning occurs when students
are transtormed as envisions

Teacher as change 5.01 Fashion desi
sgent (student as
object of change

nstitute for Innovative Learning
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@ e 6. Teacher as 6.01 Actor/Actress, 6.02 Stand-  +  Teaching is acting for fun and

entertainer (student up comedian, 6.03 Magician, to break down students’
as conscious 6.04 Sportsman affective domain barriers.
observant) * Learning occurs when students

have fun. pay attention. and
participate in activities.

7. Teacher as 7.01 Parent. 7.02 Friend, 7.03 * Teaching is advising students
counsellor (student Psychologist, 7.04 Companion to be emotional and
as significant other) psychological well-beings.

.

Learning occurs when students
take advantaoe from advice

I‘ 8. Teacher as nurturer/  8.01 Gardener, 8.02 Farmer, : « Teaching is nourishing
1 cultivator (student 8.03 Soil, 8.04 Chameleon, 8.05 1 student potential capabilities
: as developing Parent : within caring environment.
I\ organism) ,' *  Learning occurs when
e e e e e e e e e e e e e s ——— students develop in their own
paces.
9. Teacher as 9.01 Compass, 9.02 Lighthouse, * Teaching is scaffolding
facilitator/scaffolder 9.03 North star, 9.04 Flashhight, student.
(student as 9.05 Traffic signs, 9.06 Taxi * Learning occurs when
constructor of driver, 9.07 Road map, 9.08 students construct their own
knowledge) Torch, 9.00 Bridge, 9.10 knowledge.
Ladder, 9.11 Oil
10. Teacher as 10.01 Tour guide, 10.02 Coach, * Teaching is coordinating
cooperative 10.03 Conductor, 10.04 Co- learning activities in
democratic (student  actor/Co-actress classroom.
as active participant * Learning occurs when teacher
in communiry of and students collaborate in
practice) construction of knowledge
together

soc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

LE=a Innovative Technique in Data Collection

Metaphor Construction Task (MCT)

Teacher

Student

Teacher is like
a “Gardener”

Figure 1. Teachers as a gardener
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Teacher is like
a “Tour Guide”

T T ——

Teacher as
entertainer (student
as conscious
observant)

Teacher as
counsellor (student
as significant other)

her as nurturer/
cultvator (student
as developing
organism)

Teacher as
facilitator/scaffolder
(student as
constructor of
knowledge)

I 10. Teacher as

o e

cooperative
democratic (student
as active participant
in communiry of
practice)

6.01 Actor/Actress, 6.02 Stand-
up comedian, 6.03 Magician,
6.04 Sportsman

7.01 Parent. 7.02 Friend, 7.03
Psychologist, 7.04 Companion

8.01 Gardener, 8.02 Farmer,
8.03 Soil, 8.04 Chameleon, 8.05
Parent

9.01 Compass, 9.02 Lighthouse,
9.03 North star, 9.04 Flashhight,
9.05 Traffic signs, 9.06 Taxi
driver, 9.07 Road map, 9.08
Torch, 9.09 Brdge, 9.10
Tadder, 0,11 01 _

o

4

10.01 Tour guide, 10.02 Coach,
10,03 Conductor, 10.04 Co-
actor/Co-actress

| TS —

N e

.

Teaching is acting for fun and
to break down students’
affective domain barmers.
Learning occurs when students
have fun. pay attention. and
participate in activities.

Teaching is advising students
to be emotional and
psychological well-beings.
Learning occurs when students
take advantaoe from advice
Teaching is nourishing
student potential capabilities
within caring environment.
Learning occurs when
students develop in their own
paces.

Teaching is scaffolding
student.

Learning occurs when
students construct their own
knowledge.

Teaching is coordinaring
learning activities in
classroom.

Learning occurs when teacher
and students collaborate in
construction of knowledge
together

Innovative Technique in Data Collection

ssoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

Student

i U
&lh 3 ggg ),’

Teacher /

Figure 2.

Teachers as o tour guide

'Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

\ A\
\ Al an [\ N
[N WA

19



L= Benefits of Classroom Research

* Gained a new technique (MCT) to collect
data on students’ beliefs about science
teaching

e Studied the impact of the new
(Standard-based) curriculum in
developing student teachers' beliefs
about science teaching

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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bl Origins of Classroom Research

#6 I want to explore how to teach new
concept (Nature of Science: NOS) in the Case 06
new curriculum

I 5ci B Technol {20025 21 355-449
EEENENEEEEEEE ROL IR M ERS
ENENNENEEEEEE
Journal of
Science Education {"Embedding Nature of Science in Teaching About Astronomy |
and Technology | and Space
SEEEEEEEEEEEE e

[ || 0]
O0OO00o0nc JC]
O000c 100000
e ;
& Springer - Published caline: @ fuly 3011
E 1 Sprin gar ScanvesBusines Media LLT 2011 —
—
°
Abstrac an adequate wnders |
ing ol
i

(NOS) and the ability w
. This colbective ca udy

https://www.springer.com/journal/10956 Mutwe of science (NOS) has been underseored & o critical

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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Research
Question

How do
elementary
school teachers
develop an
understanding of
NOS and teach
astronomy and
space by
integrating NOS?

Research Sample/ Data

Design

Collective
Case Study

and
Analysis
3 Casestudy ° Beforeand -

of primary after the

teachers NOS
Workshop

Observe .
class

Interview

after .
teaching
Collect .
documents

Origins of Classroom Research

Research
Participant Collection Instrument

Myths of
Science
Questionnaire
(M0sQ)
Classroom
observation
protocol
Interview
after teaching
Check
documents

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

L= Innovative Technique in Data Collection

Myths of Science Questionnaire (MOSQ)

Table 4 The Myzhe of Science Questiceasire (MOSQ)

Statement

Opinion

1. Hypothesss are developed 1 become theories only
2. Scientific heorics are lew socare Bin liws

3. Scientific #heories can be developed fo become lews

4. Scientific knowlalge cannot be changnl

3, The seieatific meod (3 8 fixed swp-by-ep process

fi Science and the siewtific methad can wwwer all questions

7. Sckeatific kowledge comes from experiments only

& Acumalation of evidencs makes sciertific knowledge wor wable

9. A scientific model (e.g., the somic model) cxpresees 2 copy of reality

10 Sciontices do net use creativity and imagination s developing scemittic knowledge
11, Seicntists are opea-minded without my biases

12. Science and tochnology are identical

13, Scientific coterprise is an sdividusl ceterprise

14, Sociery, politics, and colire do noc alfect e devekopment of wkentiflo bnowledge

1 Agree O Uscertain O Disagree

1 Agres 0 Useertain [0 Disagroe

3 Agree T Ucertain C Disagre

Tl Agree (0 Uscertain [ Disagroe

0 Agree O Uscormin O Disagee

11 Agree [ Usceetain [ Disagree

T Agree 1 Usceemin O Disagree

71 Agres O Uscectain 3 Disagree

01 Agree 0 Uscertaba [ Disagsoe

1 Agree O Uscetain 0 Disagsee

00 Agree O Uscertain O Disagree

T1 Agree O Uscertain [ Disagece

01 Agree O Uscertain 0 Disagree

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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L= Benefits of Classroom Research

* Developed elementary school teachers'
understanding of new content (NOS)

* Attended a new workshop on NOS

* Enhanced teachers’ teaching by integrating
NOS more effectively

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

bl  Origins of Classroom Research

When you prioritize the learners as the
main focus.

When you aim to provide them
(students) with the highest quality
education.

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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&= Origins of Classroom Research

explore new
education

hitpsi//www.thej 1/2016/10/21/google-trips-all
explore-new-destinations-offline.html

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

215t century skills

4Cs =» Critical Thinking

2|st Century Student Outcomege . .
and Support Systems  »* Creat|V|ty

*

o Communication
Collaboration

Core Subjects — 3Rs
y and 21st Century Themes Information,
; Life and‘ Media, and
Career Skills Technology
Skills

Standards and
Assessments

\ w"”um and Inszr‘::j’/
\

rofessional Development

Learning Environments
wndonduiiea
R JRREREE
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@ Professional Teachers in the 215t century

Content Pedagogical

Iechnological Bedagogical and Content Knowledge (TPACK)
(Mishra & Koehler, 2006)

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

@ i oiiee ) )
Professional Teachers in the 215t century
Pedagogy
Content
: * P-O-E
Force ~+ Experiment
Motion _ Content Pedagogical P

‘/ ) Technology
me | * Pre-test with Kahoot

Engage with YouTube

clip

% Do a Virtual Lab

* Send report through
Google Form

* Q&Aby Slido

TPACK for teaching force and motion

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning
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@ TPACK Framework

- . SRR S— ~
-~
/7 Tochnological ™ N
Pedagogikal Contont
/ Knowiedge o \
/ (TPACK) ~.\ \

Techrnologenl

/ Podsgogeal Cirlire \
“nomemge Keneindge

{ (TEK) iTCK)

Technological Pedagogical and Content Knowledge

®Assoc. Prof. Dr. Khajornsak Buaraphan: Institute for Innovative Learning

i donFuuiea
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Origins of Classroom Research

TQF

Thai Qualifications Framework for Higher
Education (TQF: HEd)

drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen
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TQF

1. Ethical and

Moral 5. Analytical and
Development Communication
Skills

2. Knowledge

4. Interpersonal SKills

and Responsibili
3. Cognitive . P 2

Skills

a o £ Y g v o o ¥ o a o <£q av o ' da a I )
anua*uawﬁmungwmamwaﬁuww‘i]cgcy WIUANRDN N1 AanUas aVENSIUuYaINl @’mmﬂzja@mmw‘lumnamwm with Dr. JORN LWIL‘WFJU‘J‘LFIU’J

TQF

1. Ethical |*= Habit of acting ethically and responsibly in

and Moral| Personal and public life in ways that are
consistent with high moral standards

= Ability to resolve value conflicts through
application of a consistent system of values

Developm
ent

Possible Research Topics:

+ Explore students’ beliefs, values or norms

* Promote students’ abilities to resolve value conflicts or face
ethical and moral dilemmas

+ Explore and promote students’ behaviors related to ethics
and morality.

a < 9 o o ¥ o a < av o i : ia N .
drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen
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TQF

2. = Ability to understand, recall and present

Knowledg information including

. * Knowledge of specific facts,

* Knowledge of concepts, principles and
theories

* Knowledge of procedures.

Possible Research Topics:
» Explore students’ knowledge through innovative methods
* Modify students’ misconceptions through innovations

a o £ Y g v o o ¥ o a o <£q av o ' da a I )
aaaua*uawﬁmungwmamwaﬁumeﬂm}yﬂ WIUANRDN N1 AanUas aVENSIUuYaINl @’Jﬂﬂk‘l]iﬂmﬂ’lw‘l&lﬂ'mﬂﬂ’]ﬂvlﬂﬂ with Dr. JORN LWIL‘WFJU‘J‘LFIU’J

@ o
3. = Ability to
.l = Apply knowledge and understanding of concepts,
Cognltlve rinciples, theories and procedures when asked to
P P
Skills do so; and

= Analyze situations and apply conceptual
understanding of principles and theories in critical
thinking and creative problem solving when face
with unanticipated new situations

Possible Research Topics:

» Explore and find innovative ways to foster students’ higher-
order thinking (HOT) e.g. critical thinking, creative thinking,
analytic thinking, problem-solving

< > o o ¥ o a < av o i : ia N .
drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen



TQF

4, = Ability to:

Interpers = Work effectively in groups, and exercise

onal leadership;

Skills and . Ac;ept personal and social responsibility,
. an

R.e?ponSl * Plan and take responsibility for their own

bility learning

Possible Research Topics:

* Explore and promote students’ team work skills,
collaborative skills and leadership

* Promote students’ self-regulated learning and metacognition

a o £ Y g v o o ¥ o a o <£q av o ' da a I )
aaaua*uawﬁmungwmamwaﬁumeﬂm}yﬂ WIUANRDN N1 AanUas aVENSIUuYaINl @’Jﬂﬂk‘l]iﬂmﬂ’lw‘l&lﬂ'mﬂﬂ’]ﬂvlﬂﬂ with Dr. JORN LWIL‘WFJU‘J‘LFIU’J

@ Lo TQF
5. = Ability to:
Analytical = Use basic mathematical and statistical
techniques
and . . .
. » Communicate effectively in oral and
Cm?lmunl written form, and
cation = Use information and communication
Skills technology

Possible Research Topics:

* Explore and promote students’ mathematical skills, research
skills and analytic thinking

* Promote students’ communication skills

* Promote students’ ICT skills and digital competency

a < 9 o o ¥ o a < av o i : ia N .
drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen



el Origins of Classroom Research

Course Syllabus

PLO: Program Learning Outcomes
CLO = Course Learning Outcome
GLO = Generic Learning Outcomes

SSLO = Subject Specific Learning Outcomes

dudvdnsmunguineninddumlann iudnasn vien daudas Suavsiluvesns @3teidsgunwlisnnagieiian with Dr. JORN usiiiesfifen

Origins of Classroom Research

S18381 CLOs €ELOs SKills
SSLOs  GLOs

IL666 CLO1: describe PLOT: K1 v v
Mechanics | the Newton’s law - __
of motion and N Understand +
applyitin-.._______ Apply levels
calculating or (Revised
solving the Bloom’s
relevant problems. Taxonomy)

Possible classroom research:
= Students’ common misconceptions (Survey or Interview?)

= New assessment tool (Effectiveness of Two-tier test?)
. 27
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Classroom Research
through Action Research Process
(PAOR)

2 < o Y o 8w a < v o ' i da o .
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@ Action Research (AR)

5d0nri
lnegufoAviu

deudvavsmunguunensnddumstagn iudnasn vingn daudas Suansiluvesns @3deidgunmwlinnagnedian with Dr. JORN usiiiiesdifen
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bl Classroom Action Research (CAR)

Act
on teaching
: To
Teacher as (curriculum, ;
Practitioner activity, lmpr(?ve
materials, teachlng)
media,
assessment)

A /

2 < o Y o 8w a < v o ' i da o .
drudvdnsmunguanensnddumstnn iudnaen vign daudas Suansiluvesns @3deidgunwlisnnagisiian with Dr. JORN usiiiesfifen

W= Difference between AR v.s. CAR

Action Research Classroom Action
(AR) Research (CAR)
o’-“‘—----‘h\ .rs .

A pratfiﬁoner is A pragtitioner is a
anyone who takes teacher who takes
action to improve action to improve

any practice. te7achw practice.
.
\~~----—-————




@ 59918IUHUANISTUBUISEU (CAR)

\
| Classroom Action \\ Research

* Understand \‘
problem \
» Solve problerﬁ
' * Lead to change

* Improve teaching
Practice

. . < o %y soa £ v o ! e ]
drudvdnsmunguanensnddumstnn iudnaen vign daudas Suansiluvesns @3deidgunwlisnnagisiian with Dr. JORN usiiiesfifen

il Action Research Process: PAOR

Plan

(
4 "
2

. Reflect @namm [ Act

. Observe

deudvavsmunguunensnddumstagn iudnasn vingn daudas Suansiluvesns @3deidgunmwlinnagnedian with Dr. JORN usiiiiesdifen
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bl Classroom Research with PAOR Process

P: Plan

* Study teaching issues from post-lesson reflections.

* Survey, test or interview students to reflect learning
outcomes

* Analyze students’ learning outcome and reflect on those
outcomes according to relevant frameworks e.g. the
21st Century SKkills, TPACK, TQF, CLOs, etc.

* Create/develop/improve curricula, teaching methods,
activities, and teaching materials = innovation in
teaching and learning.

. . < o %y soa £ v o ! e ]
drudvdnsmunguanensnddumstnn iudnaen vign daudas Suansiluvesns @3deidgunwlisnnagisiian with Dr. JORN usiiiesfifen

bl Classroom Research with PAOR Process

P: Plan

* Design and develop teaching method, learning
activities, materials, technology and supporting
materials.

* Review literature to:
* Formulate clear, sharp, and valuable research
questions that are totally new.
+ Identify methods, media, and innovations to solve
problems.
* Develop methods and tools for data collection.

deudvavsmunguunensnddumstagn iudnasn vingn daudas Suansiluvesns @3deidgunmwlinnagnedian with Dr. JORN usiiiiesdifen
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bl Classroom Research with PAOR Process

P: Plan

* Adopt or Adapt or Create data collection
methods and instruments (e.g., test,
questionnaire, interview protocol, task
assessment)

* Check validity and reliability of all
instruments (though you adopt from
somewhere)

2 < o Y o 8w a < v o ' i da o .
drudvdnsmunguanensnddumstnn iudnaen vign daudas Suansiluvesns @3deidgunwlisnnagisiian with Dr. JORN usiiiesfifen

(it °
Data Collection Instruments
Quantitative Instruments Qualitative Instruments
Variable Research Variable Research
Instrument Instrument
Knowledge '« Concept Test Knowledge '« Open-ended question
* Concept Survey * Interview (individual/
* Objective test V 5 group) (IAl, MCT)
* MCQs . . * Concept Map
Skills * Check List Skills * Observation Protocol
Attitudes |« Survey Attitudes * Interview (individual/
* Questionnaire group)

drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen



bl Classroom Research with PAOR Process

P: Plan

* Choose research design that suits research
question (or research paradigm)
* One Group Pre-test Post-test Design
* Quasi-experimental Design
» Case Study
* Mixed-method research
» Participatory action research

. . < o %y soa £ v o ! e ]
drudvdnsmunguanensnddumstnn iudnaen vign daudas Suansiluvesns @3deidgunwlisnnagisiian with Dr. JORN usiiiesfifen

Research Paradigms
Quantitative research BRONENTE\CE IV

* Research paradigm: Positivism * Interpretivism (in-depth, meaning,
(focus on control, manipulation) interpretation)
* Data: Numeric data » Texts

* Data analysis: Descriptive or Thematic analysis, Content

Inferential statistics analysis, Discourse analysis
* Report: Frequency, %, mean, SD, © G ET e
sig. evidence e.g. photo, picture,
quote, audio tape
* Goal: Generalization from a * Describe in-depth, holistic and
sample > population, test theory generate theory

auAvAVSAIn fvans
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el Classroom Research with PAOR Process

A: Act

* Follow the planned research steps according to various
stages.

* Use developed INNOVATIVE teaching methods, activities,
materials, media, technology, etc.

* Collect data (pre- and post-tests, questionnaires, surveys,
interviews, observations, skills/ attitude assessments,
work evaluations).

. . < o %y soa £ v o ! e ]
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el Classroom Research with PAOR Process

O: Observe

* Analyze and interpret the data to write the research
findings.

* Quantitative data:
* Descriptive statistics - frequency, %, min, max, mean, SD.
* Inferential statistics - t-test, ANOVA, ANCOVA

* Qualitative data:

* Qualitative analysis e.g. prepare data, break down data,
assign codes, categorize, identify key themes.

deudvavsmunguunensnddumstagn iudnasn vingn daudas Suansiluvesns @3deidgunmwlinnagnedian with Dr. JORN usiiiiesdifen
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Classroom Research with PAOR Process

R: Reflect

* Reflect on the data collected. (How do you feel, how will you
implement it?)

* Critical reflect on discussion:
* Compare for similarities and contrast for differences with findings
from other existing research studies.

* Critical reflect on suggestions or implementation:
* For improving practice, for oneself, fellow teachers, and
administrators at various levels.
* For better research in future studies, for oneself and other
researchers.

. . < o %y soa £ v o ! e ]
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PRESIAY

Dynamic Process of PAOR in Action Research

‘,——-_->
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Publications of Classroom Research
c’ gusgdoimsandunsaising

[ E Journal of Education
. Prince of Songhkla University, Pattani Campus
- alsdaasAnunnaiaas
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s PSU

- v
ASAISAY A,
(AUVUUMAAN YY) d179)
AUVODAIEAS LAardIAUNATERNS
b'ﬂi*‘fl) RE ’ZE- l"v’!(“i‘é f(;;»%h‘m_ OF
HUMANITIES AND SOCIAL SCIENCES

https://tci-thailand.org/list%20journal.php
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Publications of Classroom Research

Educational Action Research S]R Q2

"'1.7 Taylors Francis Online & login

Register ™ can

iome B All journals ® Educational Act

Supported by

Educational Action e sanrig
Research

(CARN)
Connecting Research and Practice for Professionals and Communities

o

" Publishes action research in education, including refiective practice, professional
development, curriculum development and democratic management

https://www.tandfonline.com/toc/reac20/current
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Action Research

@SAGE Jourﬂals Search @ Browse  Rescurces ~ Access Oplions

Account Administrato

Action Research

Journal Home Browse Journal v Journal [nfo v Stay Connected v

https://journals.sagepub.com/home/arj

anudvinsmungranensnddunislinn vudaaen vhdr dauas Avdnsilureans @ideBeguninlisanegisiin with Dr. JORN usitiesfiien

Publications of Classroom Research

bl Publications of Classroom Research

international Journal of Action Research

Budrich Journals

UAR - International Journal of Action Research

Mome About Login Register Ssarch  Current Archives Online Shop FAQ  Budrich Journals

fame > LIAR - International Journsl of Action Ressaeh
IJAR - International Journal of Action Research

About the Journal

Sutmcribe to Alert
Onlioe Shop | Poces and Subseiote
Arctuves | Qoen.

Committee NTERNATIONAL
OURNAL
CTION
ESEARCH

Single Articles):
oy_ond Politics (une 2021)

SJR Q3

Journals / Yesrbooke:

* Education

* Gander Studies

= Secioloay

* Mathodelogical Basearch
+ Political Science

* Clvic Education

- Kev Competences

* Secial Work

* Yaarbooks

https://www.budrich-journals.de/index.php/ijar
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Publications of Classroom Research

Technology, Pedagogy and Education ~ SJR Q1

L -
9 Taylor. Francis Online & Login Register P Cart

Journal of the

B Technology, Pedagogy and
edagogy and E ation

Education Education (TPER)
ite
. )

Technology, Pedagogy and Education publishes international research intc I I ;' — 2 5 2
of infermation and communication technology (ICT) in teacher education - °

https://www.tandfonline.com/toc/rtpe20/current
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Publications of Classroom Research

Journal of Pedagogy SJR Q3

s Sciendo About  Publish withus  Subjects=  News Contacts O 2 En w
Journal
m Journal of pedagogy Journal Details
J.OURNAL OF The Journal of University of Trnava & Spen Ances:
PEDAGOGY = -
PEDASDGICRY CASOPIS '_ & Download ., { < Share J | & For Authors |
: E Format: Journal
elSSN; 2719-551
4] First Published: 16 Sep 2070

Languages: English

https://sciendo.com/journal/JPED
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Laall Publications of Classroom Research

Journal of Curriculum and Pedagogy ~ SJR Q3

~ Taylor. Francis Online & login | Register P Cant

Home # All journals ® journal of Curriculum and g Lis * Volume 18, Issue 1

Official |ournal of the

{Journal of Curriculum and s
Pedagogy

Publishes rasearch on the study of curriculum theory, educational Inquiry and padagogical
praxis, examining diverse perspectives on educational phenomena.

https://www.tandfonline.com/toc/ujcp20/current

< ¥ ea v o o ¥ o a_a £ av o ' da a T )
ﬁi’Juﬁ‘Hﬁ‘Vlﬁﬁ]’]NﬂQWEJ’]HVﬁWﬂﬁuV\’N{]ﬂme’] uAnaan 1Y AALUag ﬁ'ﬂﬁ‘iﬂﬁLi‘u‘HﬂﬂLW"\] @’J’\]FJL”INF‘]MD’WWlSJFJ’WﬂE]U’NVIﬂﬂ with Dr. JORN HAMWEINLAEY

drudvdvsmunguinendnddumstingn iudnaen vign daudas Suavsiluvesns @3deidsgunwlisnnagasiian with Dr. JORN usiiilesfifen

41



MY 15
INHATAT A5

KASETSART JOUIRINAL

Social Sciences

ISSN 0125 - 8370 UN b 2ITUN 0 NAAN - WHBY bEEo
http://www.rdi.ku.ac.th January - April 2007 Volume 28 Number 1

=t

aRAGeEad HaznITIIUMsTeaTARYe NG ouT LTSN An Y TR 4
Student Conceptions on Cells and Cell Processes in Grade 10

91 UIANOT TIINT OUUASIATHINA  UAZUGUA AN oo 1
Fuznszuummaimen asun uluides wgawiiveninGeuszaudseuannoulatean
Tsasoulusaniadumys
Integrated Science Process Skills on Chemical Equilibrium of High School Students from
Schools in Chanthaburi Province

0139 NBU RYAT YY ITTA G UAZUGUA YA oo 11
AAUARADININAMNITUA ATVRIH auaztaidia  1MNANATINA ATANET UMINedunaTen a5
Attitude Toward Home Economics Profession of Kasetsart University Students and Graduates
in Home Economics Education

T 5000 IATOMMH UAZ TN DU T OT5T oo oeeeseeee e omoeeeeee e eoooeeeeee e 23
HaveInsHn lonzAsANNEAnguUDIaIRD TundeueuinAny uNANa
Effect of the Yoga on Flexibility of the Back Part of Body of Female Students

YT (BRANRITO 102 TUNA WA T B oottt 36
anuAiuYesl e M3 euinermn adnidemsFeueniiu
Preservice Science Teachers’ Opinions About Journal Writing

IR TE e 1Y S 43
MIMIIFINV0 ~ANMINGUABATN AT INGUVALNAUVY

Kasetsart University Students’ Life Style at Bangkhen Campus

vialo giega W5 Tnuaf SUn Houngu HATKALT FUTAR oo 58
M3 wsmvesnyihutazguaulumsianndnenmauesTaeruu Teu1ouedsy
Participation of Village and Community in Capacity Development via Government Policy

Anns Tnofnd 1aziiusInd WIUTENIU WA oo 69

15 1ITMOITIMFUVNNKINEABINHATAT AT




Kasetsart J. (Soc. Sci) 28 : 43 - 57 (2007) 2. 1ABATN A3 (anw) 77 28 : 43 - 57 (2550)

a an a ¢
mmﬂmﬁummu a1 1VIN1T BUINYIAT AT
d'd \ =S a\
nunMIVeHIYNU
Preservice Science Teachers’ Opinions About
Journal Writing

d
VIIANA 1TIIZWUE

Khajornsak Buaraphan

ABSTRACT

To explore opinions about journal writing, 48 preservice science teachers were asked to complete
the Opinions about Journal Writing Questionnaire. The data revealed that the participants’ opinions about
purposes of journal writing and their appreciation of journal writing were related to their opinions about
advantages of journal writing. The participants expressed positive attitudes toward journal writing because
they gained more understanding about journal writing and realized its importance, and appreciated the
instructor s feedback. At the end of the semester, nearly all participants supported the integration of a journal
writing activity in the courses they attended. Also, they indicated various weaknesses and obstacles of journal
writing. Factors potentially influenced the journal writing process were understanding about journal writing,
awareness of importance of journal writing, and feedback from an instructor.

Key words: preservice science teachers, opinions about journal writing
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Table 1  Number of participants by subjects, gender and year of study.
Subject 2" year 3 year 4" year
Male Female Male Female Male Female
Science process skills 3 20 - - 1 3
Measurement and evaluation in science - - 2 15 2 2
Total 3 20 2 15 3 5
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Opinions about the purposes of journal writing.

Aspect of purpose

Frequency (%)

Knowledge

- Summarizing and reviewing things learned

- Veritying learning

- Summarizing and reviewing teaching and learning activities

- Applying knowledge

- Constructing concepts
Self-expression

- Expressing feelings

- Expressing opinions

- Expressing expectations
Self-improvement

- Veritying self-improvement

- Helping self-improvement
Teaching and learning improvement

- Improving teaching and learning

- Giving suggestions to instructor and learners

Problem-solving

- Identifying problems in teaching and learning

- Giving suggestions for solving teaching and learning problems

Communication
- Asking questions

- Communicating with instructor

35 (20.23%)
16 (9.25%)
11 (6.36%)
10 (5.78%)
1 (0.58%)

23 (13.30%)
8 (4.63%)
1 (0.58%)

5 (2.89%)
3 (2.74%)

19 (10.98%)
4 (2.31%)

15 (8.67%)
13 (7.51%)

7 (4.05%)
2 (1.16%)

Note More than 1 answer is possible for each participant.
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Feelings in journal writing at the beginning of semester.

Feeling

Frequency (%)

Negative feeling
- Why we have to write journal
-1 don’t want to write journal
- I am bored with journal writing
- Writing journal increases more workload
- I have no idea to write journal

- T don’t know how to write journal

- I am confused because I have never been written journal

- I am lazy in writing journal

- I dislike writing

- I am tired with journal writing
- Writing journal is difficult task

- Writing journal is waste of time

- I have to write journal because it is useful

Positive feeling
- Writing journal is new for me

- Writing journal is fun for me

- Writing journal is good because I can communicate with instructor

- Writing journal is good because it summarizes things learned

Neutral feeling

- I feel neutral with journal writing because I used to write journals
- I feel neutral with journal writing because I know journal is useful

- I feel neutral with journal writing because it is required task

15 (13.51%)
13 (11.71%)
12 (10.81%)
11 (9.91%)
10 (9.01%)
10 (9.01%)
9 (8.11%)
6 (5.41%)
6 (5.41%)
3 (2.70%)
3 (2.70%)
1 (0.90%)
1 (0.90%)

4 (3.60%)
1 (0.90%)
1 (0.90%)
1 (0.90%)

2 (1.80%)
1 (0.90%)
1 (0.90%)

Note More than 1 answer is possible for each participant.
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Feelings in journal writing at the end of semester.

Feeling

Frequency (%)

Negative feeling
- I have no idea to write in journal
-1 don’t want to write journal
- Writing journal increases more workload
- I am lazy in writing journal

- I am tired with journal writing

- I am bored with journal writing because I have to submit journal every week
- I am bored with journal writing because topics written are the same

- I am bored with journal writing because there should be better

way than journal writing

- I am bored with journal writing, even I realize that journal is useful

Positive feeling

- I feel good with journal writing because I summarizes and reviews

things learned

- I like responses from instructor written in journal
- I write journal better because I understand more about writing journal

- I feel good with journal writing because I identify problem and

propose its solution

- I feel good with journal writing because I express my feeling

- I feel good with journal writing because I improve myself

- I feel good with journal writing because I have chance to ask questions

- I feel good with journal writing because I pay more attention in learning
- I feel good with journal writing because I have fun and write it in journal
- I feel good with journal writing because I improve writing skill

- Journal writing is good communication tool between instructor and learner

Neutral feeling

- I feel neutral with journal writing because I get used to it

5 (6.25%)
4 (5.00%)
4 (5.00%)
3 (3.75%)
3 (3.75%)
1 (1.25%)
1 (1.25%)
1 (1.25%)

1 (1.25%)

20 (25.00%)

7 (8.75%)
6 (7.50%)
5 (6.25%)

3 (3.75%)
3 (3.75%)
2 (2.50%)
2 (2.50%)
2 (2.50%)
1 (1.25%)
1 (1.25%)

5 (6.25%)

Note More than 1 answer is possible for each participant.
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Opinions about advantages of journal writing in knowledge aspect.

Opinions

Frequency (%)

Summarizing and reviewing things learned

Improving writing skill

Identifying problems and proposing their solutions

Applying knowledge

Understanding and memorizing content
Summarizing teaching and learning activities
Improving thinking skills

Constructing concepts

Paying more attention in learning
Self-improvement and self-understanding
Being circumspect

Being punctual

Being responsible

Being mindful

42 (37.50%)
16 (14.29%)
10 (8.93%)
8 (7.14%)
7 (6.25%)
6 (5.36%)
6 (5.36%)
5 (4.47%)
4 (3.57%)
4 (3.57%)
1 (0.89%)
1 (0.89%)
1 (0.89%)
1 (0.89%)

Note More than 1 answer is possible for each participant.
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Table 6

Opinions about advantages of journal writing in social aspect.

Opinions

Frequency (%)

Communicating with instructor
Exchanging reading journals with classmates
Being open-minded for other ideas

Improving group work skills

Understanding more about instructor and classmates

Exchanging knowledge with classmates
Narrowing gap between instructor and learners
Being sacrificial

Journal is friend of learner

21 (36.21%)
10 (17.24%)
8 (13.79%)
5 (8.62%)
5 (8.62%)
3 (5.17%)
3 (5.17%)
2 (3.45%)
1 (1.72%)

Note More than 1 answer is possible for each participant.

Table 7

Opinions about advantages of journal writing in affective aspect.

Opinions

Frequency (%)

Expressing feelings

Expressing opinions

I feel good in improving myself by using suggestions from instructor

I feel good with instructor s feedback written in journal

I appreciate in criticizing teaching and learning
I understand more about my feelings

Developing positive attitude toward course

I feel good because instructor read journal thoroughly and paid attention to it

I want to write journal more

35 (71.43%)
3 (6.12%)
3 (6.12%)
2 (4.08%)
2 (4.08%)
1 (2.04%)
1 (2.04%)
1 (2.04%)
1 (2.04%)

Note More than 1 answer is possible for each participant.
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Table 8

Opinions about advantages of journal writing in professional aspect.

Opinions

Frequency (%)

I will require my students to write journal for improving teaching and learning

Using students’ journals as assessment tool

Using students’ journals to understand students

Using students’ journals to reflect students’ problems

. . 4 .
Using instructor s responses as example of how to respond to students journals

Journal writing improving teaching profession

Practicing computer skills

16 (45.71%)
6 (17.14%)
5 (14.29%)
2 (5.71%)
2 (5.71%)
2 (5.71%)
1 (2.86%)
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Table 9  Opinions about disadvantages of journal writing.

Opinions

Frequency (%)

I am bored because I have to write in same topics

Journal writing have no disadvantages
Writing journal increasing more workload
Learners copying journals from each other

I am lazy in writing journal

. . . 2 .
I write journal to secure instructor s feeling and scores

Writing journal is waste of time
I am tired in writing journal

I have no time, I write journal roughly

Instructor must give feedback in journal to make it more useful

I have other tasks interfering journal writing

I have to write journal after finished class, nevertheless I forget things learned

Fixed-format journal fix my thinking in writing journal

I am serious in communicating with instructor
I do not understand limitation of journal writing

Cost of printing journal is high

12 (17.65%)
7 (10.29%)
7 (10.29%)
6 (8.82%)
5 (7.35%)
5 (7.35%)
5 (7.35%)
3 (4.41%)
3 (4.41%)
3 (4.41%)
3 (4.41%)
2 (2.94%)
2 (2.94%)
2 (2.94%)
1 (1.47%)
1 (1.47%)

Note More than 1 answer is possible for each participant.

Table 10 Opinions about obstacles of journal writing.

Opinions

Frequency (%)

I have no idea to write journal

I cannot remember teaching and learning activity to write in journal

I have other tasks interfering journal writing

I have problem when printing journal

I have no problem in writing journal

I am lazy in writing journal

I have no time to write journal

I have difficulty in summarizing things learned
I am confused with items of journal

I am bored and do not want to write journal

I dislike expressing feeling and opinions in journal

I forget to write journal

19 (24.36%)
15 (19.23%)
8 (10.26%)
8 (10.26%)
5 (6.41%)
5 (6.41%)
5 (6.41%)
5 (6.41%)
4 (5.13%)
2 (2.56%)
1 (1.28%)
1 (1.28%)

Note More than 1 answer is possible for each participant.
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Table 11  Appreciation of journal writing.
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Aspects of appreciation

Frequency (%)

I very appreciate in journal writing because I summarize things learned

and identified problems

I very appreciate in journal writing because I express my feelings sincerely

I very appreciate in journal writing because I pay attention in writing journal

I very appreciate in journal writing because I improve writing journal

I appreciate journal writing because I am lazy in writing journal

I appreciate journal writing because I am not good in summarizing things learned

I appreciate journal writing because I rarely submit journal

I appreciate journal writing because I forget some teaching and learning activities

I very appreciate in journal writing because there are good feedback from instructor

I appreciate journal writing because I summarized things learned and

identified problems

I appreciate journal writing because I change my journal format

I appreciate journal writing because I write journal in detail

I appreciate journal writing because I write journal concisely and useful

I do not appreciate journal writing because I am lazy in writing journal

I do not appreciate journal writing because I was forced to write journal

I do not appreciate journal writing because I am not good in summarizing

13 (27.08%)

7 (14.58%)
6 (12.50%)
4 (8.33%)
3 (6.25%)
3 (6.25%)
2 (4.17%)
2 (4.17%)
1 (2.08%)
1 (2.08%)

1 (2.08%)
1 (2.08%)
1 (2.08%)
1 (2.08%)
1 (2.08%)
1 (2.08%)

things learned and expressing feelings and opinions
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Table 12 Opinions about integrating journal writing activity in courses.

Opinions

Frequency (%)

Keeping journal writing activity because it is useful in improving teaching

and learning

Keeping journal writing activity because it helps summarize things learned

Keeping journal writing activity because I have chance to express

my feelings and opinions

Keeping journal writing activity because it helps me improve myself
Keeping journal writing activity because it reflects self-improvement

Keeping journal writing activity because it helps me remember and

understand content

Keeping journal writing activity because instructor and learners can

exchange opinions

Keeping journal writing activity because it is assessment tool

Keeping journal writing activity because it reflects ways to solve problems

Keeping journal writing activity because it makes learners pay attention in learning
Keeping journal writing activity because it is communication tool

Keeping journal writing activity because it encourages learners’ responsibilities
Keeping journal writing activity because it helps improve writing skills

Keeping journal writing activity because it makes learners realize way

to apply knowledge

Keeping journal writing activity because it narrows gap between instructor

and learners

Keeping journal writing activity because it helps analytical thinking

Cutting journal writing activity because learners copy journals from each other

Writing journal or not is OK for me

If I have choice, I prefer not to write journal

15 (19.00%)

12 (15.19%)
10 (12.66%)

5 (6.33%)
5 (6.33%)
5 (6.33%)

4 (5.06%)

4 (5.06%)
3 (3.80%)
3 (3.80%)
2 (2.53%)
2 (2.53%)
2 (2.53%)
2 (2.53%)

1 (1.27%)

1 (1.27%)
1 (1.27%)
1 (1.27%)
1 (1.27%)

Note More than 1 answer is possible for each participant.
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Table 13 Participants, suggestions for improving journal writing activity

Suggestions

Frequency (%)

As it is now, it is OK

Instructor should not fix items, learners should have freedom in writing
Instructor should clearly describe how to write journal in first period
Instructor should let learners write journal at end of each class

Items in journal should be varied, but not redundant

Writing journal should be assigned only in some important weeks

Instructor should not grade journal

Instructor should respond to journal regularly

Instructor should add item “Linkage of prior and new knowledge” and “Others”

Instructor should make journal more interesting and concise

Instructor should fix items in journal

Instructor should assign different items of journal in each class
Instructor should demonstrate example of good journal
Instructor should stimulate learners’ eagerness to write journal

Journal should be hand-written to avoid copying journals among learners

10 (23.81%)
6 (14.29%)
4 (9.52%)
4 (9.52%)
3 (7.14%)
2 (4.76%)
2 (4.76%)
2 (4.76%)
2 (4.76%)
2 (4.76%)
1 (2.38%)
1 (2.38%)
1 (2.38%)
1 (2.38%)
1 (2.38%)
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Exploring Preservice Physics Teachers’

Content Knowledge
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Khajornsak Buaraphan, Penchantr Singh and Vantipa Roadrangka

ABSTRACT

To explore the preservice physics teachers’ physics concepts and categorize those concepts with respect

to scientific concepts, thirty three preservice physics teachers from seven teacher colleges all over Thailand

were asked to complete the Physics Concept Test (PCT). The test is consisted of the following main areas:

mechanics, wave, electric and magnetic fields, thermodynamics, electromagnetic wave, and atomic physics

and physics nuclear. The results revealed that the preservice physics teachers’ concepts varied from scientific

concepts, alternative concepts, to incorrect concepts. From this, most of the preservice physics teachers had

alternative conceptions on all main areas.

Key words. content knowledge, preservice physics teachers, scientific concept, alternative concept
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Abstract

This research dealt with the teaching and learning of force and motion at secondary and tertiary levels as
well as their conceptual development. Four 3™-year physics student teachers from a Rajabhat University in Bangkok
were interviewed. It was found that at secondary and tertiary levels instructors usually employed lecture-based
teaching method and accentuated the memorization of force and motion equations, rather than the mastering of key
concepts and their applications for everyday life. As such, students lacked thorough understanding of what was
learned and a negative attitude toward learning was developed instead. In contrast, the activities presented during the
session of pedagogical content knowledge (PCK) modeling were found to potentially enhance the understanding of
force and motion as well as logical reasoning. Additionally, the human-centred viewpoint and the impetus concept
are regarded as a stumbling block in learning force and motion.
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Abstract

A study was conducted to investigate the relationships between four 4"-year preservice physics
teachers’ conceptions of teaching and learning physics and their classroom practices during student
teaching. The data collection methods were: interviews with the participants about conceptions of, and a
personal metaphor for, teaching and learning physics; classroom observations and interviews after teaching;
interviews with cooperating teachers and university supervisors; and collection of related documents. The
data was analyzed by using a constant comparative method. The results revealed that the participants held
two distinct categories of conceptions of teaching and learning physics—lecture-driven and activity-
driven—that strongly related to their classroom practices during student teaching. Additionally, the
participants’ metaphors for teaching and learning physics were closely related to, and could be used to
clarify, their conceptions of teaching and learning physics. Two important factors potentially influenced on
the participants’ classroom practices during student teaching were the supervisions from the cooperating
teachers and the characteristics of students taught. Throughout the student teaching, the participants’
conceptions of, and metaphors for, teaching and learning physics were slightly changed by placing more
emphasis on students’ learning and the roles of students in the teaching and learning processes.

Keywords: conceptions of teaching and learning physics, metaphor for teaching and learning

physics, preservice physics teacher, student teaching
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Beliefs are psychological constructs potentially driving a teacher to make pedagogical decisions and
act. In this study, the metaphor construction task (MCT) was utilised to uncover beliefs about
teaching and learning science held by 110 pre-service science teachers participating in the standard-
based teacher preparation programme. Overall, the participants’ dominant metaphor categories
were teacher as nurturer/cultivator, as knowledge provider, and as superior authoritative figure. The
findings from descriptive comparisons did not show meaningful patterns of metaphors in association
with the factors of gender, study major, or class level. The MCT, incorporated with in-depth inter-
views, revealed that out of 30 volunteers, more than half expressed a major change of metaphor after
one semester’s participation in the standard-based programme. The major path of metaphor change
was from the teacher as nurturer/cultivator to the teacher as knowledge provider. Pre-service teach-
ers’ beliefs are metaphorically rooted and culturally influenced. The implications regarding the util-
isation of MCT, modification of teacher beliefs, and science teacher education are also discussed.
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Introduction

One of the significant stages in the process of learning to teach science takes place in
science teacher preparation programmes. According to constructivism, individuals
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are not blank slates; they come into teacher education with perspectives, knowledge,
and beliefs constructed from past experiences. Numerous studies reiterate a wide
range of beliefs about teaching and learning held by pre-service science teachers at
different stages in teacher education. Whatever these beliefs are, they strongly
impact pre-service teachers in interpreting and constructing perspectives and mean-
ings for becoming science teachers, and, finally, for acting in classrooms. The impor-
tant tasks for science teacher educators are, therefore, to identify pre-service science
teachers’ existing beliefs about teaching and learning and to utilise those beliefs as
stepping stones to help them become effective science teachers.

Becoming a science teacher in Thailand now is more difficult than in the past. Since
2003, a teaching career has been officially accepted as a highly qualified profession
according to Section 43 of the Teacher and Educational Personnel Act B.E. 2546
(Secretariat of the Cabinet, 2003). A prospective science teacher must be completely
qualified with knowledge, professional experience, and ethics standards. Only a qual-
ified person has the right to obtain a teacher professional licence (TPL), which allows
him or her to legally teach in public schools. According to the Regulations of Teacher
Professional Licence B.E. 2547 (National Teacher Council, 2004), prospective
science teachers are required to have at least one-year experience in school. This
requirement obliges teacher education agencies nationwide to revise their teacher
programmes by extending student teaching from one semester to two semesters,
which leads to the extension of teacher education from four to five years.

The occurrence of standard-based science teacher preparation programmes is an
interesting phenomenon. However, a study of the impact of such programmes on
prospective science teachers’ beliefs about teaching and learning science is still
limited. The central focuses of this study were to explore pre-service science teach-
ers’ beliefs about teaching and learning, which were revealed through their meta-
phors, and to study the impact of one semester’s participation in the standard-based
programme on their metaphor modifications.

Theoretical Underpinnings
Beliefs about Teaching and Learning

Beliefs are regarded as psychological constructs, including understanding, assump-
tions, images, or propositions a person feels to be true (Green, 1971; Kagan, 1992;
Richardson, 1996) and that have a significant relation to personal, episodic, and
emotional experiences (Nespor, 1987). Importantly, beliefs function as a filter that a
person uses to interpret derived experience and to guide decision-making and subse-
quent action (Pajares, 1992).

Whether consciously or not, pre-service teachers bring a variety of beliefs with
them into their teacher education. These beliefs have developed as a result of
personal experiences both in and out of school (Kagan, 1992; Nespor, 1987). In
particular, beliefs about teaching and learning can be classified according to extant
studies into two major groups, that is, teacher-centred and student-centred. The
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main characteristic of teacher-centred beliefs is knowledge transmission; a teacher
delivers content to students through lectures, and students memorise that content.
In contrast, student-centred beliefs emphasise knowledge construction; a teacher
manages the appropriate learning environment and students construct their own
knowledge. The proportion of teacher-centred and student-centred beliefs held by
teachers are diverse according to context (Hancock & Gallard, 2004; Levitt, 2001;
Tsai, 2002; Van Driel, Bulte, & Verloop, 2007; Weber & Mitchell, 1996).

Throughout teacher education, some teaching and learning beliefs held by pre-
service teachers may be challenged and modified, whereas others may be left
untouched. Science teacher educators are responsible for eliciting pre-service teach-
ers’ teaching and learning beliefs and utilising such beliefs as starting points for
further professional development. However, eliciting pre-service teachers’ beliefs is
difficult due to the nested nature of beliefs.

Nested Nature of Beliefs

Beliefs are complex and are nested within belief systems. Each belief system may
consist of several belief clusters (Green, 1971). People tend to order their beliefs into
clusters. Teachers, for example, may cluster general education with domain-specific
beliefs (Van Driel et al., 2007). Green (1971) asserted that one person’s belief clus-
ters are, more or less, isolated from those of others. Unlike knowledge systems, belief
systems do not require a general consensus. Some teachers may apparently hold
conflicting belief clusters within the same belief system or combine beliefs from
different clusters to form their belief systems. Many teachers seize both teacher-
centred and student-centred beliefs and utilise them in different teaching situations
(Gipps & McCallum, 1999; Van Driel et al., 2007).

Bryan (2003) illustrated the nestedness of Barbara’s belief systems and its influ-
ences on her classroom practice. Barbara held two incompatible nests of teaching
beliefs: Nest A included didactic, teacher-centred beliefs, whereas Nest B included
conceptual learning-centred beliefs. Her classroom practice was predominantly
guided by Nest A, yet her vision of practice was largely inspired by Nest B. Barbara’s
conflict of belief nests led to teacher tensions that could be resolved by gaining more
professional experience and striving to reconcile belief discrepancies (Bryan, 2003;
Simmons et al., 1999). Resolving a teacher’s belief conflict means empowering the
teacher (Briscoe, 1991).

The literature suggests metaphor construction as one effective method to unearth
the complexity of beliefs about teaching and learning that are deeply rooted and
nested in prospective teachers’ belief systems. The following section describes the
characteristics, importance, and implications of metaphor in teacher education.

Metaphors as Roor Beliefs about Teaching and Learning

A metaphor represents a linkage between two dissimilar ideas (concrete and
abstract) or the projection of one schema (a source domain of the metaphor) onto
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another schema (a target domain of the metaphor) (Lakoff & Johnson, 1980). The
metaphor acts as a lens or a filter through which something is viewed, and it
becomes a mental model for thinking about it in light of something else (Saban,
Kocbeker, & Saban, 2007). People tend to understand their world through meta-
phors, which relate complex phenomena to something previously experienced. As
Lakoff and Johnson (1980) stated, people seek out their personal metaphors to
‘make coherent our own pasts, our present activities, and our dreams, hopes, and
goals as well. A large part of self-understanding is the search for appropriate meta-
phors that make sense of our lives’ (p. 233).

Metaphors convey richness of meanings, for example, mood, control, roles, atti-
tudes, and beliefs that are deeply rooted in individual minds (Gurney, 1995). People
sometimes hold on to metaphors, which lie beneath the surface of awareness, and
use them as a frame to define experience (Hardcastle, Yamamoto, Parkay, & Chan,
1985). Accordingly, an examination of an individual’s metaphors can reveal his or
her tacit beliefs, mental models, cultures, and inner worldviews which literal
language cannot articulate (Gurney, 1995; Moser, 2000). As Abusson and Webb
(1992) found, elementary teachers verbally described their teaching and learning
beliefs as student-centred, but the vast majority of their teaching metaphors were
teacher-centred. Interestingly, there were only a few teachers who recognised the
inconsistency of their beliefs expressed through literal language and metaphor.

Metaphors are a powerful cognitive tool for gaining holistic insights into student
teachers’ professional thinking (Saban et al., 2007; Tobin & Tippins, 1996). Requiring
student teachers to construct teaching metaphors may help them to reveal their root
beliefs about teaching and learning, to recognise the relationship between them, and
to understand their complexity (Leavy, McSorley, & Bote, 2007).

Written metaphors alone may not be sufficient to understand such complex
constructs as beliefs. The use of metaphor drawing can fulfil the belief elicitation
task because it can express a drawer’s elusive, ineffable beliefs, and their contradic-
tions (Weber & Mitchell, 1996). It can also track the drawer’s belief modifications
(Hancock & Gallard, 2004). Teacher educators can ask pre-service teachers either to
choose metaphor drawings from a list (see Ben-Peretz, Mendelson, & Kron, 2003)
or to freely draw their own metaphors (see Weber & Mitchell, 1996).

Modifications of Beliefs about Teaching and Learning

Pre-service teachers enter teacher preparation programmes with their own nest of
well-established beliefs about teaching and learning that are firm and resistant to
change (Abusson & Webb, 1992; Joram & Gabriele, 1998; Weinstein, 1990; Zeichner
& Gore, 1990). Pajares (1992) asserted that ‘teachers’ beliefs generally are not easy
to change, even when, based on opposing evidence, it is logical or necessary for them
to do so’ (p. 317). To change belief systems requires a ‘conversion or gestalt shift’
rather than sound reasoning (Nespor, 1987, p. 321). Changing teachers’ beliefs
appears to be a difficult task for teacher educators. In this case, the word ‘modifica-
tion’ may be a more appropriate description than ‘change’.
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Beliefs may vary according to their ease of modification. Within a specific belief
system, some beliefs may be more central than others; the more central the belief,
the more difficult to modify (Rokeach, 1968). The beliefs guiding practice are also
hard to modify because they are developed over a lifetime of experiences both in
and out of school. In Briscoe’s (1991) case study, Brad accepted the metaphor of
a teacher as a giver of information for over 40 years and stated, ‘it is a hard thing
to let go of (p. 196). Also, when a particular belief cluster changes, it may impact
others. For example, changing teachers’ beliefs about teaching and learning
science may be a prerequisite for changing their beliefs about science, or vice versa
(Tsai, 2002).

There were several attempts to modify pre-service teachers’ beliefs about teaching
and learning that took place in various characteristics and settings such as an educa-
tional psychology course (Joram & Gabriele, 1998), an introductory education
course (Weinstein, 1990), a methods course and student teaching (Hancock &
Gallard, 2004; Uzuntiryaki, Boz, Kirbulut, & Bektas, 2010), an intervention project
(Meirink, Meijer, Verloop, & Bergen, 2009), an intervention programme (McDevitt,
Heikkinen, Alcorn, Ambrosio, & Gardner, 1993), a teacher preparation programme
(Abusson & Webb, 1992), and throughout the career span (Ng, Nicholas, &
Williams, 2010).

Those studies asserted that beliefs about teaching and learning are, to some extent,
stable and resistant to change. There were two possible directions of belief modifica-
tion, from teacher-centred to student-centred beliefs, or vice versa (Hancock &
Gallard, 2004; Weinstein, 1990). The basic principles to facilitate teachers to modify
their beliefs include the following: (1) making teachers’ beliefs explicit and taking
them into account when designing intervention (Joram & Gabriele, 1998); (2) awak-
ening teachers to be aware of their traditional beliefs, to consider and value alterna-
tive beliefs, and to project themselves into those beliefs (Briscoe, 1991); (3) requiring
teachers to immerse in a student-centred learning environment (McDevitt et al.,
1993; Uzuntiryaki et al., 2010); (4) diminishing false feedback and encouraging
critical reflection and corrective feedback concerning classroom observations of self
and others (Joram & Gabriele, 1998); (5) collaborative working with peers in
exchanging teaching methods and experiences, experimenting and evaluating alter-
native pedagogical strategies (Meirink et al., 2009); and (6) providing direct class-
room experiences to bring about a new understanding of teaching, learning, and
students (Alger, 2009).

Teacher Beliefs and Classroom Practice

Beliefs are mental constructions of experience that potentially guide a person’s
intentions for action (Hancock & Gallard, 2004) and drive his or her behaviour
(Richardson, 1996; Sigel, 1985). Accordingly, beliefs are accepted as the most
important determinant of human behaviour (Brown & Cooney, 1982). Human
beliefs and behaviour possibly interact in an ongoing way and change in a reciprocal
way (Guskey, 1986; Levitt, 2001). Nespor (1987), Samuelowicz and Bain (2001),
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Bryan (2003), and Levitt (2001) supported the linkage between teachers’ beliefs and
classroom practice. That is, beliefs about teaching and learning strongly influence
teachers when they interpret pedagogical knowledge, organise and conceptualise
pedagogical tasks, and finally enact their pedagogical decisions.

Similarly, several studies (Briscoe, 1991; Buaraphan, 2007; Hardcastle et al.,
1985; Martinez, Sauleda, & Huber, 2001) reported the relationship between teach-
ers’ metaphors and classroom practice. Metaphors exert powerful influences on
teachers in their planning and thinking about teaching and learning. They also affect
the way that teachers instruct in multiple environments. Thus, metaphors incompat-
ible with the reform movement can impede the functioning of teachers in line with
the reform. That is, teachers who view their roles as a giver of knowledge cannot
function consistently with reform emphasising students to take the responsibility for
their own learning (Briscoe, 1991).

Some studies, however, argued that the relationships between teachers’ beliefs or
metaphors and classroom behaviour were not clear-cut. Mellado, Bermejo, Blanco,
and Ruiz (2007), Simmons et al. (1999), and Uzuntiryaki et al. (2010) found that
many teachers held student-centred beliefs but enacted the teacher-centred peda-
gogy with little pupil participation. Lederman (1992) suggested that situational
factors possibly interfered with teachers when they tried to transfer their teaching
and learning beliefs into classroom practice. School and classroom cultures and
curriculum could influence teachers, especially novice teachers, when they made
pedagogical decisions and judgements (Briscoe, 1991; Mellado et al., 2007;
Munby, Cunnigham, & Lock, 2000; Tobin & Tippins, 1996). Some teachers came
into their classrooms with student-centred beliefs, but the reality of the school and
classroom environment compelled them to use teacher-centred approaches, which
were effective for classroom control and congruent with school norms (Briscoe,
1991). The amount of work required by the national curriculum and tests addition-
ally influenced teachers to utilise a transmission mode more frequently (Gipps &
McCallum, 1999).

Teachers’ beliefs are widely regarded as a determinant of teachers’ classroom
behaviour and a factor for promoting the translation of innovative ideas into practice
(Waters-Adams, 2006). Accordingly, identifying pre-service teachers’ beliefs about
teaching and learning potentially lead teacher educators to understand how and why
they teach (Nespor, 1987). Importantly, helping pre-service teachers to cultivate
teaching and learning beliefs in line with the reform movement may contribute to
the success of the reform.

Standard-Based Science Teacher Preparation Programme

Thailand lies at the heart of Southeast Asia and has a population of approximately
65 million. According to the Basic Education Curriculum B.E. 2544 (Ministry of
Education, 2001), basic education in Thailand includes 12 years of study that are
divided into four major levels: Level 1 (Grades 1-3), Level 2 (Grades 4-6), Level 3
(Grades 7-9), and Level 4 (Grades 10-12). Teacher education in Thailand was
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officially established in 1892. Subsequently, a number of teacher education insti-
tutes were expanded to meet an urgent demand for teachers. However, this effort
was concentrated on the quantity rather than the quality of teachers. At the present
time, there is wide concern for the quality of teachers and teacher education.

In 2003, the Thai government proclaimed the Teacher and Educational Personnel
Act B.E. 2546 (Secretariat of the Cabinet, 2003). ‘“Teaching’ is officially stated in the
Section 43 of the Act as a ‘highly-qualified profession’. To be a teacher in basic
education means to be fully qualified in accordance with the knowledge, professional
experience, and ethics standards consisting of language and technology, curriculum
development, teaching, psychology, measurement and evaluation, classroom
management, educational research, educational technology and innovation, and
teacher conduct standards. Only a qualified person has the right to hold a TPL,
which legally allows him or her to be a teacher in public schools. The process of deliv-
ering, holding, and maintaining the teacher licence was subsequently proclaimed in
2004 by the Regulations of Teacher Professional Licence B.E. 2547 (National
Teacher Council, 2004).

The Act and Regulations are bringing about many significant changes in Thai
teacher education. Teacher preparation agencies nationwide have revised their
programmes to ensure that all prospective teachers are completely qualified accord-
ing to the standards and requirements. Regarding the school experience require-
ment, each prospective teacher must complete at least one year (360 hours) of
experience in school that partially includes at least 210 hours of experience in class-
room teaching. To serve this requirement, science teacher preparation programmes
have extended student teaching from one semester to two semesters, and this has
subsequently led to the extension of teacher education from four to five years. In
general, during the first four years, pre-service teachers are required to take courses
in science, education, and teaching methods and to gain experiences in classroom
observation and participation. In the final year, they must perform student teaching
in schools. Additionally, they must select specific problems faced in the first semes-
ter and conduct classroom action research to solve these problems in the second
semester.

The Study
The Setting

This study was conducted in the first semester of the 2008 academic year at a
university located in the centre of Thailand. The institution is a large, well-known
university that was established in 1904. This university is one of several institutions
that initiated the standard-based teacher preparation programme in 2008. There are
four study majors relating to science teacher education: biology, chemistry, physics,
and general science. For graduation, pre-service science teachers require at least 164
total credits: general education (30 credits), teaching profession (51 credits), specific
courses (77 credits), and free elective (six credits).
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The First Phase of the Study

The study was divided into two main phases. The first phase was conducted at the
beginning of the first semester of 2008 academic year. The purposes of this phase
were as follows: (1) to explore the participants’ metaphors that used to describe their
beliefs about teaching and learning science; and (2) to reveal the possible relation-
ships between the participants’ metaphors and their class level, gender, and study
major. The participants were 110 pre-service science teachers, who were asked to
complete a metaphor construction task (MCT), shown in the Appendix.

The MCT incorporates a metaphor drawing task (see Weber & Mitchell, 1996)
and a written metaphor task (see Leavy et al., 2007) to strengthen the belief elicita-
tion task. A number of extant studies (e.g., BouJaoude, 2000; Leavy et al., 2007;
Martinez et al., 2001; Massengill, Barry, & Mahilos, 2008; Massengill, Mahilos, &
Barry, 2005; Saban et al., 2007; Weber & Mitchell, 1996) have reported validity and
effectiveness of both tasks in exploring respondents’ beliefs about teaching and
learning. The pilot tests were conducted with 10 undergraduate student teachers, 12
graduate student teachers, and 11 science teachers who attended the courses and
workshop taught by the author. Participants took approximately 45 minutes to
complete the MCT. The interviews conducted after the completion of the MCT
revealed a correspondence between these respondents’ written and drawn meta-
phors and their verbal explanations. These results presented the clarity and validity
of the MCT in exploring respondents’ beliefs about teaching and learning science.

Thirty participants, who volunteered to further participate in the second phase of
the study, were interviewed in order to explore their belief metaphors in depth. The
interview questions aimed to clarify the ambiguities that existed in the MCT. The
guiding questions were: ‘Which part in your metaphor or drawing represents
teachers (or learners or the teaching-learning process)? Why?’ and ‘Do you have
anything else to clarify or add in your metaphor?’ The data from the interviews were
significant for helping to track the volunteers’ metaphor changes.

In data analysis, each metaphor was considered for its validity. The invalid meta-
phors were those that: (1) provided plain description without mention of a meta-
phor; (2) mentioned a metaphor without provision of its rationale; (3) were unclear
and difficult to place under specific clear category; and (4) were idiosyncratic (Saban
et al., 2007). The invalid metaphors would have been eliminated from the pool of
metaphors; however, all metaphors constructed by the participants in this study
were valid. This confirmed the clarity of the MCT. In addition, individuals’ draw-
ings and written responses were compared and judged by their correspondence. In
this study, there was no mismatch between the participants’ drawings and their writ-
ten responses. After that, 10 metaphor categories proposed by Saban et al. (2007)
were utilised for the framework of coding. Each metaphor was constantly read and
coded into a metaphor category. The coding process led to the modification of
extant metaphor categories shown in Table 1.

The modifications included: (1) changing Code 4.02 ship captain to captain/
driver; (2) adding cookbook and glass into Codes 1.08 and 1.11, respectively; and
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Table 1. Metaphor categories of teaching and learning science
Category Metaphor Teaching and learning
1. Teacher as 1.01 Sun, 1.02 Candle, 1.03 * Teaching is transmission of

knowledge provider
(student as passive
recipient of
knowledge)

Teacher as moulder/
craftsperson
(student as raw
materials)

Teacher as curer/
repairer (student as
defective individual)

Teacher as superior
authoritative figure
(student as absolute
compliant)

Teacher as change
agent (student as
object of change)

Teacher as
entertainer (student
as conscious
observant)

Teacher as
counsellor (student
as significant other)

Tree/Fruit tree, 1.04 Light, 1.05
Flower, 1.06 Computer user,
1.07 Television, 1.08 Book/
Cookbook, 1.09 Pen, 1.10
Spring, 1.11 Jug/Glass, 1.12
Fountain, 1.13 Rain, 1.14
Writer/Poet, 1.15 Shopkeeper,
1.16 Buddha, 1.17 Sky, 1.18
Wind, 1.19 Food, 1.20 Cook

2.01 Sculptor, 2.02 Painter, 2.03
Constructor, 2.04 Baker, 2.05
Potter, 2.06 Honeybee, 2.07
Cook, 2.08 Jeweller, 2.09 Tailor,
2.10 Carpenter, 2.11 Architect,
2.12 Miner, 2.13 Weaver, 2.14
Ironworker, 2.15 Contractor,
2.16 Technician, 2.17 Mill, 2.18
Factory, 2.19 Garland maker

3.01 Doctor, 3.02 Medicine,
3.03 Mechanic

4.01 Shepherd, 4.02 Captain/
Driver, 4.03 Locomotive, 4.04
Brain, 4.05 Vehicle, 4.06 Life,
4.07 Earth, 4.08 Rod, 4.09 Chef,
4.10 Container

5.01 Fashion designer, 5.02
Scriptwriter, 5.03 Laundryman

6.01 Actor/Actress, 6.02 Stand-
up comedian, 6.03 Magician,
6.04 Sportsman

7.01 Parent, 7.02 Friend, 7.03
Psychologist, 7.04 Companion

knowledge from teacher to
students.

Learning occurs when students
accumulate knowledge
transmitted from teacher.

Teaching is producing
students as socially useful
products.

Learning occurs when students
change as teachers intended.

Teaching is diagnosing and
fixing students’ errors or
deficiencies.

Learning occurs when
students’ errors or deficiencies
are fixed.

Teaching is totally controlled
by teacher.

Learning occurs when students
follow instruction.

Teaching is changing students’
lives for society’s future.
Learning occurs when students
are transformed as envisions.

Teaching is acting for fun and
to break down students’
affective domain barriers.
Learning occurs when students
have fun, pay attention, and
participate in activities.

Teaching is advising students
to be emotional and
psychological well-beings.
Learning occurs when students
take advantage from advice.
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Table 1. (Continued)

Category Metaphor Teaching and learning
8. Teacher as nurturer/  8.01 Gardener, 8.02 Farmer, » Teaching is nourishing
cultivator (student 8.03 Soil, 8.04 Chameleon, 8.05 student potential capabilities
as developing Parent within caring environment.
organism) * Learning occurs when
students develop in their own
paces.
9. Teacher as 9.01 Compass, 9.02 Lighthouse, * Teaching is scaffolding
facilitator/scaffolder 9.03 North star, 9.04 Flashlight, student.
(student as 9.05 Traffic signs, 9.06 Taxi * Learning occurs when
constructor of driver, 9.07 Road map, 9.08 students construct their own
knowledge) Torch, 9.09 Bridge, 9.10 knowledge.
Ladder, 9.11 Oil
10. Teacher as 10.01 Tour guide, 10.02 Coach, » Teaching is coordinating
cooperative/ 10.03 Conductor, 10.04 Co- learning activities in
democratic (student actor/Co-actress classroom.
as active participant * Learning occurs when teacher
in community of and students collaborate in
practice) construction of knowledge
together.

(3) adding the emerging metaphors of 1.16 Buddha, 1.17 sky, 1.18 wind, 1.19 food,
1.20 cook, 2.18 factory, 2.19 garland maker, 4.05 vehicle, 4.06 life, 4.07 earth, 4.08
rod, 4.09 chef, 4.10 container, 5.03 laundryman, 6.03 magician, 6.04 sportsman,
8.05 parent, 9.11 oil, and 10.04 co-actor/co-actress. It must be noted that similar
code names could appear in different metaphor categories, such as ‘parent’, which
appeared in Codes 7.01 and 8.05 and ‘cook’, which appeared in Codes 1.20 and
2.07. This situation occurred because in these instances, they expressed different
teaching and learning beliefs. For example, a teacher as ‘parent’ metaphor in the
teacher as counsellor category (Code 7.01) emphasises the major role of a parent
(teacher) in providing advice to his or her child (student). However, a teacher as
‘parent’ metaphor in the teacher as nurturer/cultivator category (Code 8.05) empha-
sises the major role of a parent in raising essential capabilities in a child within a
caring environment.

Three science educators, who graduated with PhDs in science education and
were fluent in both Thai and English languages, were asked to independently code
all metaphors into the modified categories. The experts were informed that they
could assign an individual metaphor into only one category and could not leave any
metaphor out. After coding was completed, the experts considered the language
issue, regarding both the translation from Thai to English and vice versa. The meet-
ing was conducted with all of the experts to resolve any disagreements according to
coding and language. Finally, the inter-rater reliability of metaphor coding was
established by using the Miles and Huberman (1994) formula, for example,
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Reliability = Agreement/(Agreement + Disagreement). The inter-rater reliability of
metaphor coding in this phase was 0.95. Miles and Huberman suggested that inter-
coder agreement in qualitative data analysis should approach or exceed 0.90. The
frequencies and percentages of the metaphors in each category were counted and
calculated, respectively. Finally, the frequencies of those metaphors were compared
across the participants’ gender, class level, and study major.

The Second Phase of the Study

The second phase was conducted at the end of the first semester of the 2008
academic year. The main purpose of this phase was to track how, and to what
extent, the volunteers changed their metaphors after one semester’s participation in
the standard-based programme. The volunteers were requested to complete the
MCT and to participate in individual interviews with the same set of questions
mentioned earlier.

The procedure from the first phase was employed to analyse the metaphors in the
second phase. The inter-rater reliability (Miles & Huberman, 1994) established by
three experts in the second phase was 0.92. The frequencies and percentages of
the metaphors in each category were counted and calculated, respectively. Also, the
metaphors constructed by each participant at the beginning and at the end of the
semester were compared, and the changes were classified into four main characteris-
tics. That is, when the participant retained the same metaphor, metaphor category,
and metaphor description, he or she was categorised as ‘no change’. ‘Minor change’
meant that the participant held the same metaphor and metaphor category but
changed their metaphor description. ‘Moderate change’ meant that the participant
changed his or her metaphor and metaphor description, but they were coded in the
same metaphor category. When the participant changed his or her metaphor, meta-
phor category, and metaphor description, he or she was, then, characterised as
‘major change’. In the final stage, the frequency of each characteristic of metaphor
change was counted.

Results and Discussion
Results and Discussion Emerging from the First Phase of the Study

Background of participants. There were 110 pre-service science teachers who partic-
ipated in the first phase. A majority of the participants (82.73%) were female. The
participants’ ages ranged from 18 to 24 years old. Specifically, about one-third of
them (34.55%) were 19 years old. The numbers of the participants in the first,
second, third, fourth, and fifth years were 28 (25.45%), 17 (15.45%), 22 (20%), 19
(17.17%), and 24 (21.82%), respectively. Nearly half of the participants (43.90%)
had studied biology, whereas the remainder had studied chemistry (23.17%),
general science (18.29%), and physics (14.63%).
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Metaphors of teaching and learning science. Table 2 shows 39 metaphors constructed
by the participants. The wide range of metaphors indicated the participants’ diverse
thinking about teachers, teaching, and learning.

The most dominant metaphor that the participants used to describe their belief

about teaching and learning science was teacher as gardener (28.18%). The other
favourite metaphors were teacher as a candle or as tree/fruit tree (5.45%), and
teacher as computer, captain/driver, or tour guide (4.55%). The quotes and figures
illustrating these metaphors were as follows:

Teachers as gardeners as in Figure 1: ‘A teacher is like gardener. Students are like
trees. The gardener grows trees. He or she helps trees thrive and grow up by
watering, fertilising, and soiling.’

Teachers as lighted candles: ‘A teacher is like a lighted candle. Students are like
candles without lights. The lighted candle (teacher) gives light (knowledge) to the
candles without light (students). As a result, students can see things in the candle
light, representing the fact that they have learned something.’

Teachers as tree/fruit trees: ‘A teacher is like a big tree. Students are like people
under the tree. The big tree (teacher) gives people shade, allowing the people to
take a rest and live. The tree also provides some food for survival.’

Teachers as computer users: ‘A teacher is like a computer user. Students are like a
monitor. The computer user (teacher) presses a keyboard to put the information

Table 2. Metaphors of teaching and learning science (z = 110)

Metaphor f % Metaphor f %
1.01 Sun 3 2.73 4.07 Earth 2 1.82
1.02 Candle 6 5.45 4.08 Rod 1 0.91
1.03 Tree/Fruit tree 6 5.45 4.09 Chef 1 0.91
1.04 Light 1 0.91 4.10 Container 1 0.91
1.06 Computer 5 4.55 5.03 Laundryman 1 0.91
1.08 Book/Cookbook 4 3.64 6.01 Actor/Actress 1 0.91
1.11 Jug/Glass 2 1.82 6.02 Stand-up comedian 1 0.91
1.16 Buddha 2 1.82 6.03 Magician 1 0.91
1.17 Sky 1 0.91 6.04 Sportsman 1 0.91
1.18 Wind 1 0.91 7.01 Parent 1 0.91
1.19 Food 1 0.91 8.01 Gardener 31 28.18
2.03 Constructor 4 3.64 8.02 Farmer 4 3.64
2.07 Cook 1 0.91 8.05 Parent 2 1.82
2.08 Jeweller 1 0.91 9.07 Road map 1 0.91
2.11 Architect 1 0.91 9.08 Torch 2 1.82
2.18 Factory 2 1.82 9.11 Oil 1 0.91
2.19 Garland maker 1 0.91 10.01 Tour guide 5 4.55
4.02 Captain/Driver 5 4.55 10.02 Coach 3 2.73
4.05 Vehicle 1 0.91 10.04 Co-actor/Co-actress 1 0.91
4.06 Life 1 0.91
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Teacher

Student

Figure 1. Teachers as a gardener

in or chooses the software to operate according to his or her purpose. The moni-
tor (students) expresses outputs of those operations.’

o Teachers as a captain/driver: ‘A teacher is like a driver. Students are like passen-
gers. The driver (teacher) controls the vehicle, such as a bus, ship, or airplane,
and brings all of the passengers (students) to the destination (objective of the
lesson). The selection of the vehicle depends on characteristics of the destination.’

o Teachers as tour guides, as in Figure 2: ‘A teacher is like a tour guide. Students
are like a tour group. The tour guide (teacher) and the tour group (students) have
the same destination and travel together. The tour guide holds a map. Both the
tour guide (teacher) and the tour group must, together, manage the journey or
solve the problem encountered along the path to the destination.’

Thai people generally view education as growth. They frequently regard the teacher
as a gardener and students as plants. A gardener (teacher) grows plants (students)
and keeps maintaining them until they yield products such as fruits or flowers (learn
and have better lives). These products that emerge reveal the success of education.
Hence, it is not surprising that the teacher as a gardener was dominantly presented
in this study.

Some favourite metaphors presented in this study, for example, teacher as a lighted
candle, as light, or as constructor, are also popular in the Thai context. Surprisingly,
no one mentioned the teacher as a hired boat metaphor, which has been popular for
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Figure 2. Teachers as a tour guide

Thai people for a long time: ‘A teacher is like a boatman. Students are like the
passengers. The boatman (teacher) rows and tries to deliver all passengers (students)
from one shore (not learned) to the other (learned)’ (see Moutbumrung, 2003;
Prawichai, 2005; Roydapan, 2000). The explanation may be that, presently, Thai
people, especially teachers and educators, have sparingly viewed the teacher as a
hired boat metaphor because it tends to negatively present a teacher as a person who
just teaches for money (be hired) and whose main duty is to make the student grad-
uate (deliver passengers to another shore). When the student graduates (reaches the
shore), the teacher—student relationship is finished.

Two new metaphors that emerged from this study, the Buddha and the garland
maker, are culturally influenced metaphors. That is, a majority of Thais are
Buddhists, who pray to, and pay highest respect to, Buddha. Similarly, teachers are
highly respected in Thai society. Also, some participants viewed teachers as helping
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students to live better lives, as Buddha did: “The Buddha himself thinks, observes,
and practices. He succeeds and can pass on his knowledge,’ ‘teachers are like Buddha
who disseminates his knowledge and enlightens Buddhists (students) to the nirvana
(knowing).’ In the case of the garland maker metaphor, a garland is highly valued in
Thai culture. It can be used to pray to the Buddha, monks, parents, and teachers, and
is involved in several important ceremonies, such as the wedding ceremony. Thais
value teachers highly in the role of garland maker, for example, a person who makes
better lives for students is like a garland maker who ‘designs and chooses appropriate
kinds of flowers to make a beautiful garland. The beauty of garland (students)
depends strongly on the maker (teachers) and the flowers (teaching)’.

All of the metaphors constructed by the participants could be categorised into
nine categories: teachers as nurturers/cultivators (33.64%), as knowledge providers
(29.09%), as superior authoritative figures (10.91%), as moulders/craftspersons
(9.09%), as cooperative/democratic (8.18%), as facilitators/scaffolders or as enter-
tainers (3.64%), and as change agents or counsellors (0.91%). There was no partici-
pant who chose the teacher as a curer/repairer category. This result indicated that
the participants did not view students as sick people or broken objects waiting for
doctors or experts (teachers) to cure or fix them. This finding differed from Saban
et al. (2007), who found that 21 participants (1.8%) constructed three metaphors
under the teacher as curer/repairer category. This contradiction may be a result of
the different cultural contexts in which the studies took place and the smaller
number of participants in this study.

Overall, the three most dominant metaphor categories for the participants were
teachers as nurturers/cultivators, as knowledge providers, and as superior authorita-
tive figures. The teacher as a nurturer/cultivator, which was predominantly found in
this study, corresponded with results of Massengill et al. (2008). Similarly, 35% of
the participants in Ben-Peretz et al. (2003) related the teacher to the caring image.

The teacher as knowledge provider as the second dominant category in this study
is also a popular finding in the literature (Leavy et al., 2007; Martinez et al., 2001;
Saban et al., 2007). Saban et al. (2007) presented five common metaphors of
teacher as knowledge provider, for example, sun, lighted candle, tree/fruit tree, light,
and flower. Two of these metaphors, teachers as candles and as tree/fruit trees, were
also popular in this study; however, the number of participants who mentioned them
(29%) was smaller than in the previously mentioned studies. Since the advent of the
learning reform movement in Thailand in 1999, one major responsibility of teacher
preparation agencies has been encouraging pre-service teachers to subscribe to and
enact student-centred beliefs. This study, surprisingly, revealed that teacher-centred
beliefs are still popular for a large number of pre-service science teachers. The long
immersion in teacher-centred schooling experiences, particularly before the learning
reform era, potentially influences these pre-service teachers to hold teacher-centred
beliefs (Leavy et al., 2007).

The teacher as superior authoritative figure was the third metaphor most frequently
raised by the participants in this study. This result indicated that these participants
tended to accept and emphasise teacher control. This finding is in contrast to that of
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Ben-Peretz et al. (2003), who found that teachers tended to reject a view of teaching
as judgmental and controlling. In addition, the teacher as entertainer metaphor cate-
gory was sparingly mentioned in this study. It is assumed that the participants viewed
teaching as a serious endeavour, as found by Ben-Peretz et al. (2003).

In addition, the new metaphors that emerged from this study were mostly categor-
ised into two main categories, the superior authoritative figure (vehicle, life, earth,
rod, chef, and container) and the knowledge provider category (sky, wind, food, and
cook). These emerged metaphors may imply that Thai pre-service science teachers:
(1) consider teaching to be a serious endeavour (Ben-Peretz et al., 2003), and (2) have
significant immersion in a teacher-centred learning environment (Leavy et al., 2007).

Relationship between metaphors and gender, class level or study major. From Table 3,
the three most often-mentioned metaphor categories held by males were teachers as
nurturers/cultivators (5 of 19), as knowledge providers (4 of 19), and as superior
authoritative figures (3 of 19). Females frequently mentioned four main categories,
for example, teacher as nurturers/cultivators (32 of 91), as knowledge providers (28
of 91), as moulders/craftspersons or as superior authoritative figures (9 of 91).

The most commonly chosen metaphor category, as can be seen in Table 4, for
Year 1 (15 of 28) and Year 4 (7 of 22) students was teachers as nurturer/cultivator,
whereas the most dominant category for Year 2 (6 of 17) and Year 5 (7 of 24) was
teachers as knowledge providers. Year 3 (6 of 22), however, held the categories of
teachers as knowledge providers and as nurturers/cultivators equally.

From Table 5, physics student teachers (4 of 12) most frequently mentioned both
teachers as knowledge providers and as nurturers/cultivators. The dominant metaphor
categories for chemistry (5 of 19), biology (13 of 36), and general science (6 of 15)
student teachers were the teachers as superior authoritative figures, as nurturers/culti-
vators, and as knowledge providers, respectively.

Tables 3-5 show some differences in frequencies of metaphors considered by
participants of various genders, class levels, and study majors. Table 4, for example,

Table 3. Gender and metaphor categories of teaching and learning science (z = 110)

Male Female

Metaphor category f % f %

1. Knowledge provider 4 3.64 28 25.45
2. Moulder/craftsperson 1 0.91 9 8.18
4. Superior authoritative figure 3 2.73 9 8.18
5. Change agent 0 0.00 1 0.91
6. Entertainer 2 1.82 2 1.82
7. Counsellor 0 0.00 1 0.91
8. Nurturer/cultivator 5 4.55 32 29.09
9. Facilitator/scaffolder 2 1.82 2 1.82
10. Cooperative/democratic 2 1.82 7 6.36
Total 19 17.27 91 82.73
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Table 4. Class level and metaphor categories of teaching and learning science (n = 110)

Year 1 Year 2 Year 3 Year 4 Year 5
Metaphor category f % f % f % f % f %
1. Knowledge provider 9 818 6 545 6 545 4 364 7 6.35
2. Moulder/craftsperson 1 0.91 1 0.91 1 0.91 2 1.82 5 4.55
4. Superior authoritative figure 0 0.00 4 3.64 3 273 2 1.82 3 2.73
5. Change agent 0O 000 O 000 O 000 1 091 o0 0.00
6. Entertainer 3 273 0 000 O 000 O 0.00 1 0.91
7. Counsellor 0O 000 O 000 O 000 1 091 0 0.00
8. Nurturer/cultivator 15 1363 4 364 6 545 7 635 5 455
9. Facilitator/scaffolder 0 0.00 1 0.91 2 1.82 1 0.91 0 0.00
10. Cooperative/democratic 0 0.00 1 0.91 4 3.64 1 0.91 3 273
Total 28 25.45 17 15.46 22 20.00 19 17.27 24 21.82

Table 5. Study major and metaphor categories of teaching and learning science (n = 82)

Physics Chemistry Biology General science
Metaphor category f % f % f % f %
1. Knowledge provider 4 4.88 4 4.88 9 10.98 6 7.32
2. Moulder/craftsperson 3 3.66 4 4.88 1 1.22 1 1.22
4. Superior authoritative figure 0 0.00 5 6.10 4 4.88 3 3.66
5. Change agent 0 0.00 1 1.22 0 0.00 0 0.00
6. Entertainer 0 0.00 0 0.00 1 1.22 0 0.00
7. Counsellor 0 0.00 1 1.22 0 0.00 0 0.00
8. Nurturer/cultivator 4 4.88 2 244 13 15.85 3 3.66
9. Facilitator/scaffolder 1 1.22 1 1.22 2 2.44 0 0.00
10. Cooperative/democratic 0 0.00 1 1.22 6 7.32 2 2.44
Total 12 14.63 19 23.17 36  43.90 15 18.29

Norte. First-year pre-service teachers have not yet selected their study major.

indicates that Year 5 student teachers held the teacher as knowledge provider more
than Years 2 and 3 student teachers. The pre-service teachers in a higher class level
have a higher level of education, have taken more science courses, and have more
classroom experience than those in a lower class level. Thus, the beliefs of the partic-
ipants in a higher class level were assumed to be closer to student-centred beliefs
than those in a lower class level. However, the findings in Table 4 contradicted this
assumption. Unfortunately, )(2 could not be utilised to confirm or discount the rela-
tionships between the participants’ gender, class level, and study major and their
metaphors because the samples in each category were too small. A strong argument
regarding the relationships between the pre-service science teachers’ metaphors and
their class level, gender, and study major was not established in this study.
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Results and Discussion Emerging from the Second Phase of the Study

Background of volunteer participants. A majority of the 30 volunteer participants
(76.67%) were female. The number of participants in first, second, third, fourth,
and fifth years of study were six (20%), six (20%), five (16.67%), seven (23.33%),
and six (20%), respectively. The students studied biology (29.17%), chemistry
(20.83%), general science (25%), and physics (25%).

Change of metaphors of teaching and learning science. At the beginning of the first
semester in the standard-based programme, about a quarter of the volunteers (8 of
30) constructed the teachers as gardeners metaphor to describe their beliefs about
teaching and learning science. The other favourite metaphors were teachers as trees/
fruit trees (3 of 30), and as the sun or candles or constructors (2 of 30). Similarly, at
the end of the first semester, the most popular metaphor for nearly a quarter of the
volunteers (7 of 30) was teachers as gardeners. The other favourite metaphors were
teachers as trees/fruit trees (5 of 30) and as the sun (4 of 30), as shown in Table 6.

All metaphors constructed by the volunteers were categorised into seven catego-
ries. Over the course of the semester, no one chose the metaphors of teachers as
curers/repairers, as change agents, or as counsellors. At the beginning of the first
semester, the three most dominant metaphor categories were teachers as knowledge
providers (11 of 30), as nurturers/cultivators (9 of 30), and as moulders/craftsper-
sons (6 of 30). Similarly, the dominant categories at the end of the semester were
teachers as knowledge providers (16 of 30), as nurturers/cultivators (6 of 30), and as
moulders/craftspersons or cooperative/democratic (3 of 30).

There was an increased number of metaphors for teachers as knowledge providers
(from 11 to 16) and as cooperative/democratic (from one to three). The metaphors

Table 6. Metaphors of teaching and learning science at the beginning and at the end of semester

(n = 30)

Metaphor Pre? Post? Metaphor Pre? Post?
1.01 Sun 2 4 2.18 Factory 1 0
1.02 Candle 2 1 2.19 Garland maker 1 0
1.03 Tree/Fruit tree 3 5 4.02 Captain/Driver 0 1
1.04 Light 1 1 4.07 Earth 1 0
1.06 Computer 1 2 6.02 Stand-up comedian 1 0
1.18 Wind 1 0 8.01 Gardener 8 7
1.19 Food 1 0 8.05 Parent 1 0
1.20 Cook 0 2 9.08 Torch 1 1
2.03 Constructor 2 3 10.01 Tour guide 1 2
2.07 Cook 1 0 10.02 Coach 0 1
2.11 Architect 1 0

8Metaphor at the beginning of semester.
®Metaphor at the end of semester.
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for teachers as superior authoritative figures and as facilitators/scaffolders were the
same. In contrast, there was a decreased number of metaphors for teachers as moul-
ders/craftspersons and as nurturers/cultivators (from six to three), as well as for teach-
ers as entertainers (from one to zero). These findings contrasted those of Boujaoude
(2000), who found that after one year of teacher education, the transmitter-type
metaphors held by the prospective science teachers decreased from 66% to 41%.
Similarly, Leavy et al. (2007) found minimal evidence of behaviourist metaphors, but
a sharp increase in constructivist metaphors.

Table 7 presents metaphors constructed by individual volunteers at the beginning
and the end of the semester.

The metaphors of nearly half of the volunteers (14 of 30) were organised into the
same categories; 8 out of 14 students held the same metaphors. Three participants
did not change their metaphors and descriptions. This finding supported Boujaoude
(2000), who found that more than a half of the pre-service science teachers (56%)
held on to their belief metaphors throughout a year. Additionally, Massengill et al.
(2005) found that four out of five case studies did not change their original meta-
phors after a year of student teaching. Of the volunteers who changed their meta-
phor categories, it is significant that nearly half of them (7 of 16) changed from
teachers as nurturers/cultivators to teachers as knowledge providers.

In sum, more than a half of the volunteers (16 of 30) expressed a major change in
their chosen metaphors, while the others expressed a moderate change (6 of 30),
minor change (5 of 30), or no change (3 of 30).

The findings of this study showed that some pre-service science teachers did
change their teaching and learning beliefs during their teacher education; however,
changing the pre-service teachers’ beliefs was a difficult and challenging task. Based

Table 7. Change of metaphors of teaching and learning science by cases (z = 30)

Case DPre Post Case Pre Post

1 1.02 Candle 1.02 Candle 16 1.06 Computer 1.03 Tree/Fruit tree

2 1.02 Candle 1.03 Tree/Fruit tree 17 9.08 Torch 10.01 Tour guide

3 1.01 Sun 1.01 Sun 18 8.01 Gardener 1.01 Sun

4 2.03 Constructor 4.02 Captain/Driver 19 8.01 Gardener 1.06 Computer

5 8.01 Gardener 1.06 Computer 20 10.01 Tour guide 10.01 Tour guide

6 6.02 Stand-up 2.03 Constructor 21 2.18 Factory 2.03 Constructor
comedian

7 8.01 Gardener 1.03 Tree/Fruit tree 22 8.01 Gardener 1.03 Tree/Fruit tree

8 1.18 Wind 10.02 Coach 23 1.03 Tree/Fruit tree  8.01 Gardener

9 1.03 Tree/Fruit tree  1.03 Tree/Fruit tree 24 1.04 Light 1.20 Cook

10 8.01 Gardener 8.01 Gardener 25 8.01 Gardener 8.01 Gardener

11 2.11 Architect 8.01 Gardener 26 2.19 Garland maker  9.08 Torch

12 4.07 Earth 8.01 Gardener 27 2.07 Cook 8.01 Gardener

13 1.19 Food 8.01 Gardener 28 1.03 Tree/Fruit tree  1.01 Sun

14 1.01 Sun 1.01 Sun 29 8.01 Gardener 1.04 Light

15 8.05 Parent 1.20 Cook 30 2.03 Constructor 2.03 Constructor
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on experiences in the learning reform era, incorporated with one semester in the
standard-based programme emphasising student-centred approaches, the number of
the pre-service science teachers holding student-centred metaphors should have
increased. However, after one semester of participation in the standard-based
programme, teacher-centred beliefs were still common for a number of these partici-
pants and, unfortunately, tended to increase in popularity. The arrangement of
courses in science teacher preparation programmes according to the knowledge,
professional experience, and ethics standards in combination with the extension of
teacher education from four to five years, which differs from previous programmes,
may impact prospective science teachers’ attributes to beliefs. Tracking the modifi-
cation of the prospective science teachers’ beliefs throughout such standard-based
programmes may provide some guidelines for facilitating a belief modification
process.

Several factors may contribute to the endurance of transmission teaching and
learning beliefs. The first factor may be a long immersion in teacher-centred
schooling experience as discussed earlier. The second factor may be a fact-laden,
non-inquiry-oriented teaching with cookbook laboratories, which largely are
employed in science courses in teacher education (Gibson & Van Strat, 2000). The
third factor may be the school context and culture (Bullough, 1992; Hardcastle
et al., 1985) and the self-image of the teaching profession (Ben-Peretz et al., 2003;
Stofflett, 1996). The school environment plays a key role in affirming or contradict-
ing teachers’ beliefs (Massengill et al., 2005). There are several possible constraints
for pre-service teachers when they try to employ student-centred beliefs in their
classroom practice, such as a lack of time and classroom control or school norms
(Abusson & Webb, 1992). The final factor may be the presence of false feedback
and the absence of corrective feedback during classroom observation (Joram &
Gabriele, 1998). For example, some pre-service teachers place quality teaching on
student motivation and classroom management rather than student learning. This
belief is constantly reinforced when these pre-service teachers observe and interpret
lessons taught by themselves and others; they are given false feedback that after-
wards strengthens their prior belief and prevents them from changing their belief.
Closely aligned with the problem of false feedback is the absence of corrective feed-
back, which comes from teacher educators’ inability to visibly point out effective
and ineffective features of teaching within a particularly complicated episode of
teaching.

Implications

Metaphors are useful and serve various functions in teacher education, as Saban
(2006) summarised. This study shows that metaphor construction, such as the
MUCT, can act as a powerful research tool to uncover a complexity of beliefs about
teaching and learning science implicitly held by pre-service science teachers.
Metaphorical thinking is valuable for making better sense of pre-service science
teachers’ beliefs.
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According to constructivism, some prior beliefs that pre-service science teachers
bring with them can form obstacles to their teacher education. Metaphor construc-
tion can open a communication channel between pre-service teachers and teacher
educators regarding learning how to teach science. Requiring pre-service teachers
to construct metaphors helps them to examine and become aware of their images
of teaching and learning, and to develop their own pedagogical models. Also,
metaphors constructed by pre-service teachers at different stages in their teacher
education are useful for tracking their belief modification and helping them to
become aware of their self-evolved beliefs. Pre-service teachers’ self~-understanding
is helpful for understanding the process of becoming a teacher, as Leavy et al.
(2007) stated:

Teacher education must provide avenues for student teachers to understand the values,
attitudes, and beliefs that they bring to pre-service teacher education and then to plot
and monitor their own professional growth. Images and metaphors of teaching have the
potential to provide the language of practice for student teachers and teacher educators
to engage in collaborative dialog to achieve these avenues. (p. 1230)

As Saban (2006) mentioned, metaphors can function as a medium of reflection.
This study showed that metaphor construction encouraged the pre-service science
teachers to reflect their root beliefs about teaching and learning science. Perceptions
about teaching experiences expressed through metaphor are a good source for meta-
cognitive reflection and subsequent action (Ritchie, Aubusson, & Harrison, 2006).
Metaphors can assist pre-service science teachers to become reflective practitioners
who adapt science curricula to better fit reform visions and student needs (Tobin &
Tippins, 1996).

Metaphorical schemas held by pre-service science teachers are sometimes
mismatched with the goals of teacher preparation programmes and the learning
reform movement. Teaching and learning innovations that conflict with student
teachers’ beliefs are often met with resistance and doubt (Levitt, 2001). One major
responsibility of science teacher educators is to help student teachers’ shift their
metaphorical schemata to align with the goals of teacher preparation programmes
and learning reform. In doing so, science teacher educators should provide ample
opportunities for student teachers to critically reflect on, and become aware of, their
teaching and learning beliefs, and to evaluate them in the light of the goals of learn-
ing reform. Science teacher educators must model exemplary teaching and learning
for student teachers, and they must encourage students to believe that those exem-
plary approaches are practical, plausible, and achievable, at different stages in their
lifelong teaching career (Mellado et al., 2007). This process involves student teach-
ers changing their referents or metaphors. The new referents or metaphors allow
pre-service teachers to frame problems in different ways and to obtain different alter-
native solutions (Tobin & LaMaster, 1995). Thus, metaphor modification is signifi-
cant for pre-service science teachers in re-conceptualising their roles as a science
teacher, which subsequently impacts their classroom practice (Massengill et al.,
2005; Stofflett, 1996; Tobin & LaMaster, 1995).
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This study provides extended metaphor categories of beliefs about teaching and
learning science. Science teacher educators can use these categories for further
research and to apply effective pedagogy that works productively with such beliefs.
Written metaphors, in combination with drawing metaphor such as that used in the
MUCT, may increase the effectiveness of the science teacher educators’ belief elicita-
tion task. Inviting prospective teachers to share their constructed MCT with their
peers provides an excellent forum for critical reflection and brings to light the
implicit images of the cultural rootedness of teaching and learning.

This study was conducted in a country with a different cultural context than West-
ern countries. Culture may be one important factor needing further investigation to
understand prospective teachers’ construction of teaching and learning metaphors.
The two new metaphors of teaching and learning science that emerged from the
present study, the Buddha and the garland maker, may reflect the influence of culture
on metaphor construction. The same study conducted in a different cultural context
might be useful to broaden metaphor categories and explain cultural influence on
metaphor construction.

Hopefully, this study will lead science teacher educators around the world within
different cultural contexts to consider the transferability of the findings, and to value
the utilisation of an alternative technique, the MCT, as ‘a springboard for change’
(Saban, 2006, p. 301) in science teacher education for the better preparation of
future science teachers.

Although this study has value, it still has limitations. That is, the small sample
limits the generalisation of findings as well as the statistical confirmation of a rela-
tionship between the metaphors constructed by the participants and their gender,
class level, and study major.
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Appendix. Metaphor Construction Task

Instruction:

In your view, what should teaching and learning science look like? Please construct
your own metaphors of teaching and learning science and describe how your meta-
phor represents teachers, learners, and teaching and learning process.

In addition, please make drawing to illustrate your metaphors of teaching and learn-
ing science.
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Abstract Science teachers need an adequate under-
standing of nature of science (NOS) and the ability to
embed NOS in their teaching. This collective case study
aims to explore in-service science teachers’ conceptions of
NOS and the embeddedness of NOS in their teaching about
astronomy and space. Three science teachers participated
in this study. All participants attended the NOS workshop
based on an explicit-reflective approach. They were asked
to respond to the Myths of Science Questionnaire on three
different occasions, i.e., at the beginning and the end of the
NOS workshop and a semester after the workshop. Class-
room observation, interviews after teaching, and a collec-
tion of related documents were also employed to collect
data. The data were analyzed using a constant comparative
method. The results revealed two important assertions.
First, science teachers’ conceptions of NOS are stable
and resistant to change. However, an explicit-reflective
approach employed in the NOS workshop, to some extent,
promoted science teachers’ understanding and reasoning
about NOS. Second, science teachers’ conceptions of NOS
are not directly related to their classroom practices. With
different degrees of NOS understanding, all participants
taught NOS implicitly and missed most of the opportunities
to address aspects of NOS embedded in the topics they
taught. The implications of these findings are also
discussed.
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Introduction

Nature of science (NOS) has been underscored as a critical
component of scientific literacy (American Association for
the Advancement of Science 1993; National Research
Council 1996). An understanding of NOS is needed to
promote effective local and global citizenship (Smith and
Scharmann 1999), help individuals become informed
consumers of scientific information, make sense of socio-
scientific issues, participate in responsible decision-making
processes, and appreciate science as a part of contemporary
culture (Driver et al. 1996).

Science teachers are, therefore, responsible for helping
students attain an adequate understanding of NOS. To do so,
science teachers themselves must first possess an adequate
understanding of NOS. However, many studies have
revealed that the conceptions of NOS held by science
teachers are inadequate, incoherent, and fluid (Abd-El-
Khalick and BouJaoude 1997; Buaraphan 2009b; Lederman
1992). Moreover, science teachers often teach NOS
implicitly and expect NOS to result as a byproduct of the
inquiry process, though the literature suggests teaching
NOS in an explicit-reflective manner (Abd-El-Khalick and
Lederman 2000; Akerson et al. 2000; Bartholomew et al.
2004; Cakiroglu et al. 2009; Schwartz and Lederman 2002).

NOS had never been mentioned in Thai science edu-
cation until the national education reform began in 1999.
To support the reform, the government proclaimed the
National Education Act B.E. 2542 (1999) (Office of the
National Education Commission 1999), which subse-
quently led to a proclamation of a new curriculum, i.e., the
Basic Education Curriculum B.E. 2544 (2001) (Ministry of
Education 2001). The new curriculum is standards based
and consists of eight learning strands. Specifically, NOS is
explicitly included in Learning Sub-strand 8 of the Science
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Learning Strand: Nature of Science and Technology. The
learning standard of the NOS sub-strand is:

Students must be able to use the scientific process and
scientific mind in their investigations, solve prob-
lems, notice that most natural phenomena have a
definite period of investigation, and understand that
science, technology, and environment are interre-
lated. (Ministry of Education 2001, p. 7)

The NOS learning sub-strand in the Thai Science Cur-
riculum strongly focuses on student learning of scientific
processes, problem solving, and science-technology-
society (STS). However, hereafter, the term NOS will not
only refer to scientific processes in this paper, but also it
will consist of four aspects: scientific knowledge, the sci-
entific method, scientists’ work, and scientific enterprise.
The important point is that since 2001, although all science
teachers in Thailand have been compelled to teach NOS
according to the new curriculum, the curriculum gives
them no guidance on how to practically include NOS in
their teaching practices.

In addition to the NOS sub-strand, there is another sub-
strand that is unfamiliar to science teachers, i.e., the
Learning Sub-strand 7: Astronomy and Space. It is distin-
guished because its content, sequence of content, and
learning requirements are different from the previous cur-
riculum, i.e., the Primary Curriculum (Revision B.E. 2533)
(1990) (Ministry of Education 1992).

There are several studies that have addressed science
teachers’ teaching about NOS (Akerson and Abd-El-
Khalick 2003; Hanuscin et al. 2010; Mellado et al. 2007;
Schwartz and Lederman 2002; Trumbull et al. 2006;
Waters-Adams 2006). However, studies concerning
teaching NOS in a new learning strand with unfamiliar
content, i.e., astronomy and space, is rare.

The central focus of this study is, therefore, to study
science teachers’ conceptions of NOS, conceptual devel-
opment of NOS according to the NOS workshop, and the
embeddedness of NOS in teaching about astronomy and
space.

Review of the Literature

The literature review consists of five parts, i.e., NOS, in-
service science teachers’ conceptions of NOS, educational
reform and curriculum change in Thailand, teaching about
NOS, and NOS embedded in astronomy and space.

NOS

The NOS construct is diverse and fuzzy; there is no single,
universal conception of NOS. As Schwartz and Lederman
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(2002) stated, “there is not a single NOS that fully
describes all scientific knowledge and enterprises” (p.
207). The difficulty in defining NOS may have arisen from
its complex construct, which merges several fields toge-
ther. Lederman (1992) mentioned that NOS encompasses
various fields, especially epistemology, which involves
how scientific knowledge is generated, and the character of
science. In addition, McComas et al. (1998) stated that:

NOS is a fertile hybrid arena, which blends aspects of
various social studies of science including the history,
sociology, and philosophy of science combined with
research from the cognitive sciences such as psy-
chology into a rich description of what science is,
how it works, how scientists operate as a social group
and how society itself both directs and reacts to sci-
entific endeavors. (p. 4)

Based on an extensive review, science teachers’ con-
ceptions of NOS can be categorized in four groups: sci-
entific knowledge, scientific method, scientists’ work, and
scientific enterprise. The NOS conceptions belonging to
each group are presented in subsequent sections.

In-Service Science Teachers’ Conceptions of NOS

The literature asserts that many in-service science teachers
hold mixed, fluid, and incoherent conceptions of NOS
(Abd-El-Khalick and BouJaoude 1997; Buaraphan 2009b;
Dogan and Abd-El-Khalick 2008; Haidar 1999). Science
teachers’ conceptions of NOS can be categorized in four
major groups, i.e., scientific knowledge, scientific method,
scientists’ work, and scientific enterprise. The details of
each group are presented as follows.

Scientific Knowledge

In various studies, the majority of science teachers studied
have demonstrated naive conceptions of the hierarchical
relationship between hypotheses, theories, and laws (Abd-
El-Khalick and BouJaoude 1997; Dogan and Abd-FEl-
Khalick 2008; Haidar 1999; Rubba and Harkness 1993). In
general, they believed that when a hypothesis is proven
correct, it becomes a theory. After the theory has been
proven true many times by different people and has sur-
vived for a long time, it becomes a law. Some teachers did
not view hypotheses, theories, and laws as different types
of scientific knowledge (Abd-El-Khalick and BouJaoude
1997). For many teachers, the accumulation of supporting
evidence was linked with the status of hypotheses, theories,
and laws (Brickhouse 1990; Dogan and Abd-El-Khalick
2008; Haidar 1999).

Regarding tentativeness in science, science teachers
may be divided into two groups. The first group believed
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that science is stable or static, i.e., science is a collection of
facts or knowledge that explains the world (Behnke 1961;
Tairab 2001). Scientists, therefore, have a major respon-
sibility to collect as much data as possible (Craven et al.
2002; Tairab 2001). In contrast, the other group believed
that science is tentative or dynamic (Dogan and Abd-El-
Khalick 2008), i.e., science is constantly evolving to offer a
full worldview of nature (Lunn 2002).

Many science teachers possessed the uninformed con-
ception that scientific models are copies of reality rather
than human inventions (Abd-El-Khalick and BouJaoude
1997; Dogan and Abd-El-Khalick 2008). They reasoned
that scientific models are copies of reality because scien-
tists have said, or scientific investigations have shown, that
they are true (Dogan and Abd-El-Khalick 2008). In a
contrasting view, some science teachers, especially those
who hold a constructivist view, articulated that scientific
models are scientists’ best ideas for representing reality
rather than exact replicas of reality (Haidar 1999).

Scientific Method

Science teachers commonly perceive the scientific method
as a universal, step-wise method (Abd-El-Khalick and
BouJaoude 1997; Dogan and Abd-El-Khalick 2008;
Haidar 1999). This perception can be attributed to a sci-
ence curriculum that presents the scientific method as a
sequence of steps that students must follow to reach
certain, unambiguous results (Brickhouse 1990; Haidar
1999). Many science teachers regard good scientists as
those who follow the fixed steps of the scientific method in
their investigations (Abd-El-Khalick and BouJaoude 1997;
Haidar 1999).

Scientists’ Work

The polar views of NOS concerning scientists’ work are
theory-laden and theory-free views. For most science
teachers, the development of scientific knowledge strongly
depends on scientists’ observations, which are always
theory laden (Abd-El-Khalick and BouJaoude 1997; Lunn
2002). However, other science teachers strongly believe
that scientists’ observations are theory free (Brickhouse
1990; Dogan and Abd-El-Khalick 2008; Haidar 1999;
Rampal 1992).

In association with the belief in a fixed-step scientific
method, some science teachers overlook the role of crea-
tivity and imagination in the development of scientific
knowledge. These teachers believe that scientists do not
bring creativity and imagination to their investigations but
rather that they merely follow the step-by-step scientific
method to reach acceptable scientific knowledge (Abd-El-
Khalick and BouJaoude 1997). In this sense, ‘“creativity

seems to be stereotypically dissociated from perceived
scientific qualities” (Rampal 1992, p. 424).

Scientific Enterprise

The social and cultural influences on scientific enterprise
are easily recognized by most science teachers (Brush
1989; Haidar 1999; Rubba and Harkness 1993). Some
science teachers also add that society affects science and
technology, and science and technology, in turn, affect
society (Tairab 2001). In contrast, many science teachers
believe in the authoritative image of scientists and, sub-
sequently, neglect the social and cultural influences on the
development of scientific knowledge (Rampal 1992).

It is, perhaps, an easy task for science teachers to rec-
ognize the interaction between science and technology:
science is a knowledge base for technology; technology, in
turn, influences scientific advancement (Rubba and Hark-
ness 1993). However, distinguishing between science and
technology is probably a difficult task, and many teachers
regard technology as applied science (Tairab 2001).

In the Thai context, Buaraphan (2009b) discovered eight
favored, uninform conceptions of NOS held by in-service
science teachers: (a) scientific theories can be developed
into laws; (b) accumulation of evidence makes scientific
knowledge more stable; (c) scientists are open-minded
without any biases; (d) scientific theories are less secure
than laws; (e) the scientific method is a fixed, step-by-step
process; (f) science and the scientific method can answer
all questions; (g) a scientific model (e.g., an atomic model)
expresses a copy of reality; and (h) science and technology
are identical.

Educational Reform and Curriculum Change
in Thailand

Thailand is a medium-sized developing nation that has
never been colonized. The educational reform movement
in Thailand arose from the so-called Asian economic crisis
of the late 1990s, which highlighted an urgent need to
develop the Thai people’s ability to keep up with the rapid
changes characterized by mass globalization (Office of the
National Education Commission 1999).

Educational reform in Thailand began with the procla-
mation of the National Education Act B.E. 2542 (1999).
The main purposes of educational reform are the following:
expanding basic education, from nine to 12 years of
schooling; providing education to meet learners’ basic
learning needs, to upgrade their skills and encourage their
self-development; implementing internal and external
quality assurance systems in schools and educational
institutes; reforming administration and management of
education to encourage full participation of local
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educational authorities and the local community; encour-
aging private-sector participation in educational provision;
reforming pedagogy by emphasizing learner-centered
activities and establishing life-long learning; reforming the
curriculum, allowing for the contribution and participation
of stakeholders, to meet new challenges and demands of
different groups of learners with an emphasis on mathe-
matics, science and technology in parallel with the pro-
motion of pride in national identity and cultural heritage;
and reforming resource allocation at the national level on
the basis of equity and encouraging local educational
authorities and communities to mobilize their resources for
education. All involved stakeholders have been urged to
join continuing efforts toward the reform (Office of the
National Education Commission 1999).

According to the objectives of the educational reform
policy, basic education in Thailand is organized in four
main levels: Level 1-Grades 1-3 (lower primary), Level
2—Grades 4—6 (upper primary), Level 3—Grades 7-9 (lower
secondary), and Level 4-Grades 10—12 (upper secondary).
Schooling from Grades 1 to 9 is now compulsory.

Regarding curriculum reform, the ministry of education
of Thailand launched a new curriculum, the 2001 Basic
Education Curriculum B.E. 2544 (Ministry of Education
2001). Under this new curriculum, for science education,
the Institute for the Promotion of Teaching Science and
Technology (IPST)—an agency under the direction of the
Ministry of Education—plays a major role in reforming
science education and, in 2002, established standards for
science education in Thailand. The 2002 National Science
Curriculum Standards are a broad framework providing
curricular strands, learning-standards levels, expected
learning outcomes, concept maps of science contents for
each grade, a learning process, assessment and evaluation,
and examples of lesson plans. The science curricular
standard consists of eight strands: living things and living
processes; life and the environment; matter and properties
of matter; force and motion; energy; changing processes of

Table 1 Summary of curriculum change

the earth; astronomy and space; and the nature of science
and technology. From Grades 10 to 12, students are divided
into science and non-science streams, and science-stream
students study physics, chemistry, and biology as advanced
science courses offered either as compulsory or elective
courses (Institute for the Promotion of Teaching Science
and Technology 2002).

There are many differences between the new curriculum
and the older one, i.e., the Primary Curriculum (Revision
B.E. 2533) (1990) (Ministry of Education 1992). The new
curriculum is standards based, consisting of the learning
standards that all students in Grades 1-12 must attain. The
basic-education schools are responsible for creating their
school curricula and covering all contents and learning
standards, and these must be suitable for their students and
contexts. The differences between the new and old cur-
ricula are summarized in Table 1.

According to Table 1, particularly the NOS and
astronomy and space sub-strands are unfamiliar for science
teachers. The learning standards of this sub-strand are:

Learning Sub-strand 7: Astronomy and Space
Learning Standard SC 7.1

Students must: understand the evolution of the solar
system, galaxies, and the universe, and the interrelation-
ships within the solar system and their effects on living
things; develop scientific minds and inquiry skills;
communicate knowledge learned; and apply knowledge
to their everyday lives.

Learning Standard SC 7.2

Students must: understand the importance of space
technology to exploring space and natural resources and
of applying this to agriculture and communications;
develop scientific minds and inquiry skills; communicate
knowledge learned; and apply knowledge with morals
for both their own lives and the environment.

The new science curriculum, in accordance with the
educational reform, requires all Thai science teachers to

Revised Primary Curriculum (1990)

Basic Education Curriculum (2001)

Basic education (12 years) is divided into two main levels:
primary (Grades 1-6) and secondary (Grades 7-12)

There is a national test administered at the end of each level
(2 times)

Science, social studies, and health education are combined into
an “Enhancing Life Experience” unit

There are 11 learning units in the Enhancing Life Experience
unit
NOS is not mentioned

Astronomy and space included in Learning Unit 8: universe
and space

Basic education is divided into four main levels: Level 1 (Grades 1-3), Level 2
(Grades 4-6), Level 3 (Grades 7-9), and Level 4 (Grades 10-12)

There is a national test administered at the end of each level (4 times)
Science is distinguished as the “Science Learning Strand”

There are eight learning sub-strands in the Science Learning Strand

NOS is mentioned in Learning Sub-strand 8: Nature of Science and Technology

Astronomy and space included in Learning Sub-strand 7: astronomy and space
with different content, sequence of content, and learning requirements
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embed NOS in their science teaching. However, it does not
inform science teachers how to teach NOS. The following
section describes the literature regarding teaching NOS.

Teaching NOS

Driver et al. (1996) suggested that NOS should not be
regarded as an add-on to science content; rather, it should
be tightly linked to the content taught. In addition, a
number of NOS research studies (Abd-El-Khalick and
Akerson 2004, 2009; Abd-El-Khalick and Lederman 2000;
Akerson et al. 2000; Bartholomew et al. 2004; Cakiroglu
et al. 2009; Schwartz and Lederman 2002) have suggested
that effective teaching of NOS must be conducted in an
explicit-reflective manner, i.e., teachers make aspects of
NOS an explicit part of classroom discourse and provide
learners opportunities to reflect upon and explain their
ideas about NOS.

Abd-El-Khalick and Akerson (2009) clarified the
meaning of the explicit-reflective framework of teaching
NOS: “the label ‘explicit’ is curricular in nature while the
label ‘reflective’ has instructional implications (emphases
in original) (p. 2163).”

The label “explicit” is intended to emphasize the need
for the inclusion of specific NOS learning outcomes in any
instructional sequence aimed at developing learners’
understanding of NOS. In this case, the comprehension of
NOS is a cognitive instructional outcome that should be
intentionally targeted and planned for in the same manner
as other scientific concepts. Notably, the “explicit”
component of the explicit-reflective approach to NOS
instruction does not entail a certain pedagogical approach
(Abd-El-Khalick and Akerson 2004, 2009).

On the one hand, the “reflective” component does
entail instructional elements that need to be incorporated
into pedagogical approaches undertaken within the
explicit-reflective approach. This element refers to the
inclusion of structured opportunities designed to encour-
age learners to examine their science-learning experiences
from within an epistemological framework, which would
focus on questions related to the development and vali-
dation of, as well as the characteristics of, scientific
knowledge. That is, students should have opportunities to
analyze their activities from within an NOS framework,
map connections between these activities and those of
scientists, and make conclusions about scientific episte-
mology. Simply, an explicit-reflective approach empha-
sizes student awareness of certain NOS aspects in relation
to student learning activities and student reflection on
these activities from within a framework comprising
these NOS aspects (Abd-El-Khalick and Akerson 2004,
20009).

In addition, Hanuscin et al. (2010) elaborated on four
overarching criteria of the explicit approach to teaching
NOS: (a) teachers plan to teach a particular aspect of NOS;
(b) students are made aware of the target aspect of NOS;
(c) students are provided an opportunity to discuss and/or
reflect on their ideas about the target aspect of NOS; and
(d) teachers elicit students’ ideas about NOS before, dur-
ing, or at the conclusion of the activity.

NOS Embedded in Astronomy and Space

In Thailand, there is generally a lack of learning materials
and resources regarding astronomy and space, which is the
new learning sub-strand included in the 2001 Basic Edu-
cation Curriculum. To cope with this problem, in 2002,
IPST in cooperation with the Faculty of Science, Chiang
Mai University, initiated the teaching and learning of an
astronomy and space database. This database can guide
Thai teachers and students in teaching and learning about
astronomy and space (Soydhurum 2004). However, many
problems still existed in Thai astronomy education. In
2009, Pornpan Vitayangkorn, the director of IPST,
announced that Thai students’ scores in the subject of
astronomy and space, according to an international
assessment, were lower than average. The main problems
were a dispersion of astronomy and space curricula, a lack
of learning materials, and teachers’ lack of understanding
of astronomy and space. Therefore, IPST joined with the
Thailand Research Fund (TRF) and the Faculty of Educa-
tion, Chulalongkorn University, in reforming the astron-
omy and space curriculum. They planned to create a new
astronomy and space curriculum for a nationwide launch in
the 2013 academic year (Public Relations Department
2008). Until now, there has not been a section in the Thai
science curriculum that explicitly mentions embedding
NOS in astronomy and space curricula.

Astronomy and space appears to be one of the topics that
can be utilized to articulate several aspects of NOS. In
learning about astronomy and space, students are fre-
quently required to build models. Model building is related
to NOS, as Matthews (2007, p. 650) stated, “...models are
central to scientific practice, and that understanding the
epistemological dimension of models is central to philos-
ophy of science, then learning about NOS will involve
learning something about the functioning of models in the
history of science.” By design, according to Taylor et al.
(2003), model building in astronomy education potentially
promotes students’ understanding of NOS in three ways:
(a) science is a process that has been constructed by people;
(b) science is influenced by the social and cultural frame-
work in which scientists work; and (c) science under-
standing changes over time.
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Research Questions

The research questions guiding the present study are as
follows. (a) What are conceptions of NOS held by in-ser-
vice science teachers at the beginning and end of an NOS
workshop and a semester after the workshop? (b) How do
science teachers embed their understanding of NOS in
teaching astronomy and space?

Methods

This study is a collective case study (Creswell 2007) that
was conducted in the first semester of the 2009 academic
year. A collective case study addresses the exploration of
multiple bounded systems (i.e., science classrooms) over
time through detailed, in-depth data collection from mul-
tiple data sources.

This study is divided into two phases to answer the
research questions mentioned earlier. In the first phase, the
NOS workshop was conducted by using an explicit-
reflective approach. It includes explicit-reflective NOS
activities such as the “tricky tracks”, “young or old”, and
“black box” activities. A detailed description of these
activities is elaborated upon elsewhere (Lederman and
Abd-El-Khalick 1998). The participants were subsequently
asked to analyze the new curriculum, particularly in rela-
tion to NOS and astronomy and space, to participate in the
model lessons, which integrated NOS into teaching
astronomy and space, and to reflect upon their NOS
learning experiences. Table 2 presents the summary of
learning activities in the NOS workshop.

In the second phase, upon completion of the workshop,
each participant was followed-up to explore how he/she
embeds NOS into his/her teaching about astronomy and
space.

Table 2 Learning activities in the NOS workshop

Data Collection

The data were collected from three volunteer primary
science teachers. The first case study is Cathy (pseudo-
nym). She is a 55 year-old science teacher at School A
(pseudonym) located in the central region of Thailand. She
graduated with a Bachelor’s degree and a major in Thai
Language. She is an experienced science teacher with
30 years of teaching experience. James (pseudonym) is the
second case study. He is 26 years old and has taught sci-
ence at School A for 2 years. He graduated with a Bach-
elor’s degree in Food Science and Nutrition and earned a
1-year certificate in teaching. The last case study is Wicky
(pseudonym), a primary science teacher at School B
(pseudonym) located in the central region of Thailand. She
is 41 years old but has only 10 years of experience
teaching science because she was initially not assigned to
teach science. Both Schools A and B are small primary
schools with less than 500 students.

In the first phase, to explore the participants’ conceptions
of NOS, the Myths of Science Questionnaire (MOSQ)
(Buaraphan 2009b) was employed. The validity and reli-
ability of MOSQ have been reported elsewhere. It was
recently employed by Sarkar and Gomes (2010) and found
to be highly reliable. MOSQ consists of 14 items addressing
four main aspects of NOS, as mentioned in the literature
review: (1) scientific knowledge (items 1, 2, 3, 4, 8, and 9);
(2) scientific method (items 5, 6, and 7); (3) scientists’ work
(items 10 and 11); and (4) scientific enterprise (items 12, 13,
and 14). All MOSQ items were presented as shown in
Table 4 in the “Appendix”. The completion of MOSQ took
approximately 45 min. To respond to the MOSQ, the
respondent was required to select one of three responses
(i.e., agree, uncertain, or disagree) that best fits his/her
opinion about the statement presented as well as reason to
support the selection. Each participant was asked to respond
to the MOSQ three times, i.e., at the beginning (pre-test)

Day Topic Learning activity

Day 1 NOS Tricky tracks, young or old, and black box
Reflection and discussion

Day 2 Basic Education Curriculum (2001) Analyze the 2001 Basic Education Curriculum

Analyze the NOS, astronomy and space learning sub-strands

Reflect on and discuss how to implement those sub-strands in the classroom

Day 3-5 Model lessons: embedding NOS in teaching

about astronomy and space

NOS model lesson on “Sky” based on inquiry approach
NOS model lesson on “Night and Day” based on problem-solving approach

NOS model lesson on “Moon Phases” based on learning-cycle approach

Reflection and discussion

@ Springer



J Sci Educ Technol (2012) 21:353-369

359

and the end (post-test) of the workshop and a semester after
the workshop (delayed-test).

In the second phase, classroom observation, interviews
after teaching, and collection of related documents (e.g.,
lesson plans, handouts, and worksheets) were employed to
collect data about how the participants embed NOS in
teaching about astronomy and space. The classroom
observations were conduced four times for each participant
throughout a semester. Each classroom observation took
approximately 2 h. The researcher played a role as a non-
participant observer and recorded data in field notes. To
obtain more complete data, an audiotape recorder was also
used in classroom observation. The data recorded on
audiotapes were subsequently transcribed verbatim. The
interviews after teaching were semi-structured and included
this list of questions: How do you feel about your teaching?
What are the strengths and weaknesses in your teaching?
What do you plan to improve in your future teaching of this
topic? Did you embed NOS in your teaching? What aspects
of NOS? Why are those aspects of NOS so important for
students to learn? How did you embed NOS in your
teaching? All interviews were audiotaped and, later, tran-
scribed verbatim. All data from observations, interviews,
and documents were included in the data analysis.

Data Analysis

At first, the “agree,” “uncertain,” or “disagree” responses
by a participant were interpreted as informed, uncertain, or
uninformed conceptions of NOS, respectively. The sup-
porting reason he or she provided is also brought into
consideration before categorization. In addition, the qual-
itative data derived from classroom observations, inter-
views after teaching, and collection of documents were
analyzed by using a constant comparative method (Glaser
and Strauss 1967). The basic stages of this method are:
(a) reading throughout data obtained from observations,
interviews, and documents and finding out units of mean-
ing, (b) assigning each unit of meaning a code (e.g.,
‘informed,” ‘uncertain,” or ‘uninformed’ conceptions of
NOS, ‘implicit’ or ‘explicit’ teaching about NOS),
(c) comparing and categorizing the codes; (d) constantly
comparing and categorizing new codes emerging from new
rounds of analysis, and (e) identifying emerging patterns
and relationships. For example, the code “no NOS in les-
son plan” obtained from an analysis of documents was
compared with existing codes and categories and, eventu-
ally, was placed in the ‘implicit teaching of NOS’ category.
The inter-rater reliability of coding (Miles and Huberman
1984) was established in this study by asking three science
educators in the field of NOS to independently code the
participants’ conceptions of NOS (e.g., informed, uncer-
tain, and uninformed conceptions) and teaching NOS (e.g.,

explicit and implicit teaching). The inter-rater reliability of
coding of participants’ conceptions of, and teaching about,
NOS was established at .94. Any disagreement emerging
from this process was resolved in a subsequent meeting.

Results

This study results in two assertions regarding the nature of
science teachers’ conceptions of NOS and embeddedness
of NOS in teaching about astronomy and space.

Assertion 1: Science Teachers’ Conceptions of NOS
Are Stable and Resistant to Change

Table 3 shows the participants’ conceptions of NOS at the
beginning and end of the NOS workshop and a semester after
the workshop. At the beginning of the workshop, Wicky held
more informed conceptions of NOS than James and Cathy.
Of 14 items, Wicky, James, and Cathy had informed con-
ceptions of NOS in 11, 8 and 7 items, respectively.

At the end of the workshop, Cathy had developed more
informed conceptions of NOS in six of 14 items (items 2, 3,
6,9, 11 and 12); however, two of these items (items 3 and
11) reverted to being uninformed a semester later. For
Cathy, eight conceptions of NOS were placed in the same
categories (seven informed and one uninformed) through-
out the study. Her most persistently uninformed conception
of NOS was regarding the accumulation of scientific
knowledge (item 8), which related to “Baconian induc-
tion” (McComas 1998, p. 58), i.e., the “accumulation of
evidence makes scientific knowledge more stable.”

James changed his uninformed conceptions to being
informed in only one of 14 items (item 9); however, this
informed conception reverted to being uninformed after a
semester of teaching in school. He had 11 conceptions in
the same categories (eight informed and three uninformed)
throughout the study. The three most difficult conceptions
of NOS for James were regarding theories and laws,
accumulation of scientific knowledge, and theory-laden
observation (items 3, 8, and 11).

Similar to James, Wicky developed a more informed
conception of NOS in only one of 14 items (item 12). After
a semester of teaching in school, Wicky’s existing informed
conception of NOS became uninformed (item 3). Twelve
conceptions of NOS held by Wicky were placed in the same
categories (10 informed and two uninformed) throughout
the study. The two most difficult conceptions of NOS for
Wicky were regarding the accumulation of scientific
knowledge and theory-laden observation (items 8 and 11).

The NOS workshop, to some extent, helped the partic-
ipants develop an understanding of NOS, especially in
increasing an ability to provide detailed reasons or
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Table 3 Conceptual development of NOS

Item Participant Conception of NOS
Pre Post Delayed
1. Hypotheses ~ Cathy Informed Informed Informed
are developed Hypotheses are not always true Hypotheses are scientists’ guesses that In the case that hypotheses
to become are useful in developing scientific are true, they are
theories only knowledge developed to become
theories
James Informed Informed Informed
If hypotheses are rejected by Some hypotheses cannot be developed Hypotheses are scientists’
experiments, they never become to become theories guesses, so they are not
theories always true. In this case,
they never become
theories
Wicky Informed Informed Informed
Some hypotheses are not true and are Some hypotheses lack supporting Some hypotheses are not
then discarded evidence to confirm they are true reasonable enough
2. Scientific Cathy Uninformed Informed Uninformed
theories are Scientific laws are more secure than Both theories and laws are valuable I agree
less secure theories because they are repeatedly products of science
than laws tested and found true in all cases
James Uncertain Uncertain Informed
I am not sure I am not sure If scientific theories are
reasonable enough, they
can substitute laws
Wicky Informed Informed Informed
I disagree Scientific theories and laws are equal I disagree
in terms of scientific knowledge
3. Scientific Cathy Uninformed Informed Uninformed
theories can I agree. Scientific theories explain laws. 1 agree.
be developed . , .
James Uninformed Uninformed Uninformed
to become
laws I agree I agree I agree
Wicky Informed Informed Uninformed
I disagree Scientific theories explain patterns in  If theories are acceptable
nature, as stated in laws and reasonable, they can
be developed to become
laws
4. Scientific Cathy Informed Informed Informed

knowledge
cannot be
changed

James

Wicky

New discoveries are occurring all the
time, so scientific knowledge can be
changed

Informed

Scientific knowledge can be changed.
For example, we previously believed
that the world is flat. With modern
tools, however, we realize that the
world is not flat

Informed
Scientific knowledge can be changed
because of technology. Technology

brings more elaborated data that lead
us closer to reality, more and more

Presently, many modern tools are
emerging. Such tools provide us
more exact, detailed data that are
useful in explaining and expanding
our existing knowledge

Informed

Scientific knowledge can be changed.
People used to believe that the world
is flat. However, pictures taken by
satellites show that the world is
round

Informed

Scientific knowledge can be changed
with opposing evidence

Scientific knowledge can be
changed with the
discovery of opposing
evidence

Informed

1 disagree

Informed

Scientific knowledge can be
changed with the
discovery of more
reasonable data
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Table 3 continued

Item Participant Conception of NOS
Pre Post Delayed
5. The scientific Cathy Informed Informed Informed
method is a fixed The scientific method is not fixed but ~ The scientific method is not fixed The steps in seeking
step-by-step depends on situation. because some steps can be skipped. scientific knowledge
process This depends on individual scientists.  can be adjusted to suit
the topic of
investigation.
James Informed Informed Informed
Some steps can be skipped or added to Some steps of the scientific method I disagree
suit the experiment may be removed or added to suit the
nature of investigation
Wicky Informed Informed Informed
The steps for doing science are not Some steps of the scientific method can The scientific method is
sequenced as 1-2-3—4-5. Scientists be alternated. For example, we can set  not fixed but depends
can start from the second or third step ~ a new hypothesis while doing on time and situation
and then return to the first step experiment
6. Science and the Cathy Uninformed Informed Informed
scientific method If we follow the right steps of the Some things in the world cannot be Some beliefs or
can answer all scientific method, we can answer all explained by the scientific method, questions cannot be
questions questions e.g., supernatural phenomena explained or answered
by the scientific
method
James Informed Informed Informed
The scientific method cannot explain Science cannot clearly explain ghosts I disagree
some mysteries and spirits
Wicky Informed Informed Informed
There are some phenomena that science Some things in the world cannot be Science cannot explain
cannot explain. Scientists oftentimes explained or answered by science, some difficult topics
rely on their direct experiences e.g., supernatural phenomena
7. Scientific Cathy Informed Informed Informed
knowledge There are many ways to develop Conducting an experiment is not the Scientific knowledge
comes from scientific knowledge only method for developing scientific ~ can come from
experiments only knowledge. The other methods are collecting documents
observation and survey, which can be  or observation
applied suitably in individual
situations
James Informed Informed Informed
Observation can be used to develop Scientific knowledge can come from I agree
scientific knowledge everyday experience
Wicky Informed Informed Informed
Sometimes, scientific knowledge is Some scientists discovered scientific The imaginations of
accidentally discovered or built from knowledge by accident. The scientists can lead to
story telling important thing is that scientists’ scientific knowledge
awareness of the meanings embedded
in the phenomena under study that
requires knowledge, creativity, and
imagination
8. Accumulation of Cathy Uninformed Uninformed Uninformed
evidence makes Accumulating evidence leads to more ~ When scientists find more evidence, Strong scientific
scientific firm scientific knowledge scientific knowledge they have built knowledge needs lots
kn(l;\l)vledge more becomes more credible of supporting evidence
stable
James Uninformed Uninformed Uninformed
I agree I agree I agree
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Table 3 continued

Item Participant Conception of NOS
Pre Post Delayed
Wicky Uninformed Uninformed Uninformed
I agree The credibility of scientific I agree
knowledge is directly related to the
quantity of supporting evidence
9. A scientific model  Cathy Uncertain Informed Informed
(e.g., the atomic I am not sure Scientific models are created from Scientific models are constructed
model) expresses a credible evidence or scientists’ from the imagination. Scientists
copy of reality imaginations. Such models cannot try to construct models that are
access reality as close to the reality as possible
James Uninformed Informed Uninformed
I agree The atomic models are created by I agree
scientists and supposed to represent
structure and behaviors of atoms
Wicky Informed Informed Informed
The atomic models Scientific models represent Scientific models depend on
represent atoms as they are  scientists’ ideas at a certain period knowledge at a certain period in
supposed to be. In reality, in time. Some models lack clear time
atoms may not be like the supporting evidence and can be
models changed with the discovery of new
evidence
10. Scientists do not Cathy Informed Informed Informed
use creativity and Imagination stimulates Imagination and creativity challenge Imagination creates scientists’
Imagination i scientists’ eagerness and and stimulate the eagerness of creativity and challenges them to
ieVdi’P(;ng scientific inquiries scientists and their investigations seek more knowledge
nowledge
g James Informed Informed Informed
Success in developing Scientists use their creativity and I disagree
scientific knowledge imagination before doing
requires scientists’ experiments or starting
creativity and imagination investigations
Wicky Informed Informed Informed
Most new ideas are The development of scientific I disagree
developed from human knowledge relies on creativity and
creativity and imagination imagination
11. Scientists are Cathy Uninformed Informed Uninformed
open-minded Scientists always rely on It is individual. Some scientists have Scientists do not bring their
without any biases evidence biases and distort data feelings into decision making
but instead rely on reasonable
data
James Uninformed Uninformed Uninformed
I agree I agree I agree
Wicky Uninformed Uninformed Uninformed
I agree Scientists must be responsible and I agree
accept the results of experiments.
Power is not involved in scientists’
work
12. Science and Cathy Uncertain Informed Informed
technology are Scientists discover theories  Science is conducted for the sake of Technology is a helping tool for
identical and laws and use them to ~ knowledge. Technology is scientists to do their
develop tools or originated from scientific investigations more comfortably
technology knowledge and conducted for the
sake of comfortable lives
James Uninformed Uncertain Uninformed
I agree I am not sure I agree
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Table 3 continued

Item Participant Conception of NOS
Pre Post Delayed
Wicky Uninformed Informed Informed
I agree Science emphasizes seeking more Science deals with
knowledge; technology knowledge. Technology
emphasizes applying scientific deals with economy and
knowledge for lives and business comfort
13. Scientific enterprise is Cathy Informed Informed Informed
an individual enterprise Cooperation among scientists Doing scientific enterprise requires ~ Cooperation and
leads to correct and clear teamwork discussion among
scientific knowledge scientists leads to a
clear, unique scientific
conclusion
James Informed Informed Informed
Some scientific enterprises can be  Group work is one strategy in doing I agree
supported by group work science
Wicky Informed Informed Informed
Science can be conducted Doing science requires cooperation I disagree
individually or cooperatively of people from diverse areas of
expertise and disciplines
14. Society, politics, and  Cathy Informed Informed Informed
culture do not affect the Some cultures make scientists Some deep-rooted cultures, I disagree
development of resist some modern ideas traditions, and beliefs make people
scientific knowledge resist modern ides and new
discovery
James Informed Informed Informed
In a country at war, it is very hard In a society at war, science is slowly I disagree
to develop science developed
Wicky Informed Informed Informed
The major aim of country at war is Some scientific investigations, such I disagree

to develop weapons, whereas,
the developed country aims to

develop technology

as cloning, bring society into
debate

Directions: Please select the choice that best reflects your opinion and provide an explanation supporting your selection

examples to support their chosen responses. The partici-
pants’ conceptions of NOS were stable because they did
not show any remarkable shifts in the conceptions of NOS.
In addition, the participants’ conceptions of NOS were
resistant to change. In the cases of Cathy and James, for
example, their informed conceptions of NOS reverted to
being uninformed a semester after the workshop. The most
common uninformed conception of NOS for all partici-
pants was regarding the belief of Baconian induction.

Assertion 2: Science Teachers’ Understanding of NOS
Is Not Directly Related to Their Classroom Practices

Cathy did not mention NOS in her lesson plans. Cathy’s
classroom consists of 37 Grade 6 students (13 male, 24
female). In teaching about solar eclipses, she began the
lesson by asking her students: “What are the characteristics
of a solar eclipse? How does it occur?” Cathy extensively

used models in teaching about solar eclipses. For example,
Cathy used an orange and a lemon to represent the sun and
the moon, respectively. She used a torch to illuminate the
lemon to create a shadow on the orange to show her stu-
dents how a solar eclipse occurs. Later, the students were
placed in groups of four and given those materials to model
and study a solar eclipse. Cathy also employed a poster of a
solar eclipse to help the students understand the targeted
concepts. She emphasized to the students that both the
distances and planes of the Sun, Moon, and Earth are
crucial to solar-eclipse phenomena. Cathy made the stu-
dents aware of two limitations of models of the solar sys-
tem: “The scale of models does not accurately represent an
authentic scale of phenomena;” and “Models are not real.”
She did not further provide the students with an opportu-
nity to reflect upon and discuss NOS.

Another example of using a model to teach astronomy
and space is given by the lesson on moon phases. Cathy
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employed the activity she learned from the NOS workshop
to teach her students. The classroom was modified to be a
darkroom, and the students were given a table-tennis ball, a
ruler, and a torch to model and study, with the teacher’s
guidance, how moon phases occur. However, Cathy did not
mention the nature of scientific models. Interestingly,
Cathy employed a story about a lunar eclipse. She told the
students the traditional Thai tale of a monster named
“Rahoo” (in Thai) who keeps the moon in his mouth,
which causes the lunar eclipse. However, at the conclusion
of the lesson, she did not emphasize the difference between
the explanation of the lunar eclipse derived from the tale
and from science.

James did not write a lesson plan on astronomy and
space embedded with NOS. His classroom consisted of 36
Grade 1 students (25 male, 11 female). James began the
lesson on the direction and the rising and falling of the Sun
by asking the students to make groups of four and move to
the school field. The next dialogue illustrated James’
questions and students’ answers:

James: What is the direction from which the Sun
always rises?

Students:  (Point to the East)

James: OK. Turn your right side towards this direction
(the East)

James: So that now where is the East?

Students: My right

James: And where is the West?

Students:  Left

James: Where is the North?

Students:  Front

James: Where is the South?

Students:  Back

James: So, you have to turn which part of your body to
the East?

Students: Right part

James: If you are lost in the forest, and your home is
North, which way will you walk?

Students:  Front

James: OK. Let’s go back to our classroom and do the

assignment in your textbook

After that, the students completed a worksheet, drew
pictures showing the relationship between the directions
and the Sun and, finally, wrote a mind map. In this lesson,
James strongly emphasized questioning and relied on a
textbook.

James never mentioned NOS in his teaching, though the
lesson he taught was related to observation as a way to
produce evidence. James paid more attention to classroom
control because there were many more male students in his
classroom than females. He also had little experience in
teaching grade 1 students, as he reflected:
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My Grade 1 students are very naughty. I have to catch
up with them all the time. It’s my first year of
teaching in Grade 1. Formerly, I taught Grades 3 and
4 for many years.

Similar to Cathy and James, Wicky did not include
NOS in her lesson plans. Wicky was responsible for
teaching 33 Grade 4 students (18 male, 15 female). In
teaching about the solar system, she extensively employed
posters and models. She began the lesson by requiring
students to make groups of four and draw pictures of the
solar system. After that, she required students from each
group to present their drawings of the solar system to the
class. After the student presentations were finished,
Wicky distributed the teacher’s notes on the solar system
to all students and required them to study and draw a
correct model of the solar system. The students were also
asked to present what they learned about the solar system
to the class. An example of the dialogue between Wicky
and her students is the following:

Wicky: What do you learn about?

Students:  The solar system

Wicky: What planet is placed at the center of the solar
system?

Students: The Sun

Wicky: How many planets orbit around the sun?

Students:  Eight planets

Wicky: Can you tell me the name of those eight planets

Students: ...(They state the names of eight planets by

reading from the teacher’s notes)

Subsequently, Wicky presented a poster of the solar
system to the class and explained it. She required the stu-
dents to build a model of the solar system from clay,
toothpicks, and a plastic base after students had studied the
teacher’s notes. Although Wicky wandered around the
classroom during the model-building activity, she did not
advise the students much. The students were left on their
own to build models. Subsequently, Wicky required three
groups as a class representative to present their models of
the solar system to the class. However, she did not notice
that one group of students created a ring for the Earth in the
solar system. Regarding this lesson, Wicky missed an
opportunity to address two important aspects of NOS. First,
she did not emphasize the tentative nature of scientific
knowledge in the case of Pluto. That is, there are eight
planets in the solar system now, not nine planets as in the
past. Second, the model of the solar system is aimed at
representing its structure, not an exact replica.

The assumption that science teachers’ understanding of
NOS is directly related to their classroom practice is not
supported by this study. With different degrees of under-
standing of NOS, all participants taught NOS implicitly.
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Comparing Wicky and Cathy, who had the highest and
lowest degrees of understanding of NOS, respectively, Cathy
surprisingly showed more intention to explicitly teach NOS
than Wicky. All participants were unaware of and missed
most of their opportunities to address aspects of NOS
embedded in the astronomy and space topics they taught.

Discussion

This study shows that an explicit-reflective NOS workshop,
specifically in the context of astronomy and space, is
beneficial for promoting science teachers’ conceptions of
NOS to some extent (Akerson et al. 2000, 2007; Buaraphan
2011; Khishfe and Lederman 2007; Schwartz et al. 2004).
To strengthen the NOS workshop, Khishfe and Lederman
(2007) suggest that real-life, controversial, social-science-
based issues, such as global warming, should be selected as
a context for illustrating NOS aspects.

This study shows that science teachers’ conceptions of NOS
are stable and resistant to change. The persistence of NOS
conceptions is presented in many studies (Akerson et al. 2007,
Lederman 1999). The short instructional period employed in
an NOS intervention is insufficient to change science teachers’
firm conceptions of NOS (Cakiroglu et al. 2009). In addition,
some developed conceptions of NOS held by the participating
science teachers were forgotten when they returned to their
classrooms, as found by Akerson et al. (2009b).

Model building to learn about astronomy and space can
be linked with many aspects of NOS. Taylor et al. (2003)
stated that there are three key aspects of NOS in astronomy
education: science is a process that has been constructed by
people; science is influenced by scientists’ social and cul-
tural frameworks; and science understanding changes over
time. In addition, Akerson et al. (2009b) illustrated many
aspects of NOS in scientific models: scientific models
illustrate the distinction between observation and infer-
ence; scientific models show how scientists create (creative
NOS); scientific models are created from data (empirical
NOS); and scientific models can be changed (tentative
NOS). Science teachers in this study frequently used
models for teaching astronomy and space-related topics;
however, they did not reveal key aspects of NOS in
building models. Additionally, they did not employ models
as assessment tools, as found in Akerson et al. (2009b).

Science teachers in this study did not use historical
examples to teach about NOS, although there are many
examples available in astronomy. From 80 historical
vignettes collected by McComas (2008), 17 of them (22%)
come from the field of astronomy. These vignettes are
useful in helping communicate certain key aspects of NOS
and, in turn, providing students with both an engaging and
accurate view of the underlying NOS.

Based on the four overarching criteria of the explicit-
reflective approach in teaching about NOS, as proposed by
Hanuscin et al. (2010), science teachers in this study teach
NOS implicitly. That is, they did not plan to teach NOS
(Akerson et al. 2009b), make students aware of the NOS,
provide students an opportunity to reflect on NOS, or elicit
students’ ideas about NOS throughout instruction. Teach-
ing about NOS appeared to be a difficult task for the sci-
ence teachers in this study, as also found in Hanuscin et al.
(2010). NOS appeared to be a new learning sub-strand for
the science teachers in this study, and the new science
curriculum does not make any suggestions for how to
embed NOS in teaching. Moreover, the science teachers
have to teach astronomy and space-related topics, which is
an unfamiliar learning sub-strand for them. Therefore,
embedding NOS in teaching about unfamiliar content, as is
the case in this study, is more difficult and requires a great
amount of support. As Henze et al. (2008) found, limited
subject matter knowledge (in this case, knowledge of NOS)
and a positivist view of models and modeling negatively
impacts science teachers’ development of pedagogical
content knowledge (PCK) (Shulman 1986).

As in a number of NOS studies (Akerson et al. 2009a;
Lederman 1999; Lederman and Zeidler 1987; Mellado
et al. 2007; Trumbull et al. 2006; Waters-Adams 20006),
this study supports the proposition that science teachers’
conceptions of NOS are not directly related to their class-
room practices. With different degrees of understanding of
NOS, all participants teach NOS implicitly. Knowledge of
NOS is a necessary but insufficient condition for teaching
about NOS (Abd-El-Khalick et al. 1998; Abd-El-Khalick
and Lederman 2000; Bartholomew et al. 2004). Akerson
and Abd-El-Khalick (2003) stated that a science teacher
needs support to translate his or her NOS views and
intentions into pedagogically appropriate instructional
activities that would make the target NOS aspects acces-
sible to students. In the Thai context, such support does not
exist at all. Furthermore, before any support is provided to
science teachers, they themselves need to be aware of the
importance of NOS as a necessary aspect of curriculum to
be taught. Science teachers must devote time to NOS
instruction (Khishfe and Lederman 2007). In addition,
science teachers must intend and believe that they can
teach NOS and believe that their students can learn NOS.
Lederman (1999) and Schwartz and Lederman (2002)
argued that internalizing the importance of NOS as a sig-
nificant instructional outcome plays a major role in
teachers’ willingness to teach NOS.

NOS has been explicitly and formally included in the
national science curriculum in Thailand since 2001.
However, for a decade, science teachers in Thailand have
continued to teach NOS merely implicitly. There are sev-
eral potential explanations for this circumstance.
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First, a decade ago, there was a lack of documents and
research regarding how to embed NOS in teaching science
in each grade level. Science teachers were left with a new
national science curriculum, which includes one learning
standard of NOS, as stated earlier. Subsequently, science
teachers have had to discover their own methods for
embedding NOS in their teaching. Moreover, many studies
(Buaraphan 2009a, b) conducted in Thailand show that
science teachers themselves lack an understanding of NOS.

Second, Thailand has undergone substantial educational
reform, with a major driver being the Asian economic crisis
that occurred in the late 1990s. The educational reform
yielded a change from the former science curriculum to a
standards-based science curriculum that is intended to be
learner-centered in nature. However, Thailand, unlike some
western countries, did not change the assessment regime to
make it consistent with the new learner-centered curriculum.
It retains a series of external summative examinations that
act as gatekeepers to further study, including university
participation (Coll et al. 2010). Although NOS appears as
one of the learning sub-strands in the Thai science curricu-
lum, its content has not been included in any format in
the university entrance examination. Moreover, the NOS
learning standard is only the one that remains without
explicit, proper assessment in classrooms. The importance of
NOS is, therefore, neglected in the Thai classroom context.
As Coll et al. (2010, pp. 18-19) state: “...if we fail to make
commensurate modifications to the assessment regime, then
teachers will likely teach in much the same way they always
did, because they will be judged by the outcomes; such as
pass rates in external summative examinations.”

Third, teaching, or even learning, about NOS is a novel
experience for science teachers in Thailand. Most science
teachers have had first-hand experience with traditional
science content knowledge but lack experience with and
knowledge of NOS (McComas 2008). First, they need an
adequate, informed understanding of NOS. In addition,
they need direct experience with both learning and teaching
NOS. The professional development programs for learning
and teaching NOS are urgently needed.

The next step to help science teachers teach about NOS is
to provide them with a knowledge base for teaching NOS.
Science teachers need PCK for teaching about NOS. The
lack of PCK can act as an obstacle to the transfer of teachers’
NOS beliefs into their classrooms (Mellado et al. 2007).
Schwartz and Lederman (2002) proposed three knowledge
components of PCK for NOS, i.e., knowledge of NOS,
knowledge of the science subject matter, and knowledge of
pedagogy. Science teachers must blend these three knowl-
edge components together to create a PCK for NOS. How-
ever, simply providing science teachers with a packet of
activities will not suffice to enhance their PCK for NOS.
Science teachers need to find their own methods to best

@ Springer

embed NOS in their teaching, not merely imitate the activ-
ities of others. Meaningful professional development rela-
tive to NOS instruction should empower teachers to develop
their own instructional methods and materials (Schwartz and
Lederman 2002). Teachers need help to develop sets of
activities applicable to their classrooms and that have a sense
of authenticity and ownership (Bartholomew et al. 2004).

To successfully teach NOS, science teachers need sup-
port from science-teacher educators through helping them
translate their NOS comprehension into appropriate learn-
ing activities, to make NOS accessible to their students
(Akerson and Abd-El-Khalick 2003). Classroom support,
such as on-site visits with ongoing feedback for individual
teachers (Posnanski 2010), is needed to help them address
their understanding of NOS, awareness and attention
to teach NOS, instructional strategies for NOS, and
development of pedagogical skills for their classrooms
(Bartholomew et al. 2004).

Implications

Many science teachers possess uninformed conceptions of
NOS. Without proper intervention, such erroneous con-
ceptions can be perpetuated and are passed on to a new
generation of students (Akerson et al. 2007). Helping sci-
ence teachers develop more informed conceptions of NOS
is now a primary task for science-teacher educators. Based
on empirical evidence (Akindehin 1988; Billeh and Hassan
1975; Carey and Strauss 1968; King 1991; Ogunniyi 1982),
explicit-reflective instruction about NOS, as employed in
the NOS workshop in this study, has the potential to
improve science teachers’ conceptions of NOS.

Simply including NOS in the science curriculum does
not guarantee that science teachers will teach NOS, as has
been found in the Thai context. First, science teachers must
perceive NOS as “must-teach” content, not merely as a
byproduct of the inquiry process. They must also intend to
teach NOS explicitly and believe that their students must
and can learn NOS. Cultivation of science teachers’
awareness of the importance of NOS, intention to teach
NOS, and devoting time to teach NOS have appeared as the
second task for science-teacher educators.

A need in the Thai science education context that
emerged from this study is the establishment of a policy to
promote science teachers to explicitly, reflectively teach
about NOS. From Fensham’s (2009) intensive discussion
about policy and practice in science education, it is the
responsibility of researchers to critique and establish policy
for improving the practice of science education. Policy,
research, and practice must be considered as being related to
each other. The positive example of policy to practice with
respect to general educational policy in Thailand raised by
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Fensham (2009) is the requirement that high-school stu-
dents in the “science stream” study physics, chemistry, and
biology for 3 years. This is one policy decision in Thailand
that has had a remarkably direct effect on student learning
of the sciences. To be more successful with NOS teaching
and learning, an educational policy aimed at promoting
teaching and learning about NOS is urgently needed,
especially in the science education context in Thailand.
Importantly, to teach NOS effectively, a science teacher
needs PCK for NOS, which does not come from his or her
imitation of other teachers’ teaching strategies on NOS.
Rather, PCK for NOS must be constructed on the basis of an
individual science teacher, which is suitable for his or her
individual classroom. Developing a sense of authenticity
and ownership is needed in developing science teachers’
PCK for NOS. The sense of authenticity derives from the
science teacher’s NOS instructional activities that work in
their own classrooms. The sense of ownership derives from
the science teacher’s NOS instructional activities, which are
built upon their own pedagogical knowledge and skills.

Table 4 The Myths of Science Questionnaire (MOSQ)

Limitations of the Study

This intention of this study is not to generalize the findings
to a larger population of in-service science teachers in
Thailand. A small sample employed as a collective case
study is beneficial for collecting more in-depth data.
Although this study has a limitation in its generalization,
the transferability of the findings of this study can be
established by considering the similarity of the context of
this study with the readers’ contexts.
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Appendix

See Table 4.

Statement

Opinion

1. Hypotheses are developed to become theories only

2. Scientific theories are less secure than laws

3. Scientific theories can be developed to become laws

4. Scientific knowledge cannot be changed

5. The scientific method is a fixed step-by-step process

6. Science and the scientific method can answer all questions

7. Scientific knowledge comes from experiments only

8. Accumulation of evidence makes scientific knowledge more stable

9. A scientific model (e.g., the atomic model) expresses a copy of reality

10. Scientists do not use creativity and imagination in developing scientific knowledge

11. Scientists are open-minded without any biases

12. Science and technology are identical

13. Scientific enterprise is an individual enterprise

14. Society, politics, and culture do not affect the development of scientific knowledge

[0 Agree [J Uncertain [J Disagree
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