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The Implications of Epistemological Beliefs about Physics and Mathematics for
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Flip %
R R FAFABEKT? <
Po-Hung Liu
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Abstract

This study investigated the epistemological beliefs of physics/mathematics held by Taiwanese
pre-service physics/mathematics teachers and two scientists having interdisciplinary experiences.
We explored how they would interpret the epistemological nature of physics/mathematics and the
relationship between the two disciplines. Pre-service teachers’ conceptions were examined via two
open-ended questionnaires and semi-structured interviews. Scientists’ beliefs were investigated
through interviews only. Data indicated that participating pre-service teachers held modest but
superficial beliefs about the nature of science/mathematics, lacked critical thinking in how to deal
with potential conflicts, and showed a lack of integration of physics or mathematics into their future
teaching, whereas the two scientists demonstrated more sophisticated accounts. A call was made to
focus the epistemological dimension on diverse cultural settings to identify teachers’ obstacles in

practicing interdisciplinary instruction.

Keywords: Epistemological Belief, Nature of Science, Nature of Mathematics, Pre-service teacher



INTRODUCTION

Belief is an individual’s psychological state regarding the self-believed truths and the
foundations for warrants that an individual offers when asked to account for their actions. Teachers’
beliefs potentially influence their perceptions and decision-making, which in turn affect their
instructional strategies and responses to students’ learning behavior in the classroom (Pajares, 1992).
However, belief has yet been well-defined and is multi-faceted in nature (Leder, Pehkonen, &
Toner, 2002). Therefore, instead of exploring general belief systems, a focus on specific beliefs may
be more practical and rewarding (Pajares, 1992). Individual’s epistemological beliefs are specific
research topics that focus on how individuals view knowledge and knowing (Hofer & Pintrich,
1997). Evidence has shown that students’ epistemological beliefs may influence their perceptions of
instructional environment, study strategies, and academic performance (Hofer, 2004; Schommer,
Crouse, & Rhodes, 1992). The present study aimed to investigate pre-service physics/mathematics
teachers’ and two scientists’ epistemological beliefs of physics and mathematics. Research results
may shed more light on how these participants view the thinking and problem-solving processes in

their own expertise and the nature of related knowledge domains.
THEORETICAL FRAMEWORK

Epistemological beliefs refer to one’s beliefs about the nature of knowledge, how it is
constructed and developed, and the processes of knowing, how it is acquired and transmitted by
individuals (Hofer & Pintrich, 1997; Schommer, 1990). Science education reform documents in
many western countries have addressed the importance of developing students’ epistemological
understandings of science at the K-12 and college levels (American Association for the
Advancement of Science [AAAS], 1993). Such epistemological understandings are also referred to
as the conceptions of the nature of science (Lederman, 1992). The nature of science (NOS) has
currently been recognized as a key component of scientific literacy and an important goal of science
curricula in Taiwan (Ministry of Education, 2001), as well as in other Asian countries (Dogan &
Abd-El-Khalick, 2008; Kang, Scharmann, & Noh, 2005; Yip, 2006). Research in Asian countries
shows that pre-service and in-service teachers’ beliefs about how general knowledge, scientific
knowledge in particular, is constructed and developed may be potentially related to their beliefs
about how the subject should be taught and learned (Tsai, 2002). With more sophisticated
understandings of NOS, teachers may be more capable of guiding students to better grasp some
characteristics of scientific knowledge and its development. Although other factors, such as
personal epistemology and experiences, may affect classroom practices (Lederman, 1999), research
on teachers’ conceptions and conceptual change about NOS still receive a lot of attention among
international communities. Though results of intensive research on pre-service teachers’ views of
NOS generally revealed that they do not have sufficient NOS conceptions (Abd-El-Khalick &
Lederman, 2000; Tsai, 2002), some indicated mixed results (Liang, Chen, Chen, Kaya, Adams,
Macklin, & Ebenezer, 2009). Schwartz and Lederman (2008) suggested the differences in views

seem related to individual authentic scientific contexts and experiences rather than science



disciplines.

Furthermore, for developing students’ understanding of NOS, the relation of science to
mathematics should also be a part of their education (National Research Council [NRC], 1996).
Among all distinct fields of science, the quantification of relations among potential variables is
essential in physics. Observed data in physical science are often clarified and analyzed through
quantitative distinction, and mathematics serves as a tool for measuring phenomenal changes and
making predictions. In particular, it is necessary for physics teachers and students to realize that the
sophisticated use of mathematics allows for natural phenomena to be described with greater
accuracy. An appropriate appreciation of the relationship between physics and mathematics may
enable physics teachers to help students employ mathematics in a more meaningful way. In this
fashion, “[t]he science program should be coordinated with the mathematics program to enhance
student use and understanding of mathematics in the study of science and to improve student
understanding of mathematics” (NRC, 1996, p. 214). A correlation between students’ initial
mathematical knowledge and learning gains in physics has been documented (Buick, 2007; Meltzer,
2002). Nevertheless, few studies have delved into examining to what extent science teachers and
students understand how mathematical knowledge was constructed for the purpose of science.

On the other hand, though a great amount of studies have focused on teachers’
mathematics-related beliefs, as compared to studies of science teachers’ conceptions of NOS,
research especially focusing on mathematics teachers’ beliefs about the nature of mathematics
(NOM) is sparse. One primary reason might that NOM is less debated than NOS and thus unlikely
to exert significant influences in mathematics teaching. However, contrary to the conventional
notion that mathematics is a logic-based and inflexible subject, mathematics education communities
portrayed mathematics as empirical, creative, and humanistic fields of study and made a call for
practicing the dynamic nature in school mathematics (AAAS, 1993; National Council of Teachers
of Mathematics [NCTM], 2000). It is therefore noteworthy to survey whether mathematics teachers’
conceptions of NOM are consistent with contemporary views. In addition, developing students’
abilities to recognize and apply mathematics in a context outside of mathematics has been noted by
NCTM (2000); and mathematics teachers’ understanding of mathematics and physical science will
be enhanced if they use scientific examples and methods in their instruction (NRC, 1996). Note that,
after three years of investigation, Berlin and White (2010) found pre-service teachers participating
in an integrated program perceived integration to be more challenging and difficult. Their attitudes
became more cautious about the approach to the integration of mathematics and science. In spite of
the fact, we endorsed the claim that, given the different views of the nature of mathematics and
physical science, initiating a discussion about the nature of both disciplines will help increase the

understanding of what integration means.
PURPOSES OF THE STUDY

The purpose of the present study was to create a cross-domain investigation into how
Taiwanese scientists and pre-service physics/mathematics teachers interpreted NOS/NOM and the

interrelationship between physics and mathematics. The primary foci are as follows:



1. Exploring two scientists’ perceptions of interrelationships between physics and mathematics,
and investigating their views about the nature of physical science and mathematics;

2. Investigating pre-service physics/mathematics teachers’ epistemological beliefs of science
and mathematics;

3. Analyzing pre-service physics/mathematics teachers’ perceptions of interrelationships

between physics and mathematics.

METHODOLOGY

Participants

Two Taiwanese professors and nine pre-service teachers participated in the study. Hen-You, a
physicist, and Chen-Nan (both are pseudonyms), a mathematician, consented to join the study and
established the discourse on related issues. Hen-You’s recent interest was studying mathematical
methods and thoughts employed by Renaissance astronomers. Contrary to Hen-You, Chen-Nan
tended to favor abstract thinking more than solving practical problems. His initial major was
mechanical engineering but shifted to mathematics in his sophomore year. The topic of his doctoral
study was differential geometry specializing in mathematical physics.

Participating Taiwanese pre-service teachers consisted of five physics majors and four
mathematics majors entering the teacher education program at two distinct national universities.
Both groups not only showed great interest and engagement as teachers, but also claimed their

ability to do physics and mathematics.

Instruments

We referred to several related representative articles (e.g., Atiyah, 1993; Wigner, 1960) and
questionnaires (Lederman, Abd-El-Khalick, Bell, & Schwarz, 2002; Liu & Niess, 2006; Liu, 2009)
to generate interview questions for Hen-You and Chen-Nan. Questions included, but were not
limited to, tentativeness and certainty of scientific and mathematical knowledge, empirical and
theoretical aspects of science and mathematics, and beauty in science and mathematics. An
open-ended questionnaire developed by Lederman, Abd-El-Khalick, Bell, and Schwarz (2002),
focusing on those non-contentious aspects, were used to elicit pre-service teachers’ epistemological
beliefs of science in interviews. Participating pre-service teachers’ beliefs of nature of mathematics
were investigated with the questionnaire developed by Liu (2009) in which an individual’s
conceptions of empirical, creative, logical, instrumental, and social aspects of mathematics were

taken into account.
RESULTS

Two Experts’ Beliefs

While responding to the interrelationship between physics and mathematics, the two experts
concurrently approved the conventional view that mathematics is the language of physical science,
but their accounts varied in several aspects. Hen-You regarded physics and mathematics as

inseparable and explicated this issue in terms of historical perspectives. In Hen-You’s belief,



Maxwell’s equations unified previous unrelated observations and experiments into a consistent
theory and Courant and Hilbert then established the mathematical foundation of quantum mechanics.
Responding to “The Unreasonable Effectiveness of Mathematics in the Natural Sciences,” (Wigner,
1960) he took Plato and Copernicus’ belief indicating that the whole structure of nature ought to be
simple, symmetric, and harmonic, which is subject to mathematics.

Chen-Nan, on the other hand, tended to view the input of mathematics to physics as an
expectable consequence. He claimed that because physical phenomena must fit with the logical
consequences, therefore mathematics can be applied to physics. Chen-Nan obviously regarded the
physical world as logically structured and mathematics as usually preceding scientific discovery. He
defended his claim by referencing Einstein’s general relativity predicting Schwarzschild’s black
hole as evidence. However, Chen-Nan indicated that mathematics could only explain physical
phenomena in part because nature is too complicated to be explained by mathematics alone.
Hen-You was also held conservative beliefs about scientific investigation alone leading to truth. He
cited Plato’s allegory of the cave, in which a group of people facing the wall have been chained in a
cave and can only watch shadows of real objects projected by the fire behind them. What these
people have seen is not reality itself but its visible substitutes generated by a medium. Hen-You
viewed rational thinking as most crucial in science and referenced Leucippus and Democritus’ early
atomic theory, which was totally a product of philosophical thinking. In his sense, philosophical and
scientific thoughts are complimentary in the process of revealing truth.

The two experts were further asked to respond to Paul Dirac’s view that beauty and truth are
two sides on one coin and mathematical beauty usually leads to physical truth. Chen-Nan
emphasized that the identity of mathematics and the value of mathematics cannot be judged merely
by means of its practical utility because “the beauty of mathematics is about its structure. The
contribution of mathematics is not easily evaluated in a short period of time”. Chen-Nan presumed
that a beautiful mathematical result should contain an abundant structure and be extensible from
which several propositions could be deduced. Similarly, Hen-You regarded extensibility and
abundance as significant while evaluating the beauty of physics. He added “simplicity” and
“harmony” as two other elements for beauty in physical science and referenced heliocentrism and
the law of conservation of energy as evidence.

As to the “invented vs. discovered” issue of mathematical knowledge, Chen-Nan preferred the

latter, whereas Hen-You responded to the issue in terms of Bohr’s wave-particle duality:

Basically they are difficult to distinguish.....Bohr often asked, is an electron actually a
particle or a wave? This is very close to your question as to whether mathematics is
invented or innately existed. Bohr reminded us that any approach to describing things
should be double-sided and mutually complimentary.

Throughout the interview, Hen-You demonstrated a relativist belief and Chen-Nan was more
absolute and logically bound. Hen-You was more likely to elaborate on his ideas in terms of
historical episodes and held an organic view about the interrelationship between science and

mathematics. He stressed that not only scientific thinking, but philosophical beliefs may determine

10



scientists’ approaches to understanding nature. In the interview, he defined physical science as a
discipline describing natural phenomena based upon mathematics. Chen-Nan was inclined to see
nature as logically structured; hence the application of mathematics in physics is expected. Note
that both Hen-You and Chen-Nan defined mathematics as a subject of studying the structure among
objects, and described problem solving in mathematics as creative and involving a higher degree of

freedom than research in physics.

Pre-service Teachers’ Beliefs of NOS/NOM

Two experts both acknowledged that doing science/mathematics does involve creativity and
imagination, but expressed different views on discovered vs. invented issues. Furthermore, science
is usually treated as the most-trusted domain. Therefore, we attempted to investigate how these
pre-service teachers dealt with potential conflicts between its tentativeness and reliability. Results
reported below are extracted from Liu and Liu (2011).

Tentativeness/Certainty of scientific and mathematical knowledge. Almost all pre-service

teachers admitted the certainty of mathematical knowledge and indicated the tentative aspect of
scientific knowledge. In their minds, mathematical knowledge has been rigorously proven therefore
it cannot be overthrown. There was only one female pre-service mathematics teacher, Gem, who
felt that mistakes may occur in advanced mathematics because flaws might not be identified. As the
cause of change in scientific knowledge, they usually referred to the update of experimental
facilities and discovery of new evidence. As they viewed it, the progress of science is mostly subject
to technical innovation, and scientific study will ultimately lead to truth.

Authority of science and logical nature of mathematics. The chief impression of mathematics

held by both groups is logic, which establishes the solid foundation of mathematical knowledge.
Asked about how mathematicians work, Yang, a pre-service physics teacher, considered that
mathematicians practice their profession according to the logical rule. By the logical rule, he meant
the transitive law, “A=B and B=C implies A=C”. Another pre-physics teacher, Shin, regarded
mathematicians’ works as looking for logical relationships among objects. The mathematics group
held a stronger notion of logic and even asserted that mathematics is a language of logic.

None of the physics group members argued that scientific knowledge is endorsed by logic.
However, contrary to their recognition of the tentative aspect of scientific claims, they were
convinced by the authority of science. They were asked to draw and defend an atomic model. All of
them confessed that they had learned it from a textbook and had no idea how scientists originally
determined how to construct the model.

Empirical nature of science and mathematics. Both groups declared that scientific knowledge

is based on observation and experimental data, and it is this empirical nature contributing to the
tentative aspect of scientific claims. Among them, a mathematics group member, Han, demonstrated
a clear view that scientists’ works involve making hypothesis, testing hypothesis via experiments,
and revising hypothesis. He attributed his sophisticated view to his experience of working on a
science project in high school. In that project, he was able to comprehend how scientists study the
thing that they have never seen before.

Creativity and imagination in science and mathematics. All participants agreed that art is a

11



sensational work involving creativity and imagination. When asked to explain if
science/mathematics requires creativity and imagination, they nearly responded in a positive way
for science but were conservative toward mathematics. They believed imagination and creativity
come to play in designing scientific experiments, and only a few believed the two constructs are
used for making hypotheses or interpreting data. Nonetheless, none of them were able to explain
how creativity and imagination work in the scientific processes. Following their logical notion of
mathematics, few of them, except Han, demonstrated an appreciation of the role of creativity and
imagination in mathematics. Many were convinced that mathematics has a prescribed rule to follow
with little flexibility, therefore, creativity or imagination is less involved.

Subjectivity vs. objectivity of science and mathematics. Almost all participating pre-service

teachers expressed doubt about the traditional view that science is entirely an objective and rational
discipline. They referred to various scientific claims of scientists’ personal viewpoints or
interpretation of data. Han held a strong view that scientific interpretation is nothing but subjective,
as if an identical sentence can be interpreted in different ways.

“Is mathematics discovered or invented?” has long been debated among philosophers.
Responses to this indeterminate issue may reveal an individual’s perceptions of the extent of
objectivity of mathematical knowledge. Contrary to their notion of subjectivity of science,
participants exhibited a highly common consensus that mathematics is a discovered truth, though
symbols were invented by mathematicians. They believed mathematics on another planet, like Mars,
should be isomorphic with that which is on earth. Their accounts on this issue were consistent with

previous assertions of logical nature and certainty of mathematics.

Social & cultural influence of science and mathematics. The present study also attempted to
know how these pre-service teachers accounted for the social aspects of scientific and mathematical
knowledge. The interviewer did not hint of any social or cultural factors that may be involved in the
scientific and mathematical processes. Rather, they were free to identify any cause contributing to
the development of knowledge. We found that very little social or cultural factors were raised,
except a female pre-service physics teacher, Wen, asserting that eastern and western science will
meet together even though processes may vary. Lederman et al. (2002) mentioned two types of
cultural influences: culture of science itself and societal culture such as politics, economics, and
religion. Data suggested participants were seemingly aware of the former but neglected the latter.

Interrelationship between mathematics and physics. In responding to the relationship between

mathematics and physics, almost all expressed a linear and simple relation by viewing mathematics
as a tool or language of physics. Han, however, expressed a coherent and whole notion by saying
that “mathematicians and scientists were not distinguished in the past, and therefore mathematics
and science were not distinguished...They were not intentionally separated until later, maybe the
eighteenth or nineteenth century, as a result of departmentalizing knowledge at universities”. Han
learned the aforementioned relationship from a course on educational philosophy in which he was

told that mathematics should be treated with the same status as philosophy.
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DISCUSSION AND IMPLICATION

History of the interrelationship between science and mathematics has conveyed that although
objective truths were the ultimate concern, scientists’ subjective or philosophical beliefs
significantly, if not decidedly, determined ways of scientific exploration. Scientific truths were
generally not sorely revealed by any significant figure but were a product of collective labor,
involving social and cultural factors. Moreover, natural phenomena constantly afforded
mathematicians with nourishment for developing logically structured systems, and abstract
mathematics unexpectedly served as a wetland for the growth of science, as indicated by Wigner
(1960).

The pre-service teachers in the present study generally demonstrated their understandings of
tentative, subjective, and empirical aspects of science as well as certainty, objectivity, and logic of
mathematical knowledge. Nonetheless, by contrasting with historical and expert views, they
disregarded the role of philosophical beliefs, ignored the social and cultural factors, showed
insufficient knowledge about the role of creativity and imagination, and lacked a realization of
organic interactions between physical science and mathematics. It seems that their modest but
superficial and incomplete conceptions regarding science and mathematics contribute to their
shortage of critical thinking in making decision to deal with potential conflicts (Bell & Lederman,
2002).

It was also found that the physics group espoused similar beliefs of NOM with those of the
mathematics group, yet the mathematics group showed more naive conceptions of NOS than their
counterparts. Though it might not be appropriate to conclude that courses in the mathematics
department failed to improve students’ appreciation of NOM, the mathematics group’s unawareness
of mathematics as a science of exploring the structure among objects, as two experts indicated, is
alarming to college mathematics. Hativa (1993) reported that, university mathematics and science
faculty tended to reveal the exact, accurate, ordered, and perfect conceptual nature of their domains,
and rated preparation for prospective teachers as the lowest among instructional goals. Taking
educational needs into account, we advocate that “the structuralist view” might serve the
educational purpose well for interpreting the role of mathematics in physical science. By the
structuralist view, we mean mathematics is a science exploring structures among symbolic objects,
which may or may not be abstracted from the physical world, and mathematical theories describe
characteristics of objects sharing the same structure. Tymoczko (1994) pointed out that
structuralism is a particular variant of Quasi-empiricism, an approach stressing both mathematical
practices and the connection between mathematics and natural science. Contrary to the Platonist
view, the structuralistic view encourages developing an interdisciplinary learning to appreciate the
dialectical context of intertwined development between mathematics and physics. In this manner, a

holistic understanding and sophisticated thought about our physical world might be achieved.
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g R- Y3 A o- 2pM A+ (dispositions) thigfr o v H- MAIFME Feh & o

- BV UGEEr P F L EY chomig 4 o

)
N
@
-
PORR
-y
[
)

3 Jeffery D. Nokes, Building Students’ Historical Literacies: Learning to Read and Reason with Historical Texts and
Evidence (New York: Rutledge, 2013), P. 27
* Peter Lee, “History, Autonomy and Education or History Helps Your Students Be Autonomous Five Ways ( with
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Fi ki FROFLFFLRFERT FF ~frad F2 hedff - g2 2 h0 7 0 708

%“%“%&fﬁ"igfifr m‘f*ﬁﬁ? Pt EATA R KT P o SRR A H T SRR

B B gt 5o 2o FRFLER TR e Er TP /T ERE S
AT

BLRT
Bk FLRE? PR R KRR § A AEFRFT LS K2 P D

VBRI 0 ST P 4 et B AT L w At o kB A P AR

D RALE G Pt g T R o R A F P &Qﬁ%ﬁﬁ?’ﬁm?<iﬁ%°

WREEADAIFE AL O E SRR AR B PR &y e
KB L g S AR T 0 G ehE - f@;f‘»%—?’éﬁ%@‘ R AR va”bmﬂ Ao
Bz o pips A E AL AR ﬂ\ﬂfrfrpa Wit e £ ?ﬂ dod K F B A
B RF B BB S g TR o TR PR R R G g R e
BdFAL wmwmﬂﬂoaﬁi»ﬁ?uﬁ%é%ﬁ%jJﬁF“Wﬁ

T2 ISP O FRRTEAN AN ERFIIEF ZADEY o FIRFRALE D

i8R %ﬁ'%ﬁﬁﬁzﬁﬁwﬁ%%J PEDBRAG ENBAFALTONE LT AKES
AFLEROLTIFE L B ROKE S o HE 4 2 O E Y o L N R
WIS B 2 | E o

AWFLE RO F o P RAHP AP AR Y ER FRFLE RS X g B
BEFSFLEPMEL A TREREW B B8 e - AE o R RFL T R
FLEIFAREL B FIRF R 'O A2 dm et ML P ik e 2R d o
AgRdg - B GRS TG Ay S RFLARM A RE A L KR
g d 0 EE L WRE LT T e rith o bldeskd Y o REFREN S TR 0 AR
%ii?,ﬁmliﬂéé FAl s w3 p %\#Erﬁmrﬁiyif‘é;’éétﬁﬁ%&“%@i& EE A2 p e i

o

e w e ko giﬁm,P§4a»&Mm@ﬁw’wﬁﬁﬁ H F AL e 4 2
’/\;P_m:u;‘?; °

Foiedept REIHMBRHELF FORT RV FLE R E > P AREF LRI A
FREE A0S N o B f AL FREAEY 0 B2 4 R ok 22083 0 A L4
W%ﬁéﬁﬂ%;%jﬁﬂ%”%é%?%ﬁﬁa‘%ﬁ%ﬁ@ﬁ’%W%ﬁ?%°§ié
FOG O LEAREET TG L R - R R AR AT LR e
Efhedt? L RAFfEE G RS LB M 2 EE - R EEE > 2
Lo dET 2 - AL RES S LBLE FRESFY A ARER > L T

e

ul

Py

apologies to PAL dog food ),” p.9

23



L ?]L‘L%‘}Lg—?f WS RA o F BT ERE GO E S R 2 R TR
er 3 b mwﬁ¢ﬂo%uiﬁiﬁﬁiiﬁﬁﬁﬁ’{ﬁﬁi%ﬁ&%i%’ﬁﬁmé
Rl R eE L LR R
AEFAGEFIEFYVECEREALY ) ERREH I w0 8
FAEE WG E R HIEF o R A
EHERRY B K F LR TR ST G bl SR KT B
%1t (Bruce VanSledright) § 7 &£ T ¢ &Y | gfzend GHE T2 awmes T 3
WE GRF REFLPE B DR HRE o FABR TR RAHA R LB P Rse
WA YAEN F o FASHESS EF 2 R TR o 2 L) SRR o S0
AR T o e AR g T aiEd 2 B Bafaas 2P RERGPF LR
FIEgr 2 fd hbfodp 3 34 gk o | °
g%,wﬁﬁu%*ﬁﬂq\Lﬂﬁ%ﬁjjﬁﬁﬁﬁé—ﬁﬁﬁgﬁigﬁﬁéﬁ”@iﬁﬁw

e

I e g R2fpm kih s BFHlba—4pg 7 7 5 2o B BHE A B RERE A S
FPTE RS FETTH R oo B L BB F SAEY > MELEY RN A G RO

Fﬂé%?‘f‘? pﬁ’i%;fé sm)ﬁ‘{'u‘a ’{g*z)ﬁ_iﬁ’»ﬁ%@_ff"l it o

AR R R AR EET AR MBL hE R SHRORAY SR KT
AR e - HEWAST S > 2 R A TEIsAE | hp o B E Y R S R RAL 6
TR oA -kl P oL RTEZETBA Ak B EG (Sl e
PR ARFEHET R E) N BAmA LR g aom a T A
HETfrE s a4 o w iR E R R KFEG EFFLEBE PR 02 R
AR Y AR RF b B0 e o @ fE R RE A G R EFTY L E Rt
BUFHoRE L 2% 0 en EERFLLY B LR fes Horbiune e R L
ﬂﬁﬁﬁksmmﬁ’%@ﬁéﬁﬁioﬁﬁ?%véﬁﬁﬁi
Baatg g T DR o ABArPEE § P IHEA P R T BT e 2 R o
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> Bruce VanSledright, In Search of America’s Past: Learning to Read History in Elementary School (New York: Teachers
College Press, 2002), p.47.
® Bruce VanSledright, In Search of America’s Past: Learning to Read History in Elementary School, pp.102-139.
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L E BB A TR AP B R RS

13
Rzl BPERTAE T

&

*EY g it * T F - = 8% %7 (Draw a Mathematics Teacher) 3 1 & » ' o |- 2 |
PRFERFTG ELE SRS L RO R RS L S T K8
i dF B ARIFET I R E REBZ LR - AP 30 =2 ¥ B/ &7 420
B gpr 530 i3 Y WY BEPRTERIBBRE > FE P REbr s T - t K
B R B R R BT R ARR R D ABE KT ko SR R T
ko RFLAUWT I REMET TRFAREAR?  THEIARPARY) BT K
E1HIPH BT EE TR A A2
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FAR 2 D X
- 0 'f? f'\!’; ml&)‘ %

(- ) #i p.\.m%s@isz
GETRA F T E- BEHAFTL A Ra o H3E A TR o i (chaacteristics )

P B 3F & Lk & 3k o0 (Leder & Forgasz, 2002; Op’t Eynde, De Corte, & Verschaffel, 2002; Speer,
2005; Torner, 2002) > A igfke i 2 F H{W R A U ¥ 3 F 2k > 215 FR2BE
#1%_% (e.g., Bassarear, 1989; Underhill, 1988) - z@%éww G EEE S RKFEEY Ao
BLEL > AT A S 82 (conception) ~ B 4 ehE, @A i \«E BB B R R
(practice) ¥ g = sk (orient knowledge ) (Aguirre & Speer, 1999; Pajares, 1992; Thompson,
1984, 1985, 1992)

Philipp (2007) 33 3 AR eI} g~ BRA 28 *» XRieBeE e 55 o
TAF L fanyi s oA g 2 (feltlessintensely) (R fdiig kenm@id) > B RR

vede RdRERIc S o B AT AR E & (mightbethought) — & #40 » * AR P IR HHY
ﬁ“'fﬁf'r BREEN AR 5 B (7 5 ch - (dispositions) o & AFAeE A oo F 3 bR R ARA
PAZRECTRR B AR (emotions) frii & F L F ande (Philipp e #-1 4 f
i:' %fég (affect) (¢ ZREZEAR) 20 > B W 2 RFF ARTEFLHFLT - B
&) e stk Philipp (2007) » Ffd Toposin EAFEBE R0 v g gtk ) (Erich Heller,
51'f Philipp, p.257) #* Rt Z A P 2 BAZLTERM -
Thompson (1992) 3t 1 & e & 7 jids *’-Jr’@i% (conceptions) sh¥ & k5 > F % &
< % # 1992 Handbook i % » 4 T B A F (TR T R REEEFREF > U T KA B

F3@d% 250 (Philipp, 2007) <4 =& ¢ T REFORZ LL - SO f F R A
& & A (concepts) ~ 23k ~ HB] ~ AR e~ im4F (preferences) 22 & Er (like) | (p.
130) -

McLeod(1992) ¥_% 1+ & 47 & (affective domain ) &_d 2 4 ~ g #(feelings ) < #(mood )

REAs#F»HP v - drm r %KF"-‘fréFi’\mi/#% LL?},TA?,I\L%%]‘@&EET‘%?@%#
L e BATSE Fﬁ**’;im‘aa P BRA R ,\,m%%"fﬁwn& Wi L7 aniawr s )
U oesg 7 (mtensny) A‘ Ma ik B > FIt 2 L 73 5L & 4 & - McLeod

EE RS 1= ,\,mfﬂéi ¢4 (1) Fﬁg’&ﬁ/{?mlp Lo (2) M2 Az 4 o (3) Bk
FREDGELE . (4) M¥WAAEHR DL A - L hiph s FREAFAT LT -
Tobin, Tlpplngs eraIIard( 1994) % _& 3 & Jif 40— f& o3k e075 58 (as a form of knowledge )
v H - ;fé BAh s 7 Fehg @ (sense) > EAI BT MR BARIB NP BAR T Ak
€ ;T A ¥ AL {7 - Hancock v Gallard (2004) R E3% 3 & 8- &6 A “rdeG o8 13
(an understandlng held by individual ) » T 313% 7 BA IR BT o B AF 27 &R -~ B
o d s p As (self- concept)frg % (self-esteem) (Pajares, 1992; Tobinetal., 1994) -
%7 % # 7 (educational setting) - 2 & ¢ 7 %KF7 $Hw@ X F{og L & ¥ g f2 (Pajares,
1992) - BREinG £ ¥ L_ﬁ* EHBT UG d B~ TR ormga A2 & AR (Pajares, 1992;
Tobinetal,1994) - B2 X 2 A #8175 > w Ev 7 § XA o7 5 4p ¥ (Brickhouse & Bodner,
1992; Elbaz, 1983; Lyons, 1990)
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By %?{ Pajares (1992) 1%z 4 8- A+ 5 > % kT & ER{eEH o1 £
E 50 R - “%‘ffﬁi%ﬁﬂf? A TP BAREFAMEDLS o F AT KA F—\ "
% 4% J‘r’i&'fr%‘a‘o PRIV *g4 AR EE T BAL IR J‘r';%{ ARSI B
(Bl en) 3 F L E e AP R B S foik § HBIE P kg § £ & of% [ (Speer,
2005)

Nespor (1987 ) sngcfF 2 & % Had ik igdt 7 & 450 8 erenii & (episodic) (&% )
Fad (HEE ) ~ 3222305 hdhiw Bk (existential presumptions) ~ fg 4 % 1
% e Gldeat 4 7 %8 (making abstract attributes such as ability real entities ) - iTdt % 4 & b
i d o T L RDELRFoPF 5 xS (Keys & Bryan, 2001)

Schoenfeld (1985) 7 £ 4% 2 1 4 £ % ¥ 8 g (view) - {4 % (Schoenfeld, 1992) -
BALIERE C TR ALBA PREE Y > SEREE LAY g BumA
(conceptualizes) fr %2 %5 7 5 1> 2 | (p.358) - Hart (1989) % ] Schoenfeld (1985 )
Fe Silver (1985) e 58> 305 3 4 480 - B M e 2 5 38 (7 43 T 2 %7353% (certain types
of judgments) =& 2 - Lester, Garofalo f= Kroll (1989) f2f# 1z &4 ¢ 2 ﬁ%é A~ H R4
e ff 38 4cit T ch4p B A 4E (topic) i gLsris (subjective knowledge ) - Uuderhill (1988) %
PR ER-fBEA - ®A . 3§ (Bassarear, 1989) # I F HEL L LS BAER LA
H15 o

Furinghetti f= Pehkonen (2002) #-1 it igt {3 2 Ache &> RA S T#HE &2 THE | -
g2y § =% (Furinghetti, 1996; Lester et al., 1989; Lloyd & Wilson, 1988; Thompson, 1992;
Underhlll 1988) ¥ A iR AF LG v aF o TRAE.. ) ~ TRAS ...
;}g ¥t Schoenfeld (1992) 4= Hart (1989) R &_+t $# i 77> )4 Schoenfeld @ & S_RkE >+
% &4eiPiE F > Hart chz & P25 B 2% (judgments)

Bryan (2003) ﬁrz 422 4 47 Nespor (1987) ~ Kagan (1992) - Pajares (1992) -~ Clark 4=
Peterson (1986) - 2 % Richardson (1996) % % ¥4>>#f7 1 4 gLk o ;ﬂ;; o & H s iniy
4 (psychological constructions) » & 7z (1)BF f% ~ B3k ~ B~ & g £ 5 2 12 H(propositions
that are felt to be true ) (Kagan, 1992; Richardson, 1996) ; (2) /& p B 4 {7 5 ~ £ ¥ Tt
s o2 ¥r (Pajares, 1992) ; (3) 1 % B eh®#icfo ot > BT B A o B ¥l
(episodic) ~ # R =55 (Nespor, 1987) (4) 2 E gen @y B> 27 @i
v * F & FF g (acondition of truth) (Dewey, 1933; Richardson, 1996 )

(=) 3 AR £ TR

3

B REN - P (Ernest 1991; Hoyles, 1992) #4% h § %13 - e
oo e #B&émw‘#ﬁ’ LG 2@ L > bl “ﬁ’ém"’ii
(be“efs in aCtlon) ii" it L’I‘JIP ,\_)J (Sltuated bEI|EfS) o § ¢k 4 - thg'ﬂzg‘zgiﬁi RH Wb

Br- e A e & T 4 % (Furinghetti & Pehkonen, 2002) @ Fl i Hmena &G 4 0 2 &
BY f297F MY ¥ % L F A eik4E (Wilson & Cooney, 2002 )
Hoyles (1992) e%2 3 » 3tk teo HATOEB T > KEF4oipid Wk Pt L Wi ie
2% (notion) & = M4 it 0z & (situated beliefs) » & & 83 > 975 a0z L 3RE % f;é_
2t W (certain extent) - & 4 H-F (setting) T AR EHE - v P AT 7 (dialectical ) i
Eds s % (context) e it ehA 4 (products) o Hoyles sf8 % $e B — i ¥t 2 4 cha & (7
Hm A ”szmm M WA TE A, ) ok T- R &0 4 (embedded) A
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Fakrze (recognized) - 7R A “Ei} cE O kR E R BT uEy SR A0y (H 1B
AR A) o FEG AGsEe (mismatch) ~ # % (transfer) - 7 - 3 (inconsistency )
ARG hF o zie * R 3-F (setting) ¢ ' Wf{oip B2 K F3#% , (p.280) - 1:,57&
H_Hoyles #73) en I 51 7+ ¢ eniz &, (beliefs in practice) -

Fohe 3-oBFTH O ARKFLLERDAATE 2 BIZACAER A L AH LN
4o Skott (2001) # 4 % fe i &° % (School Mathematics Images [SMI]) » 2% 5 48 34 % f
1 & 0 3% e §REFhg B kA (idiosyncratic priorities) o -z BE FH P #cE - B8 2 F
oo o £ 2 gefel O R R L -

o F%%‘L&E»ua@m AHAE ALK SEOCMAFTREALN T A E }aé‘j'%“
KRG At ot g R g s Fuldg s Y REBApM i A2 B £ (collections
of beliefs) (Aguirre & Speer, 1999; Speer, 2000, 2001 )

EnA (cognitive) ¥ -7 (affective) ad B 1 FEA ArENPRAL ALY OB
W IRE "*"‘Q”T}{— fé l[@:%"'mp\}fr‘*f? v RRm o HEANIPR A 15‘\-41“}' f@ B ek
R o PRA- o A ;rﬂﬁ}{:}u BAREIBRHOFELING o T UEAE MP\?’B??A; 7 7 RAve
& ek & (Furinghetti & Pehkonen, 2002 ) - McLeod (1989,1992) st 3% 112§ » = 325
f?;.ﬁé’ ZREFLSA > A *-";iﬂ\iﬁ*‘u’%"* AT AP F A E Y o T IR
RoowfE b @ A IF%%E'J'm i B2 & eh@ & 0 Underhill (1988) 4v Lester etal. (1989) 35
F% B A& %13 > @ Bassarear (1989) 4= Thompson (1992) b #i ik v zuveifi e > Rm o

7 2% (Leder & Forgasz, 2002) Ir F¥ 4 foinirgt 2,5 &

BArRE RS ¥ - B4 ARIOERLE > Ik A PR A T TR AR (affective
domain) #— W4 5 FRAE- S £ \,iﬁufiﬁ,* ik B ¢ - ¥4 (Furinghetti &Pehkonen 2002; Hart,
1989; Olson & Zanna, 1993; Ruffell, Mason & Allen, 1998; Sarri, 1983) - |4 Sarri 32 2 1+ 3. 48
BRze 70 R (feelings) ~ 7 4 ksifo& 2= % (behavior) &= FI » AL B EE K
%’4%ﬁégﬁﬁﬁ\aﬁﬁﬁéézﬁ’_ﬁméi’* L sarri e 3 -

Gates (2001) PR fiAt g s R R FHEZ L > B Mo ,é 4 miﬁmp & Py FFF DR B
A5 1 #- #_ (ideological foundations) = W FEEBRE 0 3F kG AR
(conception ) 4oie B2 B #E K& = ﬁJc *rs&ux TALE o F ia :?IEFF A AL ¢ fric
o Gates #% 41 " ¥, (habitus) - Lg{:}ﬂa g BT aRL wao g % (embodiment) » R vk4c
faé BOEAL G h e ] 0 TA S hiT S e R BB R T B 0 B aeR 4
& i (conceptualize) p & » 102 4rfe AAL ETHBE THHFA ¢ A ¥ - BA TR "”/’*h ]
(ideology) #%i R (ideas) ~#4t# (society) friBAEF B - U 2y bt § 8 T ha &
(ideas) frim#e (activity) o ff B chk i > Gates 1 B fFenfy AFIKFF At € @ & & fﬁ? 3
JOT SRR E g & B o

hH fs Gate (2006) e % > B HFFAAEEHOPERFHFRLPAFTHEL

(genesis) ° i £ R A3 H SHHEF HT L > Fe L3 L E 0 (discursive) gk
RERRHFFEHFY L LD - 287 2 H4en T35, (discourse) (21 Ty
By TRBYEL S S LRARRRGRELEHDRZ BRA) ¢ T P L
KEF Rt BIE GG 1 (T T F - BRI KT F AP SR 0 R E R
B oHEF FR L O NE Tg,l, FREFT R 2L G- ﬁbiﬁiz‘,ﬁtgﬁ v BT R EALRE A -
B AV Rmt g A T HEANLARIF T A EF IR MNE ¢ TRIFER B A
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$8 4 - 7@‘7}3:_% ¢ o Ball (1990) fo it oA ¢ 450 FREY E s BRET LR S
Ph I R PABER . ATHIRE ] GAEY SRR, (p.17)
Z~ BA AR

Wfﬁﬁﬁﬁ%%’wwﬁéﬁ?ﬂﬁﬁﬁ—%}&(mMmhm%)

Philipp (2007) % % & ™ %'+ (metaphor) & & w5 & ¥ & (cluster) * - ¥ ib
TOESELBHETREADE S o fg,g.,]% fed = Bw e 2 (Green, 1971) @ (1) B
WiEARRA KRY TR EARNRNE A (d - BRARFNMDOTALE) - (2) 1

e ﬁjﬁ'u"'lﬁlf”v (central) #i¥:¢ (peripheral) - (3) % A3 ¥ jpdet » &7
Frak? (4% E35) -Green(1971) 45 1 15 & 3 (clusters) » 3%t #3742 (isolation)
G 0 TR %’Aﬁj ‘éi‘lii Wtz A B o Green Bif ¢ TAPMe B AT A- B
JEE R RRGMEREEFCPOFAGERAERE IS T8 Lt (p.47)
G| 4o 5 SRR AR T o "324 &R £ émﬁﬁg O EBRRAV AT NEENKE T T5OE A
B P B EAL T kAL PEGGk Ra o Al BV A TG Bk
B FliioE R LB plgY f,' 4 m‘“‘%% o BT *jf@;w*ﬂﬁ"wﬁbfﬂ
FFodpig 4 cnd B BF S R PT g ,a‘r,éP 4 hfR4Ee v A enE £ ¢4 (Ambrose,
2004) - Green (1971) % F A P B G2 4t RIS ESE P - B P
o

TAR A KRB IIER 0 AR I AL E I HE HP AT (Thompson, 1992) » &
W F o e BE B anus s Ry BT % (perceptions) e 1 2 A1k e B A 4e i
fo g M2 IR % (phenomena) > HIR G F (S A FhRH o B AL LAV (subjective
knowledge) (7= chiz &) Eigit kR &4 > ¥ 7 5 @ ¢ UG B A BT E5%
RS B H U A AR FI R AR D B e EATE AMERR
EBp REA SRS A R G- 308 0 TEL L Y - 0 TG AT
ES R RN SRR N O 3 —ﬁmbh’wﬁﬂgh R T RIS
A ~ B 2 Hp B> (expectations) ~ FpFL # 35igdt A Z ek & (combination) (Furinghetti
& Pehkonen, 2002; Green, 1971)

Haney f= Mcarthur (2002) ix#5 Taylor, Fraser = White (1994 ) #-2 A4 = T & |
(core beliefs) &2 " % 12 % & ; (peripheral beliefs) = % - t1v R A L L ek 75 i &
gérﬁﬁ afee &, 0 R R G & Taylor % e cd]- ) (LER A DRE)

TrR o A RD B A8 Taylor £enfaldpF (BN KE) 5 Tir@RCB A
B RFEREHEL > Ly A P Taylor eficd] (eblofrl €54 ) o Al ¥iff
A Ep (stated) enfz &> 2 3 FHLE® (e Haney & Mcarthur 1% % 2¢ Green v § % Fe o
B Green sha &7 A% =2 & > - ~ R AZET kR w2 HEH) -

Rokeach (1968) 1 313 A B I &F7RFH N 448 » #7252 ehfi B » 2 Green (1971)
AFEDORZ I RFM T RE DT L T R E S M HE D & > Rokeach 45 1)
R - B R G Ij*u{ﬂ’ﬁ & s 2r LR (well-differentiated ) i & » E788 £ 5 {0
SengnA o £ 0 AR Rk o

phob o g4t AR A 0 & kst (belief systems) 3 ¥ ¥ % W el F (distinguishing
attributes ) ( Green, 1971; Nespor, 1987; Pajares, 1992; Rokeach, 1986) - 3 A& & SE [ 4 ¥t

TS
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%8 (groups of beliefs) » #rari k522 > 3 2 & - £L¢0— 34 (consensus) - 3 A & 3L4p
¥en® % (relatively static) » i 2 § U e pr 2 £.%) 5 = & adeid, (sound reasoning)

< Ph B F A HE e N ec A58 (conversion or gestalt shift) (Nespor, 1987, p.321) » & & %
VR AR R A IR 0 XA - R 2 B4 AR hE T B ARSI o 4%

ey A AxEpat e (Rokeach, 1968) © # 8 > Nespor (1987) # 4113 & & st v 7 )
* gkl (discerning) B 4 defe ke 4y E AR AL 0 X 2 R ST 3 ARRIF]S -

v R A

o)

—

AN HEFen & o W i %ﬁc{ ¥ A A E(classmcatlon) 21 4 %% % 38 (Ernest, 1989; Prawat,
1992) - %@ o & - faA g (scheme) Bl #rA£ £ > Lz AF + (essence) ¥ ALY
R BRI R B Ao .'13{5[’ i AAoe B R 5o 2 > Torner
(2002) s g - BAHBEALA UFZTET RREDLIEFS ’#7?1 IOV SN S e
By A @ BHmBE B TRASGEEA ) AT o

(- ) REFEFHNEE - FV{rFL DR 4

&R PR JL‘“ "gA B TEY A RERERT DM bl T4 B s
(ability levels ) & %*‘r’)" o, (drilD) et ey eng & o ko FE T B E e ;;g(obstacles)
(Keys & Bryan, 2001) o ke Lloyd (2002) s REF¥> T8 4 defm 8 58 | (&
Adew Y ) PR A ARPREFRTIHL TR, 8 "% BFHFTREOME 7S
FOREFFFEDE A R m F R G TR X REF A e FPHIRL R R EER N T 0
Fes g2 gy o

Wilson, Cooney 4= Stinson (2005) > 3k4 =42 = & & £ £ 3H4 eh? B KEF - B2
B IEFhoin g FAF i KF o SR REFR A ORT RE B 85 T R g s

TG EER R, - TREFAI R BRI FY R BTy *I? R IR o Bl REFIL G

B HFREFET (1) S5% (B2 2 Hngs% li’i?f‘fi’%?‘:“%%) ; (2) %w (A28~ ¥
FVE% wdwpakiE) o (3) BARFEFL (4) FHIH (HFFHG B A
His KEF ~ T IFRREFE) o

Warfield % (2005) 45 1 3cfrsd>s T2 | hiz & > Pt ¢ ¥4 FA L THRAEE
"HER AL EA (A EB) > RIFT N R ?’wﬁz&:am%‘? 4o BERPGRE S E Y
REREAZLY AT IR EEF 2 A28y 0 RAL R EEFL T GREAE CH
Wi oL @mffrEfF FAFEYEAFILERL R ot BEE o V- EHNE L D
PA AR ALFLIPRAE > Rk PR 2 RFL iR T3 ERLAFI /A2
B T2 P e P EAISDEIR - FEL GARE KW FI AL T A LES
et THEE e T2 5'?5 °

Chapman (2007 ) 35 &EF§> T84 |2 TEY | ooy L 2 i {Hied oo, L M5 >
Flt b TR 5 e AT RS (pattern) ehgcfr o 4 g i R Ed 5 FH AL HF Y
[ 'Q‘T'puf—» %-a 4 m%? ¥ :T"ILKLL@%E% ’]‘i}\ v B ’E‘Lﬂb @%?Iixe%é ’]‘i}\ °

Cronin-Jones (1991) 4 {77 i ¥ & s icfd § o AR X7 L F IR & o HFF 7
g eniz & T A L FF p F P 4 (body of factual content) > & B4 m2FEp L F Y
Fej A engta (skills) » @B G A ERKEF 22 LB (ZE) #H4z (intended curriculum )
B en i §E o

-Hi:

x\‘\
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Ambrose (2004) n i &kEFH> s THE 2 T8Y L EFA R4 07 @
—3A o A FRFPTHE TRE ) PR L BOI R PRI B R o SR
R IKE - Gellert (2000) #H IR F KFFMEw 3L LE 4 PR B F B JEPF > T ¥
FRALLs G p e A8 4 ahjck f (nurturers) » ipkt 3fF (¥ A4 EHEF) RLENRE L
FEE e et vh o dpl g e LR XT g ¥ P FRF TUE R
e E B 4 e & ((Richardson, 1996) @ izt KfFini w54 T2 | (explaining) » &
WMEERDEL > FLRELGP 2 PR L e drgini Lo, (caring)
B TR E | b > BIEERB S Ak sieng B 2 e Ambrose tn i HEFHTE 4 (YY)
SEE Ao R TR s (8 54(*%Mﬁmﬂ)’ﬂ&@%ﬁ%
P REFEEVYEF DL ARZEL(DGE2 B3 A i Xt 75 REDRH
ga’<z>%&&ﬁ%%mﬁ***4¢w'%“*»ﬁﬁmﬁﬁ°

Boz (2008) % & Wallace = Kang (2004 ) &k gk » i idthkiry &% | o 4 >
Mei%— E I Jrfmﬂd THEA AR TEY DR E [ F o e ;&:—aﬁ "EFAF A
< g 2P o e RAganBE > 77 L3 Forgasz e Leder (2008) - # iR 5 T " #c
B oo hA 2 RZEH TRE & TEY  &E R [T HEE TRE - TH
YoeT8d i h o AT RO L FR o By R R s Al
W o

Mg TRE  RATFLCEP Y Sl F IR LHFORA RS
(closed set of procedures ) s EF » #-@E i Fren b 28 4 (Ball, 1991; Thompson, 1992 ) -
Gates (2006) 5 1 » seffiaf W] e F FF #0350 > A2 F Ehiin 0 X e F EF KEF ¥k
g o k@ > Thompson (1985) %7 3 & 3734 1 » HcH RKEF» ¥ v 3 ey 2 HBPOE A
(constructivist beliefs) > Mapolelo (1998 ) dpdi e (L*T?JP Ae) BEREFIRCEY &
§ X3} i 59 f3 485 I 4L 5 Barkastas-Tasos {- Malone (2005) { 7 ¥ ip ¥ § #cF fv e
FABALE S T RS GA A A (1) 5§ ke ﬁ&%r& (contemporary-constructivist
orientation) ¥ (2) Bividvia LiEfE (traditional-transmission-information processing
orientation ) - Seaman, Szydlik, Szydlik 4= Beam (2005 ) %= 3 B| & _ft it ) 5 5 pF 1 & 3
AEEH TR s (1) BB LRGSR B L (2) # LAl Gy
& % (flexible endeavor) - Cady {- Rearden (2007 ) #F $ = 384 chmia 5 #friL s 2 £
A e e X ?‘f LIPS R - éﬁéﬂ@g‘vﬁ N AT ) - L Andrews 4+ Hatch (2000)

PIEFE - EREFLG BN - Bouiaikd k3

TETIPCa: S r%ﬂ’ | A Kuhsﬂfr Ball (1986) %= fapme: (1) "H¥ ¥
g2k, (learner-focused) » & &8 § B & 4 & ¥ HaEd 4 B g o BT B A KE R
fﬁgﬁh’ﬂi d oht o EEFEREE 4 ko (2) ‘:‘;_ BEpeLE ") 7 &2, (content-focused) -

AR IGIEMATE R RERE e BdER o (3) i€ £m (performance)
mF\ FPEB R PR F RPN AL E RHF PG L 0 A 0 B - R 2 L5
AR @ s 03 E (mastery) o (4) s - lﬁﬁ%irpﬁci%{% P ITRARE AR
Bipiho joanfahie o KGO REH 0 B2 BRORY -

(=) #3%&F (2F) vt &

REFNZEARZEEFPAEATE - BHRILAEF 274 _;gg AT LR e ¢
¥ 8 ek Fepegl (accurate view ) (Brickhouse, 1990) TR R R PE AR
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BLELNIET > R e R AL R A #H (I 1 ¥ v ) e F (Brickhouse, 1990 ) - Torner (2002 )
MHEENTAETA NS BIA - AR Gens o T ERERE ATE A (eg,
Lerman, 1990) » # = &4 3 B4 > SR HPF L TR 4, (KEFTF) 23 0 b
ad%rﬁﬂwhﬁngnww<mg Ball, 1990) % o %t 2 th 5 4 dem s L gCR B i
AL 4 A MR BEEY S ot T# % , (therole of definition) #1z 4 &%%” *p N
PrA (self-concept) =niz & ; REF & f AA N A  HEEEY 2L L5 > Fs? f %
2o W AA A THE | G e BTG SR AR R O~ B A ek (A
EFRAGHEEIM) o At AFTIHEFT AT L MIEARFEE ABEE AT o

HYWHEE AT DT L NPy Jﬁf it BT E ek s A *ﬁ:—ﬁgﬁ; o l4r > Ernest
(1989) #& &1 - yp>r i eangei: ¢ T23g ) ~ THPBE R, LI W S s
P OCRRE B A B LA HE T SR Fun (continually expanding) ; T4
Bl v ) PplBhin s e E- s a3 g o L8 s 240 A8 N1 £ 4 &
LB BF ARG M E R R .

Beswick (2005) %= 3 % I F 3 > #ee b iy 49 ¢+ & Ernest (1989) #& 7 [ f24g | o
BB (F LR FeBRIEDRE > LY RF I FWEHEP e hEE ) » L0 8 2385
BEAEEE R S R Y RS FY B0 PPREF RO R G KRS A
Fenhae > V- BEESNTFF ERFH THFAfEY | i h (e d 25%) > B3
b e B K o

¥ b 7 b Ak p #H Sodeh A 0 bl4e Lerman (1990) A BARE
gugwl 0 T g ¥% ) (absolutist) v T % i (falllblllst) 3 ﬁ‘«zfu A BT BeE B
FERAN S B EY 2ho X PR b F 20 DA% A A RS EEE o iR ik

o m EF T ZEZ ¥eho

Chapman (2007) B|&4p I 3cFFens 85 £ T34 (patterns) gl » 3 & X et
FReffiIfp HENFF > a0 > 8RS 2 F W KE ki Y - ik
FIHEN > I Pl RN IR R 3BT E R YV - kR AR K
Fe f @ PIAGT LS T RS o

Eggleton (1995) FRAATER Y B o AR P A E e R T m%
¥k o B - maEF (Ken) s S8 LR BAIE DL T STUHEY PR A LAY <
B (discipline) #elp s &R E i A 3 - B DOKEFAKEF I B a s KEF Y 2
¥ E o 4p v Chauvot (2000) IR 487 & £ L £33 rn% a0 ¢ OB ITER 0 BEAR A AR
%ﬁﬁ%@%ﬁﬁ’W?@i@ »w&%mﬁm@wﬁvﬂﬂk< & ehfp & )-Skott(2001)

dUFEFR > Skott 325 KEFHIEHEE R A oW W g P E B {AEe P ow (F0) B A
K‘? (“a ) “f prz bR BRrAb g B P e Ak T B &%ﬁ?#ﬁﬂ‘?{?“?a
el i enic 8 (B EF T 83 TR T o 3 e B B eh- & - Wilson, Cooney {= Stinson
(2005) 4p iz sF 2 B A > FIa RN ERD Gk & a FH (FE &) i
Sk p BN A EE (NCTM 88 2 ) o F]pt Jaworski (1998) iﬂi ol ki (?{E*
BEERTE) RY S DT REEED > SN TRT RS - BIR

Hashweh (1996 ) # ##x i+ (characterized ) 47 cff 41 & LA T & ¥ 243 & | (leamning
constructivists) ~ "8 ¥ &2% 3 % ; (learning empiricists) - "irr%ﬂ;%ﬁ:‘n # ; (knowledge
constructivists ) fv " Frzbi = 3 & | (knowledge empiricists) ° is 3 7 fr edvshih G A B
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PHERFFZ - TEYVfomB %Rk, 2@y FLdifwgds - B2 pi4ed
(reinforcement) £ 8 ¥ 0= 2 » feF 2 3 £ P F 2 2P F Fohl ek F ol & ¥ h-
B TEYford g & 7 U F (seek) frul A @ et v { R LE S ok d
g d ELEPEL B R E AR

(Z) REF& I B2V R4

Wallace 4= Kang (2004 ) %% $H#FF & ¢ iz i IR REHEY TRy, TEY
w3t THE A AR - Gellert (1999) #7 3 45 1384 B #F M w30k B Y @:?
AR ANEAS T EHRET TR 0 F éf’r‘:“ffrﬁmi ¢ o R REFILG P A5 AT Fan
LA (entertainer) - Boz (2008) ##EF KEFHKIF L E AFAL A (1) i K
A5 K g8 4 g (coach) 5 (2) 325 REF LR ehpiit 4 » 3% (2) Fif P L
G SURLEL S B 0 B PRI E R mraeat o F 2 o g (1) g ahiEr o PIARE
B th¥CEF o

Y- AR A fF A R > FETHEFF LIV (affective domain) #1 & h@
B R FHKEF G AT AR E R T p A4 (self-belief) F o @ 3 p A4
(self-concept) ~ p A& ( self-awareness) ~ p E (self-esteem) ~ p #»zic (self-efficacy )
(Philippou & Christou, 2002) - f§ @ 3 2 » BRI KiFdolm 5 Fa ¢ o 32 f30p
et R EG PG (Bandura 1986, 1997; Guskey & Passaro, 1999; Pajares, 1996) - & &
PeEFenn T pApLA | & R s | T EESE A ‘fr‘é’u,{‘rﬁ BLEs » F ¥ op Aok B AY
WEFRF A ELE LI p ‘\m}éxii’i BRI BRI ok S
% N o

Taylor (1996) # % BR o JEFALGFAF T2 I 3 L > Pt frde) T8 msg ) ity
BA G F N B RS RS K ORI R LB o 198 Taylor¢zﬁ;s¢.‘&”ﬁ B fa S e
40 (D) s r@iggf 24 Ear S4 € F M- (consists of a unitary social reality )
SPLE o (2) PR LR G B P m,rﬁ_gﬁ # chA & (their implicitness renders as
natural the social reality that they govern) - # 3 2 » EFHtizdt 5 % L i L#reasl » 1 2 :T‘h
fase i A _rmr—f— ¥oOREBHELAE I REF o B KFH P n—j{-vlz o

Tobin fv McRobble (1996 ) #s it EF 13 & M 4o 1t 3% & (cultural myths) + it § reagec
# oo s 45 A (identified ) /8¢ B Hfr R F g L > ¢ 7 T @Esk L (transmission myth) ~

Mazac it | (efficiency myth) ~ T sz o, (rigor myth) SR B4 g TRk o
7 Tobin f= McRobbie %7 § # » — =@ FHEFiua p e & - =5 4 £ihq F —‘g ( powerful
keeper) ~ rzken i Jﬂq (transmitter ) ~ e ¥4t 34z 4% % (transforming ) 2 _4p é-}ﬂ 4
enip 48 o B> @R (transmission) ~ »car (efficiency ) ~ #F#x (rigor) fo & % R aniz 4

WEFER Y TP AR T REE T RKE > L gie 2 g (cultural)

l: g‘ o
P

%“r'rﬁpi“#ﬁ o R RS G ARG Y ORKE 0 R TB; A(REFAE G ) o it
(cultural)) 45 7 4p Fﬁé AR E (set) (Keys&Kang,2000) - A iF 4 2 A4 » IfFini
FEEELYEY p A (autonomy) o P RFiRE L F i PR ZEE A 5 b REHFT

[

Jod 2 LR AL "“rfi‘ A (mediated) - &]4ci@3E (transmission) feszac (efficiency) - &

51 I[#—- ’Eglj'l mlp Z (dual bEIIEf) (l]}i’kfr“? IL‘) ﬁ&?{ﬁﬂ"" ;,]Féqélf‘r;fjti?{%?m&g’g
(tension)
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RCEERE A X g 2l dp ( Brown & Borko, 1992; Brown, Cooney, & Jones, 1990) # i+ %t
g BT dkd 24 FE2 M THE 2T 8445 | (mathematics and
schooling ) ‘g% ciF%| 8> A » PNl E Ry K (=5 %%?’{éﬁ)iﬁijﬁé K- S
TP RE BB ERG DL ,,-g:' FETER ﬂf Lic Ak -5 & &/ » (Cooney, Shealy
& Arvold,1998) - 3 T i3 TG A3+ ehE & 14 Leavya, McSorley {= Boté (2007 )
2 R IEE FRRY DG {fﬂﬁm/'* ZAehE & KRz - > ¥ P @ 51 Richardson

(1996) cremBl > i 2 TV %R PRV RFHEYERF LI g &> T ¥ T F
2 NGB RO IS T A TR T X ehig sk KB { %@ 7 4 (Brousseau, Book, & Byers,
1988) o Fpt > BAF TP o NP AIF KOG LA TR E K A ﬁ*%ﬁFF’W"—‘lﬁFm

T~ RAHFH
B G F P KEF A AT (- RNk I BB P F4¢ > 6]4e > Thompson (1985) #
it Kay 3 #&F 24 % (ideas) {re iz - 7 7 {i“" m%ﬁi v e S LG B
{’:a\ RArm@ i & 0 Kay enf; & ¢ Thompson shgsqp i+ @ i ¥ ¥ g5 4 > 2 4% 38
FF O BRFAIF AR L p e HEd > JE L RREREL N EFTERS o
#3 5ER, (p.289)
BROBALRIDT - RS B Y Y A4 i o Cohen (1990 ) #& &-¥3t — =4 FF Oublier
AT WARE R A Boe e F 4% 0 2@ Oublier sBE_RT 0 3F S 2L Bk E R
7% > iz#7 Oublier #74 5k &g d ¥ % — 3k - Thompson (1984) # i Lynn #ﬂr &??{?ﬁ%?uﬁ

¥ 5 AM ﬁ&?fb’piﬂp-ﬁmy'g’lg{ Y5 A8 AR ehRd % (Speer, 2005)
A

PORE AR RAL S A B hg gk 0 & A & Thompson (% > Lynn 9§ 75 0 B 2 st &
Ao BRE L it HONRA S SRR F I T A ﬁ94§4}3v F\:; ThOmpSOnp.u;

Lynn shZ £ 829 532 7 % - &K o

FLERABRFIRFST - R g ER Ba o { €& ﬁ?{’ﬁﬂ?ﬂi‘}@é%f% LARGE - RdPE N
2HEREAFF NI - oo Fgﬁwt G AEREGETY E S BAT - BIA TR -
(=) W3R Mmpi

LA E R A G 10 > SRk FefFenp d4R 2 (self-report) (Richardson, 1996;
Thompson, 1992) - & d B % 5\ 233k e ;0 L REZMONRE R Lkt 0 B2 e H A
TR & 33 ﬁ??#&m'@‘f—%pi ° ér_— Dol SR 1 %ﬁ’?ﬁv“ A o R RN ’L\fﬁ
%31 (Leder & Forgasz, 2002) -~ 4>tz & Tk ehadg > 1 &8 £ A0 AW (o #ri ) >
i 2 igﬁﬁxr}mﬁ‘} ﬂ«f{',\ =3 Ei{ﬁ‘fld'mé\fr‘ﬁéﬁ—"

B BB Y o BOTREFRGE E AAR Y REEBR R - By A% 20 LA
E’f’lﬁ‘g '1?? & ﬁ‘v‘féffﬁﬂ;m&%? '1?? Z 0 gk ’]Fﬁ,‘%%i‘f{ﬁﬂ;m‘" ’%':?‘}'b%ﬁ‘%mﬁ il &&Lﬁ'??

Bk ERNKEF AL 7L 0 RGBT E T AL &eh (Thompson, 1992)

- R T o ¥ ERR A m#‘r@:»b (characterizations) » 4 " # B L xER | ZRp
MR ABEREE e TR PRI FF AYRE A FRBE RN | o RA o KR
BT HRY RFHERFLC LN 2> U4 gRFBIMEP FEL > L0 @Y - T
HDEG LW (MR AE) > Fad ¥y THEEERAH KRBT H o R SIR R
PR R LR - T e bl T A fp 34 7 (groupwork) REE ¥ E L A a 2 o
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RHBEBERLE FAL FERYERRA S Ry T B2 ETERTBEP DAY
henfEg Y o B BRGfE S AN o TP H S AR ko L LA g G s TILE
THEHAE, o < SRR S FRT T TEMT ) o A o X L R
- B3R F EFRERDRE > FI > A TIRE Y 0 R A EE] L (AofRi s &
TFY ~xE Bwaikd ) > 3 H A & (Speer,2005) -

() $%Fg S b cut ik

H

B PEN T AEFRAIFEL Y > A PFRE - B p w2 gk X > Speer
(2005) # 1§30 3 & i b oaenie 2 i > w3ns T2 4ER & (professed beliefs) &2 T i
#8154  (attributed beliefs) 2 4 e FIE /73 3 a3 B o gt L3R ea B L3 > Speer
TR EHGALRRFTT AR A FHE AL kFAF B B THEAR DL
(Calderhead, 1996; Thompson, 1984) = ]t » & e = Bz &k " LA L E G AL FME 4
Z B A Rp R ARPBHSRHF DL FY o PRI EGERHEL AT A2 - &
tena 3 By f2 (shared understanding) o € iF » ekl o 2.Speer ;i FARZ AT 3 Ao i
Ak pay ek g > B0 BRI A G ERELEF T FFN o RSB 42 Se
WO MR i cSRF IV REFCAST GNP MR ASTHEERF
FRen TR T Apad i o F]t Speer(2001)+ ki@ ¥ FF B e 3 5% (videoclip interview ) -
BEFRORE VY RRBRFOTL S RERAEIBTRE - FlP 2 AP ki
PE o R PR R P A PR AREF Y DT BEFIFEN o

Sriraman (2009) #12 < /’% P OREYET BT 1 A "84 (Leatham, 2006; Wedege & Skott,
2006) - Wedege fr Skott 325 IR &M > R A2 F A3l o™y > 5 B S p AF RIS
(self-fulfilling prophecy ) » v i ¥ X 41> i » p L R LBEZITEEFT AL &
ERA TYRERYIPNGOEL I MG FLET G AL o ffivd > Leatham #+ 2§ 2 RKEF
EEF o BRKKEF T UIE 2 238 PehiR L > T8 REF AR Y F LA Ak eh R
EA-H-THE LEBREBEXT OFAFUFTEEINGLETRT - Ko

Malara f= Zan (2008) #*t 3 AF 7 * 2R/ MR > 325 7 A NG L4 2 AL B A g
# (anthropological ) -+ (Eisenhart, 1988; Arsac, Balacheff & Mante, 1992; Bishop, 1998 ) -
blde i p X% % (natural context) ® 2 3 £ 4 thiy 4 o Malara fo Zan £322F 5 72 3 $30 371
AF Y 2R auEgk o blde T4 ) (narratvie) (Chapman, 1997,2002) » "4ci | & 7 9 4%
AT rER (tacit) Ard o P ERRAEAFIN PN T AR Ik o g ER e 7R
BREGIAFER T L FuldFEgEis ‘%vfﬁ] (metaphors) 2 £ fcdcfr o » ¥ 4% B K
fF 4 53 ch- 3+ (Malara & Zan, 2008) -
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Globalization and curriculum: Inferring from Bernstein’s Code theory

Jen-Chun Chang*
'Department of General Education, National Kaohsiung Marine University

Abstract

The U.S.A. obtains a hegemonic position through globalization. Neoliberalism, a
competition-based approach, spreads as a new world value. Neoliberalism lets so many countries
abandon social justice in order to adopt international competitiveness and gain benefits.
Globalization does increase social and economic inequality tremendously. The uneven distribution
of wealth and income reinforces economic and cultural reproduction which injures disadvantaged
people. In short words, Globalization is only good for developed countries rather than developing
countries. Bowels and Gintis (1976) stated schools’ career replacement is direct related to the
capitalist relations of production; namely, the reflection and protection of the capitalist dominant
ruling class. Educational system is related to the social division of labor interlocking class and
power manipulation. School becomes a tool for the unequal distribution of resources in capitalist
societies. What kind of curriculum is better for disadvantage students under the unfair globalization
trend?

Curriculum is often only a relay for certain dominant social and cultural values. Curriculum is
considered message systems and students try to get the school’s dominant pedagogic code and this
is a social class principle of selection. The research will investigate the characteristics of working
class and their language codes which are based on Basil Bernstein’s sociolinguistic model. The
working class does not success in school owning to reasoning abilities rather than mental conditions
which is largely influenced by their own original family contexts. The appropriate linguistic ability
can foster logical reasoning ability through applying and interacting —process training. In the 1960s
and 1970s, educational reformers emphasized teaching process, individualized learning, relevant
and meaningful curriculum, student spirit freedom, and the equal opportunity. They stay away from
oppressive, authoritarian, elitist, and agree to a more invisible pedagogic practice which implies
more freedom. These characteristics are quite different from the globalization strong subject
classification and hold fixed standards for evaluation purposes. Under the competition trend of
globalization, the study claims that the curriculum characteristics from 1960s to 1970s, an invisible
and a weakly classified curriculum, should deeply value again not only in higher education but also
in other educational settings.

Key words:Globalization, Bernstein, code theory, curriculum

*1Jen-Chun Chang » Department of General Education, National Kaohsiung Marine University
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Big Data applied in teaching in secondary education

Yao-Jung Lin* Chia-Lin Lu?
! Ph. D., Graduate Institution of Education, National Changhua University of Education
? Postgraduate, Department of Education and Learning Technology, National Hsinchu
University of Education

Abstract

Background : Big Data, also a great number of data (Shen& Liu, 2014), arose from the popularity
of mobile trends, such as the common use of mobile devices, sensor, or social network media.
The widespread utilization of these devices would generate volumes of data composed of
whole or near-whole population coverage (Einav & Levin, 2014) and changed the ways of
dealing with them (Desai, Kommu, & Rapp, 2011). The rise of Big Data could bring new
opportunities to find new values of data (Chen, Mao, Zhang, & Leung, 2014), and transform
traditional models in a variety of fields, such as teaching in the educational field (Einav &
Levin, 2014; Mayer-Schonberger & Cukier, 2013, 2014; Moorthy, 2015; Roquet, 2013; Zhang,
2014).

Significance : Big Data might provide new chances for teachers to innovate their instruction or
solve problems (Gao & Chen, 2015; Liu & Liu, 2013). Teachers could utilize new
technological devices like smartphones or social network apps to teach students (Roquet, 2013)
and collect data in the process of teaching in order to improve individual students’ effect of
learning (Mayer-Schénberger & Cukier, 2014; Zhang, 2014). The analysis of a plenty of data
collected from the use of these devices might help teachers understand how students learn and
what students, especially struggling ones, need to ameliorate (Helfrich, 2015).

Purpose : This paper aimed to explore how Big Data or its mining or analysis were adopted in
teaching in secondary education.

Method : This paper is a critical review of teaching pertaining to Big Data. The primary and
secondary sources about Big Data applied in teaching, such as books, journal articles, or
conference papers, are collected through educational electronic databases like ProQuest,
EBSCO, and Scopus. The researcher would introduce and critically review these academic
sources, revealing how Big Data was utilized in teaching on the basis of the reviews.

Result and Discussion :

Big Data had been applied in teaching in secondary education in a variety of dimensions,
including the mining of educational data (Chen & Han, 2014; Guo & Meng, 2014; Lifidn & Pérez,
2015; Sin & Muthu, 2015; Wei, 2013; Zhang, 2014), the analytical tools of learning data (Wei,
2013; Wu, 2014), the capacity building of teachers concerning Big Data (Lin, 2015; Maclnnes,
2013; Wang, 2015; Zhao & Zhang, 2014; Zheng & Liu, 2015), the development of innovative
instructional models or platforms (Gao & Chen, 2015; Sun, 2015; Yan & Li, 2015; Zhang, 2014;
Zhu, 2015), the analysis of students’ learning performance (Guo & Meng, 2014; Wang, 2015; Wu,
2014; Zheng & Liu, 2015), the development of online synchronous curriculum (Wei & Yang,
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2014), and the data application and analysis of Massive Open Online Courses (MOOCs) (Chen,
2014; Li & Huang, 2015; Liu & Feng, 2014; Zhao, Hu, & Tang, 2015; Zhao & Zhang, 2014).
These teaching practices regarding Big Data could assist teachers to pay attention to
technological interventions in the process of teaching (Griffiths, 2012).

Keywords : Big Data ~ teaching ~ secondary education
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