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K¥ 1362 100% 349 100%

REZFTEREA, B0Z/N\THXERFARLAFE, BHZ_TAHAFAF
E, BF LA REXEROARZILE, RE-FIEF £, HE, TR, HRHMN
FhRLEWNZEFLH . MIRARCAH SR LE. RAEHRHANESRY, F&E
Bh S B, ROTHELEXEALMACD THANHNER. GlkEkR, TRER
Pl R E AR R L, PELAFEEINFANFNIN 2R ZT L6 T
B BEXFARANLCARFANTEAREATEER,

xS MRS INE L EARFERFILA

IRCEXA S 5
ZEANHK b 71 ZE NI b 71

FAZEB 342 237 69. 3% 105 30. 7%
mAEP 324 323 99. 7% 1 0. 3%
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B AER 281 117 41. 6% 164 58. 4%
wHERF 228 207 90. 8% 21 9. 2%
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B+ (R AE) 18 14 3 4 2 41
H+ 3 9 1 1 1 15
B4t 2 2 1 2 1 8
N2 7 7




RNAFHWERET, A—FAEXFNNERSE, REEAN, FHAENEAZ
ARZFE, BELENERIMEE, PERRFEA=ZZE, MERELH L, KE
FIERE, MNA—EAREHERNFEABEFTEL, HARRNEREAFTEF
B FE. BRMETHIREL, AKEBER, BEFERX = HEAZRD, H
MR RN EREAME. KEGAER—HES, OFLREFREFNTT B TEAM
TAHRK. BRFALEA-EET. HARYFTREECEAZATDEIN, CHFEH5RT
RITEMBETE R, FlopmErH. AZHEHRARFEEFRER.

*8 HEHIAFEXFHNER

FR FA TR A M HE FE OEHK
# & HAAL 7 1 1 9
K— 13 6 6 1 26
A= 13 1 1 15
A= 10 1 3 14
A M 14 1 1 5 21
RIFAKRFE 3 9 9 1 22
B+ (BFRAE) 4 4
H+ 6 6
H¥4 1 1

ENWRRERET, EFRSNE N ECFRFT L EFLENERNET
WAL RUALAFERMENHREZEENRZNNLENRE. FIMEGFFAFT
MR EHEW, ZEFEAN L LR BRI RGO EER L. LHEELAFEM
FRBANRAAT/BEROUHE AR EEONE, IRELAFEN, FEREHER
Wil Zer, ELrTeRIIM(INZe. S AFENCRZETF28T
&, BMARFRGEHNEATLERFE L, BT AR RE, Mgl
. EMAN=LELLXEFENTENENTLZ R ELZTILA%, EEFE
AL

®9. A-—RIFRGFHXELAFEAK

NMEAK FA TR OMHA WM HE FE OEHK
—NZEH 208 255 35 61 101 13 673
W% EH 12 18 1 7 2 1 41
=AREH 5 4 5 14
A% E 2 4 2 1 9
AINZEH 1 1
NN EH 6 1 1 8
tNMNEEH 1 2 8 3 14
N E = 1 1 1 2 5
INZEH 1 9 10



+ANZEE 11 1 12

+— N2 EH 3 3
ENTEH 14 14
B A 4 4 1 1 10

RTWARERETH ELAFEFFHANER., EFRTNE-—NRMGEF
AA—4ZEFENBRERE T EASH. BRAFAF £ LB R A7 EE
FANENK T, FIMEHRFATIANZERN, SEETANFERNEE R K EH
MEEE (L. RN ZLRN L LXEFNLXENRNELZ R TR ZATE, E
BH DT HARNAE.

FAFEETART/BERCAERGHEIEINE. ZERHFLT FAFEA
—NRBE, FLRUELEARER, FANZLELGRERE. FREUERFE R
M, BITAEREEE, THAEREEE., UREEF28TH FURF E T LK,

®10. A—MPEHFNZETRFEAN

NMEAK FA BE OHBA WHH HE FE OEXK
—hgEHE 8] 1 39 13 11 1 146

ANZEH 13 5 2 20
EROL &+ T 6 9
M & E 1 3 4
ENZEH 1 2 3
ANEEE 1 8 9
tAREHE 2 2 4
AN ZEH 1 1
Fa= A 3 2 2 7

RT—RTTHRFWLAFELANRNNRELEHTERER, A 23T LLAF
ERRE, ONMLEAGREGERARIBEE . 218 Mo agEE, MullLErR
TAZEER LR ET RN E, WREZXWRER, URKEH LNERED.
A9 AREMHERE, 60 AGZBRGHER, DHLAFEHMBREAS R, HRIAK
e RRMEE, RWEREER, FARLKE, MARXL, fittzNsE
Do BNERETLRFEN, BANFLELEAFATEHETZY, REST2F
A el g L. E—ExE, NWERBZ, 2T FHA LT RN
PR “AFENFRUCEREERNEF T LWNFEARNTEFZLE, ANA
2, FIEEE.

RTZWERETT RSN EAFLELEANZFANREEHNTERR, H 105 4
FRFERRE, SN FEAXENREEREK. F 43 MNFEAARTEERZN,
AHWHEEE R, FHAEH, EEABEIRAERHYR. INERLETE
RFEN, THRELARFERAFANFNZLEHR, FEEL—H. BIH S, L4EF



E, FEAWFE. MAXBEMWTHNE, FA¥EEIRECE2BTIHH, &
BE2RIFECHLZRMARRNLIAILT. EAF TR, BALFR,

K1l ZAFEEZENNENER

e & FA TR A M HE FE OEHK
T 257 16 5 278
ka2 190 20 1 10 14 2 237
B/ B 34 5 32 13 32 89
B/ & 3 11 24 13 1 8 60
16 1A 5 37 2 5 49
fit & 23 6 2 3 34
HERA G R 16 16
RE/ 5 11 11
EEAH 10 10
% B 9 9
Bl 2% Bk A 3 3
W8 522 1
TR A 1

K12, FAFAEEZENNENER

R AN BE A WH HE FR EK

b2 91 9 5 105
B/ % 27 1 49 4 83
B/ B 6 32 4 1 43
16 1A 3 1

Bl 2% Bk 4

% B 4

HERA G R 4

WEEET 1

N N

BRTHE LR TWERS, THELSWHATHNNTEGR, AP AEFLE
W FE KT E AL, S E R ERE KA LR G EARK, &
RERXANEROTTEHEARPA TG RZHERE, MEFAWTRGRAAZLRLR
ANFERABNESER. FPENF LAFEN, ATHRNMNE®ZE, AT RN



ML EL, BT RENECRARNEESEE, RITRZ O REIN E T &%
. 238 T AR R AT S s B e — AR

= B oRFEEE AR 0S89 A E

RTZTEREA, AA¥EHARNNER TR AA LN EF R KE
RERERS, F_URAEEL, BEEZUWEKE, HFNAHNEIRIARIIEN
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e & FA BE A oI HE FE OEH At
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Ja & FA BE A WH HE Fx EHK
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. PELXAZFEEZRNNEARTESR SITA, XELARFEAHN
1362 Ao FPELAFAEEZNNRHARTFEMHEE 2034, TELAFEALN 349
Ao TARFEEZEZFIF AN 0%, FAFESL 2% FELAFAZINEAN
RN B REFANTE, BTG AR TS LAFAENTE N EEREE,

2. MEMPAREMNBEF A FELAFELEGL2NTRARBMN, Tk, 4
Bl BHEAML LARFEERBRANBER. RA, REHGA, REHERDFEF
AFEHREERILE.

3. KAFANRTNEASTZERSWEHERE 2021 26, AR 1819 ¥
HE, fm22-23 Fz 6, BAFERE 1819 FHEAEEWENNLERZ.

4, ZENLEAET FERR, K¥, BEAFELENAEFER. A— % 4%
EMIERE, RAEfAN, RMENEA _A=Z¥4EFHM LA, KERELTEfT
ThE, K—BAZENNELETEMER, BUNA—NEFREIH A HFTES
B, W/ AT EARF WS PR AL L2HTENEEZNE X,

5. BAAFEEMENN KA ERNFANENKE. EEAFH MAF LR
BRFEAREINENRE, BFLAFEMERTARAT/ BER,

6. AFABHFNNFENERRETELEZTUNREBI, XEFELAF¥AE
WMEHABEWRAE, TEGEREWEE, BHAE, 2H&X, HEE, HE, %
B, MER. BAFARSWENRE, SEGLTRE, FHKE, 2EX, £
XARERROENTENGER N ZEEF N F N R EZ G A E K TR 57
%,

7. “AFAEBRNNRERSNERERSN, F_MEEEL, BEFE =N
ERE, HEFOCHNERKRRHEK T WM, KEREABH LRFEER. HREMF
BN EANFENZRLAFEFIOBIGHNALZ — FAFEEIRANER
ST RARN, HRREGEL, AR ABHLIPEF=-FN. RAERAFE
EHRARGRRBGAZERE TR ASLH, ATl ERANEALERNF
AFENLEZ A,

8. kA¥AEAERENEE, £H, FEANEFEHTER. MAEEARHR
AN, WEBEGA, FPHAEHFHZETHE. KEANRAFRSHNEFASTTER, WH
BAWEENZ GRS TRBE. 43 AFENENILREER L &,

57 Xak
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FIRR K al BBHIEITHTE Meta 24T

L
R

M ERA L EE = ERBBH
B %

[# E]HW FTWEK al SHBETHERNZR, SHEK al ATHEN
HEETREEREKE. Tk WEERIER CEFFATIRE, UXERAETH
N HEFEM+ZH A2 FEERE, FIA Revman 5.0 HFHAT meta 44T, &R
BTHAAEFERMT_AARFE P EHE PO.05 XF, ZAFLTFREX. 4%
MK al EAMBETHNHEB RGN BEAXREEZER, TEKEZEEFHE,
RABEEFFRE.

(54" ] BIRAK al; FFE; meta 2047

FrEREREE LOTUYEREZ —, BAGRTEMELXENELR, A XBMEFE
2 FEZEFIK 50% [1] o AXHERA A A MARIK al 367 A& LR 24T meta 247,
DLHEA 4 W R 76 7 32 B3 B A B 18 B ARG .

1 #REFE

WERBMBEK al FATHEEBRZEETWIERENNEAR., FXOREAGETE, M
B, BAREK al, Hikfl; X4 &1E@HE liver cancer, hepatocellular carcinoma,
hepatic carcinoma, thymosin alpha 1, thymosin al, Tal. % &Z#H¥EEGHF X
Pubmed (1966-2013. 10) . Em-base  (1974-2013.10), Y E ¥ X
o # & & (CBM, 1978-2013.10). +EHFI4 X4 E (CNKI, 1994-2013.10),

H A A Google, BEFHRFERIAHEXELR.

1.1 XHR BT 99 N\ A0 5 Br AT Y

1.1.1 AARE - BEXARWATHRIK al BRAGITITEM CE; Xt P RAZ
W, HOT BB BIETT . FAMGR, W67 EEx b REIETT By Eah b o B iR Bk
al; *BRZ R igy7 40 47 B AL

g BRI FE. A TRONEREERMLFELTRER—3; T+ 8
WA NMEREREERITE 6 AEFEMI12 AARE; XY HEXFRNER
@ T 95%.

1.1.2 HlerrrE BITHENBHETER EBRBRIK al SMEA E T T8 5 L3
TR AR RR RN RL; BT E R A AEFE,; AREERXKWE; BT H
ZFPRRIK al WK, A

ERARESHFHMITEE

1.2 AR REITHE HANWHREHE Cochrane WEWIEE 7iE [2] , /L
KR EEAEENHEI T E; EGHHARNE. BT A EEZkRAE . ARERNEH X
FE®; EEARRNEZ K. R, #FET 7 EHELS T TEL,
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1.3 @I FELSN  BAKITHM Revman 5.0 FZITF4H. ULRR (Risk Ratio) fk
AP MEART. EH Q RERIFNAEeMANTRIE, P<0.056 KA S |HRE
RAFRE, ERARALKLER;

RZ A B e R B AR

2 #X

2.1 B#HHBE #EBESH—WHINFLH R EE—Fk, FHERELHE, £HEE
14 BxXE, BFEAXHE 10 B, BN 4 5. EAErAREER6E LA
E, HREARENTHEXH 7 B; NATHW 8 BEXEFEex, EHALL4. §
FERARTRERITNGE, REHN 5 BRAEHNH. RELZHE RN S S
XEBATT A E, BA LG L L.

2.2 NHAEBFE meta HH7

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
cheng shurm 32 35 25 35 349% 1.28[1.01,1.62] -
rohert G 12 14 ] 14 126% 1.33[0.85, 2.08] ™
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Using the Model-Strategy-Application
Approach in Developing Pre-Service Teachers’
Pedagogical Content Knowledge and Assessing

Their Progress
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The purpose of this research was to contribute to a better understanding of how to enhance
pre-service teachers’ pedagogical content knowledge (PCK). To achieve this goal, careful
attention was given to exploring an effective approach that comprises: Model, Strategy, and
Application (MSA). 153 pre-service teachers from six mathematics methods courses (K-8) at
two universities participated in this study. Both qualitative and quantitative methods were
used to measure teacher learning and understanding of the MSA approach and to identify
relationships between components of the MSA model. The results of this study show that
using the MSA model can enhance pre-service teachers’ PCK. It can be used as a
measurable and practical model in assessing pre-service teachers’ learning progress in
models, strategy, and application. In addition, the findings indicate that the three
components of the MSA model are all interrelated and equally important; ignoring one or the
other will result in the lack of proficiency in teachers’ knowledge.

Key words: pedagogical content knowledge, model, strategy, application, and pre-service
teachers

INTRODUCTION

In recent years, many studies have focused on building mathematics teachers’ content
knowledge, pedagogical knowledge, and pedagogical content knowledge (Shulman, 1987;
Fennema, 1992; Ma, 1999; Walshaw, 2002; Hill & Ball, 2004; An, 2000 & 2004). However,
research has paid insufficient attention to systematically designing a repertoire of measurable
and practical models of pedagogical content knowledge (PCK) that allow pre-service teachers
to not only build conceptual understanding, procedural fluency, and competence in application,
but also to be able to make connections among the three components. In order to teach
mathematics effectively, pre-service teachers must be trained to develop the ability to create
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various representations to unpack abstract mathematics content and make meaningful and
visible to students the ideas behind the concepts and procedures (National Research Council
[NRC], 2001); they also need to perform computations efficiently and know when and how to
apply computations and various models in real world situations. To achieve the goals above,
this study explored an effective approach that comprises: 1) creating a variety of visual and
meaningful mathematics models to convey abstract math ideas thru conceptual understanding;
2) developing various strategies to achieve fluency in procedures and computations; and 3)
developing strategic competence in word problem applications for real life situations. In the
Model-Strategy-Application (MSA) approach, the three components of conceptual
understanding, procedural fluency, and applications form the critical components of PCK in
this study.

The following were the research questions in this study: How do mathematics methods
courses build a measurable and practical model that can be used to identify pre-service
teachers’ knowledge and develop their conceptual understanding, procedural fluency, and
strategic competence in word problem applications? Is pre-service teachers’ knowledge
improved by implementing such a model? What are the relationships among the three
components of the MSA model?

THEORETICAL FRAMEWORK

The Needs in Making Changes for Pre-Service Teachers’ Learning

Evidence from the TIMSS, PISA, and other national and international reports indicate
that teaching is one of the major factors related to students' mathematics achievement, and that
a major reform is needed in mathematics education (National Center for Education Statistics,
1999; Stigler & Hiebert, 1999). According to the National Council of Teachers of Mathematics
(NCTM, 2000), “Effective teaching requires knowing and understanding mathematics,
students as learners, and pedagogical strategies” (p. 17). However, many recent studies have
revealed that, “U.S. elementary and middle school teachers possess a limited knowledge of
mathematics, including the mathematics they teach,” and that the mathematical education they
received in teacher preparation, “has not provided them with appropriate or sufficient
opportunities to learn mathematics.” As a result, many pre-service teachers have “weak
understandings of the concepts” and “have difficulty clarifying mathematical ideas or solving
problems that involve more than routine calculations” (NRC, 2001, p.372). Researchers have
indicated that pre-service teachers’ knowledge in mathematics content has a great impact on
their future teaching (Brown, Cooley, & Jones, 1990; Adams, 1996; Wolf & Reardom, 1996).
However, researchers also have found that mathematics knowledge is not the only issue in
teaching and learning, and that PCK is also critical (Walshaw, 2002). To improve pre-service
teachers’ content and pedagogical content knowledge, mathematics methods courses play a
vital role in providing opportunities for pre-service teachers to acquire and enhance their
knowledge of teaching; therefore, it is essential to find an effective model that builds
conceptual understanding, procedural fluency, and competence in word problem solving for
mathematics methods courses.
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Why the MSA Approach?

The report of Adding It Up (NRC, 2001), indicated that “real progress toward
mathematical proficiency to be woefully inadequate” (p.11) and “school mathematics in the
United States does not now enable most students to develop the strands of mathematics
proficiency in a sound fashion” (p. 10). According to NRC (2001), mathematics proficiency
has five components: Conceptual understanding, procedural fluency, strategic competence,
adaptive reasoning, and productive disposition. Although recent research has begun to pay
attention to building mathematics proficiency, there exists no study that focuses on the three
components of the MSA approach for pre-service teachers: model-strategy-application, which
makes up the core of the five components of mathematics proficiency. The three components
of the MSA are also consistent with RAND’s (2003) five indicators of student mathematics
proficiency. Among them, conceptual understanding, procedural fluency, and problem solving
in application are the essential components of proficiency strands. In addition, the MSA is
reflected on the guiding principles of California Mathematics Framework (2005): To achieve
balance within mathematics--basic computational and procedural skills, conceptual
understanding, and problem solving.

Figure 1 shows a structure of knowledge base that indicates to achieve effective
teaching, a teacher must focus on creating a variety of visual models to aid in addressing and
proving mathematical concepts, building strategies for procedural and computational fluency,
and applying strategies to solve real-life word problems.

Application

Effective

Model Strategy

Figure 1: The MSA approach

These three components are interrelated in a triangular network in which the model and strategy
components form a foundation for application. The three components of the MSA model build
upon each other; thus, ignoring one or another will result in ineffective teaching. Procedural
fluency without conceptual understanding will yield non-meaningful and inappropriate
strategies for solving applications; conceptual understanding without procedural fluency will
yield inefficient strategic applications.

The learning process of the MSA provides pre-service teachers with the opportunity to
develop their PCK and abilities of effective teaching. As they focus on the processes of the
inquiry of the MSA, they develop the ability of demonstrating understanding, constructing
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strategies of computations, and investigating how to use the understanding and strategies to
solve real word problems.

Building Conceptual Understanding

In building conceptual understanding, many studies have addressed using various
visual models and manipulatives (Fuson, 1986; Thompson & Lambden, 1994; Hiebert et al.,
1997), but too little of the extant content probes the close connection between visual
representations and abstract thinking (NRC, 2001; An, 2004), which results in students
associating mathematics with fun but without a real understanding of mathematical ideas.
When using a manipulative, teachers must help students “to see its relevant aspects and to link
those aspects to appropriate symbolism and mathematical concepts and operations” (Fuson &
Briars, 1990; NRC, 2001, p. 353). The link between concrete manipulatives and abstract
mathematical ideas is mathematics representations, appropriate configurations that represent
mathematical ideas (Cuoco, 2001; Goldin, 2003). Teachers’ knowledge of representations has
helped them in teaching mathematics effectively (Wu, 2004). To build such knowledge, pre-
service teachers must learn how to create various models and representations that make sense
and meaning out of abstract mathematical ideas from a specially designed MSA approach in
mathematics methods courses.

Developing Procedure and Computation Fluency

Recent studies show that the importance of developing procedural fluency in
mathematics has been largely ignored by research in mathematics education (NRC, 2001). In
general, when cross-national studies in mathematics achievement have included samples of
U.S. students, the findings have shown that U.S. students show consistently lower performance
than their counterparts (e.g., Stevenson et al., 1990, Lapointe et al., 1992), especially in
computation skills (Cai, 2000 & 2001). According to the NRC (2001), procedural fluency
refers to the ability to perform procedures flexibly, accurately, efficiently, and appropriately.
To achieve procedural fluency, students must develop the ability to decompose numbers
naturally, use number relationships to solve problems, make sense of the numbers, and learn
flexible and intuitive thinking (Howden, 1989; Sowder, 1992; Reys & Nohda, 1994). In May
2005, NCTM issued a new position statement calling for improvement in student
computational skills. To achieve this goal, classroom teachers play a key role in applying their
PCK by providing different strategies for computation skills and reinforcing students’ -
computation skills in their daily teaching. In order for pre-service teachers to acquire such
knowledge, mathematics methods must be considered essential courses, where pre-service
teachers not only acquire conceptual understanding but also learn how to help children grasp
appropriate strategies to solve problems flexibly and accurately, and achieve procedural
fluency effectively.

Developing Strategic Competence in Application: Word Problems

Strategic competence refers to the ability to formulate, represent, and solve
mathematical problems (NRC, 2001). The connections between mathematics and real world
situations help students dispel the notion that mathematics is just about the numbers. In
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addition, it encourages students’ creativity. There are three levels of strategic competence: a)
creating word problems according to learners’ experience (Wiest, 2000); b) building
representations that capture the core mathematical elements (NRC, 2001), which requires
students to use representations to convey their mathematical ideas, in word problems; and c)
solving problems strategically and flexibly; that is, students must not only be able to solve
problems using different approaches but must also be able to solve nonroutine problems (NRC,
2001). Developing students’ strategic competence can enhance their conceptual understanding
as they construct their own word problems; it can also reinforce their procedural fluency for
those effective procedures (Stiegler & Jenkins, 1989) as they try different ways to find solutions.
Therefore, strategic competence reflected in mathematical applications in word problems is
critical in mathematical learning. It shows the levels of students’ conceptual understanding
and procedural fluency as well as the ability of applying their understanding and procedural
skills in word problem applications. In addition, strategic competence in word problem
solving are also being used more frequently as assessment by various researchers (Bartlett,
2000; Callingham, 2003a; Wright, 2003; Bicknell, 2000). For example, Bocknell assessed
students’ problem-solving skills on different representations of the use of words, symbols and
diagrams that explain and justify their responses (2000). These studies indicates that problem
solving, an effective mathematics learning approach, promotes cognitive development and
assessing student conceptual understanding (Anderson & White, 2003).

METHODOLOGY

Subjects

The participants were 153 pre-service teachers from six mathematics methods courses (K-8) at
two universities in the Multiple Subject Credential Program in the West and East coast of the
U.S. The criteria of inclusion for subjects were: (a) to be taking mathematics methods courses
in spring 2011; (b) to have had at least two mathematics content courses at the college level
before taking methods courses.

Procedures

This was an ongoing project for a two-semester period: (a) In Fall 2010, a pilot study
was conducted in two mathematics methods courses in order to test the validity and reliability
of the instruments; (b) In Spring 2011, the 153 participants were assessed using a pre-test and
post-test. During the semester, the MSA approach was taught in all content areas. Participants
explored different ways to create pictures to represent their understanding of mathematical
concepts, learned various strategies to develop fluency in procedures, and designed word
problems that relate to children’s real life experiences while applying strategies to solve word
problems. Multiple assessments were given during the semester to gauge the participants’
understanding of the three components of the MSA approach in order to monitor students’
progress and reinforce their PCK.

Data Collection and Instruments
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Data on using the MSA approach were collected via two tests. In addition, data were
collected from multiple assessments during the semester. The MSA questions in pre- and post-
tests were adapted from a study of school-based professional development (Wu & An, 2005).
The pre-and post-tests included a set of ten questions on number concepts, fractions, decimals,
and percents. Each problem consisted of three parts: design a visual model for the problem
using a representation; use computational strategies (procedures or rules) to solve problems;
and create a word problem to represent a real-world application.

Data Analysis

A qualitative data analysis method was used to measure teacher learning and
understanding of the MSA approach (Lincoln & Guba, 1985) and to identify the emerging
themes of the effective approaches from various assessments during the semester. The open-
ended responses from pre-service teachers on tests were coded, categorized, and compared for
data analysis. A Paired T-Test was used to determine the statistical significance of the results
on students’ learning progress by comparing the means between pre- and post-tests. The
Pearson Correlation Test was used to identify relationships between any two variables among
the three components of the MSA model. The reliability and validity of the study were ensured
by using triangulation of data, member checks, and peer examinations. The combination of
both gquantitative and qualitative methods is supported by numerous studies (Cronbach et al.,
1980; Fielding & Fielding, 1986). Specifically, the inquiry nature and the complexity of pre-
service teachers’ knowledge of MSA require an in-depth qualitative study to validate, explain,
illuminate, and interpret its characteristics and growth.

RESULTS
The Impact of the MSA Model on Pedagogical Content Knowledge and Achievement
The analyses of students’ pre- and post-tests show that the pre-service teachers in this
study made substantial progress in their PCK in conceptual understanding, procedural fluency,
and application using the MSA approach. The results from Tables 1- 3 reflect the impressive
growth of pre-service teachers’ PCK in the three MSA areas.

Table 1
Comparison between Scores of Pre- and Post-Tests in the MSA Areas

# Problems in Pre-Procedural Fluency Conceptual Creating  Real-Life
/Post-Tests Strategy Understanding Problems
Model Application

Pre-test Post-test Pre-test Post-test Pre-test  Post-test
(n=153) (n=153) (n=153) (n=153) (n=153) (n=153)

Word

1 11/12 +5/7 105 69% 150 98% 6 4% 126 82% 42 27% 137 90%
2/3 +3/5

2 3-%-2/3 102 67% 150 98% 22 14% 127 83% 54 35% 77 50%
5/7-1/4
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3 4/5x 37 109 71% 142 93% 5 3% 115 75% 15 10% 102 67%
2/13x2/3

4 2/5+6/7 100 65% 130 85% 0 0% 85 56% 4 3% 113 74%
12/3 +3/4

5 2125 + 9.89 +144 94% 153 100 10 7% 143 93% 71 46% 145 95%
1.62 %

1.23 +0.88

6 62.12-24.3 129 84% 151 99% 10 7% 146 95% 75 49% 139 91%
1.27-0.92

7 263.6x0465 100 65% 131 86% 1 1% 60 39% 11 7% 105 69%
0.96 x 0.25

8 24275+125 59 39% 131 86% 3 2% 105 69% 10 7% 126 82%
1.20+0.24

9 Change 7/40 to a71 46% 136 89% 1 1% 81 53% 31 20% 134 88%
percent
Change 5/40 to a
percent

10 Change 1.25 to al31 74% 141 92% 19 12% 114 75% 23 15% 121 79%
fraction
Change 1.22 to a
fraction

Procedural Fluency. The results from Table 1 show that the MSA approach helped the pre-
service teachers enhance their scores by more than 20% in their knowledge in the areas of
fraction operations, decimal multiplication and division, and changing fractions to percents.
For example, in the pre-test, only 39% of students could calculate 24.275 + 1.25 correctly,
while in the post-test 86% of students performed the calculation correctly; in the pre-test only
46% students knew how to change 7/40 to a percent, while in the post-test 89% of students
were able to perform the computation correctly.

Conceptual Understanding. Table 1 indicates that the pre-service teachers made great progress
in all areas, especially in the areas of fraction addition and subtraction, fraction multiplication,
decimal addition and subtraction, decimal division, and changing decimals to fractions and
percents. More than a 60% increase in their scores in the above areas is observed. For example,
in the pre-test only 4% of students knew how to create visual models for fraction addition like
11/12 + 5/7, while in the post-test 82% of students were able to create appropriate visual
representations for fraction addition. Similar growth patterns are also found in fraction
subtraction, multiplication, decimal addition and subtraction. However, although the pre-
service teachers demonstrated progress in fraction division (0% in the pre-test vs. 56% in the
post-test), decimal multiplication (1% in the pre-test vs. 39% in the post test), and changing
fractions to percents (1% in the pre-test vs. 53% in the post-test), the growth in these areas is
less than 60%, which illustrates the challenges and difficulties the pre-service teachers are
facing in these areas.
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Applications using Word Problems. Table 1 shows that the pre-services teachers gained
notable growth with more than a 60% increase in their scores in applications in their PCK, in
the areas of fraction addition and division, decimal multiplication and division, changing
fractions to percents, and changing decimals to fractions and percents. For example, 97% of
students created word problems for fraction division illogically, with misconceptions, in the
pre-test, while in the post-test only 26% of students still had difficulties in creating a correct
and logical word problem. In the pre-test, only 7% of students created decimal division word
problems correctly. In contrast, 82% of students were able to create word problems in decimal
division correctly in the post-test.

The Effect of the MSA Model on Learning Progress

A Paired Sample T-Test was employed to compare the changes and their statistical
significance in the pre- and post-test scores. The SPSS output in Table 2 shows that the p
value .000 in Table 2 is less than 0.01, which indicates a statistical significant difference
between the pre- and post-test mean scores on the pre-service teachers’ learning progress.
Table 2 shows the results of three comparisons: 1) overall result between pre- and post- tests;
2) the results of comparisons in university 1; and 3) the results of comparisons in university 2.

Table 2
Output from the Paired Sample T-Test

Paired Differences Sig.
Std. Std. 95% Confidence (2-
Deviatio Error Interval  of  the tailed

Mean n Mean Difference t df )

Lower Upper

Pair Total Pre

1 gcost Total '14.84241 4.44952 35972  -15.55312 '14_1317 ;11-261 152 .000
Pair University ) -
2 éosfre & o794y 407553 47701 -16.74541 ) opoc o944, 72 000
Pair University ) )
3 gos?re & 1397353 462089 51663  -15.00195 1, o, o704 79 000

The Relationships between the Three Components of the MSA Model

The results of data analysis show that there are relationships and connections among
the three components of the MSA model. In order to find out the significant relationships
between the three components and draw a valid conclusion, a Pearson Correlation was
employed separately for both pre- and post-tests. Table 3 shows the SPSS output of the Pearson
Correlation for the pre-test, and Table 4 for the post-test. The results in Tables 3 and 4 indicate
that the correlation between any two variables among MSA components is significant and that
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they are positively related, suggesting that conceptual understanding is associated with
procedural fluency, thereby enhancing the skill necessary for applications.

Table 3
The Correlations between the Three Components of the MSA Model for the Pre-Test

Pre- Procedure  Pre-Model  Pre-Application

Pre- Procedure  Pearson Correlation 1 154(**) 281(**)

Sig. (2-tailed) .000 .000

N 1530 1530 1530
Pre-Model Pearson Correlation A54(%%) 1 .304(**)

Sig. (2-tailed) .000 .000

N 1530 1530 1530
Pre-Application  Pearson Correlation 281(**) .304(**) 1

Sig. (2-tailed) .000 .000

N 1530 1530 1530

** Correlation is significant at the 0.01 level (2-tailed).

Table 4
The Correlations between the Three Components of the MSA Model for the Post-Test

Post-
Post-Procedure  Post-Model  Application

Post-Procedure Pearson Correlation 1 375(**) .260(**)

Sig. (2-tailed) .000 .000

N 1530 1530 1530
Post-Model Pearson Correlation 375(*%) 1 244(%%)

Sig. (2-tailed) .000 .000

N 1530 1530 1530
Post-Application  Pearson Correlation .260(**) 244(*%) 1

Sig. (2-tailed) .000 .000

N 1530 1530 1530

** Correlation is significant at the 0.01 level (2-tailed).

The Learning Progress from the Examples on Pre- and Post Tests

The results of the analyses of the pre- and post-tests show that the MSA approach
improved students’ PCK in the three components in the areas of fractions, decimals, and
percents. The following selected examples demonstrate the pre-service teachers’ learning
progress in models, strategies and applications.
Examples of Misconceptions on the Pre-Test:

Example 1.

25



12

1N 7

m,.s 11 +5. b
7 4 ~ 7

3 /f-uj :
. | y 40 Y
(g { ing ,

Figure 2. Misconception on fraction addition

Figure 2 shows that the student added the numerators and denominators across directly without
finding the common denominator. This error computation indicates the misconception from
the visual model: two circles do not have equal parts, which means the two fractions 11/12 +
5/7 do not have like unit fractions. The student did not know that fractions could not be added

with unlike unit fractions.
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Figure 3. Misconception on fraction subtraction

This example in Figure 3 shows that the student made an error in converting 3 to the fraction
6/6. This error can be associated with a misunderstanding of the visual model. The student

misunderstood %2 as %2 of three whole instead of one whole in the visual model, which led the
student to create the word problem with misconceptions.

Example 3.
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Figure 4. Misconception on fraction multiplication

Figure 4 shows that the student did an extra step by trying to find a common denominator first,
which is not necessary and should not be used in multiplication of fractions. Although the
student used the rule of multiplication of fractions for multiplying numerators after the first
step, he/she did not apply the same rule for denominators. This error demonstrates that the
student confused the rules of fraction multiplication with that of fraction addition.
Consequently, learning the procedure without understanding resulted in an inability to model
a visual representation and create a word application problem for fraction multiplication.
Example 4.
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Figure 5. Misconception on fraction multiplication

Example 4 in Figure 5 shows that the student remembered the rule of fraction division “flip
and cross multiply” incorrectly, which led to the error in computation. Learning the procedures
without understanding resulted in an inappropriate visual representation and an inability to
apply the learning in a word problem.

Examples of Learning Progress from the Post-Test:

Example 5.
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Figure 6. Learning progress on fraction subtraction

The visual model in Figure 6 indicates that the student understood that it is necessary to change
the unlike unit fractions 1/5 and 1/4 to a like unit fraction 1/20 in order to subtract these
fractions. The conceptual understanding of fraction subtraction guided the student to perform

procedures of fraction subtraction correctly and directed the student to create a valid word
problem in application.
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Figure 7. Learning progress on fraction multiplication

Figure 7 shows that the student understood the concept of fraction multiplication and was able
to use an area model to represent it. The conceptual understanding not only helped the student

arrive at the right solution from the computation but also helped him create a correct word
application problem.
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Figure 8. Learning progress in fraction division (caps)

The student created a very interesting and meaningful model for the fraction division problem
in

Figure 8. The student understood that 1% +% means to find out how many %s are inlg . The
student used a cup with 12 parts to represent one whole, so 1% has 20 parts (shared areas).
The cup model showed that % of a cup has 9 parts, and that there are two groups of 9 parts and
2 parts left (shared areas with a dot), which results in 2% as the solution.  The solid

. . L . : . 2 3.
understanding of the concept of fraction division assisted the student in calculating 1§ +Z in

a correct way and also guided the student to create a correct word application problem.

In summary, the results of the analysis of the pre- and post-tests show that the MSA
approach helped to improve students’ achievement on the tests and enhanced their PCK, which
was reflected in their work. This study shows that the MSA model is an effective approach
that provides pre-service teachers with a strong knowledge base on how to teach mathematics
effectively by focusing on three critical components.

DISCUSSION

Building a Measurable and Practical Model for Assessing Learning Progress

The results of this study show that the MSA approach can be used in mathematics
methods courses as an effective structure of knowledge base as well as a measurable and
practical model in assessing pre-service teachers’ learning progress on PCK in models, strategy,
and application. In order to help pre-service teachers learn mathematical concepts with a
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deeper understanding, a variety of concrete and/or visual models must be introduced to convey
mathematical concepts; to build fluency in procedures and computations corresponding to the
concepts, various strategies, including basic and specific techniques, must be developed; to
learn how to apply strategic competence in problem solving, different types of real-life word
problems must be introduced. The three components of the Model-Strategy-Application
approach demonstrate three important aspects of PCK that pre-service teachers need to master:
(@) rich content of mathematics knowledge, (b) the approach to teaching and learning
mathematics: model for conceptual understanding, strategy for procedural fluency, and
application for word problem solving, and (c) the connections between the three components
in content and pedagogy. In addition, the focus on the three components - conceptual
understanding, procedural fluency, and application - through the Model-Strategy-Application
approach in every content area not only provides pre-service teachers with strong PCK base,
but also provides mathematics education courses with an effective and quantified assessment
tool to measure students’ progress in learning and teaching mathematics.

The Effects of the MSA Model on Enhancing Pre-Service Teachers’ Knowledge

The findings from this study show that using the MSA model can enhance pre-service
teachers’ PCK. Table 1 shows that the pre-service teachers’ PCK changed greatly with the
MSA approach: 25% average growth in procedural fluency, 67% average growth in conceptual
understanding, and 58% average growth in application. This indicates that the MSA model is
an effective approach that provides pre-service teachers with the opportunity to improve their
knowledge and to equip them with a strong knowledge base and proficient skills, both of which
are needed to teach mathematics effectively in classrooms.

The following selected students’ responses on the effects of the MSA model from the
year-end reflection also provide the support for effects of using the MSA model, from students’
own views. For example, Sarah analyzed the strengths of using the MSA model:

| think that the strength of this learning model is that we, as future educators, are
exposed to diverse  methods for solving the same problems. Familiarity with these methods
is essential for addressing the diverse learning styles of our future students. This way, if a
student is having difficulty solving a problem a particular way, we will have other tools in our
belt that may be more comprehensible to that student.

Diana also believed that “one of the main strengths of this learning model was the various types
of structures to solve word problems. It also allowed me to learn that because everyone has
different ways of learning, there should also be different ways in which they can solve math
problems.” Glenn added that “I learned that providing more strategies and models for students
provides a greater opportunity for all students to have the opportunity to learn. Students have
many learning styles and providing more options will go further to addressing all learning
styles.” Jessica showed an example of the strategies “One of my favorite strategies was the
fraction math on the grid chart. 1 really like seeing how to add, subtract, multiply and divide
on the grid paper, and it really helped me [with] understanding fractions.” Phana said, “From
this model | learned to provide different strategies to develop procedural fluency.”
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Table 5 provides examples of students’ responses on the effects of the MSA model in
three areas: Knowledge gained from this model, difficulties before learning the model, and
lower difficulty after learning the model. These examples confirm that active learning in the
MSA approach as means of helping the pre-service teachers’ overcome their deficiencies in
content and pedagogical knowledge and changing their beliefs from their views (Klein, 2001,
2002a).
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Table 5

Students’ Reflections on the Effects of the MSA Model

What have | learned
from this model?

Describe  what parts were
difficult to you before learning
this model

Describe what parts are
easy to you before learning
this model

Heather: The model
presented emphasized the
importance of building

children’s conceptual and
procedural knowledge, as
well as relating math to real
world situations through
the use of word problems.
| found this model
extremely helpful, not only
in my own understanding
of math, but also in my
ability to effectively teach
math to children.

Jessica:  The math can
really be learned from this
model. Especially for a
visual learner, seeing the
model done in class helped
me understand how to

really work out the
problem.
Christine: Conceptual

understanding is an
imperative learning model.
Students can learn the
basics of the problem and
solve it through using
simple methods of drawing
the problem out and
presenting the problem in a
meaningful way.

Sarah: This model taught
me the concepts behind
math problems that | only
knew procedurally. An
example is the division of
fractions. Simply
changing it’s reading to
“how many times does 2/3

| have learned a great deal from
this model, especially in terms of
creating different representations
to build conceptual
understanding. | had no idea as to
the type of visual representation
or manipulatives that could be
used to teach students about
multiplying or dividing fractions.
Different examples presented in
class both by the teacher as well
as by the other students, gave me
an arsenal of good ideas to use in
my future classrooms.

| used to have problems with
working out any fraction
problems. | was always really
afraid to use fractions in any type
of computation. Now use the
fraction rectangles, it really
helped me visualize what was
happening with the problem, and
how to explain the problem to
others.

Before learning this model, it was
difficult for me to apply it. I am
so used to solving math problems
procedurally.  For instance in
40+8 , | would automatically
know that it’s 5, but conceptually
solving it meant that | would
somehow have to show

40+8 visually, showing that there
are eight groups in 40, how many
are in each group

Before learning this model | had
a hard time visualizing the
division of decimals as well. |
wasn’t getting the big picture of
what was happening during the
process. For example, it was
strange to me that the final

I now find developing
manipulatives and creating
word  problems  much
easier than | did at the
beginning of the semester.
For example, | developed
my own manipulatives to
help  students develop
conceptual understanding
of fractions and fraction
equivalencies. | had no
idea how to approach such
a task at the beginning of
the semester.

Mostly, adding  and
subtracting fractions are
the easiest now. Using the
rectangle math had really
enabled me to understand
fractions and how to see it
explained.

Now it is easier for me to
come up with quick-life
math problems that relate
to the original problem. In
40-+8, | can easily say that
| have 40 stickers, how
many stickers will each of
the 8 groups get?

Simply using pictures of

money to illustrate this
concept made it more
comprehensible to me

because | was able to relate
it to real life experience.
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go into %,” made much
more sense to me.

Robert: This mode has
helped me learn how to
break up word problems
into steps so that | am now
able to work on the
problem step by step
instead of just trying to
solve one huge problem.

answer was larger than the
numbers in the problem.

Before learning this model |1
would just see word problems
and | would automatically
assume they were impossible to
solve. | would try to work on it
as a whole instead of taking it
piece by piece and when | would
solve the problem the answer
would be wrong because of how |
approached it in the beginning.

Now when | see a word
problem | can confidently
break it into steps instead
of trying to solve it as a
whole. Once | break the
problem up into steps | am
now able to see what | am
being asked to solve more
clearly  than before
learning this model.

The benefits of using the MSA model are also confirmed by various studies. The use of these
visual models to help children understand mathematics is documented by Hiebert, Wearne &
Taber, (1991) and Moss & Case (1999). The importance of procedural fluency is addressed by
NCTM (2005) and identified as one of the five core components for mathematics proficiency
by NRC (2001) and as one of the guiding principles in the California Mathematics Framework
(2005). Providing word problems in meaningful contexts in facilitating students’ adaptive
reasoning and improving their understanding is supported by NRC (2001). According to NRC
(2001), mathematics teachers must acquire the knowledge that integrates “knowledge of
mathematics, knowledge of the development of students’ mathematical thinking, and a
repertoire of pedagogical practices...” (2001, p.428). Walshaw (2002) also calls for the
“conceptualization of pedagogical content knowledge which recognizes the reciprocal
constitution of knowledge and subjective experience” (p.655). However, these types of
knowledge are not adequately acquired in most mathematics education courses in the US. The
findings from this study provide a new and an insightful perspective to mathematics education
courses. The findings indicate that to prepare pre-service teachers with solid knowledge for
effective teaching, the MSA model is an effective approach: It not only improves pre-service
PCK and builds a solid foundation in its knowledge base, but also provides a concrete and
practical model for pre-service teachers on how to teach mathematics effectively in the ways
addressed by the MSA model.

The Relationships between the Three Components of the MSA Model

The findings from this study indicate that the three components of the MSA model are
all interrelated and equally important; ignoring one or the other will result in the lack of
proficiency in teachers’ knowledge. The MSA model suggests that with a deep conceptual
understanding, students will be able to construct visual representations that help them build
mathematics ideas and perform computations correctly, and in turn, it will assist students in
using the understanding and skills from procedural development to create and solve word
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problems in applications. Consequently, in the process of solving word problems, children have
opportunities to build a repertoire of procedures for computation (NRC, 2001) and to further
develop their conceptual understanding. However, the evidence from this study suggests that
learning mathematics while focusing only on procedures without acquiring conceptual
understanding will result in students’ inability in applying knowledge to create and solve word
problems in applications.

THE EDUCATIONAL SIGNIFICANCE

Since teacher preparation program has been found as one of the major factors relating
to students' mathematics learning in TIMSS and other studies, this study’s thorough
examination of the effectiveness of the MSA approach will be of benefit to mathematics teacher
preparation programs in the U.S. as well as other countries. In the article Research Trends in
Mathematics Education, Walshaw and Anthony indicate (2003) that pre-service sites account
for about 11% of the context of all research from 2000 to 2003 in Australasia. Among these
studies, many of them reported on pre-service teachers’ subject knowledge and the affective
domain. Walshaw and Anthony call to take “a step further to shape the nature of curricular
and pedagogical decisions and the content of our postgraduate courses” (2003). The NRC
(2001) confirms their view that “one of the critical components of any plan to improve
mathematics learning is the preparation and professional development of teachers” (p.428).
The challenges facing mathematics teacher preparation include looking for new models that
have a clear vision and a practical and measurable format to improve pre-service teachers’
knowledge. Although the MSA approach places a strong emphasis on PCK, its structure
provides a concrete and practical guideline for effective instruction for both pre-service and in-
service teachers. The results of this study provide insight on the dilemma in the current debate
on teachers’ knowledge (Walshaw, 2002; Ball et. al. 2005) and a new means with which to
reach a common ground in k-12 math education. In addition, the MSA approach provides
mathematics educators with an effective and quantified assessment tool to measure their
students’ learning progress.

To maximize K-12 students’ capacity for learning mathematics, a teacher must learn to
balance the three components of the MSA approach. Focusing on one and ignoring another
will result in a lower proficiency in mathematics in general. K-12 teachers must possess
conceptual understanding, fluency in procedures, and strategic competence in applications in
order to effectively help their students attain proficiency in mathematics.

This study examined an effective way to develop pre-service teachers’ PCK by using
the MSA approach, which builds conceptual understanding, develops fluency in procedures,
and improves strategic competence in applications in word problems. Undoubtedly, this
inquiry into the knowledge of effective teaching, along with the development of the three parts
of MSA in each mathematics content area, especially the examination of the effects of this new
model of teaching and the investigation of the measurable and practical assessment mode for
pre-service teachers’ PCK, will be a significant step for contributing insightful ideas for the
development of mathematics teacher preparation programs in the U.S. as well as other countries.
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Abstract: Modernization of theories of traditional Chinese medicine (TCM)
1s a key issue for the development of Chinese medicine. As TCM concepts
are too vague and lack precise definition, it Is difficult to test those
theories by modern technologies. Methods of TCM classification are not
accepted by Western medicine so far. Because of the diversity and
complexity of Chinese herbal medicines, the molecules of Chinese herbal
medicines are difficult to be separated, and efficacy is difficult to
be verified and classified by biological and chemical methods. In order
to verify the scientificity of TCM classification, molecular properties
can be studied by their spectrum, and be combined with latent semantic
analysis technology and weighting method which are widely used in the
Internet search engine. 48 Chinese herbal medicines belonging to four
kinds of Chinese herbal medicines: nourishing yin, tonifying yang,
invigorating qi, and enriching blood, are analyzed through NIRS, and the
results are almost the same as the TCM classification.

Key words: Chinese herbal medicine, latent semantic, NIRS
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How to Connect the Opening Problems to the
Key Ideas in High School Mathematics Lessons:
A Case Study in Shanghai-China

Jing Cheng
East China Normal University, Shanghai, China

Abstract. This case study intends to provide an in-depth examination of the teaching practice
exhibited by the expert mathematics teachers in Shanghai high schools to show how Chinese expert
teachers coherently connected the opening problems to the key ideas in high school mathematics
lessons. Six expert mathematics teachers in five high schools were selected and one lesson of each
teacher was videotaped and analyzed using qualitative data analysis methods. The results indicate
that the opening problems in the new lessons were carefully designed to naturally connect the
prior knowledge and new knowledge while the opening problems in the review lessons were varied
throughout the lesson to reveal and string the key ideas. The opening problems play an important
role in making the lesson coherent from both content and process aspects.

Key words: Chinese classroom, instructional coherence, teaching with variation, lesson opening,
mathematics opening problems, connection between knowledge

Introduction

Mathematics learners in Shanghai-China achieved the highest mean score in PISA 2012
(Organization for Economic Co-operation and Development [OECD], 2014), which assessed the
competencies of 15-year-olds in reading, mathematics and science (with a focus on mathematics)
in 65 countries and economies. “To better understand and ultimately improve students’ learning,
one must examine what happens in the classroom” (Hiebert, Gallimore, Garnier, Giwin,
Hollingsworth, Jacobs, Chui, Wearne, Smith, Kersting, Manaster, Tseng, Etterbeek, Manaster,
Gonzales & Stigler, 2003, p. 2) since it is widely accepted that teaching makes a difference in
students’ learning (Brophy & Good, 1986; Hiebert, 1999; National Research Council [NRC],
1999).

Existing studies have revealed some features of teaching practices in East Asia (e.g. Hiebert
et al., 2003; Huang & Leung, 2005; Leung, 2005; Stigler & Perry, 1988; Wang & Murphy, 2004).
When researchers examined the structure and content of the mathematics lessons, they found that
coherence was an impressive feature of mathematics lessons in East Asia. For instance, Japanese
lessons seemed to focus on one or sometimes two key problems in a lesson, through which the
teacher led students into an understanding of mathematical concepts and relationships (Kawanaka,
Stigler, & Hiebert, 1998). A recent case study on fraction division revealed that Chinese teachers
tried to help students build knowledge connections and coherence through mathematics instruction
(Chen & Li, 2010).

On one hand, it is acknowledged that learning is more meaningful when connections are
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established (Stein & Smith, 2011) and coherent mathematics lessons can help students better
connect and understand conceptions (Fernandez, Yoshida & Stigler, 1992). For example, in
California Common Core State Standards for Mathematics (CCSSM) Framework, coherence is
regarded as one of the three major principles on which the CA CCSSM is based. It is indicated
that instruction should be attentive to learning across grades and should link major topics within
grades (California State Board of Education [CSBE], 2013). Recent evidence suggests that the
implementation of curriculum is depending on classroom teaching (CSBE, 2013) . The existing
studies on the coherence within mathematics classroom in East Asia pay more attention to the
whole lesson. However, the opening problems posed at the beginning of the lesson, like that in
Japan, may play a decisive role in constructing a coherent lesson. Larson (2002) stated that every
effective lesson has a distinct beginning, and two things always happen at the beginning regardless
of how a mathematics lesson starts. First, the opening activities are designed to access students’
prior knowledge. Second, it is important to share with students the lesson’s mathematics objective
and the reason for learning it. In well-executed lessons, the teacher poses a problem and ensures
that all students understand the context and expectations (Jackson, Garrison, Wilson, Gibbons, &
Shahan, 2013). However, few studies revealed how to design appropriate opening problems in
teaching practice so that the prior knowledge and key ideas can be well connected, especially at
the high school level.

Since expert mathematics teachers are usually better at providing “low threshold, high
ceiling” problems, identifying key ideas, presenting them in several ways, and highlighting
connections among key ideas (Findell, 2007), this study attended to provide an in-depth
examination of the teaching practice exhibited by the expert mathematics teachers in Shanghai
high schools to show how they posed mathematics problems at the beginning of the lesson and
how the problems coherently related to the key ideas of the lesson.

Related Literature

Coherence in Mathematics Lessons

Coherence is the logical connection that readers or listeners perceive in a written or oral
text. When used in linguistics, it means the property of unity in a written text or a segment of
spoken discourse that stems from the links among its underlying ideas and from the logical
organization and development of its thematic content (Coherence [Def. 5]., n.d.). Wang and
Murphy (2004) claimed that coherence referred to the role of unity or connectedness of speech and
behavior in the creation of meaningful discourse and could describe the structure of instructional
topics as well as classroom behavior and social values. A metaphor of coherence was that a good
story is more than just a sequence of events and the events must be organized and interconnected
logically (Stein & Glenn, 1982). A good story is easy to understand and remember because each
event has meaning in relation to other events and to the protagonists' goals. A mathematics class,
like a story, consists of sequences of events related to each other and to the goals of the lesson
(Stigler & Perry, 1988). Similarly, Fernandez, Yoshida and Stigler (1992) proposed that a lesson
with clear goals and interrelated events is a well-structured lesson and likely to be represented
coherently.

There are different ways to approach coherence when teaching mathematics. Teachers
could provide their students with a certain coherent vision of mathematics knowledge through
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well-structured activity and discourse for the clarity of the lesson objectives (Segiguchi, 2006;
Tomlin, Forrest, Pu & Kim, 1997). In the TIMSS video studies, Hiebert et al. (2003) examined a
variety of features related to coherence of eight-grade mathematics lessons in different countries
although the various dimensions of lesson coherence are not necessarily interdependent, such as
shifts among topics, ways in which key ideas were clarified (lesson goal and summary statements)
and the (implicit and explicit) interrelation of all mathematical components of the lesson (A rating
of 1 indicated a lesson with multiple unrelated themes or topics and a rating of 5 indicated a lesson
with a central theme). Especially, they pointed out that “the mathematics content itself can
contribute to the clarity and coherence of lessons. Because much of the content was carried through
the mathematics problems of the lesson, the clarity and coherence of lessons might have been
influenced by the way in which the problems within lessons were related to each other” (p. 76).
The problems in the mathematics lessons were classified into four basic kinds of relationships
(repetition, mathematically related, thematically related and unrelated) to investigate how
mathematics is related over the lesson. The result showed that eighth-grade mathematics Japanese
lessons contained a higher percentage of problems per lesson (42 percent) that were
mathematically related than lessons in all the other countries.

As mentioned before, Asian mathematics class was distinguished by its coherence in many
comparative studies. For example, after observing elementary mathematics lessons in Japanese,
Taipei and the United States, Stigler and Perry (1988) found that the logical flow of an Asian class
is rarely broken to pursue less mathematically important business. Both Japanese and Taipei
lessons devoted an entire forty-minute mathematics class to the solution of only one or two
problems and an unchanged topic. Moreover, teachers explicitly pointed out to children the
relationships that obtain between different segments within a lesson and between different lessons.
Some other studies on coherence were based on video lessons enable the examination of complex
processes. For example, the results from TIMSS video studies found that Japanese eighth-grade
mathematics lessons focused on presenting new content through solving a few problems (Hiebert
et al, 2003). Shimizu (2007) revealed that the feature of “summing up” and the explicit classroom
discourse in Japanese lessons can help make the lesson consistent and clear. Another video study
found that 90% of the Hong Kong eighth-grade mathematics lessons were judged to be
thematically coherent, with the remaining 10% moderately thematically coherent (Leung, 2005).
Chen and Li’s study (2010) of mathematics video lessons in China on fraction division
demonstrated the coherence within and between lessons in terms of its content and process and the
teacher's use of classroom discourse. But few studies have talked about the coherence of
mathematics lessons at the high school level.

Problems Used in Mathematics Lessons

Mathematics Problems play an important role in mathematics teaching and learning since
all mathematics is created in the process of formulating and solving problems (Kilpatrick, 1982)
and “a considerable portion of lesson time in every country was spent solving mathematics
problems” (Hiebert et al., 2003, p. 41). A problem “is defined generally as a situation in which a
goal is to be attained and a direct route to the goal is blocked” (Kilpatrick, 1985, p. 2). A
mathematical problem in teaching is appreciably considered as a task in a social-anthropological
perspective (Kilpatrick, 1985). Zeitz (2007) differentiated problems from exercises by demanding
much thought and resourcefulness before the right approach is found. In the TIMSS video study
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(Hiebert et al., 2003), problems were defined as events that contained a statement asking for some
unknown information that could be determined by applying a mathematical operation, except for
simple questions asking for immediately accessible information.

Schoenfeld (2011) contributed the successful problem solving to four factors: knowledge
base, problem-solving strategies, monitoring and self-regulation, and beliefs. Accordingly,
students can improve their knowledge, strategies, self-regulation and beliefs through problem-
solving. Especially, researchers acknowledged that problems are helpful to establish connections
within a lesson. For example, the process of solving problems encourages students in realizing the
relevance of their learning experiences, applying knowledge and connecting to prior knowledge
(Kain, 2003). Sequences of mathematically related problems might provide good opportunities for
students to construct mathematical relationships and to see the mathematical structure in the topic
they are studying (Hiebert, Carpenter, Fennema, Fuson, Wearne, Murray, Olivier, & Human, 1997;
NRC, 2001).

It is one of the tacit considerations that how to connect problems to one another and to
other aspects of the curriculum when teachers are selecting problems (Hmelo, 1998). Researches
showed that mathematics teachers in East Asia did better at this aspect than their west counterparts
(e.g. Hiebert et al., 2003; Wang & Murphy, 2004). Japanese mathematics lessons contained the
least number of independent problems worked on in each lesson and the longest time spent on each
independent problem. Furthermore, a higher percentage of problems per lesson in Japan were
mathematically related other than repetitions than that in other countries (Hiebert et al., 2003).
These problems were related to a preceding problem in the lesson in a mathematically significant
way, including “using the solution to a previous problem for solving this problem, extending a
previous problem by requiring additional operations, highlighting some operations of a previous
problem by considering a simpler example, or elaborating a previous problem by solving a similar
problem in a different way” (p. 76). Korean mathematics lessons are similar with the Japanese
ones; most of them began with a meaningful (in context) problem (Grow-Maienza, Hahn, & Joo,
2001). Stigler and Perry (1988) pointed out that the problems used in Asian class served to provide
topical continuity across the different segments of a lesson. “In such a lesson, students might
discuss the features of the problem, solve the problem using alternative methods, discuss and
evaluate the alternative solution strategies, model the problem using manipulatives, and so on” (P.
47). Other studies also found that Chinese teachers tended to devote an entire 40-minute class to
the solution of one mathematics problem and discuss a single topic from multiple perspectives
(Ma, 1999; Stevenson & Stigler, 1992; Stigler & Hiebert, 1999). Yet, existing study findings seem
to be mostly disconnected with instructional practice. Few studies have demonstrated the detailed
ways to use problems, especially opening problems, to construct a coherent lesson.

Variations in Chinese Mathematics Lessons

It is important to note that sticking to one problem does not imply a boring class that lacks
variety (Stigler & Perry, 1988). Gu and his colleagues provided a framework named as teaching
with variation to show the Chinese way of promoting effective mathematics learning (Gu, Huang,
& Marton, 2004). They introduced two concepts of variation : conceptual variation and
procedural variation. The conceptual variation refers to various examples used to clarify the
connotation and denotation of concepts so that teachers can constitute “a space of variation for
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students to experience critical aspects of the object of learning, and enhancing the understanding
of the essential feature of the object” (p. 340). The procedural variation, which is closely related
to this study, intends to “pave the way to help students establish the substantive connections
between the new object of learning and the previous knowledge” (p. 341).

How can procedural variation help students arrive at solutions step by step and form
connections among different concepts? Firstly, Chinese teachers provide a process for formation
of concept stage by stage. Secondly, Chinese teachers convert unsolved problems into solved
problems. Last but not least, Chinese teachers try to establish a system of mathematics experience
through three types of variation in relation to problem solving (Gu, Huang, & Marton, 2004). The
first one is varying a problem (— @£ 4%), which means “varying the original one as a scaffolding
or extending the original problem by varying the conditions, changing the results and
generalization”. This kind of variation is often recognized as a method to develop students’
capacity of problem posing (Silver, 1994). But in Chinese mathematics classroom, teachers rather
than students vary a problem to facilitate students’ deep thinking about the mathematical ideas
related to the series of problems. The second type is multiple methods of solving a problem (— @
Z fi¢). Ma (1999) reported that students are often encouraged to solve a problem in several ways
in Chinese elementary classrooms. There was the same finding in Japanese classrooms that
students worked on a problem in a number of different ways (Stigler & Hiebert, 1999). An
important segment of the teaching with such variation is to comment on and summarize different
approaches. The last type is multiple applications of a method (—7%% H), which means to apply
a method of problem solving to a group of similar problems. All of the three types of procedural
variation are considered as mathematically related in the TIMSS video studies (Hiebert et al, 2003).
A case study in a seventh grade mathematics lesson in Shanghai demonstrated how procedural
variation helps review previous knowledge, introduce and consolidate new knowledge, and learn
strategies of problem solving as well (Huang & Leung, 2005).

Taken together, existing studies suggest that a coherent instruction in mathematics
classrooms may be one of contributions to students’ higher achievement in mathematics in East
Asia. The problems used in mathematics lessons provided a kind of coherence to connect segments
and show relationships. Chinese mathematics lessons, particularly, consist of procedural variation
which leads to the connections among problems, prior knowledge and new knowledge. However,
with regard to high school mathematics teaching, the issues how multiple activity segments are
constructed by the opening problems in a single lesson and how the central theme is conducted
through the variation of the opening problems were barely discussed in the previous studies, and
need to be explored.

In this study, the relationships established between the opening problems and the key ideas
of mathematics lesson by expert mathematics teachers in Shanghai were analyzed through video
lessons to promote further in-depth study on essential instructional practice that may provide
guidelines and models on effective instruction to mathematics teachers, especially prospective
mathematics teachers. In this study, the term Chinese Expert Mathematics Teachers refers to the
highly prestigious teachers with outstanding effectiveness of instruction in school mathematics in
China. The mathematics problems in this study include real-world problems and pure
mathematical problems, and the key ideas refer to the main concepts, principles and strategies. The
opening of a lesson in this study is generally understood to mean the beginning of a lesson before
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teaching new concepts or key ideas and usually no more than first ten minutes of a 40-minute
lesson.

The purpose of this study was to provide an in-depth examination of the teaching practice
exhibited by the expert mathematics teachers in Shanghai high schools to show how they posed
mathematics problems that coherently related to the key ideas of the lesson in the opening.

The research question is: How did Chinese expert teachers coherently connect the opening
problems to the key ideas in high school mathematics lessons?

Method

Subjects

Six expert mathematics teachers in high school in Shanghai were selected for this study.
The criteria of selection were: Each of them is teaching at an experimental and exemplary high
school in Shanghai, where only the top 40% graduated middle school students have the opportunity
to be accepted. All these teachers are part-time mentors for normal university students and all of
the lessons selected for analyzing in this study were the models provided for pre-service or in-
service teachers’ training activities in recent three years. Most of the teachers have been honored
as Superfine Teachers in Shanghai. This title is given to those highly prestigious teachers with
outstanding effectiveness of instruction in a particular subject field every four years. The detailed
demographic information of six teachers could be found in Table 1.

Tablel
Demographic Information of Participants
Born Years_of _ _
Teacher Gender . Teaching Educational Background  Time of the Honor
experience

Master Degree on 1999(in Shanxi)
Mathematics Education 2011(in Shanghai)
Bachelor Degree on

WH Male 1960s Over 25 years

LY Male 1960s Over 25 years Mathematics 2014
SX Male 1960s Over 25 years Bachelor Deg_r eeon /
Mathematics
Master Degree on
JR Male 1970s Over 20 years Mathematics Education 2011
Master Degree on
SH Male 1970s Over 15 years Educational Management 2014
TW  Male 1970s  Over 15 years Master Degree on 2014

Mathematics Education

Data Collection

The data were collected through video lessons since video offers a promising alternative
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for studying teaching besides questionnaires and direct observation (Stigler, Gallimore & Hiebert,
2000). Although videotaping classroom lessons brings its own challenges, the method has
significant advantages over other means of recording data for investigating teaching. It enables
the study of complex processes and coding from multiple perspectives (Hiebert et al., 2003).

One lesson of each teacher was collected. Three lessons were occurring in the real
classroom with no more than 50 students while another three were prepared as a demonstration for
prospective mathematics teachers, that is, the students from a normal university were acting as
high school students and, at the same time, learned how to teach from the expert mathematics
teacher. The two types of lessons are mainly used for prospective teacher education in Chinese
normal universities. The six lessons were categorized into two types: new lessons and review (or
extend) lessons.

The duration of each lesson was around 45 minutes, more information about the content,
grade level, type of the lesson and students of the videos is shown in Table 2.

Table 2
Data Collection of Video Lesson
Tea:Che Content Grade Type Students
i New .
LY Operations of Sets 10 L Prospective teachers
principle
WH Mathematical Induction 11 !\Ie\_/v Prospective teachers
principle
SX Monotonicity of a Function 10 New High school students
concept
JR Revision of Inverse Function 10 Reviewing  High school students
SH Area of trapeez(;)g;g with curved 12 Extending  High school students
TW Problem Posing 12 Extending  Prospective teachers

Data Analysis

A case study approach and qualitative analysis methods were used in this study. Each
lesson was watched multiple times, and then the lesson was transcribed in the original Chinese
first and then translated into English if needed. The lessons were categorized into new and review
lessons, then analyzed from both content and process aspects (e.g., Li & Li, 2009; Stigler &
Hiebert, 1999; Wang & Murphy, 2004, Chen & Li, 2010) to examine how a teacher coherently
connected the opening problems to the key ideas. That is, if the key ideas were all connected to
the opening problems and how they were logically connected within a lesson.

From the perspective of content, the video lessons were analyzed moment by moment
(Powell, Francisco & Maher, 2003) to reveal the problems and ideas showed by the teachers. The
problems given in the opening part of the lessons (the first ten minutes) were coded into problem
for reviewing prior knowledge and problem for introducing key ideas. It should be noticed that
there were problems having both codes. At the same time, the ideas (concepts, principles and

52



strategies) showed in the lessons were coded into prior knowledge and key ideas. For three new
lessons, prior knowledge and new knowledge were recognized during the analysis, and the new
knowledge here was regarded as key ideas in the lessons. For three review lessons, the key ideas
which were emphasized by the teachers might not be new and might be the same as prior
knowledge (see Table 3).

Table 3
Codes of Problems and Knowledge in Lessons
Code Description Legend
Key ideas (new Concepts, principles or strategies which
knowledge) the teachers focused on in the lesson —

Concepts, principles or strategies related to J—
the key ideas in the lesson R
The problem whose solution needs prior

Prior knowledge

Problem for reviewing

knowledge S |
Problem for The problem whose solution needs key
introducing ideas (new knowledge) which the teacher ]

will show next in the lesson

We further examined the lesson from the process aspect. Coherent Process Diagrams with
legends in Table 3 were used to show the relationships between the problems and ideas. The
relationships in the new lessons can be divided into three aspects: review (the problem is used for
reviewing prior knowledge), introduce (the problem is used for introducing a new knowledge or
key idea) and practice (the problem is used for practicing a new knowledge or key idea) while in
the review lessons these three aspects cannot be clearly separated.

Results

The results of data analysis of this study show that the opening problems designed by six
expert mathematics teachers were all used like a bridge for connecting prior knowledge and key
ideas. The function of the opening problems was both to review the prior knowledge and to
introduce and practice the key ideas. In the new lessons, the opening problems would not be
completely solved until the introduction to new knowledge so that the necessity of new knowledge
was clarified. In the review lessons, the opening problem would be varied throughout the lesson
for revealing or stringing the key ideas. In all of the lessons, the opening problems play an
important role in forming instructional coherence.

The following sections address the findings with detailed descriptions of the six teachers’
classroom teaching in connecting the opening problems to the key ideas of the lesson.

The Opening Problems Used in the New Lessons

The results of data analysis show that three teachers in the new lessons provided opening
problems for both reviewing prior knowledge and introducing and practicing new knowledge.
Although in the new lessons, the teachers posed different numbers of mathematics problems in the
opening, the three segments of the lesson, which were reviewing, introducing and practicing, were
naturally connected by opening problems. The whole process was coherent.

One problem for connection. At the beginning of the lesson “Operations of Sets” to grade
10, Mr. LY asked students to pose a problem with the numbers in the current date 5/9/2012. After
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a while, he showed his own problem:

How many numbers are there in 1, 2, 3, ..., 2012, which are neither divided by 5 nor
divided by 9?

Although there are different ways to solve the problem, Mr. Li guided students to see the
following three sets:

M ={1,2,3,-,2012},

A={510,15,--,2010},

B =1{9,18,27,,2007}.

Using a Venn diagram, Mr. LY helped students to acquire the relationship among 3 sets,
and then claimed that the knowledge about operations of sets was needed to solve this problem.

After the learning of the new knowledge — operations of sets, Students got the solution of
the previous problem.

In this lesson, prior knowledge was reviewed and related to the new knowledge through
two connected parts of the opening problem, which was also used for making the new knowledge
worthwhile and applicable (see Figure 1). To solve the opening problem, students needed not only
to analyze the relationships of the sets but also to do operations. Thus, they were able to notice the
connection and differentiation between prior knowledge and new knowledge.

Find the number of elements in a

Find the | particular set

relationship among |

Review Practi
Introduce actice

Relationships of sets Operations of sets

Figure 1. Connection revealed by Teacher LY in Coherent Process Diagram
-~ Prior knowledge <> Key idea (new knowledge)
___IProblem for reviewing 1 Problem for introducing

Two problems for comparison. Teacher WH taught a mathematical induction lesson to
grade 11 students. During the first 10 minutes of the lesson, Mr. WH helped students review the
concept of induction firstly and then gave two problems for application as follow:

1 a-=1a

Nl =

& finda,.
a,+1

2. a,=(n*-5n+5)*finda,a, a,and a,.

The answer of the first one was guessed by the teacher and students together as a = 1 when
n

the first three terms had been figured out as 1,%,and % With the same procedure the answer of the

second one was guessed as a, =1when the first four terms had been figured out as 1, 1, 1 and 1!

But Mr. WH asked what would be a;, and the counter-example a, =25was founded by students,
that is, the conjectures are not always true!
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After the discussion of advantages and disadvantages of induction, Mr. WH pointed out
that we need a simple and effective way to prove propositions with the positive integer 7.

After the 14-minute instruction of the new knowledge — mathematical induction, the proof
of the previous conjecture for question 1 was finished in 3 minutes.

From teacher WH’s design, Prior knowledge “induction” was well reviewed by being used
to guess the general formula of two sequences presented in these two problems respectively. At
the same time, the necessity of learning mathematical induction that we need a method to prove
assumptions with the positive integer n was explicitly introduced. Furthermore, the first problem
was also used for later application of the new knowledge (see Figure 2). Through the process, the
students could realize the relationship between induction and mathematical induction: the former
is a method of exploration and the latter is a way to prove the conjecture.

Induction
Review _—~ Review
! [Guess the general | Guess the general
| g Compare ; g
| formula for one | formula for another
.............. lh i iadian The COnjeCtUreS are i- Aramtianan wnith TnAiiAatiAn
Practice Introduce

Mathematical induction

Figure 2. Connection revealed by Teacher WH in Coherent Process Diagram
Notes. “--Prior knowledge <> Key idea (new knowledge)
-—iProblem for reviewing 1 Problem for introducing

Three problems for variety. At the opening phase of the lesson “Monotonicity of
Functions” to grade 10, three examples were demonstrated consecutively. Mr. SX guided the
students to analyze how a variable changed consequently with another in each of the following
three examples:

1. Add x liters of c,Ho to 1 liter of water, if y is the concentration of c,H.0, write a

function for the relationship.
2. y= K (k>0).
X
3. A graph showing the change of temperature during a 24-hour day.

Then Mr. SX told the students that this kind of property is named monotonicity in
Mathematics.

After the introduction of the definition of increasing/decreasing function, the three
examples above were analyzed again with the abstract definition.

With the three problems demonstrated in the opening of the lesson, the students not only
reviewed the prior knowledge about functions, but also experienced the different kinds of
monotonicity. The examples here were used for visualizing the abstract new knowledge, and
furthermore clarifying and practicing the new knowledge as well (see Figure 3). During the
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analysis of the problems, students could experience different ways to explore the monotonicity of
a function, such as, real-world context meaning, visualized graph and abstract definition.

(i:’Equation of Function Inverse function Graph of function
Review Review Review
[ Th tration of |} k ) The change of
;| The concentration o | v=Ki>0) Ii g
CHO0 ) temperature

Practice Introduce

The definition of increasing

Summary. In all of the three new lessons, the prior knowledge was connected to the new
knowledge through the opening problems for both reviewing and introducing. The first step of
solving the opening problem was related to prior knowledge, and the next step of the solution
needed new knowledge. Finally, the problem would be eventually solved after the introduction of
the new knowledge, so that the necessity of the new knowledge was emphasized. It should be
pointed out that the necessity is not always embodied in everyday life but sometimes in the process
of mathematical reasoning since most of the opening problems showed here are without real-world
context.

The instructional coherence lay in both content and process. Both knowledge reviewing
and problem solving focused on conceptual understanding of new knowledge, and the whole
process was linked by the opening problem. Furthermore, the three lessons have their own
strategies respectively. The first lesson used one opening problem for introducing connection and
differentiation between prior knowledge and new knowledge. The second lesson involved two
opening problems for comparing and clarifying the context of applying new knowledge. The third
lesson consisted of three opening problems for providing a variety of examples of new concept.

The Opening Problems Used in the Review Lessons

The other three lessons analyzed below were not for the instruction of new knowledge but
for reviewing or extending the prior knowledge. Three types of variation in relation to problem
solving summarized by Gu et al (2004) were used respectively in these lessons to connect the
opening problems to the key ideas and make the thematic coherence.

Extend a problem to different variations (—@%2%). At the beginning of the lesson
“Area of trapezoid with curved edge” to grade 12, Mr. SH guided the students to solve a problem
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demonstrated on PPT:
There is a conclusion about conic sections as follows:
AB is a chord of the parabola y?=2px(p >0), C is the midpoint of 4B, the straight line

through C and parallel to x axis intersects the parabola at D. If |y, —y,|=a(a>0),then 5 ,__ - &
A 16p

1. Prove the proposition.

Before posing this problem, Mr. SH mentioned that we have learned something about how
to find the area of a plane figure like a circle or a Koch snowflake with the infinite idea. It seems
that this problem has nothing to do with the theme. In the following time, however, two more
problems closely related to the first one were showed on PPT:

2. If E and F is the midpoint of AD and BD respectively, the straight lines through E, F and
parallel to x axis intersect the parabola at M, N respectively, find S, and S,gp -

3. Find the area of the arch formed with AB and the parabola.

Then a new problem was given:

Find the area of the plane figure formed with y = x? x=1, and x axis.

When a student shared his solution of the latter problem with infinite idea, Mr. SH let the
students think:

Could you use the previous conclusion to solve this problem?

The infinite idea of finding area of a plane figure with curved edge was emphasized in the
lesson. It seems that the opening problem is independent of the infinite idea at first glance.
However, along with extending the original problem by varying the conditions and generalization
(— @£ 7%), the teacher tried to facilitate a deep thinking about the mathematical ideas related to
the series of problems. Finally, the content of prior knowledge and problems were all connected
to the key idea (see Figure 4).

i Provethe |
Flnd area of a circ’lsj
77777 Use the
“Findareaofa
\*nl/,cfb_;fm_n;f_!g!/,nf""/’ Find area of | Convert Find area of a figure
tlan awnl e it !

Find area with the infinite idea

Figure 4. Connection revealed by Teacher SH in Coherent Process Diagram

<> Key idea
1 Problem for introducing
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Advocate different methods to solve a problem (—/@E%f#). At the beginning of the
review lesson of inverse function to grade 10, Mr. JR gave a problem directly:
3x+1

+a

Then the students started to work on the problem.

Along with the analysis of the condition and the different strategies of solution throughout
the entire lesson, the key ideas of inverse functions were reviewed and listed one by one. Such as,
the feature of the invertible function, the steps of finding the inverse of a given function,

f(a)=b= f*(b)=a, the images of a function and its inverse are symmetry about the line y=x,
the relationship between the domain of a function and the range of its inverse. These key ideas
were listed successively in the following part of the lesson.

For example, when talking about why a should not be equal to one thirds, the property of
the function having its inverse function was recalled and written on the board.

In this case, prior knowledge was reviewed and systemized to some key ideas along with
the entire process of problem solving (see Figure 5). Through this kind of variation, which is named
multiple methods of solving a problem (—@Z fi#), the students were encouraged to solve the
problem in several ways and the teacher helped them reveal and connect the key ideas existing in
each method.

If the inverse function of f(x) =

(a+ %) is the same as itself, find the value of a.

A Problem related to inverse function

............................................

" Keyideasabout

~“jnverse finctian-———

Figure 5. Connection revealed by Teacher LY in Coherent Process Diagram

Notes. “-Prior knowledge <> Key idea
__IProblem for reviewing 1 Problem for introducing

Apply a method to different situations.(—¥£% ). Every grade 12 student had a
handout for learning in Mr. TW’s problem posing lesson. Firstly, Mr. TW asked the students to
pose a problem with the given context:

The first term and the constant difference of the sequence {a,} is @ and d respectively.

After different problems were listed on the blackboard, for instance, “find the sum of the
first n terms”, Mr. TW did a summary that it is direct problem posing to require a solution or a
proof or a judgment based on the unchanged given context.

Using similar ways, Mr. TW further introduced inverse problem posing, analogy problem
posing and generalization problem posing.

The main part of the lesson is to use the methods introduced above to pose new problems
based on the following context:

O is the vertex of the parabola y? = 4x. OA and OB are perpendicular chords of the parabola

y? =4x. Please prove that the straight line 4B is through point (4, 0).
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A series of problems Other series of problems

Figure 6. Connection revealed by Teacher TW in Coherent Process Diagram

“*Prior knowledge <> Key idea
‘Problem for reviewing 1 Problem for introducing

Notes. -

This lesson is distinguished from others because it focused on problem posing rather than
problem solving. In the opening part of the class, problems were also used for both recalling the
prior knowledge and introducing the key ideas that how to pose problems based on a given context.
After the introduction of direct problem posing, the same structure was followed time and again
in the remaining teaching process (see Figure 6). When the four ways to pose problems were
introduced, the methods were required to be used in another situation. In this kind of variation,
which is called multiple applications of a method (—7%% ), it is the method rather than the
problem that is responsible for a link between the teaching segments. It is worth mentioning that
the teacher provided a context about parabola in the main part of the lesson, which established a
coherent connection among the different ways of problem posing.

Summary. Compared with the previous three lessons for new knowledge, the key ideas
embedded in the prior knowledge are the main objectives of the review lessons. All of the problems
demonstrated at the opening part of the lesson are responsible for both reviewing and revealing
the key ideas. What’s more, there are three types of procedural variations of the opening problem
in the lesson to declare the key ideas more explicitly and construct each activity segment and
knowledge coherent. The first teacher extended a problem to different variations for revealing the
key idea gradually. The second teacher advocated different methods to solve a problem for
emphasizing all the related key ideas. The third teacher applied a method to different situations for
reinforcing the key ideas.

Discussion

This study aimed to examine how the Chinese expert mathematics teachers coherently
connect the opening problems to the key ideas of the lesson in high schools. The results of this
study answered the research question from both the content and process aspects.

Coherent Teaching Content

From the perspective of the content, all the opening problems were devoted to both review
the prior knowledge and introduce the key ideas of the lesson. The prior knowledge closely related
to new knowledge was reviewed in all lessons because to understand is to know relationships and
knowing relationships depends on having prior knowledge (Greenough, Briones, & Klintsova,
2004).
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In the new lessons, the solution of the opening problems always contained two parts. The
first part was connected to the prior knowledge while the second part of the solution was connected
to the new knowledge. Thus, the prior knowledge and the new knowledge were naturally
connected by the opening problems. Three types of strategies were used for achieving coherence:
connection, comparison and variation. Since new concepts could become enduring and
meaningful to the learners only if they were in some way connected to previously learned concepts
(Caine & Caine, 1997), the opening problem for connection could help students to realize the
relationship between prior knowledge and new knowledge and then get access to understand the
new knowledge. Cowley and Underwood (1998) suggested that information is forgotten and
becomes inaccessible to memory when it is isolated from systems. The comparison between
opening problems can help students to know when and where the new knowledge is useful.
Conceptual variation with non-standard and non-concept examples, moreover, can highlight the
essence of concept (Gu, Huang, & Marton, 2004).

Some researchers found that in East Asia, such as Japan and China, teachers tended to
devote an entire class to the solution of one or two mathematics problem (e.g. Hiebert et al., 2003;
Ma, 1999; Stevenson & Stigler, 1992; Stigler & Hiebert, 1999; Wang & Murphy, 2004). The
similar results were found in this study. It could be summarized more explicitly that the teachers
used the minimal number of problems to reveal the key ideas in their lessons in this study. For
example, in the lesson of “monotonicity of functions”, the teacher provided three opening
problems rather than more. With the three problems demonstrated in the opening of the lesson, the
students not only reviewed the prior knowledge about functions, but also experienced the different
kinds of monotonicity. All of them were therefore necessary since it is imperative for conceptual
understanding to vary visual and concrete instances and contrast non-standard and non-concept
variations (Gu, Huang, & Marton, 2004).

In the review lessons, three types of variations were found in Shanghai mathematics
classroom, which were consistent with the research by Huang and Leung (2005). When extending
a problem to different variations, the teacher can help students experience the key idea gradually.
Through different methods to solving a problem, all the related key ideas about one topic can be
introduced and emphasized. Applying a method to different situations can help students reinforce
the key idea of the method. All in all, the variation of the opening problems contributed to the
connections between the problems and key ideas in the lesson. The appropriate mathematical tasks
allow students for “insights into the structure of mathematics” (Hiebert et al., 1997).

Coherent Teaching Process

From the perspective of the teaching process, few of the opening problems were solved
immediately at the beginning of the lesson.

In the new lessons in this study, the opening problems first used for reviewing the prior
knowledge and then for introducing the new knowledge. After the introduction to new knowledge,
the opening problems would be used again as a practice of the new knowledge. When showing
that the opening problems cannot be completely solved just with prior knowledge, the teachers
indicated the necessity of learning new knowledge and encouraged the motivation of the students
because students are best motivated to work on problems they perceive as being meaningful or
relevant (Caine, Caine & McClintic, 2002). “To master a concept, it is helpful to allow students to
experience the process of the formation of the concept and in particular to realize the need of
introducing the new concept” (Gu, Huang & Marton, 2004).
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In the lessons of reviewing or extending prior knowledge, the discussion related to the
opening problems was launched throughout the entire lesson. The connections among problems
and key ideas were revealed step by step as the discussion went deeper with the procedural
variation whose function is to pave the way to establish the substantive connections (Gu, Huang
& Marton, 2004). From the detailed examination in this study, it was found that the patterns of
connecting were slightly different when teachers used different kinds of variation of problem
solving. In the lesson of varying a problem (— /@ £ 74%), such as Mr. SH’s class, the key idea was
uncovered gradually with the process of variation and eventually clarified until the last variation;
in the lesson of multiple methods of solving a problem (— @ £ fi#), such as Mr. JR’s class, the key
ideas lied in and connected by the multiple methods of problem solving; in the lesson of multiple
applications of a method (—7%% H), such as Mr. TW’s class, a common method played the role
in connecting different problems meanwhile the teacher could also use a common problem for
connecting different key ideas.

Conclusion

In summary, the opening problems play an important role in making the lesson coherent
from both content and process aspects. In this study, the opening problems in the new lessons
were carefully designed to naturally connect the prior knowledge and new knowledge while the
opening problems in the review lessons were varied throughout the lesson to reveal, reinforce and
string the key ideas.

It does not mean that all of the lessons in Shanghai or in China are taught the same way as
those presented here. However, Shanghai, the largest Chinese city by population and a global
financial center, is one of the frontrunners in education in the country. Correspondingly, the expert
mathematics teachers in Shanghai, to some extent, could represent the skillful mathematics
teachers in China. The features of connections in these lessons by the expert teachers might be
used as exemplars or guidelines in achieving coherence in lesson openings for teacher training and
teacher education programs, especially for pre-service teachers and novice teachers learning in
mathematics classroom teaching. Since the excellent teachers are always hired by the top schools,
and the students in such schools have a relatively higher level of achievement than regular school
students in China. Direct instruction approach used by these expert teachers in this study may not
be generalized to other kinds of instruction model, but the strategies of achieving coherence in this
study might be insightful for teaching mathematics lessons at all levels.

The implications of this study show that the opening problems are vital for a mathematics
lesson. The effective opening problems should be coherently connected to the key ideas and be
varied with different levels, which eventually lead students to conceptual understanding and
problem solving. Further studies need to investigate the lessons from other aspects of coherence
such as discourse with more sample size.

* The paper is sponsored by China Scholarship Council.
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Abstract: The study investigated the preconceptions about dividing equally of U.S. and Chinese
first grade students in elementary schools. 255 students from 7 classes at 2 schools of U.S. and
China participated in the study. The findings showed that different first grade students had
different understanding about dividing equally in U.S. and Chinese elementary school. Chinese
students’ performance was better than U.S. students’ performance on the simple, medium, and
complex problems about dividing equally. U.S. and Chinese students had three types of responses
when they met complex problem about dividing equally. U.S. students had stronger critical
thinking to the complex problem than Chinese students. The study provided a rigorous and
empirical way to measure students’ preconceptions and provided statistical evidence of
comparison of preconceptions about dividing equally between U.S. and Chinese students.

Key words: preconceptions, divide equally, elementary mathematics, Cross-national comparison
Introduction

In the last several decades, a number of researches have paid attention to the students’
preconceptions, also known as ideas held before instruction (Gilbert & Swift, 1985; Good, 1991;
Gowin, 1983; Hashweh, 1988; Johnstone, McDonald, & Webb, 1977; Millar, 1989; Piaget, 1929) .
Most of the researchers focused on physical, chemical and biological sciences (Wandersee,
Mintzes, & Novak, 1994) . Some researchers have used problem-solving test to measure students’
prior knowledge in mathematics learning (Davis and Pitkethly, 1990; Kieren, 1993; Mack, 1990;
Hunting & Sharpley, 1991) . This study was designed to compare the preconceptions about
dividing equally between U.S. and Chinese first grade students in elementary schools.

Theoretical Framework
Research on Preconceptions

There were some terms about preconceptions, such as misconceptions, alternative
conceptions, prescientific conceptions ( Gilbert & Swift, 1985; Good,1991; Gowin, 1983;
Hashweh, 1988; John, McDonald, & Webb, 1977; Millar, 1989) . Some reseachers categorized
the preconceptions from different perspectives (Driver & Easley, 1978; Chaffee, 1991). Yu (2010)
pointed out that preconceptions could be divided into three types based on the assumptions about
science teaching (Gilbert, Osborne, &Fensham, 1982). Three types included: (1) the
preconceptions which consists with scientific conceptions; (2) the preconceptions which need to
be enriched or cut; (3) preconceptions with errors (Yu, 2010).
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The most frequently used techniques for externalizing preconceptions are problem-solving
test (Browning & Lehman, 1988), clinical interviews (Osborne & Gilbert, 1980; Pines, Novak,
Posner, & Van Kirk, 1978), concept maps (Novak & Gowin, 1984; Novak & Wandersee, 1990),
classroom discussion (Nussbaum & Novick, 1982), open-ended and multiple-choice response
items (Tamir, 1989).

Most of the researchers focused on the preconceptions in physical, chemical and biological
sciences ( Wandersee, Mintzes, & Novak, 1994 ) . Some researchers paid attention to the
preconceptions in mathematics (Kieren, 1993; Davis & Pitkethly, 1990; Mack, 1990; Hunting &
Sharpley, 1991) . Three perspectives were talked about by these researchers: (1) what were the
students’ preconceptions (Ault, Novak, & Gowin, 1984; Novak & Gowin, 1984; Hunting &
Sharpley, 1991) ? (2) why did the students form these preconceptions (Hunting, 1991; Posner,
Strike, Hewson, & Gertzog, 1982) ? (3) how could these preconceptions be changed to scientific
conceptions (Ausubel, 1963; Basili & Sanford, 1991; Bloom & Borstad, 1990; Hunting, Clarke,
Lovitt, & Pepper,1991; Posner, Strike, Hewson, & Gertzog, 1982) ?

Research on Dividing Equally

Dividing equally, also known as sharing out and fairly, partitive division, dealing , etc, is
the basic of division and fraction. The connection between sharing and division is a reasonable
one because in both the action of sharing and the operation of division a quantity is divided into
equal-sized (Kornilaki & Nunes, 2005). Some researches asserted that the origin of children’s
understanding of division was to be found in the early schema of sharing (Anghileri, 1997; Dickson,
Brown, & Gibson, 1984; English & Halford, 1995; Fischbein, Deri, Nello, & Marino, 1985; Greer,
1992). Dividing equally and fraction are connected tightly. Streefland (1993) pointed out that
the act of fair share was a source for fractions figures. Kieren (1993) said that dividing equally was
central to the development of fractional number knowledge.

The process of dividing equally, also known as the dealing procedure (Davis & Pitkethly,
1990), by which children systematically allocate items into equal shares has been reported in
studies by Davis and Pitkethly (1990), Hunting (1991), and Miller (1984). Davis and Pitkethly
(1990) documented that Dealing was a primitive form of partitioning which generated equal shares.
Some researches focused on the process of counting. Pepper ( 1991) tried to support a correlation
between success in counting and sharing. They pointed out that counting was more widely used
not only for the verification of share sizes but also during the process of sharing (Pepper &
Hunting, 1998). Gelman and Gallistel (1978) proposed five counting principles, including one-to-
one principle. Pepper (1991) asserted that the activities of both counting and sharing revealed one-
to-one correspondence.

Researches indicated that children could solve sharing problems before the related
mathematical operations and procedures were taught in school (Hunting & Sharpley, 1988a, 1988b;
Sebold, 1946). Some researches showed initial concepts of dividing equally were constructed from
intuitive actions (Mack, 1990; Streefland, 1991; Kieren, 1993; Saenz-Ludlow, 1992). Intuitive
mechanisms (Davis and Pitkethly, 1990) were variously called: primitive knowledge (Kieren,
1988); informal knowledge (Mack, 1990); pre-mathematical knowledge (Kieren, 1993); prior
knowledge (Saenz-Ludlow, 1992). Riess (1955) suggested that life experiences, such as the
apportionment of food, may facilitate the early development of what it meant to share.
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Many previous cross-national researches (Chen & Stevenson, 1989; Cogan, Torney-Purta,
& Anderson, 1988; Fuson & Kwon, 1991; Lynn, 1982; Robitaille & Garden, 1989) “have provided
a large body of knowledge about students’ mathematical achievement in different cultures and
about which cultural and educational factors might influence their learning of mathematics™ (Cai
& National Council Of Teachers Of Mathematics, 1995, p. 5). Some researches focused on
examining cross-national similarities and differences in cognitive aspects on mathematical
problem solving (Becker, 1992; Cai & Silver, 1994; Cai & National Council Of Teachers Of
Mathematics 1995; Mayer, Tajika, & Stanley, 1991). Most of the researchers used quantitative
methods to compare the mathematics learning between U.S. and Chinese students. Some
researches focused on specific mathematics problems and applied qualitative research methods to
analyze similarities and differences of cognition between U.S. and Chinese students (Cai &
National Council Of Teachers Of Mathematics, 1995; Cai & Hwang, 2002; Cai, 2004; Cai & Lester
Jr., 2005; Cai & Wang , 2006; Huang & Cai, 2011). Based on the theory of preconceptions, this
study used both quantitative and qualitative methods to compare the preconceptions about dividing
equally between U.S. and Chinese first grade students in elementary schools.

The research questions asked were:

(1)What are the first grade students’ preconceptions about Dividing Equally in elementary
schools?

(2)What are the main similarities and differences about the preconceptions of dividing
equally between U.S. and Chinese first grade students in elementary schools?

Method
Participants

Participants were 255 first grade students from 1 Chinese elementary school in Hangzhou,
China and 1 U.S. elementary school in Southern California. All students’ preconceptions about
dividing equally were assessed via a problem-solving test (Browning & Lehman, 1988). Table 1
shows the students’ demographic information.

Table 1
Students’ Demographic Information

Totel number

Nationality City of students Male Female
China Hangzhou 152 83 69
u.s. Southern California 103 50 53

Data Collection and Instrument

Data were collected by problem-solving test, including 3 problems. Problem 1: please
justly divide these pencils to four students(see Figure 1). Problem 1 was a simple problem about
dividing equally. The students would be tested to divide 8 pencils to 4 children equally. Problem
2: please evenly divide these cakes to three plates(see Figure 2). Problem 2 was a medium problem
about dividing equally. The students would be tested to divide 15 cakes into 3 equal groups.
Problem 3: now there is one more cake, please evenly divide these cakes to three plates (see Figure
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3). Problem 3 was a complex problem about dividing equally. The students would be testd to divide
16 cakes into 3 equal groups.

1. Please justly divide these pencils to four students.
Figure 1. Problem 1

2. Please evenly divide these cakes to three plates.

299 9
2999 99
299 9 9

Figure 2. Problem 2

3.Now there is one more cake. please evenly divide these cakes to three plates.

299 99
2999 39
299 9 9

Figure 3. Problem 3
Data Analysis

Both quantitative and qualitative methods were employed to examine the research
questions. Based on the categorization of Pepper & Hunting (1998), the students responses on
preconceptions about dividing equally were categorized into five types. Table 2 shows the
categories. Type 5 just appeared in the responses to Problem 3. The students’ responses to Problem
3 were diversified since Problem 3 was a complex problem about dividing equally. There were
more specific categorization of the responses to Problem 3(see Table 3) .

Table 2
Categories of Five Types of Preconceptions about Dividing Equally

Five Types Rubric Interpretation
Type 1 0 Didn’t do it
Type 2 1 Couldn’t share fairly

Shared fairly, but didn’t share out

Type 3 2 (shared some cakes fairly, but didn’t share all cakes)
Type 4 3 Shared out and fairly (shared all cakes fairly)
Type 5 4 Divided the 16™ cake into 3 parts

Table 3
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Categories of Five Types of Preconceptions about Dividing Equally for Problem 3

Five Types Rubric Interpretation

Typel 0 Didn’t do it

Type2 1 Couldn’t share fairly

Type3 2 Shared some cakes fairly, but left more than one cake
3-1 Thought it couldn’t be divided equally

Type4d
3-2 Shared 15 cakes fairly, but left the last one cake
4-1 Divided the 16™ cake into 3 parts

TypeS
4-2 Divided the 16™ cake into 3 equal parts

Results

The results of this study revealed the students’ overall and different performance of
preconceptions about dividing equally on the simple, medium and complex problems between U.S.
and Chinese first grade students.

Students’ Preconceptions about Dividing Equally on the Simple Problem

U.S. and Chinese students’ overall performance. Problem 1 was a simple problem about
dividing equally. Students were asked to divide 8 pencils to 4 children equally. Table 4 shows that
most of the students (85.9%) could complete the task; 6.3% of students could share 4 pencils to 4
children but they didn’t share another 4 pencils fairly; 6.3% of students could not divide 8 pencils
to 4 children equally and only 1.6% of students didn’t do the task.

Table 4
Students’ Responses to Problem 1

Frequency Percent Valid Cumulative
Percent  Percent

Valid 0 Didn’tdo it 4 1.6 1.6 1.6
1 Couldn’t share 16 6.3 6.3 7.8
fairly
2 Shared fairly, but 16 6.3 6.3 14.1
didn’t share out
3 Shared out and 219 85.9 85.9 100.0
fairly
Total 255 100.0  100.0

The comparison between U.S. and Chinese students. Comparing the students
performance of preconceptions about dividing equally on simple problem between U.S. and China,
Table 5 shows that the proportion of Chinese students (95.4%) who could divide 8 pencils to 4
children equally was more than that of U.S. students(71.8%). The result of independent t-test (see
Table 6) shows that the performance of Chinese students (Mean=2.95, SD=0.252) had higher
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mean scores than that of U.S. students (Mean=2.50, SD=0.884) on the simple problem about
dividing eqally. Table 7 comfirms the differences in mean scores between U.S. and Chinese
students. There is a statistically significant difference in mean scores between two groups
(T(253)=5.963, P=0.000<0.05) .

Table 5

U.S. and Chinese Students’ Responses to Problem 1

Frequency Percent Valid Cumulative
Percent Percent
China  Valid 0 Didn’t do it 0 0 0 0
1 Couldn’t share 1 7 T T
fairly
2 Shared fairly, but 6 3.9 39 4.6
didn’t share out
3 Shared out and 145 95.4 95.4 100.0
fairly
Total 152 100.0 100.0
u.s. Valid 0 Didn’t do it 4 3.9 3.9 3.9
1 Couldn’t share 15 14.6 14.6 18.4
fairly
2 Shared fairly, but 10 9.7 9.7 28.2
didn’t share out
3 Shared out and 74 718 718 100.0
fairly
Total 103 100.0 100.0
Table 6
Group Statistics
Chinal N Mean Std. Std. Error
us.2 Deviation Mean
Problem 1 1 152 2.95 .252 .020
2 103 2.50 .884 .087
Table 7
Independent Samples Test
Levene's Test for t-test for Equality of Means
Equality of
Variances
F Sig. t df Sig. Mean  Std. 95%
(2- Differe Error Confidence
tailed) nce Differen Interval of the
ce Difference
Low  Upper
er
Problem Equal 180.635 .000 5.963 253 .000 45 .076 303 .602

1 variances
assumed
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Equal 5.053  113.293 .000 .45 .089 275 630
variances not
assumed

Students’ Preconceptions about Dividing Equally on the Medium Problem

U.S. and Chinese students’ overall performance. Students were required to divide the
cakes (15 cakes in total, students had to count the number of cakes by themselves) into 3 plates
equally on Problem 2. Table 8 shows that more than two third (75.6%) of students could divide
the cakes into 3 plates equally and 2.7% of them could divide parts of the cakes into 3 plates
equally; 18.8% of the students did not divide 15 cakes into 3 plates equally and 2% of them didn’t
do the task.

Table 8
Students’ Responses to Problem 2

Freque Percent  Valid Cumulative
ncy Percent Percent
Valid 0 Didn’tdo it 5 2.0 2.0 2.0
1 Couldn’t share 48 18.8 18.8 20.8
fairly
2 Shared fairly, 7 2.7 2.7 235
but didn’t share
out
3 Shared out and 195 76.5 76.5 100.0
fairly
Total 255 100.0 100.0

It was not difficult to find that the distinctive difference between Problem 1 and Problem
2 was the number of objects. Pepper & Hunting (1998, p. 181) found that “tasks such as sharing
12 crackers between two dolls could be successfully completed without the use of counting skills,
whereas tasks that involved large numbers of items may encourage the use of counting”. The
number of cakes on Problem 2 was more than 12, and counting skills were carried out in the
process of dividing equally. The proportion of students who could share out and fairly decreased
on Problem 2. It could be explained that the students lacked of the ability to count numbers orderly.
For instance, in Figure 4, the student wanted to use connected lines to divide the cakes into 3 plates
equally, but the students could not divide equally because 2 cakes were covered by the connected
lines and they were invisible for the students. The study found that 7 students counted the number
of cakes by marking out (see Figure 5). The students marked out the cake when they counted it.
This way seemed effective since all the 7 students using this way had sucessfully divided the cakes
into 3 plates equally.
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Figure 4. Counting disorderly

Figure 5. Counting orderly
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The comparison between U.S. and Chinese students. Table 9 shows the proportion of
U.S. students (63.1%)and Chinese students (85.5%) who could shared out and fairly on Problem
2 were all down, compared that of Problem 1. While the result of independent t-test (see Table 10)

shows that the performance of Chinese students (Mean=2.70, SD=0.735) had higher mean

scores than that of U.S. students

(Mean=2.29, SD=0.976) on the medium problem about

dividing eqally. Table 11 comfirms the differences in mean scores between U.S. and Chinese
students. There is a statistically significant difference in mean scores between two groups (T(253)=

3.845, P=0.000<0.05) .

Table 9

U.S. and Chinese Students’ Responses to Problem 2

Frequency Percent  Valid Percent Cumulative
Percent

China Valid 0Didn’tdoit 2 1.3 1.3 13
1 Couldn’t share 19 125 125 13.8
fairly
2 Shared fairly, but 1 7 7 145
didn’t share out
3 Shared out and 130 85.5 85.5 100.0
fairly
Total 152 100.0 100.0

U.S. Valid 0 Didn’tdo it 3 2.9 2.9 29
1 Couldn’t share 29 28.2 28.2 311
fairly
2 Shared fairly, but 6 5.8 5.8 36.9
didn’t share out
3 Shared out and 65 63.1 63.1 100.0
fairly
Total 103 100.0 100.0

Table 10

Group Statistics
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China 1l N Mean

Std. Deviation

Std. Error Mean

us.2
Problem 2 1 152 2.70 735 .060
2 103 2.29 .976 .096
Table 11
Independent Samples Test
Levene's Test for t-test for Equality of Means
Equality of
Variances
F Sig. t df Sig. (2- Mean Std. Error 95%
tailed) Difference Difference  Confidence
Interval of the
Difference
Lower  Upper
Problem Equal 40.663 .000 3.845 253 .000 41 .107 201 .624
2 variances
assumed
Equal 3.645 177.747 .000 41 113 .189 .636
variances not
assumed

Students’ Preconceptions about Dividing Equally on the Complex Problem

U.S. and Chinese students’ overall performance. Problem 3 required students to divide
16 cakes into 3 plates equally. This problem was a complex problem based on Problem 2, and it
was challenging for the first grade students to divide the 16" cake into 3 equal parts. Table 12
shows that almost one tenth of students (11.4%) didn’t do the task. Have of students (42%) couldn’t
divide 16 cakes into 3 plates equally. 5.5% of students divided some cakes(less than 15) to 3 plates
equally. 5.9% of students criticized the problem who thought 16 cakes couldn’t be divided into 3
plates equally. One third of students (29.4%) shared 15 cakes into 3 plates fairly, but remained one
cake. 5.9% of students had divided 15 cakes into 3 plates equally, and tried to share the 16™ cake
fairly. Among them, only 2.4% of students could divide the 16" cake into 3 equal parts.

Table 12
Students’ Responses to Problem 3

Frequency Percent  Valid Percent Cumulative
Percent

Valid 0 Didn’t do it 29 114 114 114

1 Couldn’t share fairly 107 42.0 42.0 53.3

2 Shared some cakes fairly, but left more than one cake 14 55 5.5 58.8

3-1 Thought it couldn’t be divided equally 15 5.9 5.9 64.7

3-2 Shared 15 cakes fairly, but left the last one cake 75 294 294 94.1

4-1 Divided the 16™ cake into 3 parts 9 35 35 97.6

4-2 Divided the 16" cake into 3 equal parts 6 24 24 100.0

Total 255 100.0 100.0
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The comparison between U.S. and Chinese students. Table 13 shows in the complex
situation, almost one third of Chinese students (32.9%) and half of U.S. students (55.3%) couldn’t
divide the cakes equally. On the other hand, a small part of students (9.2% of Chinese students and
1% of U.S. students) could divide the 16" cake into 3 equal parts. 14.6% of U.S. students thought
that Problem 3 couldn’t be answered, and they criticized Problem 3. While no Chinese students
did that. In addition to, the proportion of Chinese students (13.8%) who did not do the task
increased faster than that of U.S. students (7.8%).

Table 13
U.S. and Chinese Students’ Responses to Problem 3

Frequency Percent Valid Percent Cumulative
Percent

China  Valid 0 Didn’tdo it 21 13.8 13.8 13.8
1 Couldn’t share fairly 50 329 32.9 46.7
2 Shared some cakes fairly, but left more than 8 5.3 5.3 52.0
one cake
3-1 Thought it couldn’t be divided equally 0 0 0 52.0
3-2 Shared 15 cakes fairly, but left the last one 59 38.8 38.8 90.8
cake
4-1 Divided the 16™ cake into 3 parts 8 5.3 5.3 96.1
4-2 Divided the 16" cake into 3 equal parts 6 3.9 3.9 100.0
Total 152 100.0 100.0

u.s. Valid 0 Didn’tdo it 8 7.8 7.8 7.8

1 Couldn’t share fairly 57 55.3 55.3 63.1
2 Shared some cakes fairly, but left more than 6 5.8 5.8 68.9
one cake
3-1 Thought it couldn’t be divided equally 15 14.6 14.6 835
3-2 Shared 15 cakes fairly, but left the last one 16 155 15.5 99.0
cake
4-1 Divided the 16™ cake into 3 parts 1 1.0 1.0 100.0
4-2 Divided the 16" cake into 3 equal parts 0 0 0 100.0
Total 103 100.0 100.0

Comprehensive analysis of three problems. In order to further investigate the students’
preconceptions about dividing equally on the complex problem, the study made a comprehensive
analysis of all three problems’ responses. The study mainly analyzed Problem 3’ responses of
those students” who correctly completed Problem 1 and Problem 2. There were 182 students who
could share out and equally on Problem 1 and Problem 2, occupying 71.4% of the total. It could
be inferred that these students had almost correct preconceptions about dividing equally.

Table 14
The Students’ Responses to Problem 3 Who Correctly Completed Problem 1 and Problem 2
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Frequency  Percent Valid Cumulative
Percent Percent
Valid 0 Didn’t do it 18 9.9 9.9 9.9
1 Couldn’t share fairly 61 33.5 33.5 43.4
2 Shared some cakes fairly, but left 9 4.9 4.9 48.4
more than one cake
3-1 Thought it couldn’t be divided 15 8.2 8.2 56.6
equally
3-2 Shared 15 cakes fairly, but left 65 35.7 35.7 92.3
the last one cake
4-1 Divided the 16™ cake into 3 8 4.4 4.4 96.7
parts
4-2 Divided the 16™ cake into 3 6 33 33 100.0
equal parts
Total 182 100.0 100.0

Table 14 shows that when the complex situation (the 16" cake appeared) was created on
Problem 3, students replied in different ways: (1) almost half of the students could not divide
equally, including those who didn’t do the task, those who could not share fairly and those who
shared fairly but not share out (more than one cake without being divided); (2) more than one third
students who shared fairly but left the 16" cake (see Figure 6) . (3) 7.7% of students could share
out and fairly. These students could further divide the 16" cake into 3 parts after they shared the
first 15 cakes fairly (see Figure 7) .These students could deeply understand the nature of dividing
equally. (4) 8.2% of students criticized Problem 3. They wrote in the questionnaire: “It can’t work”
“You can’t divide them evenly” (see Figure 8) . It was noteworthy that the students who

criticized the problem were all U.S. students.
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Figure 6. Shared 15 cakes fairly and keep the 16" cake remained
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Figure 7. Divided the 16" cake into 3 equal parts
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Figure 8. Thought it couldn’t be divided equally
Discussion and Implication

The Similarities between U.S. and Chinese Sudents’ Preconceptions about Dividing Equally

Different first grade students’ preconceptions about dividing equally were at different
levels in U.S. and Chinese elementary school. Chen (2013) categorized the preconceptions into
three types: (1) the preconceptions were completely different from scientific conceptions; (2) the
preconceptions were partly consistent with scientific conceptions; (3) the preconceptions were
completely consistent with scientific conceptions. The study categorized the preconceptions into
five levels via comprehensive analysis on all three problems: (1) the students who did not do all
three problems lacked of the preconceptions about dividing equally; (2) the students who could
not share out and fairly on all three problems had the incorrect preconceptions about dividing
equally; (3)the students who could complete 1 problem at lease and could not complete other
problems had some deviation in understanding the scientific conceptions about dividing equally;
(4) the students had almost correct preconceptions about dividing equally who could share out and
fairly on Problem 1 and Problem 2, but could not divide the 16™ cake into 3 parts on Problem 3;
(5) the students who could share out and fairly on all three problems had completely correct
preconceptions about dividing equally.

Teachers should do more effort to diagnose and understand the students’ preconceptions
before the class since different students’ preconceptions were in different levels.

U.S. and Chinese first grade students had three types of responses when they met
complex problem about dividing equally. Students were required to divided the cakes (16 cakes
in total, students had to count the number of cakes by themselves) into 3 plates equally on Problem
3 which created a complex situation based on Problem 2. This was a typical cognitive conflict for
the first grade students. Facing this cognitive conflict, both U.S. and Chinese students had three
types of responses: (1) the students gave incorrect responses; (2) the students didn’t know how to
response; (3) the students broke through the barriers, made correct responses, and ultimately
understood the deep nature of dividing equally.

Posner, et al. (1982) proposed the learning conditions about the theory of conceptual
change, pointed out that “discontent for the previous concept” was a prerequisite for the change of
the concept. The creation of cognitive conflict was the best method to help the students produce
“discontent for the previous concept”. Therefore, teachers should know the students’
preconceptions, and create reasonable cognitive conflict, and guide students to understand the
nature of conceptions.

The Differences between U.S. and Chinese Students’ Preconceptions about Dividing Equally

The U.S. and Chinese first grade students had different performance about dividing
equally. Chinese students’ performance about share out and fairly was better than U.S. students’
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performance on the simple, medium, and complex problems about dividing equally. From Problem
1 to Problem 3, the complexity of the problems increased. However, more Chinese students than
their U.S. peers could divide equally on all three problems. Although the proportion of the students
who could do well in dividing equally decreased from Problem 1 to Problem 3, more Chinese
students got better performance on all three problems.

There are some differences between U.S. and Chinese mathematics curriculum in
elementary schools. For example, the concept of division is taught in Chinese second grade while
U.S. teachers usually teach the concept in the third grade. From the findings of this study, Chinese
first grade students got the better preconceptions about dividing equally than U.S. first grade
students, which is probably helpful to understand the different arrangement in mathematics
curriculum between two countries since dividing equally is the foundation of division.

The U.S. and Chinese first grade students had different attitude to complex problem.
When confronting the cognitive conflict on Problem 3, which required students to divide 16 cakes
into 3 plates equally, some U.S. students criticized the problem while some Chinese students left
it blank. 14.6% of U.S. students criticized Problem 3, but none of Chinese students did that. In this
case, Some Chinese students who did well in Problem1 and Problem 2 chose to leave it blank on
Problem 3 when they confronted the cognitive conflict.

The different attitude to complex problem between US and China gives an insight to
educators from China, that teachers should lead students to criticize the problem and develop their
critical thinking when students are confronted with cognitive conflict.

AXEFENLE Y FH2BFARNE LR (13NDICO0TZ) R KR Z —.
References

Anghileri, J. (1997). Uses of counting in multiplication and division. In I. Thompson (Eds.), Teaching and
learning early number (pp. 41-51). Buckingham: Open University Press.

Ault, C. R, Novak, J. D., & Gowin, D. B. (1984). Constructing Vee maps for clinical interviews on molecule
concepts. Science Education, 68, 441-462.

Ausubel, D. P. (1963). The psychology of meaningful verbal learning. New York, NY: Grune & Stratton.

Basili, P., & Sanford, J. (1991). Conceptual change strategies and cooperative group work in chemistry. Journal
of Research in Science Teaching, 28, 293-304.

Becker, J. P. (Ed.). (1992). Report of U.S.-Japan cross-national research on students’ problem solving behaviors.
Carbondale, IL: Southern Illinois University.

Bloom, J., & Borstad, J. (1990). Comments on “The acquisition of biological knowledge during childhood:
Cognitive conflict or tabularasa?” Journal of Research in Science Teaching, 27, 399-403.

Browning, M., & Lehman, J. (1988). Identification of student misconceptions in genetics problem solving via
computer program. Journal of Research in Science Teaching, 25, 747-761.

Cai, J. (2004). Why do U.S. and Chinese students think differently in mathematical problem solving? Impact of
early algebra learning and teachers’ beliefs. The Journal of Mathematical Behavior, 23(2), 135-167.

Cai, J., & Hwang, S. (2002). Generalized and generative thinking in US and Chinese students’ mathematical
problem solving and problem posing. The Journal of Mathematical Behavior, 21(4), 401-421.

Cai, J., & Lester Jr., F. K. (2005). Solution representations and pedagogical representations in Chinese and U.S.
classrooms. The Journal of Mathematical Behavior, 24(3-4), 221-237.

Cai, J., & National Council Of Teachers Of Mathematics, I. R. V. (1995). Cognitive analysis of U.S. and Chinese

77



students' mathematical performance on tasks involving computation, simple problem solving, and complex
problem solving. Journal for Research in Mathematics Education, 7, 1-151.

Cai, J., & Silver, E. A. (1994). A cognitive analysis of Chinese students’ mathematical problem solving: An
exploratory study. In D. Kirshner (Eds.), Proceeding of the Sixteenth Annual Meeting of North American
Chapter of the International Group for the Psychology of Mathematics Education (pp. 3-9). Baton Rouge,
LA: Louisiana State University.

Cai, J., & Wang, T. (2006). U.S. and Chinese Teachers' Conceptions and Constructions of Representations: A
Case of Teaching Ratio Concept. International Journal of Science and Mathematics Education, 4(1), 145-
186.

Chaffee, S. H. (1991). Explication. Newbury Park, CA: Sage.

Chen, J. (2013). Diagnosis and teaching intervention of preconceptions in learning mathematics. 20245 F//\5
MR ( £¢5 ) Teaching Monthly for Primary School (Mathematics), 3, 40-43.

Chen, C., & Stevenson, H. W. (1989). Homework: A cross-cultural examination. Child Development, 60, 551-
561.

Cogan, J., Torney-Purta, J., & Anderson, L. W. (1988). Knowledge and attitudes toward global issues: Students
in Japan and the United States. Comparative Education Review, 32(3), 282-297.

Davis, G. E., & Pitkethly, A. (1990). Cognitive aspects of sharing. Journal for Research in Mathematics
Education, 21(2), 145-153.

Driver, R., & Easley, J. (1978). Pupils and paradigms: A review of the literature related to concept development
in adolescent science students. Studies in Science Education, 5, 61-84.

Dickson, L., Brown, M., & Gibson, O. (1984). Children learning mathematics: A teachers guide to recent
research. Oxford: Alder Press.

English, L. D., & Halford, G. S. (1995). Mathematics education, models and processes. New Jersey: Lawrence
Erlbaum Associates.

Fischbein, E., Deri, M., Nello, M. S., & Marino, M. S. (1985). The role of implicit models in solving verbal
problems in multiplication and division. Journal for Research in Mathematics Education, 16(1), 3-17.

Fuson, K. C., & Kwon, Y. (1991). Chinese-based regular and European irregular systems of number words: The
disadvantages for English-speaking children. In K. Durkin, & B. Shire (Eds.), Language in Mathematics
Education (pp. 211-226). Philadelphia: Open University Press.

Gelman, R., & Gallistel, C . R. (1978). The child’s understanding of number. Cambridge, M A: Harvard
University Press.

Gilbert, J., Osborne, R., & Fensham, P. (1982). Children’s science and its consequences for teaching. Science
Education, 66(4), 623-633.

Gilbert, J., & Swift, D. (1985). Towards a Lakatosian analysis of the Piagetian and alternative conceptions
research programs. Sience Education, 69, 681-696.

Good, R. (1991). Editorial. Journal of Research in Science Teaching, 28(5), 387.

Gowin, D. B. (1983). Misconceptions, metaphors, and conceptual change: Once more with feeling. In H. Helm,
& J. D. Novak (Eds.), Proceedings of the International Seminar on Misconceptions in Science and
Mathematics (pp. 39-41). Ithaca, NY: Department of Education, Cornell University.

Greer,B. (1992). Multiplication and division as models of situations. In D. A. Grouws (Ed.), Handbook for
research in mathematics teaching and learning (pp. 276-295). New York, NY: MacMillan.

Hashweh, M. (1988). Descriptive studies of students’ conceptions in science. Journal of Research in Science
Teaching, 25, 121-134.

78



Huang, R., & Cai, J. (2011). Pedagogical representations to teach linear relations in Chinese and U.S. classrooms:
Parallel or hierarchical? Journal of Mathematical Behavior, 30,149-165.

Hunting, R. (1991). The social origins of pre-fraction knowledge in three year olds. In R. Hunting, & G. Davis
(Eds.), Recent Research in Psychology: Early Fraction Learning (pp. 55-72). New York, NY: Springer-
Verlag.

Hunting, R., Clarke, D., Lovitt, C., & Pepper, K. (1991). Cognitive research on early fraction learning applied
to classroom: Two experiments. In R. Hunting, & G. Davis (Eds.), Recent Research in Psychology: Early
Fraction Learning (pp. 171-198). New York, NY: Springer-Verlag.

Hunting, R . P., & Sharpley, C. F. (1988a). Fraction knowledge in preschool children. Journal for Research in
Mathematics Education, 19, 175-180.

Hunting, R. P., & Sharpley, C. F. (1988b). Preschoolers’ cognitions of fractional units. British Journal of
Educational Psychology, 58, 172-183.

Hunting, R., & Sharpley, C. (1991). Pre-fraction concepts of preschoolers. In R. Hunting, & G. Davis (Eds.),
Recent Research in Psychology: Early Fraction Learning (pp. 9-26). New York, NY: Springer-Verlag.

Johnstone, A., McDonald, J., & Webb, G. (1977). Misconceptions in school thermodynamics. Physics Education,
12, 248-251.

Kieren, T. E. (1988). Personal knowledge of rational numbers: Its intuitive and formal development. In J. Hiebert,
& M. Behr (Eds.), Number Concepts and Operations in the Middle Grades (pp. 162-181). Reston, VA:
NCTM, Lawrence Erlbaum Associates.

Kieren, T. E. (1993). Rational and fractional numbers: From quotient fields to recursive understanding. In T. P.
Carpenter, E. Fennema & T. A. Romberg (Eds.), Rational Numbers: An Integration of the Research (pp.
49-84). Hillsdale, NJ: Lawrence Erlbaum Associates.

Kornilaki, E., & Nunes, T. (2005). Generalising principles in spite of procedural differences: Children's
understanding of division. Cognitive Development, 20(3), 388-406.

Lynn, R. (1982). 1Q in Japan and the United States shows a growing disparity. Nature, 297, 22-223.

Mack, N. K. (1990). Learning fractions with understanding: Building on informal knowledge. Journal for
Research in Mathematics Education, 21, 16-32.

Mayer, R. E., Tajika, H., & Stanley, C. (1991). Mathematical problem solving in Japan and the United States: A
controlled comparison. Journal of Education al Psychology, 83(1), 69-72.

Millar, R. (1989). Constructive criticisms. International Journal of Science Education, 1, 587-596.

Miller, K. (1984). Child as the measurer of all things: Measurement procedures and the development of
guantitative concepts. In C. Sophian (Eds.), Origins of Cognitive Skills (pp. 193-228). Hillsdale, NJ:
Lawrence Erlbaum Associates.

Novak, J. D., & Gowin, D. B. (1984). Learning how to learn. New York, NY: Cambridge University Press.

Novak, J. D., & Wandersee, J. H. (Eds.). (1990). Perspectives on concept mapping [Special issue]. Journal of
Research in Science Teaching, 27, 922-1079.

Nussbaum, J., & Novick, S. (1982). Alternative frameworks, conceptual conflict and accommodation: Towards
a principled teaching strategy. Instructional Science, 11, 183-200.

Osborne, R. J., & Gilbert, J. K. (1980). A method for investigating concept understanding in science. European
Journal of Science Education, 2, 311-321.

Pepper, K. (1991). Preschoolers’ knowledge of counting and sharing in discrete quantity settings. In R. Hunting,
& G. Davis (Eds.), Recent Research in Psychology: Early Fraction Learning (pp. 103-127). New York,
NY: Springer-Verlag.

79



Pepper, K., & Hunting, R. (1998). Preschoolers’ Counting and Sharing. Journal for Research in Mathematics
Education, 29(2), 164.

Piaget, J. (1929). The child’s conception of the world. New York, NY: Harcourt Brace.

Pines, A., Novak, J. D., Posner, G., & Van Kirk, J. (1978). The clinical interview: A method for evaluating
cognitive structure (Research Report No. 6). Ithaca, NY: Department of Education, Cornell University.

Posner, G., Strike, K., Hewson, P., & Gertzog, W. (1982). Accommodation of a scientific conception: Towards
a theory of conceptual change. Science Education, 66, 211-227.

Riess, A . P. (1955). A new rationale for the teaching of fractions. Harvard Educational Review, 25, 105-125.

Robitaille, D. F., & Garden, R. A. (1989). The IEA study of mathematics //: Contexts and outcomes of school
mathematics. New York, NY: Pergamon.

Saenz-Ludlow, A. (1992). Ann’s strategies to add fractions. In W. Geeslin, & K. Graham (Eds.), Proceedings of
the Sixteenth International Conference for the Psychology of Mathematics Education, Vol. Il (pp. 266-273).
Durham, New Hampshire: University of New Hampshire.

Sebold, M. T. (1946). Learning the basic concepts of fractions and their application in the addition and
subtraction of simple fractions. Catholic University of America Educational Research Monographs, 14(2),
1-88.

Streefland, L. (1991). Fractions in realistic mathematics education: A paradigm of developmental research.
Dordrecht: Kluwer Academic Publishers.

Streefland, L. (1993). Fractions: A realistic approach. In T . P. Carpenter, E. Fennema, & T. A. Romberg (Eds.),
Rational Numbers: An Integration of Research (pp. 289-325). Hillsdale, NJ: Lawrence Erlbaum Associates.

Tamir, P. (1989). Some issues related to the use of justifications to multiple-choice answers. Journal of
Biological Education, 23, 285-292.

Yu, Z. (2010). Diagnosis and categorization of preconceptions. The Science Education Article Collects, 10, 34-
42,

Wandersee, J., Mintzes, J., & Novak, J. (1994). Research on alternative conceptions in science. In D. Gabel
(Eds.), Handbook of Research on Science Teaching and Learning (pp.177-210). New York, NY: Macmillan
Publishing Company.

80



MUC2 EE XA EHAFRIAMATH K1 &%
FWREBEEMEXHRRFR

E R
¥ oir
B ERAFNHATEGREEFEHLENFF, /S F SN 510515

Abstract: Objective To investigate MUC2 expression induced by probiotics and E. coli

K1(E44) in Sprague Dawley (SD) rats and its effects on the inhibition of probiotics in the
adherence and invasion of E44 strains to intestinal barrier. Methods SD rats were orally
administered the probiotics, E44 or probiotics +E44 on a daily basis for seven days and MUC2
expression was determined by RT-PCR. MUC2-targeted shRNA plasmid expression
vector(shRNA MUC2) and a negative- control ShRNA NC were respectively transfected into
Lovo cells. The MUC2 knockdown efficiency was determined using gRT-PCR, and then
competitive exclusion assays were used to detect the inhibition of probiotics in the adherence
and invasion of E44 strains. Results MUC2 mRNA were up-regulated in SD rats which
intragastric administration of probiotics. Conversely, in rats with E44, MUC2 was significantly
lower than the control group. The expression of MUC2 in Lovo cells transfected with sShRNA
MUC2 was significantly silenced as compared with the negative control and the mock control
cells. The interference efficiency was 57.7% and the inhibition of probiotics in the adherence and
invasion of E44 strains was significantly lower than the untreated group. After MUC2 silencing,
the relative adhesion and invasion rate of E44 were 56.64% and 66.64% as compared with the
control group. Conclusion The up-regulation of MUC2 by probiotics in SD rats Colon could be
one of the protective mechanism of antagonistic bacteria translocation. After silencing MUC2,
the inhibition of probiotics in the adherence and invasion of E44 strains to intestinal epithelial

cells was significantly reduced.

Key words: MUC2, shRNA, Probiotics, £ coli K1(E44), Adhesion and invasion.

¥EE Mucin) B—Km ARSI NNE L, FEEEE"; AN HRSZ, £
EEETERE., $RE, WRABELXTHEBEEE 2 WH R, EEHWEAL EFR
WA AEE SR, BEGEAS DR T LA AR, S5HhEAMET. 55
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mig B A, ERAMATE. S 5RREFMKEAMBEMERE"", &
B 26 L v LR (R R 4 R R IE 4 L B R TR R A O D 2 B TR B AR IR A, R BBt AR
& AE R Rk B R A%, L FMucin2 (MUC2) R R MEA R EHMEE Ko —
BN A ZE B B R T Y R B R B R I R A B T B Rk [ A (R 2R e 1R
I

B JCAIE 5% 28 £ T AE A 7R i 1 R TR o /6 7 T BR B (R OE T DA A g B e 0T F £ 3T
LR R MR R . RAEAERRE ERIEHALBRELCCRE R FIHE coli Kl
WA EARMERH SEENTEFREEMESRBER L EE", wlEEdAT
FHH LR ERO BT, TR ERERNE S R

B2, BRMEAR. BRAMBELEEERRAZ X RARTRD . MUC2HE R
FHEEMRETHERANEMAELE., AR EZ LG ER G EM E, BiE% A
WARE coli K1 (E44) XMUC2E FH ZIAWF . [l 5N £ W& FE44F T E 7
HEAEERANTR, RELERBREAME RS LER; 740F Rk
Lipofectamine™ 2000¥ 4 2 1 # #4 % & 35 shRNA MUC2# JF A %% 22 A 45 71 78 Lovo 28 B T 4,
MUC2E A, LAT #EAEE GMUC2EHABRSE coli K (B4 KMt ELEREZ BB AR,
7R RMUC2 4 [ 78 %5 A W 98 4 B0 W RE M2 22 1 b % 4 B o 9 1 R RAILARL 3T T 2o

1 MBFF®E
1.1 = ZAHF
1.1.1 2% zh4 2 H#Sprague Dawley (SD) ILRER#R1E (87 ER AF LB+

DI

112 WA, BREHE AEELovo M . KT & (Escherichia
col HDKIBURHEA4 R ERG, EAZBR KL HAPGU6/GFP/Neold B L& & 5/ 5 .

1.1.3 A7 DMEME: 5 & Ao s 4 My 34 1 B Hyclone/» & ; MRSE 7 4 |
Lipofectamine™2000. Opti-MEMJ B invitrogen/a &l; Ff/NRERAE. THEZE A F
IR A & 14 B OMEGA/A &) ; TRIzol RNA#E BUIX A . DNA Marker, ¥ # FRA B R KK EE
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PCRAE <55l &34 W B A% = £ 4 T4 A IR+ 5] (Takara, Tokyo, Japan); DEPCALZE K,
RNAE & RF BRI E R B A5 PRREG| e B E TAEMTEEARSFARNE; |
7. #AELRRA N E T,

1.2 KRFZE

1.2.1 oA R AL FE 182 Hi#Sprague Dawley (SD) SR s A W4 . #HAEF+E
FEA, BREA e, SH3R, AW, AAFHREALREHERAEN
10°CFU/ R o BUm o fnxt BRAE 4 H B B SRR L EPBS; 55 H e b 2 21 A B+ B0 B 4 50
RENEE A BAE coli KI (E44) # (10°CFU/R) , MEBAMEE SHMLHE
PBS; #748 h/g, BUEZ M, MAPBSHEEFRE Mk, K E B RNASE & RGF B+ &

1.2.2 £ MUC2 mRNA | Trizol &4 BUAH ZARNA, #1450 & 3t B 3 4 %

4 fkcDNA, RT-PCR+# & & A MMUC2 £ H & ik, GAPDHA WS HEH . PCRRALFI M4 :

MUC2 (forward) 5’ —ACAAAAACCCCAGC AACAAG-3' and (reverse) 5’ —GAAGTCGGGACAGGTG
ATGT-3" , ¥ 3 K ELKE372 bp; GAPDH(forward) 5' -GAGACAGAAACTTTCGA AGC-3' and
(reverse) 5' ~GAAGTCTGTGGT ATCCAATCC-3' , # %k B K Z84bp. PCRE AL 4 fF: 942C
& Mbmin, 94 #30 s, 552C3E k30 s, 72eCHE 90 s, FH30/MEFF, T2oCHE f#
10min, 4eCHR7F. PCR™ 4yl 203 g HE B I v vk % 7, SR AT BER Lok R B AT (AL
Biorad®i ) , A EWMEEMNALTEMBE NEREF LT EBYUF E 20,

1.2.3 Fitrseg A4 M Lovodd ik Al & 10%f6 4 & . 100U/ml & & & .

100U/m1 4% & & BUDMEME A 35 72 &, T37 oC. 5%CO2M3E 7= 48 I 5. MMEM T2 %
WA, 7 20 M0 A KD AT B T0% 90%ET HEAT B 4. 55 4L al 1d4 A 1~ & 470 A 5 A i 8 B 35 5%
. 1. 6ug A A4, Oul fig K fKLipofectamine 20004 5| # & F100ul Opti-MEM®H, & i&
#EL nin; ABUFHERE, TRFME2 nin, A MAERILA6 h/5, B4 10%4 4 i
TERIDMEME 725, 24 h/g, ERER AR D ME THNESL L HENFERAF .

1.2.4 5%t 2 EPCRA T EMUC2 mRNAFK 35 20 i3 4448 h/a, Y
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WA, Trizol 3R 40 i ERNA. E{2ug K RNAZEAT i 4 % 5 #HATPCRR AL, B —actin¥y i
%, SYBR® Premix Ex Tag™ II (Perfect Real Time) Kit (Takara, Japan), PCRX Rk

# H25ul, MUC2(forward): 5’ —AACGGCCTGCAG AGCTATTC-3' and (reverse): 5' -
ATCTTCTGCATGTTCCC AAACTC-3" , ¥ 4§ F B K Z80bp. B -actin(forward): 5’ -
CCCTGGCACCCAGCAC-3"  and (reverse): 5’ —GC CGATCCACACGGAGTAC-3' , # 3 F Bk
70bp. AMx3000P Real-time PCRY 3§ (X #HATPCRR AL, ¥ 44 4:95 oCE 430 s; 45
95 oC 5 s, 60 °C 30 s, 40MEH ., HBHEEIK, B2 K RAMIC2HA X KL £,
PALovo H %t B8 4 it

1.2.5 BURWE44X Lovo il LB RE I 12 2 52 B M L de AR 22 52 B0 % A

TR E, B AEMELovod kA T125UAR (corning/A 8D #, M E K
80%, S K W HIPBSIE A2/ . ZEM 8. &3 m10°CFUsE £ B 510'CFU E44t £ FIH F2. 5
h, ¥RAATEREAERBHAFT S X EARERAABET. BRELR: HFIm10°CFU
AW S10CFU B4 A FHF2.6 h, WRAASANEAEREALETEFERRE
£RBE, FHEEIRSRETHARAR Y. BRAERERIL, BHEZRp

200 1 1#90. 5%Triton X-100, & H8 minZAE4 L (UK B TritonX-1004E F /Nt Z A T &
UM EERE) , A0 n LEEA, REKTEREHEE, MHEREERAETFFR
HHEEHK, TRELIKR, BEILBALGHIOng/m AAEZNERELFEL h, UX
LRSI, Z e 5 R R S RAEE, #7200 u 1870. 5% Triton X-100, ¥ #H8 min
RIBEM, MA2B0ulEMEA, RERTEREHE, HHEEREGRABETFRITHE
B, EREEIN

1.3 SHitEaH
% B E I AT EE R, Gtk R FSPSS 13. 0% it P A H & E a7
(one-way ANOVA) , # Z A F-E#HATE 4%,

2 &R
2.1 TAEBEBREF T HEMC2E F & ik
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EZASDILR 2 A Z 3 W . B448ia £ BEUAE R R 5, REGE AR ERNA, RT-
PCREB N A WIREH FHWILREMCCER XA BN, £R28 7, SHERARE,
BAEANLEMIC2EH KL EE TR (P.01) ,HAHHAXXEE FW (P<.0D) . 3%
AE+BURHAERELZANLHE Z R (P0.01) . 5EREALE, SAF+BRE4ARE
FHREHHIEZR (PO.0D (FL, E2)

1 2 3 4 S 6 7 8 9 10 11 12 13«

2000,
1000,
750,
500,
250,
100+

2000,
1000,
750,
500,
250,
100+

Ell: FFE &AL R HEMUC2, GAPDHE F & i

Fig.1: The expression of MUC2. GAPDH in rat colonic of the intestinal tract

makes direct contact
with different microbiotas
1: Takara DL2000 marker; 2-4: AW %4 ; 5-7: B444k4; 8-10: i 4 WHEA4HRA;
11-13: IE % xf FR4H.
Lane 1: Takara DL2000 marker; Lane 2-4: Probiotics group; Lane 5-7: E44;

Lane 8-10: Probiotics +E44; Lane 11-13: Control.
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1.000— e
~ *ae T _r-
v 1 J_
E 0.750— — _|'
3
z
£ 0500 _J_
E
0.250—
0.000 , , , ,

Probiotics« E44¢  Edd4+probiotics¢ Controle

Kl2: MUC2 mRNA#: KTy UL % & & 1L

Fig.2: Effects of probiotics and £ coli K1(E44) strains on MUC2

expression.

VE: k vs. ATEE4H, P<0.01; “vs. .3 A BE+E444, P<0.01; * vs. X B4, P>0.01.

#

Note: * vs. Control, P<0.01; “vs. .probiotics+tE44group, P<0.01; ° vs.

Control, P>0.01L.

2.2 HAGERAEE TN B FEEITELERE

Lovo 28 fff, 45 4+ ¥ 1 MUC2 % [ 89 shRNA B AZ i K 5k 34 3 K (shRNA MUC2) 48 hlg, &R K
EHME TRET Wk, BT 3 E —WE RH AL AR AR BRI LR A EH
GeTRMBEANK, HTEERZET LN ARNE 4 th= (a7 bmME/ & a D)
X100%, BF#E 38 3, ASC R 46 4 0 2 4 7 65%-85% (&3) .
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E3 A: 4 T W ZshRNA MUC2 b 2 ZeLovod i ; B: 7% % B #48 T W Z shRNA MUC2 J&
B I ovo 4 jE 1 B H 5% 4 2k 24 57 65%-85%;

Fig.3 A: Lovo cells transfected with shRNA MUCZ2 observed via light

microscope;

B: Lovo cells transfected with shRNA MUC2 observed via fluorescence

Microscope;
The transfection efficiency of the experiment was approximately 65%—85%. .
2.3 MUC2# [FImRNA % 34 B9 & 1L,

40 AT (shRNA MUC2) % #LovoZd 48 h/, R I FARNASEAT M, H & Lovos
MUC2 mRNABY 47 4] & L 41 qRT-PCR%E R & 7~ . PUMock Transfection ¥y xfH&
(calibrator) , & F & H #ANormalizer, A ACt=(CtHWEFA-CtEXEH) L 4H —
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(CtEHWEF-CtERXERF) HE., BN EEFE2 """ R MMUC2E F #knockdown (B
}ﬂo

TR B H3E IR I &, shRNA MUC25Z B 40 FUMUC2 48 *F R 38 R 442, 3%, H= B4 (Mock
control) i, HEZFZ5F (P0.01), T2 FE H57. 7%, [FIE X BE 24 shRNA NCHIMUC2
Mt ERAER, SEEMBEMENLSRITFEZER P0.05) (H4) .

K4 %2 %¢shRNA MUC2 J& qRT-PCRA: M Lovo 28 FIMUC2 mRNA % 3k A <F
Fig. 4 Expression of MUC2 in Lovo cells after transfection with shRNA MUCZ2 by
qRT-PCR
HE: ok vs. ARRA, P<O.01;
Note: * P<0.0Olcompared with Mock control.

2.4 MUC2EH B G, A& W ATEA4KE (2 2 Lovo 28 FiL B9 40 41 1E F

K3 % HE R SE 30 77 v R A UMUC2 AR [ T30 Bl 5 25 4 B T ME4445 [ 12 R Lovo 4l LY
R LU BAHEA4RE IR 2 22 2 4E 1 100%, LLULAT AL 32 A B 45 (B 05 3 B E44 79 A8 X4 A8 12 22
%, w5, E6HT, MUC2T 3L Al, 35 A W ¥ 31 %l BUR B R 12 ZLovo i M (P <0.01),
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E44A48 % REFH 2 49, 47%, EA4AE4HE 2% H19. 2%; MUC2T 4t J5 2 4 B AT E44 K5 I3 2 7 b

FAMAEERTHE, Wi A EEEB A5 BRI L, B44X I _E FHRE IR 2 2
YEFIBA AR 7, BA44E X KE [t 5 956, 64%, FA44E 3112 22 % %66.64% (&5, E6). HHE AL

Pt 2 22 52 B BA T $EMUC2 25 [ J5 % A 1 4 I E440K5 IR 2 22 Lovo e ML A9 15 Bl 35 P& 1K

EI5 MUC24 [ T4 81 /5 42 4 W AT E4445 M Lovo 2 ff 89 3 11

Fig. 5 The antagonism of the probiotics on the adhesion of E44 to Lovo
cells before/after transfection with synthetic shRNA targeting

human MUC2.
VE: * vs. AT PE4HE44, P<0.01; "vs. A BE4 Probiotics+E44, P<0.01

Note: * vs. Control E44, P<0.01; "vs. Control Probiotics+E44, P<O0.0l.
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K6 MUC2#: [ T4 7l J5 7 & B ATE4412 £ Lovo 28 i B 4 i 16 JF

Fig.6 The antagonism of the probiotics on the invasion of £44 to Lovo
cells before/after transfection with synthetic shRNA targeting
human MUC2.

VE: * vs. xfEE4E44, P<0.01; vs. % B84 Probiotics+E44, P<O0.01.

Note: * vs. Control E44, P<0.01; *vs. Control Probiotics+E44, P<0.01.
3 it

M b Rk A I e AR S LR R RE R R, HEM R T B — £ F
E, HEOEMRENBRZHNEEAL, RGP IERGTZRERGNIER. EEF
BT, MUC2 100% KA THEFEL F, MEAMMEF RLRRK. BREESH L H

RIREI PR BB SG F R IR ANEM B AR ERE, HAEGWRE KL, KL
REREEERTUEA XK.
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HAEWAMERERENETELAERER, WASFRIEE, mEW T UES
& e gt BRERRE, ERBAEMEERREMSLER. BRENHEEES
it GMucin B R AA K, M3 £ WETT, WILBRWLCGH tk, = 5 imMUC2HY & 34 P
BMOEE Z L. Matter S AE RN R FRE, GHREMNL, HELEREEE R
HEJLMUC2E & R B9 & 1A 9 B MR (X, T 8 7 3k & b B o L U g AR 1 BMUC2™

RARUBLFERIOFE Z (LM - 20 B 55 4 W A g 20T & LR BE SRV E. coli K1
WARRNF, EFELERIHPERER L, BIEREFME coli K1(E44) thxt 4
FEHEOEEMNCCR AW T H. ERETH A RAILEW L Z 4 MUC2E F R XA T &
W, EIRE. coli KIZAMUC2EFZE T, AFRERAEF XL THE RN, LA AR
HIMUC2EHA L LR ek A HBERBORE 7 LR NE 22—,

RNAi 2 i S 4ERNA (double-stranded RNA, dsRNA) %55 7 4r 5 14 ol 3 5 5 2 [
JUBRHLH . 7 A\ BYdsRNA, P #DicerBg 471 E| & #21~23 bpey M HEsiRNA, M 4EsiRNA G
B B AR 4 A H ERNAYE 5 % & A1k (RNA-induced silencing complex, RISC) , W 4&
siRNAAE 4% 7 & 21 ~23nt #siRNA A T Bk VERISC, #L7E HURISCIR 3% 4% % B2 %t = (2 2| 5 siRNA
AN ] JRmRNA b, 4 5 b A P AR mRNAT #0 H1AH X E By &350 B T ARNAT R AT
D REARE XA EETN KL, FIUREARCH ZATHREEHR S EAE LR
T B M b B B R TR e T AT

AR 52 B A A R 2 BIMUC2-shRNA & 34 JfU AL shRNA MUC2, 3 i€ g Jfi fhLipofectamine™
2000%% 3¢ A % 7% 40 flLovo 24 i, % UKL ¥ 72 40 B 9 /- MUC2 shRNABY & /&, & R J5 #
shRNAZE 28 fig, /9 P9 V7 B 0 1F L T B 34k m Tk A7 siRNA, SMUC2 mRNARF 4 &, AT &
FEMUC2 mRNA, 5 ZMUC2E H Bk, 2KT 2 i Lovo-MUC2-RNAL W AT 46 4 fAE B!, 542
HIAR Ah o B IR A T &

BHPEREEFESEIHARRAERANXRS R, CEAFEMREN SRR E
P, E. coli KIMKSL/RH M RIEA GETI AR mIEM & L™, HHAMCCERE F# /5, #
EH R T ITHIE4AM BN R R R L 4 fe, BATK A Lovod i A RIMER!, it 574K
HF R IMUC2EE E AR 5, 41 4 W X BUR WE44RE It 2 R £ R e sl e, &R B
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TIMUC2 mRNAK A T4 /5, 38 & W 30 6 BOR BRI & RLovo 2l BV (E A A FA R, T 14 A
MUC2EHEANSE AT EMFNER A - S HARAZEHA SR AW, BREH XA E
FERT EH A,
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FEL, UFeZHBEFA, SHANHE L. BEUNSERBEAARE, HEL
BRELLELNENTTFREFEN, FE, BEMERIARE, ETREREMEAAE.

ARBFRE-— M TENRFARR, BEERFERXLGRFRE, KT AEZHEA
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FEYFRTEN, DRAMMREASS; JOUkH, HFARIALEFHLL/FRN
—HAAXHF BFERERNZFFNWAANERN R G L, BETEOAFE4%, 7
BE#He S, wmERABRNARFHAFmR, PROAFNELETXLRERGERF
FREE R . WREANNNFT RFR, BARFORFREFX, RATa”E£HE
A, KB BT AR,

3. FRUAIFT L%

BRHAAFTEARE LS X BN LR ERFE, Fabf (SMART) €T X iR T % 7 X #H,
EEERTERNAOVHRGELTEEE S H LK, HAARE T Al 5HEWSEI
*EELMERFERRE « ARE (KERE—V) FNET AL LR EE N
(SMART) €I37E AR L THEAF.  (Meyer) X F# B[ 42 5 b B9 61 37 X (A2 B i AN ] .
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LN, KEaMSERE, UREEFEREMN 2. REXFNEKER—REELE 5V 0
Bl ZA4 (What, fFATE)D , A4 (Why, ERREFAEEH, THAERNETFL ,
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EHE (Where, K £EM 2 L) , BEMA (Who, BHEEE) , HAL (Which, ft 4 E
KAIRAED %,
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Bl Flin, 1) EfcansLin? 2) EE&MREFET, ERRELEWF?

KXY (Relevant) BB AFENAHENEZREE., FXEZWNENE W
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KR, TEFAME, FEAABKRES, FHiL, REERLTSHRAER, RAR,
RV E AT A R, HAREERFOATN .

B (Time-bound) 8RB ZAIF B E & — B RA RN, St2ERE %K E
mHEHRE, AETAKRESHFBRAN BN EF S A F T RET. Faef (SMART) B AR
XA A T 7k AR da R AR B, B A EEFNM P RAMaA THA A H I
HHROEFHRENTEL - ERESFHEER., BEWk, FHROEFET SEE
A EREM: D o ETR? 2) AIER 6 MAFaMMA 4?3 NIAER 6 AR
BMATA? 4 A RRAEBAT A2

EAFASVELETAFERNEFOREASMN, BZEITEAE, FIAAUH

FETERTE. WIS BEIFEMER 4 &: D EEMLFIMITEHTRIEN, &R
Joams 2) AN AR AnEeE B E P ERER QR A% 3) UAENBEOEEANHNELR,

THT R 4 EF L AEFFI AT T EEN AN EERH L, KILKEES 241 EHAR
H1IE KT .

i

B EXRATMY, 2 HRTRVSHHFTEL. BEEEEARNWE BRI RUF B4
~EH, NERYFEE, B RERE, JFdcmEE SN, FlitaE XEX
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How To Make Professional Consultant

Presentations

Ping (Penny) Li
California Institute of Advanced Management

Peter Drucker said “Communication is always “propaganda”. In other words, it always makes
demands that the recipient become somebody, do something, or believe something.”' As a
consultant, you want to sell your consulting service to the client to convince them that hiring you
is one of the best decisions that they have ever made. Besides your professional work, a persuasive
and impressive presentation would be the other selling point to make the propaganda “hit the spot”.

Why Communications Skills are Critical

Why are communication skills so important? Warren Buffett once offered advice to a group of
business students. He said communication skills would increase their value by 50 percent. “Right
now I’ll pay $100,000 for 10 percent of your future earnings. If you have good communication
skills, see me after class and I’ll pay you $150,000”. " According to Buffett, the communication
skills are the “soft skills” that translate into hard cash. | used to work at a TV Station in China, and
almost all my colleagues admit that Mr. Chen, the editor for a legal program, was the smartest and
most talented guy at our station. He always came up with the most “fresh” ideas and impressive
proposals. However, because he was not a public speaker he was not considered by the senior
management team for promotion to producer. He would rather put his thoughts in a proposal to
the producer instead of presenting it at a meeting, and he barely spoke at meetings to express his
innovative thoughts. Everyone knew that his producer counted on him very much, but the producer
never worried about being replaced by him, as he was lacking a very important skill, which is
presenting.

In the consulting industry, presentation skill is crucial. As a successful consultant, you need not
only the capability to complete the assignment professionally, you also need to have the ability to
present your wonderful work to your client. If you present your project very well, besides the
monetary award, you may get more referrals.

Good News about Communication Skills

The good news is that communication skills and especially presentation skills can be learned. Peter
Drucker said “Communication,.... It always appeals to motivation. If, in other words, the
communication is congruent with the aspirations, values, or purposes of the recipient, it is powerful”

To motivate your audience effectively, you need to focus on (1) professionalism, (2) organization,
(3) preparation, (4) practice and (5) presenting it with enthusiasm." Let’s look at each of these in
turn.

Be a Professional

McKinsey & Company is considered as one of the most prestigious and most expensive
management consulting firms, with over 9000 consultants working in 60 countries. Many of
McKinsey's alumni become CEOs of major corporations or hold important government positions
\"
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This is how Marvin Bower, the godfather of McKinsey and Company understood the level

of professionalism that the consultant should have. This is a quote from the McKinsey

website:

“Bower held both a JD and an MBA from Harvard University. He adamantly believed that
management consulting should be held to the same high standards for professional conduct and
performance as law and medicine"'

The Guardian newspaper said, “at McKinsey hours are long, expectations high and failure not
acceptable”. All consultants at McKinsey hold themselves to a higher standard as a professional.
Presentation is the opportunity to show your professionalism to your audience. Always dress in
appropriate business attire, arrive early, have a smile on your face and greet your audience. Make
sure your handouts have no typos or grammar errors. A short and to the point PowerPoint will
make your presentation look more professional. The consultants at Mckinsey follow the same rules
to create their PPTs, such as using muted colors for slides with no spectacular animations, with
only very simple and clean data graphs displayed on the slides.

Organization: Sometimes Hard to Live with; but Always Impossible to Live Without

The purpose of a well organized and high quality presentation is to satisfy your client. The purpose
is not to make you feel good about your plan for the presentation. Drucker knew that we had to
look at the quality through the eyes of the customer, because it is the customer alone, whose
willingness to pay for a good or a service converts economic resources into wealth. What the
business thinks it produces is not of first importance. What the customer thinks he is buying, what
he considers value, is decisive---it determines what a business is, what it produces, and whether it
will prosper V. Once your client is convinced and tells you that your presentation is exactly on
what they need to know, and they are very happy about hiring you, this is exactly what they need,
you win, both monetary reward and reputation.

The key elements of organizing a presentation are to answer some very basic questions: Why are
you making this presentation? What do you hope to accomplish? Who is your audience? How you
would succeed in the presentation? You must plan to inform your client of the methodology that
you used to come to a conclusion on the recommendations. Therefore, the objectives of the
presentation should inform, convince, get the recognition, or to build a relationship.

Organization: Here is a template of a Marketing Plan Presentation structure':

 Introduction

» Purpose/Goals

* The General Situation

» Problems, Opportunities, and Threats
» Competitive Advantage (s)

« Grand Strategy

* Marketing Strategy
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* Marketing Tactics
* Implementation and Control
» Conclusions/Recommendations

The structure of the presentation is very important for a successful presentation. Make your
presentation structure clear and logical, so your audience can follow and understand you better.

It’s all about Preparation

In the spring of 1970, The Apollo 13 spaceship faced repeated crises as it circled the moon, while
most of NASA’s ground control center almost gave up hope for the survival of the Apollo 13
spaceship crew. The director of the flight operations, Gene Kranz, assembled the NASA team to
try every possible way they could think of to eventually bring the astronauts safely back to the
earth. His motto was “Failure is not an option”.

In the consulting industry, failure is not an option either, moreover, as a consultant, you’d better
not wait until some accident happens during your presentation to “rescue” yourself, as it would be
too late and too risky to ad lib. Drucker wrote that the best plan is only a plan, merely good
intentions, unless it “degenerates” into work. * This is absolutely true for the consulting
presentation. You need to be prepared as much as you can in advance to ensure everything will
work out okay, take necessary actions, or make modifications efficiently in order to reach the
intended goal

Visual aids are important. More power point slides don’t make you look professional because the
audience is not expecting to see your whole report in your PPT. Storytelling displays your expertise,
which is also a compelling way to keep your audience concentrated on what you are talking about.
Make your slides simple and clear with short titles and descriptions on them, and make sure that
the font is big enough to let your audience see it. Videos and images will make your presentation
“colorful” and vivid.

Have printed copied of your power point (If your audience size is large, prepare enough copies
that everyone can at least share with someone else).

| once had a boss who told us a story of his very first presentation experience in his early 20s that

he was pretty sure that he had memorized every single word that he would say before the
presentation, but his brain was empty right after he stepped on the stage. He pulled out the note
card and read everything on it. It was not a successful presentation after all, but in this case, he at
least had the notecard to complete the presentation.

Do research on your audience and the presentation site.

Find out the age, education, and background of your audience to make sure you have the best
communication channel between you and your audience. You should not focus too much on
explaining the high-tech issues in front of a group of people who don’t have the relevant
background. When you get a chance, take a quick review of the seating arrangement to make sure
you stand at the best place where the audience can see you and the screen clearly, as well as listen
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to you with the minimum distraction when you present. *

Practice, Practice, Practice

The more you practice your presentation the more confident you’ll become. Good time
management, live rehearsal and demonstration will help you build confidence to give a successful
presentation.

Peter Drucker said that "Time is the scarcest resource, and unless it is managed nothing else can be
managed.” ¥ Controlling the time is very crucial to an effective presentation. When | worked as
a journalist at Dalian TV Station in China, SARS (severe acute respiratory syndrome) first broke
out and spread in the city. We decided to do a live program interviewing patients in the hospital
that was treating the SARS patients to let the public know more about the disease and how well
those patients were been taken care of. It was a challenging or even a risky interview, because
those patients are still highly contagious, and according to the officials of the hospital, our reporters
were only allowed to stay in the hospital for 1 hour with full protection, such as mask, gloves and
a hazardous material suit. We spoke with the interviewees over the phone in advance to make sure
what they would say as to follow our time table. We calculated the time carefully and made the
time table for every segment to make sure we made full use of this 1 hour live program without
any gaps. It was a very touching and impressive live program, and our experienced reporter filled
in a gap with 2 minutes of improvisation because an interviewee said very little due to nervousness.
For a live show on TV, we can’t shorten it by or exceed even 1 second, as every program, even a
10 second commercial has been precisely calculated and scheduled when it’s on air. A time error
would be a disaster to the technicians because there would be either a gap with no signal or an
upcoming program being cut out. A professional consultant should also always stick to the time
limit that a client has allowed for the presentation.

Rehearsal with a Live Audience and Video Taping Yourself

People devote 90% of their preparation time to content. Yet studies show that only 10% of
audience response is based on a presentation’s content. X' People are more affected and motivated
by a presenter’s presentation skills, such as facial expression, eye contact, gesture, pace, and
volume of the voice. This is why Apple founder and former CEO, Steve Jobs’ presentations were
always touching and emotionally connective. He spent a lot of time on rehearsal until he looked
casual and natural.

Ask your spouse, other family member, or close friends to watch your rehearsal, remember to
pretend it is a real one, not to just go over the slides with them. At the same time, videotaping
yourself, so you and your “audience” can watch it afterwards with you to praise or criticize you.
Be ready to hear and be open to lots of criticism and don’t lose your confidence. You would be
the one to decide which areas that you need to improve in. It would be great if you can practice at
the location that you are going to present at, so you can familiarize yourself with the environment
there.

Live Demonstration Needs to be Live
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If there’s some demonstration to be done as a part of the presentation, always prepare for any live
demonstrations by actually doing them yourself or, with a team member. If there are video links
inserted in the slide, make sure all of them work. | remember when | was in college and one of my
classmates couldn’t open the link on the slide for the video during the presentation, so he had to
copy and paste the link on the browser. He accidently clicked the link twice because he was getting
anxious, and it turned out two videos were opened at the same time on YOUTUBE, but with
different commercials. When he tried to close one of them, he accidentally closed both....
Therefore, always assume that everything that could go wrong would go wrong during the real
presentation. That way you can avoid the threat or at least prepare for it ahead of time.

How to Overcome Nervousness

| was an intern as a teacher in a high school teaching ideology and morality, and | had 60 students
in my class. | memorized everything that | needed to say before my very first class, as it was my
first time to teach after 4 years of study at the Normal University. | was very excited and nervous,
which made me finish my whole class in 30 minutes, and | had nothing for the student to do for
the next 20 minutes. Fortunately, students liked me, and they asked me to sing songs with them
until the school was dismissed as they had never seen such a young teacher connecting with them
that much in class. | was all sweaty after the class, and I thought that | could’ve done this better
by controling my pace, or having more interaction with my students to make my timing better. To
overcome nervousness, videotaping yourself would definitely help, as you may assume that
thousands of your audience are watching the monitor in the other room, which makes you feel
intense. However, you’ll get used to it after your second rehearsal. This is the same training that |
had when | worked at the TV Station in China. When | got used to doing the live reporting and
learnt to only concentrate on the camera in front of me, | could even ignore the staring, waving
hands and funny faces that came from the bystanders. Visualizing everything that would happen
during the presentation the night before the presentation, would help to build confidence by
thinking positively. Another strategy would be lying down without doing anything else, but going
through the presentation from start to finish, and “seeing” how happy the client was because of
your excellent job. X | actually use the split-focus technique, which is to visualize the presentation
while I physically do something else. *¥ | whisper my presentation when I’m taking a shower, or
looking into the mirror when freshening up, or walking around the neighborhood. Instead of being
distracted during rehearsal by thinking too much about how the audience would react while | stood
up in a room, | felt more relaxed if 1 was physically doing something else during rehearsal. And
this kind of “distraction” helped me better handle other disturbances during my real presentation.

With Enthusiasm You Can Move the World

Every consultant needs to have outstanding presentation skills in order to update the client about
the progress or to pitch a potential client. Moreover, presenting is a “conversation” between your
client and yourself, in which both parties find the connection and mutual benefit. According to
Drucker, “communications, in other words, may not be dependent on information. Indeed the most
perfect communications may be purely shared experiences, without any logic whatever.” X' Use
appropriate eye contact, facial expressions, gestures and movements to communicate with your
client. Be loud enough to show your confidence about how well you know your stuff. Talk to your
client and have the conversation and discussion going on during your presentation. Use storytelling
skills and your personal perspective make your presentation go across to their brain and heart.
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Show your empathy and listen to your audience’s questions, and control your own presenting time
in order to answer questions, and build more connections with them. Remember your client is
your friend, not your enemy that you are trying to demolish, even though they might sometimes
snipe at you, but they are still friendly snipers. *'' Therefore, try not to get into an argument with
a client, and not give long-winded answers so as to lead to more in-depth questioning and
arguments.

With 8 years of journalism experience at a TV Station in China, | thought I knew how to present
myself to the public, however, to present in front of the consulting client as a consultant, is
absolutely different from talking to the camera. Professionalism, planning, preparation and
practice as well as learning how to overcome the nervousness definitely helped me go through the
conversion from actor to an effective communicator as well as through 12 consulting projects and
making team presentations to 12 clients during my MBA study at the California Institute of
Advanced Management.
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MHARHHM. F—RMF 2K, MERY TES, XA “REERNTARL” i
T “RUERZ RS, HRIEETL” BEF. 1)

PR P27, RIEFHAANEZREATENEEL, AFELEREKTEREF.
Kt R ERHEAGEZERT, Aok, FeB2EELAR. AEENEALE LS F
ERKEFANAEHE,

KEFEEERTA, CHE . BITRE, BTXR, RAFBRARKRRNEE
o

MW, MpAETRAFRREABES S, RELENE, BFRAREF, RARK
MEXR. W LEE, UEXRTHRAZHT —AERXANBEAYN, ELHERY
NEHRT —BEKKESMFRAEN S FNEEF . WHREHNERTEERK,
FRERMB, WREHEXGE. FTEAMF, th=FEZ, TP EENBEX
F, AEAMFHREEATHR. SEFERIETREAM, AT REME KA FHXEER
FRAHZL, LECEERLEFEFTWERAEN UL SRS ERZRIE A AMKE, BER
Bt “REALAZMFIA” @, AT MFRAERESPEMEESS, K
LERAEREIH LS, ATEKR, EEAK, HTEE, THRIMARER K.

A #E E BB 2R, FREE, FAKRE, BXRH, TRz XmeR
EX, A2BEURELEIERE. “WLER” B, tEFANERTEE L RKETEH
N RB R T T RE . BT AR A T ERIRAAH, EBEMITE P
BERIE, BRMTMATE, AfFme “THeER” BT EEEA.

MERTHBEMEZTRERE, TFREVFEMERR, RAMAFTEBLSRFMH,
B TEREN, L ENHT, TREFREIR, M —R7 LA EEMES
MHH TR, ML, HeEHFEHAXKREPE, tAFEASRTHRMES, K
TR FERFEEAEFTHEA LA, AR EER, TEAEFRS AHEH
BATERERET, LERFFEMRZ Y B8, MBRIR & EEIEE NP
A, A AT AR T 5 B TR F .

MR E, M EERmeRKLT, —FERERAEREAT ATEEIT KK,
FAEAMFEESERFETST. SRHUMYRENF I ENTHE T, KAHEA
THHWENERP S, CERSXERFENR T BEAF X AL ERX PoamER, &
W Ex e E 5 BB R W B H A

KieFREERXNEAEEZMANTMAY, KAETAKE., REER R
MEZRAmfeREMNEEL, THAHTENRATRFANASERE. T RHEIES A
BATBE, HRGEMESERMF, M TENR. FTRRE. TiTR/RA, AHRBEEA
Tk, ERFERHHZTHERFEKEEALT AL TG, BEXMRKER
ERETRHFAAEETE. EGMIN. RTEE®R., T PARKNBRIER.

HEENMREMERKTLREE AL, REERPLERKMERE, RREkKS
77 B 51 28 B R
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ERABNERI R EBH A, MFHEETHAEGHRWRERE., . RAER
K, HAREFTERG — 2 EMRERSE., 28, ERBAM A UARMENKESIEH
BLF, BEAWERFMERBR, ERPERBKEFER, RikFMIRAEE LK. 1944
F9RH, FEFTRAERERS. 2194558 A, LBHWFE, . ML=ZXFIHK
o AHBASEME, REZL “FLHFHIELME" , RS EFE. Errd,
19458 A 14 H, IAMKEZSWARER I RN EFL., BT, HAKRIEZHFILER
I, BUFEERAABRMELEFE, GHEASERETTRAEE, KT REZKLA
ARG F BRI RBIF A, i, “HREAES, ANA¥NEERELERK
A, BEXxEZERZHEHA. 7 )

fLE#RE, PERXAFERITREHA, &&AE 1946 F1 A 2 Hik ik (HEMF
WY (@, FHAE 1946 F 7 A 1 HRLH B G BN, BEFHIMRT HEE4,

KiE I, RANRIRNREIHREZTHATH. KisT UG EBNBIES EfER
weg, RRUBTE, ERTETLRE, BRAZHSH, FPAMERKASE, &K
NEEEG, EREFR. ERTFERANLEZEVHRIAZTHNNE, 97T HENS
— M, T FRBRNORE, W LEERRMEMRD T RG] SEA. ek
WM R E R, T HAERWRGMES B BRHAFA LM KT E X,

RGP EABB R, —EENHET. MEEZRHEFTEN, #HH 2B KL fotk s
HEH, ETRPFEAAL, 1927-1937 F, EFEREX T EHEEEFRET LK,
W e R EWE T E. 7 1937-1938 £ ¥/ £ B 8], f £ 5 4000 L ¥ 4 &
WEE, “SANAR, ARLEFEEHZFEIT, EL4AREBRAERBREFEHHNEAD
HI0AAN, ARTITEISHREAE" . O

M1929 R, KiEFHEREE, EX S ——RME FEHE L HE TR A F /D
¥, AFBEAREFREERK. WEFTLERDPKREHT, £ 1946 F &L HTH
BREBAF, TIRL-—ANHRET, AEaRERAITK, R “ZEFESLM
B, RPANEFERMXUERF TEHEF. fEEE e %, BEBIF—LZL AN
BUWE, AT, FEE. BHX, 204, RRCEE. TEIATXE L6 a5 2R
HEA” 6. FHERTEARKEAL, EAKEFREMITBUSEA L, HRTH, EN
FRWLHEKREES TINERAHFTRA.

FERAREMERILE, HHEFMEZEZXNERYSE, KeFaREAHEEE
W FEAMLFEX o ME “—, AENERZXZHESFK, PELAFHAERREE, £
PSRN LR, PERZE®—F, H—FstH. =, FEX—UE, RENERTF
#%, BEREFMNE, BEFE, XE—MAURS, BR)ENER, REAFFIT
%, LEMNAXKEFRZERAAT. =, AERBHHELARE, EEARWZER, IR
AT, REHWE, REMERATEREN. AKZERN T EEZMTRUER, BF
PMERFEFRLEZBER, MARGEANFARET, REEAR, BHAF, BFH
#o, 7 (D

T ERBGEE, MEISET e EHRE, KR, EAREBIBLN., wRALHRE
FFEXY, TRaMNFTERRERARURERNEF £EARH.
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ARK—HHEHE, REEREREFIRAEE. ERER. BEEHF. WEGATLW
AHERH.

1937 F 11 A, KT EZHHAE. EERTBAATERIHRERUG, #AEEAET
TR ATEENTF, AR EETEHRBIAZME, BB EFEE, EILEH
HEEARKBEGEZT, G¥YE, Hoohil, RE2ES. EAXTAEERAE, UK
TE, HENE. TEET, BEANSATRAISNGFRRIZT. kKibF LEFE, BNEE
AEER: “KERANTHMEINHFERN, RAHBENERMRS, YARKRS. RESTZ
EBMEHN, RENIRAXEHAMLIHFBEHNE FH. 7 ©

WEEE, TRREAMKRR, XBAAEH, EHUEREEAN, BeRKE. E
B, BUME, RERE, K¥E. RARFTAZTENENHTK.

wiew LER, RA—AZAE, stARBET mERRAENGRER, KET
Moz, A, MHET 80 R MEHMIN BT RILNBENM, LHFEE—KH, 445
—EERW T, RBRERTERTEFHASAA, WERRERMEN. W7 EHT R
BFRA, FRIH R “BRIFERGE %" ALERENLT, AANIET k. ®
MEMKIAABNEZREI, KT —HBHEAREELN, RERE, REHXHENN
Re A HEXBEFE S, R8T re, FRIMEEZFL, WHErT ELRHK.

EANERNAZ, WEFRMEFINANH NG FMYRETERERZNER.
Hlcth EHEE, ¥ AERES. BREN. BLTENRAREE, TERTHKRE
R, PEERMERPON, BAMECHAALS FEE. EARHAAERHAEEINELLE,
ARFHNAWKERINRZER, AECEAKAAREALTMES FFREN T Z
—. EMBAE, BIAFRTR, RRIEEH, THEEERK, #ALFTNNERE, &K
ELEAR M B, ZEHFTH ST MFE IR EFEE, TN RET HHFLF K
BEXR, WVHEZFAERMRAFERERINEAMKTHER . 43 HEHTHKH
R FERIL, RRETHK, AEHFHFTRIL. £19384F8 A8 HE8 A 13
BEFTHEAEHT W, B —R7AW, EHEHFTALLE. A, FELEN
Wi, HERZPwW—EESEINE. A, RIVERAHZELEAEZREFLE
HEtug i HREATIHWFE, BFEAIFERBERREFVAKRE,

EHE—F LM E R, KiePUELRER, FFRRFURELGES, THERE
WEg, TEHTEHg, FREEER, ZRM2KTF, BUH2 KA, FAE MK
THAEMNRNEZTEREBRK. B, AEMHHLFHERERE, RRIEFT 2E LK
Fl, W EREGELERINKEERN, WALERKTET FERRMEZNTH.
H R E sAn s, LEREMER, THHK, RERE, ENHFTFFE, £44
FEHATEANILEN.

MEEHFEES UG, ONEFRKHPARNFZEFEY TRNE LT EL A, T
AU ARAED X EXERZTLE ) MALEFBOETIE, THHKEGNEHF
EMARESN, BNFTRRANIREAoE FE, BHENFERKT BB
MAREMARE A, MWEFNEZTETE, UWEFERXREIRTALTE, FFLHE -0
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TR, EFREFEMEIEAZCEE, UEPREBE. ¥ ARERA., BERH
B, REARKFEES, BHALTFER., PEXUAFTELRERATENE., ERE
AW, RULEREEEFGTZIA, RE GTEMFHI) RAKIT, FETHREE
o, BT HBREBN, HAMN T HAHBNT. MEWBRAEK, REMEST HE
WAFMRE, WESFEXUTMRTRETZWNKE. AHARUET RETE, B
BRESRB], AEMRTHERSBEPA, AHFBEEERK—BEHENREMEL
&, BEEROHEBITHRE, HEANT EXERZNE.

W & AR AR, Kbt b ERERREURE kKR Y, HnngdT
FHAEZEUR AN Y N HRINALBEATRE, RS LBERREATY
BOR, H S AR Ll IR A TR & K R e

L R—ARFERALE, BAZEFTHERERZIA, REANZER.

T EEE. BAFEF, KeFRAN LA F BT ILey, Fae, R27T 4
HERNEA. Jaw “FREARXNME BF, IWELH “FEARREHNME" .
WiEFAHERN, Ay HARFEAERZBL, BLEEE, TWEEYTEAR
HAnE., WENHERA, BEEAHTIBECREW, YHREAMRWTEELZEF AR
ZHEEAL, BRREREN. KL, RIX =L EEMR. KEFIAA: BAAERTRER
W, MEEMFEREL, AoRZE. TERTRT AT EZY, MBI
“HEAM EAEERLA TR, BEMERBERAES. 9

1949 FREI 1954 F 4 A, METLFRZR2B TR, BN, IHH—RT
fBo ARRAMERAT, REEMF. FEMFHEELE, & TENEN TG IELBOR,
BAEE, ANERE RS REMEE, ERTATRXHAN-ZERBREL, HAKELE
E, AMREEEAE. KeTEHFBUE, ERXANTHA2L, UETWET. O
FRE, EEHBTHRBECERNKREEM. TRAREH (EFKE) . (BREFK
#) O iE, EENMRXHNGIRBERE, HRXHNEBREmELRELET R
REER, NEN M HBENH2REMEEZRLURINERERZNE.

HiE, e RERAATALS MR, AR EXHN RS, REERKHE
%, ARAFERERRENNEFAER, REHAHMKAIUET, AR ERRIL
EFEGBE T TE, MUHEATH. TURKXEFRKRKETRATENS A. HEET
H, BRTE, ETREMA, XXANFEATRA L, EHRC, BAEEXE THA
BRI, MARTAWERZREMAETHEMCM. T FFE THREFENFN: “X
HAEE—ENALR, #IFEG -, ARXAEE/LTHFEREF, RRRRE, BSE
HER, RESKR, THERKAE, ATEFEH. 7 O

KisF AR CHEHESR — AN, AENEES—, REAEME . B THRKHANE
ERBEVMKAAEERTCAKE, MOFLFE, HIH. 3 TAE 1949 £ KM A A
EETEE. KeFReTER, AEX, ZEARI LR &HHE, WEEE. £E6E
RABEERARZGEH, ANFLRRAEXE —ketE, U FArmMraBHa. t
WRERACHRES 1, YeBERABEARTETRETH. BREXR®LAELE
1957 F 4 A —EIREERAGAHR, FE, ARKEFHIEZT, REBPERNEE
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RS 8 B A AR A PR A R A P R T AR DA, T E 7 A B R vk T R Y A
FHETEARR. KieFEEaRESABLREBAKETAE, MARRE T

B “MBETLEN\FR, RAH/VRATEWNERMHEBL —HEMIHL . 68FE
—RRFEMEE, REMRAAEFTREEEN. 7 O

KIEFAATEER, WEZARERAENKFR, FAZERBAETME T H .
MERRL, EEHFEARNEERE®ZHIEMTIRNWERALEE, SHAITH
THMEBSTHLHEY, BT THNRE OB LZRABR. B A EH RERIFE
XERH, MRAERNETT, 2ARAAEKFAFALTHRA, A —LERFESEUE,
= LI R E BB

KEFRARKAXAGELE, EF —KEARFHH., RERFHHA. F_KE
Rk, A RERTXAEMRAIAMERRRAN . ERAREMEZHZIT,
ERXEETRUASHET —RBANMWFH T, HHbEkemmE N REHME T AER
B AT BEXMRKREERA T, T ERARKEFHFETS, RAMFELHELE,
ARKEN, FERL, BT AATHH.

MNEZEREASHHNTE, CEALIRREXW—BRF. SHRAMRE. EAZFE
AL RKR”, AEEERL LI THRAREZS ., BRRHELRSR—, PHRREKEL—
FRES SE IR A A K

EWTERZ], BRIOTRTELRMETKIE T A EURMEAEELY 5, £ KZEIT
N ERMRKRNE AT, ERARRREAFE: “XaRENPEREEG LS
EXERFLIHEWERETER, FHHERRKAFEARMLS. 7 O

EH:
OB (K EIZE)
OFF (LARXFEKEFHE)
OB (LA&XEKEFHE)

@) (FRBUFRR G H BRI XA RNRZE LA F 77 KR 0w R Z 3D UL
KX —. BXZ7 G

G T (LAKXEKEFHE)

OFE (KieTFRBEEHR) & (MREZIZKEF)

M E (LARXFEKEFHE)

@ E (P EKIEF)

OR (RaXEKEFHE) . (ABREREKET) . (MREEKEF)
OF & g2 XL (Kis+ieE A RK)
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DA (RAREKEFHE) (FF
DB (LAXFEKEFHE)
G AAE A (TKig T EIZED)
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Mfsd2a %% i1 -3 5 [ 3h 66 B0 B X 3t &

FitE
Ex=
i
E
WWFAZTFENEERNELZRDB P, WH, FH
T A
EF RN A ZET] B EFE Saban AT, #E, wF#EELN

FTERH#FAMABREEE20 Major facilitator superfamily domain—
containing protein 2a, Mfsd2a) =& H w4 1k % — A8 % ¥ DL & B f i & 7 % 48 BE.
BREMERIZN ST, BN sd2aZFIEEZDHA (= + Z 8 S I& ) B -l fFIE sy =
2k, DHAR —fromega—3K & % 11/ Tk (LCPUFA) W AWM A B A\ A g IE & £
REE, EARMTHNLERAFE, BANAMEmTHENRY “MEL2” , Misd2atk 7k
/N RER BN I FDHAK PR . WA THERD . ey A Nosh e B IR, 0-fFEEE
—MNEATFRHERGAT RN A FE, EARDEERFLENETRELERENE
F, (BT B AT T LU & - 5 I A 77 1 9B 5 A ey e B & . E R A MEsd2a
P - IE I BB A R A MR A 5, Mfsd2afE a2 R S eh i m (RAE R, fufF
JE . F/RKIER KEFMERTHER WEORNF . ZREDW. IEKIET UG KL
EFHELAEEE, BNTFLHEXAANRE, THNature XK & T F B XHE T MFsd2a
TEm-RENGNF R, KO EEMMsd2aeF - RENEEN AR EEBR — %R,
PLERITME sd2a e 1 4 2 40 5 7 B9 A 90 A0 il R R R 018

1 M-F AR 2 B

1% B FZ (blood-brain barrier, BBB) g & 40 i & B 5 44 22 fX Jft 40 B 72 i B4
5 Fiw 28 FE 2 18] B B A0 e fi 28 AT AR B i 2% R B R OR (B B BRI, X Sk R R Rk a8 fH R K
i (ZFRAZEN) HmERFENNALR [xviiil. BBBREFETRHAEHEANNEH DT
G2 HRAZ BN —NMRTHERHERANTENAEARRE, #HEFERNAEF. B EM
HREFNNSTE, RNWAKEENATFEEZ —, BBBR B L& FL A i ik o & 79 % 40 B
(Brain Microvascular Endothelial Cell, BMEC) F Xt 4 A 8] %% 25 # % (Tight junctions
Tjs). BE(EHNEERE RENELFWEAHR. RUEKE (EXRREI. DR
B /D SRR 40 B ) Fa AR LBk /N B 4 B S B 8] R B AR SRR R By — AN B AR [xix], H
FBMEC X T jsZBBBHY £ E W A ¥ 2 Al, BMECEZBBBINE R B4, EAL FHRA LA K
MM E T RE, EEFTEHS LTS, VAREBEARGEH L TEARTT B ME
TR (xx]. EFRAH (astrocyte) W ERHA K BHAKFE, BxT £HmE B EHAH
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AREHA, REEFBBBHY T EM xxil. —HFHFAAREFEFHWHREN, BFH MRS+
MEARE R G R #[1,2,xxii] o HLAR AIBBBIX F 4 2k 45 4 6k (44  JE £ o1 fn E A0 A 4
FH R m R ERHNRAR, TERERDZEELZER MR T EEWRARE,
BBB#Lth I E R EE P HIRE—H, RAF—LaEMEWS FADBRFANFMAEF, L—
BEEZWERMT (WwEXR) GUHEN, $EFFFREREH AN xxiiil,. X—FEL
BfR T — L E gL yeE R Y AN, BBBH B ZEH T MY AR IE, EALXAMBLUE
FHEE, NTTRERALATRENEARE, STEFFRHAERETELEERSERE
EHAEMFEN ., BBBEZ R BN, HEFHMZI A, FATHEIABBBAL TR (K
EZ, REFT) BHH#EHEH, RELFEMAEFILNER, X— FEZWLAEKY,
Bt [ 25 7 ¥ 2 4 3% W BBB X £ 1E . BBBRL A —HEN 16|, —FEXHEEB THHEAT
REEZNTE, YHETRERENTEREERCHAR, ATRERLAEEZN S, T
W, Br—FE, CNEHAR L ERERERT EANRE, By eliE K% #2400
AT R FEN A [xxiv, xxv]. B TET4% T MEBBBI s fnh AL, ARAR—EL
FHEST AR —FE, BRAEA R KHMKBBB N F B E FEER A2 5 £H %
B, MEEFREERANKHATETFRE AN, ARERXFIEF, WAKLE L
. K& REH RBBBxxvil. 4% & LWBBBAF 4, ALy FABBBHY & FILAE F
REEZWER, EAAMTHNEERAIFE “MES” —DHAZ @A AR E* N AW
KB —EEANREH® [xxviile
2 FERHFPMBREE G20 Major facilitator superfamily domain containing
2A, Mfsd2a)

Mfsd2a= "B 5Lsh = R H FRER KRN — R R, UEi#IA by E—4 “IW
LIz HF7 , AF12 a e B IX 24 (Transmembrane domains , TMDs) B 8% A 4L
AZRR, BN a-BREDEHITHAEERE A MATNTMs [xxviii, xxix], Mfsd2a
LT ARG e 1p34, #RHMfsd2ask BT RALEK4D2. 2, H7EET LA 454K
F, Mfsd2aZm L # ik — A 59 kDarIMFSD2AMS & &, H&FFMH I EREA T AR mE W & 4
B eb,  EAE KR P 4R MR kB R E 4 MR 78, 845 [24] . E BTIESZH W AMMfsd2E
B fi: Mfsd2afiMfsd2b, X FNE G FF| sl 5 a5 &M fE mitis &g R HEA
fil, Mfsd2a# K 14.3 kb, H14M4NE FAI3AA A F, TiMEsd2bE H @ 13442 F 212
NA A F Mfsd2a/tl & — AMMFsd2bi® B B9 F H —— W & F9. XA 4 44 AR Ut &
BAMfsd2afaMfsd2biE F— ML EI L £ FH . ERFH R LN 5 2 o e 4w
Mfsd2b 6], 84944 & EK B BIMfsd2ary & & B (XAXH 59%AE L Fn42% ey 48 [&], 1B % F A=
A EMFsd2a & A 8% & A [l #y; i it dfMfsd2a / bF /LN TEHE (BEAKERW
REEMAMATE) BNa + /% _HEF @45 (melibiose symporter MelB)
[xxx, xxxi, xxxii] AT R I, H 5 AR B WRFTE M AMATE 2 218 AT%R43% 64 7 IR
M, T M sd2a)F 7 Fn E GBI AT R B, XA E GRS 5 T Nat/ MelBFn H A8 % 40
BB KA iEE A/ B, XkPAMsd2ar 2 T ERH#AEFEBRGEH—IMRR,
a4 AMFsd2a, LAX Al TMfsd2b [xxxiiil.
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HRE L MFIEHA Mfsd2a ELE N F M L, Mfsd2a & £ H L FIK [xxxiv] F &
B T A48 & fE A 4H 22 (brown adipose tissue BAT) W & kik, Mfsd2a 7 BAT Fu ff A
F LR RIA T AL, REHETHERILE N Oam FFH6AF EF, 12am 3£ 5| T T, 4
R E MR TRE, ERALTRESSA, KA Msd2a B —MERFTENKRFNRILE
Ko Mfsd2a K A7/ BAT W ARER, AR NEL BAR F5REEH. HRKA
Mfsd2a fE& S MEF=# (RIS AK) BT X EZEEEA, I Msd2a 2 EEWNE 7
HHWERE, ENENEK, THHE, BERABFTEREERELEEZNEMN xxxv], 4
ILEIILEREF R LT ATE, KRBT A ZE, Mfsd2a 522 EH RKMEFHE—FH
o

B RAEE Mfsd2a KX F ARGV xxxvi E] EH £ 5| £W TN ET A <, thF ot 5 %E
MAEFITH [xxxviil LR A KR H M @68 % [xxxviii, xxxix],Mfsd2a EAFHE R A
BAFREL, BEAE&RANERTRZENMNAME T ERAN, £ RHEZ Mfsd2a BA K
K FFRE RS EH, BEH < X R AWE R Gh#E[E48% [x1]. Nguyen %F1ESE Mfsd2a £ 4 LPC-
DHA ¥ #% 2| 9 #F B8 ;T /N et , 7% DHA 838 /9 % 40 i 2 18 0 Tjs 3k B K X 9 % 40 Ly 77 —
B DHA E KRN F BV B AR 2 R0, W A7 # DHA 2B I MM A BB T 28 5 AW E
4fE. 4N, Ben—Zvi %L KB, MEsd2a 1% P J 40 fE B9 ¥ B 4% 35, 3X b 5 B 45 A 35 M & o
¥ P& AR IE [x1i]. Nguyen A7 Ben—Zvi 2 #F1E 52 Mfsd2a 75 A B A & 40 fE P k35 7+
EWESLRATEB FENMEENAE[24, x1iil,

2. 1Mfsd2a#BBBX F Ay RE  — M EEREE F

BBB E A BEEFFRME ARG TR ABERAEAEEZWNANFEN, IHEE
WEMTUGRFMAR>ZEERZER DR FEEYFRARE, EXT UMY 7 @
BT E NI ERIEE, FAEL 98%H /N TF 2 4 100%H A 4 T 259 B A fk
# T REE 3T BBB. UH A B 1% iR A Emx — FE[7], &7 F#& BBB, A% HKAE
TR R #1= BBB AR R TAE# W & Bk Tjs b, HMBLET LA RH N REH
FZ 8. Ben-Zvi & Z I Mfsd2a P& T FAZE KENE M REEBINSE: BE
# 5 {E A (transcytosis) [x1iiil, X — B F — By R EH 4TI FEH
M, AR ¥ KSR, % 7 BBB Z 24 [xliv]. R A%RHE
FIRA XN R PEAENRFERE T — A Mfsd2a & FH, H7[ 482 R % BBB #
M B F . Ben—Zvi % % ¥ Mfsd2a 7 BBB X B e R P I — AN EEWEEE F.
7R B Rk Mfsd2a~/-F/ NP 2T A iR, X7 68 & %5 40 fe 89 /N i 35 B & 38w By
ERA—ANER[24] . Mfsd2a REFR AL FH—MIGFIE F. XEE —A 582 ¥ DL H|
A ENSF, CHART —HFW TR Mt — Rk Ay th 5] P AR
ARG, 7 Ben—Zvi BT A X FHAE N BOE D & E RSB AE RGN B R
P, WEARTREDNRARBDEN MEE, wRFINRADRFERE AT K, £
RIEGAEMMEN, NKFBB BHRk. XEFMAIE 5T BB HEWH A F. X
AR A M BBB “HHRT TR A RBEERE LM EEE AN ME F [xIv], EREHKDE
AN, RIIHEM, MELEEANBTOREF2SHOEAR, RADERE, 8LLHA M
MIE2 BT BBB Tk B sk R LR BB & [x1vi, x1viil. AT S5 H T T U#HFX
B %, FRA R ERE LR ES T A (x1viiil. Ben—Zvi % € #7 o i F# 37 89 28
ESHEAERKAATRME T ARAIENE, ELAEMAE R F 342+ BBB A E A, [F A #
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% 7 BBB E/NBANF R B RS 15.5 K, AR A R#EREE %k B4 A % Fo i i &
A F AR, FRERRZZRE G, W& H T Mfsd2a £ F [24],

BT AKMEA Mfsd2a, & AR T BT C 7GR 7 a6 5 E A fe 4% 5 Bt R 37 B
BBB, MM — A HE N RET R ERLEEEREGNER. R, &
THRAREK BBB B JLHMERK RS —&, &5 Mfsd2a H 7 fEEHF E & 489
¥ 5% BBB, &M /R%ERR KIE [x1ix]. MLEHMEREMAE (ALS) [1]F % 2 HEEAE
—RWER. X—HAEXANTRETHEEECERANE RIS, Bl EME
MEsk B H B, FltANEEZEY BB X8, BEN THEF Ay EE
o FEAEEZNE

W #EIE 52 Mfsd2a fixy i1 & BMEC = 9 FF B 1/E A, Ben—Zvi & LIESL T Mfsd2a i 4 fif &
FZHFEN, XHANBETHEARELRSGE. HH, EHLhEF BBB WHEAESY
(BHEAR) HEFTX—FEH., FARARKLH Msd2a—/-1/NR, BBB &K £ MtlF. #
TTHREEMMNEEERERNMEABRM L, W0 EFEREMILET ABKHN L TR
W, REXETHEAMEFHWREHEIROGEETHRME T, XI T Mfsd2a £ 1
e R FEENENTRE T AL, F (12N ER AL T Mfsd2al24] . %
RMMNFLTHMERMBEAYEFRT W EEBHH 20111, #E 8 BBB WM A E A5
Fili P % 48 B AR B A AR A B9 E13. 5 Bl |k 3A, T AE Mfsd2a & H B % | BBB By 347 & MR
fig 15.5 B k4, AL AWIBBB k2% 0 Bl? B 4 fE 42 Mf'sd2a 8 1= BBB Y AL %l 48
BFTH-THHAR.

2. 2 Mfsd2a=DHA¥E \BBBH = E % 4k

DHA (Z -+ Z 8 NJEBR) & —F omega—3 K4t % 4@ F0 fE fiF 8% (LCPUFA) , DHA IE%#
AR AMA B N EEEZ R AN LI], EARNTYHNEERANFE,
B KAy “MES” , KT AN—E7E % DHA 2 4o 1 A il % e 1
A TE-FT A B K E F AR A B (Duke-NUS) By David Silver L EEFEEH T #i2& G
Mfsd2a, IESZ T Mfsd2a & omega—3 AE /5B DHA i B R ke = Eizd [ ¥, Mfsd2a R
7€ BBB Y F &k 3A, Mfsd2a # 4| B B9/ U DHA ACFREK. wE TH 2R D . My
AANFagh e A K. X — RN A BT AA12E — 5 2 #% DHA B9 (E Al HL%l. R A 24 DHA ixX
b Ag P BR 2 M A 21 RE FRVA L #k Ag B AR AR (1ysophosphatidylcholine LPC) , 7 & LPC—
DHA B9 R, &, Mfsd2a 7 k4% ¥ L/ % DHA[25] .

it F R R E M E S E R LR, MR E RSN ERE RS o % &
& ARG, T DHA IERAG KN, WE RS F 0 W E M4 A5 . AINHT 60%2 b 4614
MR, P A4 EREEHBE AM FIDHA, TAIAMBNAK LT, e m &l H
EFEEWNERALIII]. FEMN¥F L Lauritzen %7 % T K4 % 70 fo g %
(LCPUFA) ShmAnil M & B 7458 45 1, LCPUFA o 20 A FE = fig B BR B9 21%-36%.
MAHL T, wmfl N E S DHA M a E L H &, A AR T+ 8 50%—60%4 f5 K,
H A 35%& LCPUFA. R K145, DHA X BWA LA KRS » HFIR A AR A A
N R EEEZNIHEELiv,1v],

% E A ¥ XK Michael A Crawford WAF R B, FEREH REAIE, BRI Z 8 &40
JUR RS AEKEERY, MREBEHNET TR TEEHNE RAERRL,
TIEL AL TR, iz DHA N R AR FHARAM. RE DHA X A
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M oh e A g, E K B A B T ER B9 AL — AR AN [1vi, 1viil. David Silver 7FIA
Jytm 5 G845 18 B DHA 2\ KB AL, B ATHL ¥ DUF| Al 32X — 15 R (R 3 v W i R ok
B, FRERBAEFRAIA . 8 LR HFIEIELHZ Mfsd2a 3535 F 89 /N R A M
EEA/N1/3, R NREATEeEI 6, TEERAEEATHER. B,
RARKZAXENFHF S, 1CIFAT e, SR 6= DHA B/ NRIEF KM,
JEIE5E Mfsd2a—/~/N R B9 # 6 = DHA. F B AP A F Mfsd2a #1509 & LPC LF VS H 1
DHA, X—XHEFEE, AHNIPCRFEMFELAFN—F#E, aATFEETAE
S, TEAM—HANLPC 4 A H, TERECNERNEAER1viiil.
WATH AR TR A ANTREET — A% DHA 822 R E I gbeb skt ¥ A, FMEx Y
Mfsd2a = f& LA R 2 gk 45 A K I3 BU DHA B9 = 3842, W #1589 DHA F 4 T LPC Wtk
FHAF[25]. AT LI LR B AT E A S0 DHA A& &4+, 1548 DHA R 3
AR KF T REE R R AT . X T RE LK B BT A R 3R AR R 4% DHA B9 B )Lk L AR
=P

2.3 B TBBB, Mfsd2a® £ 57 At G (Wmie& FREA - NERRE) MK
o
Toufaily CHERB I ARAEMEAERE KU EEFE ST RHBERTTHR, X
Mfsd2a&Syncytin-289 %4, MFSD2a%k & 7 f& T 40 i i fu 20 R FE _F, & & 15 5 #9BeWo
20 FEL i Bk A [B] B LA4R & MESD2a ki & 34, BX H MFSD2a¥t % BeWo 40 R BN Bt A5 ™ B T
o BT 6 S BMFSD2a K 14 & B T8 (IR, 3% B0 B4 34 X FEMFSD2a0 77 & @ &0 fif 3 2 R Y
EEM[lix]. WSl Liang FIEKGOMI & — A3 Syncytin2An 2 5 RMFSD2A K [ ¥ #% 5
BB A RIA AEE S, GOML B T BE ESyneytin2 ZE R AW EN EF AE R EEEE
J [1x]. 7 A6 & FMFSD2A 7 4 — /M Z ARERVFRD-1 / syncytin—2%0 5% B F E @4
MESD2ATE B 42 48 jo % 75 2 ¥ A~ W 0y 18 33 Bk A 38 7818 20 B 7 B Y 7 A B AR 77 B E
MFSD2ATE AR Rk 7 B & & & ik [1xil. SDBBBEY I &E & B AH X BIMFSD2AR B, &
AL R P B B = R A R, R B EAAVO— BRI B L BB B 52 5, X R BAAAVO 4, 2 i
HEEAKRZ T n-WNERER[1xiil,

3 Mfsd2a 7 #0424 4 38 3 oo I AL ) An ok 9 B AL &R

3.1 fENZTHBAERMWKESR (tunicamycin TM) 2 —F KAWZETIAE R, 2 N4
SEAEA, TERIMREOREARE TR SR KRN A K, SETIHE T A
WL, WaRbEEZS, WETARRATEZaELENEm. A ™™ R B a ¥

PLB| A2 A 5T I R A7 e gk E B9 & & OB K RL . MFSD2A 1E /-5 TM HE el A& i, 4
W8 MFSD2A & H 4 T™M Tt 24, 17 MFSD2A & &3k 69 48 fg U = 3 & & SRk, Rl Bt o] DA 7
R PR R BR RL . MFSD2A A& A B TM % 38 20 e FE S A LR 2 3 &, BE4% R 3 TM #12
B\ PP M R R (1xiii, Ixiv]. MFSD2A E G R E i A E WM Z KA ZFTH —FiE
E, HAMETENEER T T BB AR AT BN (A A RLARFETIE AN

4 R H P 2 Bl — TR R o — M) L B2 A E R T A RS i — B9 Mfsd2a (3
i i ) X 2T RE R R AT HY .
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3.2 W EYAFH#r (Linkage disequilibrium LD) 247, R A RIRE —PMHEK 5
ERIEHLRER X, RARBMAT 1 SLEM4E p3d, #E—4 106 kb 89 LD By X 35, X &
4% MYCL1 . TRIT1(tRNA-isopentenyl transferase 1) 8 MFSD2A, I E.iESL T
MFSD2A 2 — b 357 AU i 8 400 4] 25 [ 77 DAV %7 40 A 2] S0 A 2 R B (v, 1xvil, FEIBRF7EZ
X $5 B 1 = M4 & #£ B MYCL1 . TRIT1 0 MFSD2A B9 % A M A B2 A 4, 5 B & £ m A%
Flg KRFEREAR, XHRFHTERENGIEFMIGEHRTN (Ixviil. £ R+ E
ZAEEE LRI B E (WA ER/ N E N F ), T e W R
B ¥e FE AR [1xviii, I1xix], B30 T Ben—Zvi % % 3L T A A & 40 M B9 % 3k Mfsd2a Bk
TERMMWGEA[24], BEETH THYNEIREXREE, IAXFIEERAE B
BT FREmBEAMEREATAMRE (18], MFSD2A £ ik AP & + B9 BUR ALH| & FUa ta il
W EEFTH - THENHAR,

4 RE

Nature FI# A XTI B X Es G — 6 XL —4#, EE T Mfsd2a £ DHA 4017 i 1T 4
A ¥ BEAE AT TE O\ i 40 B Fr 30 ) 95 PR 4% 02 P B W E R AL AL . Mfsd2a g BB R AT AR X &
R EFEE, B R H 8 %% F M BBB, B LANEHHEHFt: Mfsd2a 40T
TN E A AR D0 R H AL L R 8] B W B R R e Bk &= DHA
SHUHERE R R Z W B LB R X —F #. I AE 240 DHA 3 if Mfsd2a % (R
)\ HBMEC, 18 DHA #nf £ K o K £ et — P B i &£ /& . /£ A+ DHA B4 7] &k
EREREMAH R ERTHRESNETEZNIER, #— PR Msfd2a BIR %
SO BT ik 2 o H i 5] B AR vk . B BT AR X Mfsd2a 4 F 32 M A S0 E T 4% MFSD2A B A=
b fopldl, DLK MFSD2A EWE RAMER (BERE. Mg, MARRERKIE
S ZRATHERER) FREFNE ZTUE LB N EEH FTH - SRR RILE,
HEHTHE: £EHAETARSTE R2INS083967, B R G % £ 4 Z T H (20140937006) , # &
ERFHFE A TUE 81370740, 7 & W A2 1T X No. 201221039 Fnir & o T A AHL & Bt X
No. 2014-41,

EZBFRAXRARABNBAET: THE, IENEWHEZGREFRAZHFR,
Mfsd2a 2 B BT 3 1k — AN st o o] DLA0 ) B i 4 70 % 40 B BS B B R S5 5 B 40 F, TR B
TR ZDHA (Z 2B %) A M- REBH T EZK, XOKE| 5 Mfsd2a IR
B3, FElRH % Mfsd2a WERFAREANMEAE, AXWEREE B TREEARN
B2 5 E SRR A R 3R
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