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Literatures Review

Researches on concepts ontology:
¢ What’s the concept?——mental representation (Robert W. Howard,1987)
¢ The category of concepts? ——matter, process, mental state (Chi,1992)

¢ The representation of concepts——label/words/terms, statements/
proposition, meaning

¢ Uses of concepts

Researches about concepts learning:

¢ Constructivism

¢ Concept change model (Posner G.J., et al, 1082)

¢ Incompatibility (Chi, 1992)

¢ Meta-conceptual Awareness (Vosniadou, 1998) & Meta-cognition (Flavel, 1979)
¢ Dual Situated Learning Model (Hsiao-Ching.She,2003)
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Literatures Review

Concept chains:

¢ concept-sorting strategy, key ideas, declarative sentences, stepping stones
(Janet Machin, Janet Varleys, Peter Loxley, 2004)

Concept Chain of Key Ideas for Light
®Light is given out by very hot objects, called sources.
®The Sun is very hot and gives out light.
® A light bulb gives out light because the filament is very hot.
®Light travels in straight lines away from a source.
®Light passes through some materials---these materials are said
to be transparent.

® Some materials block (absorb) light.




Literatures Review

Concept Chain of Key Ideas for Light
® Some materials block (absorb) light. ]
®When materials block (absorb) light they get warmer.
® Materials which block light are called opaque.
®When objects block light they can create shadows.
® A shadow is due to the absence of light.
®Darkness is due to the absence of light.

® Shadows are formed because light travels in straight lines

and does not bend around an object. ~

Figure. An exemplar concept chain



Literatures Review

Evaluation of students' understanding of concepts

A. Portfolio (Orland-Barak,2005)
B. Concept Mapping (Novak & Muson Si:%; ; oPig
C. IAI & IAE (quote from a secondary s Cow
D. Two-Tier Diagnostic Test (Treagus oHorse
E. Graphic method (Sacit Kése,, 2008) Dog
Animal® <! :
F. Free-sort task (Robert, 1987) Mammal© ORabbit
G. Multi-dimensional scaling (Rips, 1¢ ©Deer
oMouse
OBear Cato

oLion
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Literatures Review
Research of Concepts about“Photosynthesis”

The importance of learning concepts of “photosynthesis”.(Eisen,Y. and Stavy,R.
1988)

Harvard graduates were shown a seed and a log and asked where most of
the mass of the log came from. The most common responses were that it

came from the soil or that it came from the water.(Harvard-Smithsonian Center
for Astrophysics. 1995. )

Energy Transformation Food (Anderson. Sheldon & Dubay,

(Wangyan, 2006) 1990; Simpson & Arnold, 1985)

Plant Nutrition (Bell & Brook, 1984; Roth &
/ Anderson, 1987; Anderson et al., 1990)

Photosynthesis
~—— Materials Transformation and
/ \ Cycle (Smith & Anderson, 1986)
Respiration Organism and Chemical System (Simth &

(Lin, 2003 ; Kbse, 2008) Anderson, 1986
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Rationale

Scientific Literacy —> Less is more —» 10e€ significance of related
concepts about photosynthesis

(14 / e )
Photosynthesis

Using concept chains to teach conceptions
e =

Gap between
ontology of Meta-

concepts & cognition
students’ cognition

Based on Create Connection
learner’s pre- cognitive between
conceptions conflict concepts

— T

constructivism concept change model _
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Research Questions

I . What the label “photosynthesis” represents?

1. What the meaning of the label “photosynthesis” contain?
2. What's the relationship of these concepts related to photosynthesis?

II. What are students' current understandings of photosynthesis?
For example, in Beijing.

1. What are students' common and different pre-conceptions of
photosynthesis between china mainland and other countries/districts?

2. What should we focus on when we design teaching plan of photosynthesis
based on these common and different pre-conceptions?

Ill. What teachers know about students pre-conceptions about
“photosynthesis”?

1. Whether teachers know students' pre-concepts about photosynthesis?
2. What concepts need to construct when we want students' change their
pre-concepts?
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Research Questions

IV. What’s the effect of using concept chains to design teaching plan?

1. What concept chains should be based on the analysis of concepts
ontology and curriculum standards?

2. What's the gap between concepts ontology and students current
cognition?

3. What learning situation should be designed based on these gaps?
4. Whether teaching behaviors conform to the teaching plan?

5. Whether students who learn photosynthesis through concept
chains change their pre-conceptions compared with control group?
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Experts
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Research design

Sample, tools, methodology

I . What the label “photosynthesis” represents?

1. What the meaning of the label “photosynthesis” contain?
2. What's the relationship of these concepts related to photosynthesis?

tools : experts’ interview outlines based on literature review, using
concept chains to represent experts idea about the connection
among concepts.

sample : curriculum standards of china mainland and other
countries/districts, our biology textbooks, related literatures and
thesis, 3 experts.

method : literature research, interview
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Research design

Sample, tools, methodology

II. What are students' current understandings of photosynthesis?
For example, in Beijing.
1. What are students' common and different pre-conceptions of
photosynthesis between china mainland and other countries/districts?
2. What should we focus on when we design teaching plan of photosynthesis
based on these common and different pre-conceptions?

tools :
1. two-tier diagnose test : design test about photosynthesis concepts.

2. students’ interview outline: based on literature research and experts’
interview, match with the two-tier diagnose test.

sample : about 150 G10-11 students in Beijing.
method : questionnaire, interview, compare study.
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Research design
Sample, tools, methodology

Ill. What teachers know about students pre-conceptions about
“photosynthesis”?

1. Whether teachers know students' pre-concepts about photosynthesis?
2. What concepts need to construct when we want students' change their
pre-concepts?

tools :

1. Remove the second tier of two-tiers test, ask teachers which is the
possible answer from students and why?

2. Interview teachers about what concepts need to construct concepts
of photosynthesis?

sample : biology teachers in senior high school

method : questionnaire and interview
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Research design
Sample, tools, methodology

IV. What’s the effect of using concept chains to design teaching plan?

1. What concept chains should be based on the analysis of concepts
ontology and curriculum standards?

2. What's the gap between concepts ontology and students current
cognition?

3. What learning situation should be designed based on these gaps?
4. Whether teaching behaviors conform to the teaching plan?

5. Whether students who learn photosynthesis through concept
chains change their pre-conceptions compared with control group?

Tools : 1. two-tier test as pre- and post- assessment and interview

2. Teaching behavior record by video, analysis the correspondence
between teaching behavior and design

sample : 2 senior high school bio-teachers in Beijing, two
experiment classes, two control classes

method : intervene, questionnaires, behavior observation & analysis
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"Two-tier diagnose test about photosynthesis” design

literature analysis

l
design content and structure of questionnaire
l
1th edition <€ design questionnaire
l
expert scrutinize | content validity
l
2th odition € revise questionnaire
l
pilot test
l
item analysis
! back
3th edition <€ revise questionnaire
l
formal trial test
l

final edition € reliability analysis | internal consistency reliability
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