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Introduction



Student self-construction 
representations

Has not been widely utilised 
and extended to secondary 

science.

How the student RCA could be effectively implemented in 
secondary schools, particularly in chemistry?

Introduction

My PhD research 

led to the development of problem-
solving skills that could be applied in 
new contexts (Prain & Tytler, 2012).



Aim

Describe issues associated with the implementation of 
representational activities underpinning the RCA in 
classroom practices.



q Representation construction affordances framework (Prain & 
Tytler, 2012). 

q Semiotic processes: students recognize and know how to use science-
specific material and symbolic tools to interpret/explain phenomena.

q Epistemic level: students use a broad range of material and symbolic 
practices for undertaking and communicating science inquiry.

q Epistemological activity: students construct and negotiate their own 
representations to establish meaning to explain how and why this 
representation construction work supports quality student learning. 

The RCA framework helps to explore why representational construction 
within a guided inquiry framework offers particular affordances for student 
learning of both the concepts of science and of scientific knowledge building 
practices (Prain & Tytler, 2012). 

Theoretical frameworks 



q Three levels of chemical representation (Johnstone, 1991)

Macro
(Real)

Symbolics (Representations)

Sub-micro interactions are unobservable directly

Representations are crucial to the development 
of chemistry understanding 

Theoretical frameworks 



Research methodology
q Ethnographic design based research

Ø Involve a trial and refinement process.

Ø Design workshop.

Ø Collaboratively and progressively work with teacher to design the 

representational activities: practical, hands on and  online activities.

q Multiple data generation sources

Ø Qualitative data: video capture and students’ artefacts, classroom 

observations, student and teacher interviews, questionnaires, and 

focus group discussions.

Ø Quantitative data: students’ pre-, post- tests and closed-ended 

questions in the survey questionnaires. 



q Participants
Ø 4 secondary schools, Melbourne, Victoria. 

ØFour chemistry teachers and four classes of these teachers.

q Data generation
Ø Video capture: Teachers' teaching practices and student discussions 

and interactions with the teachers and each other.

Ø The researcher observations: Note the class sequences, activities 

and the teacher and student behaviours.

Ø Students’ artefacts: models, diagrams, and pictures etc.

Research methodology



1-The role of scaffolding and students’ prior knowledge in student 
learning with representations.

2-The strategies to overcome time constraints when implementing 
the student representation construction approach (RCA) in 
classroom.

3- The potential of developing the student RCA for senior 
secondary students learning “dilution of solution” and “acid 
strength/concentration” concepts.

Findings



Findings
Ø The role of students’ prior knowledge
ü In chemistry solution

• Everyday experience helps students to learning the dilution concept.

• Students were able to use their everyday language to develop a 
glossary of chemistry terminologies from their everyday 
language/experience.
o E.g. Students built up a glossary of commonly used terminologies such as  

“dilution”, “cordial dilution”, “concentration” etc.

• Students were able to develop particle thinking/understanding from 
the observed phenomenon.
o E.g. Student represented the dilution concept at particle level based on the 

“colour gradient of food dye”.



Two student responses to a challenge to represent the dilution concept at 
sub-microscopic level.

Ø The role of students’ prior knowledge  
Activity: PRACTICAL EXPERIMENT – DILUTION OF SOLUTION

Findings



Findings
Ø The role of students’ prior knowledge
ü In acid strength/concentration

• Students have misconception due to lack of experience about acid in 
their everyday lives.
o The “strong and weak acid” makes me confused because I could 

not see the change and the difference between these solutions. 
(Year 10 student interview)

• Limitation of “particle thinking” in learning acid strength and 
concentration:

o Students usually see the concrete, macro level then chemistry is 
a challenge for them.  Some of them just focus on practical work 
when learning chemistry concepts. (Teacher interview)



Findings
Ø The role of teacher’s scaffolding  

ü The need of scaffolding in year 10 class

• More scaffolding for year 10 students to learn chemistry 
solution and acid concepts (compare to Year 11 chemistry)
o Year 11 text books break topics into logical topic areas and 

learning objectives that provide a framework for teaching and 
learning.

o Year 10 students have a problem in manipulating/applying the 
parameters of mathematical formula on concentration calculation.

• Students who have mathematical problems mainly focus on 
solving problem in maths rather than focus on the application of 
maths as symbolic representations to explain chemistry 
phenomena.
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Ø The role of teacher’s scaffolding 
Ø Activity : CROSS AND PORTION DRAWING - MOLAR CONCENTRATION

Findings



Year 10 students linked the diagram with 
the traditional calculation 

Ø The role of teacher’s scaffolding  
CROSS AND PORTION DRAWING - MOLAR CONCENTRATION-YEAR 10

Findings

ü Year 10 students struggled to match up the 2 systems:
§ Symbolic system of mole per litre and 
§ Visual representations (drawings)

ü The problems:
• Students represent (manipulate/apply) the parameters of mathematical 

formula on concentration calculation.
• Students align visual represenations with the mathematical formulation.



Year 11 student response to a challenge to represent 
the molar concentration concept.

Ø The role of teacher’s scaffolding 
CROSS AND PORTION DRAWING - MOLAR CONCENTRATION- YEAR 11

Findings

v Year 11 students used 
visual representations 
(drawings) to link to 
mathematics.



Findings
Ø The role of teacher’s scaffolding 

ü Scaffolding strategies:

• “Semiotic scafolding”: scaffold techniques and thinking skills or  the 
way students engage with new information, techniques/skills in using 
representations.

o Explicit discussion of representations: focus on scaffolding 
representational function and form, with timely clarification of parts 
and their purposes.

o “Semiotic processes: students recognize and know how to use 
science-specific material and symbolic tools to interpret/explain 
phenomena” (Representation construction affordances framework, 
Prain & Tytler, 2012).



Findings
Ø The role of teacher’s scaffolding 
ü Scaffolding strategies:

• Explicitly discussing representations: scaffold student 
discussion to aim at student self-assessment as a shared 
classroom process.

• Teacher coordinated/aligned the dilution concept with the 
canonical representation (dilution equation V1C1 = C2V2) 

• Teacher scaffolded students’ discussion about the 
relationships between parameters of this equation.



Findings
Ø Strategies to overcome the time constraints 
ü Comment and note the previous lesson and applied on the next 

lesson.

ü Provide more “semiotic” scaffolding or technical instruction:
• Help students operate the representational tools.

ü “Include more “expert’s (teacher’s) representations in lesson 
sequence. 
• Meet the time constraint but the lesson is still based on “inquiry 

learning”.
• Example of a lesson sequence (dilution concept):

o Teacher demonstrates  the colour gradient of solution using in using practical 
experiment.

o Teacher draws a diagram on board using cross and portion to represent the 
molar concentration.

o Teacher then provided a representation challenge in which students use “cross 
and portion” to solve problem in molar concentration.



Findings
Ø The potential of developing the student RCA (solution and acid 

topics) for senior chemistry 
ü Meaningful learning background for year 11 and 12 chemistry.

ü Dilution prac/activity leads to the conceptual understanding of the Mole 
concepts for year 11. e.g. The Mole concepts will be used in stochiometry 
topic in year 11.

ü Representation is a helpful tool to teach and learn definitions of 
chemistry concept (dilution, concentration). Questions about definition 
come up quite often in SAC exams.

ü Application of dilution topic on volumetric analysis in year 12:
o Year 12 can use the dilution concept to learn volumetric analysis, 

such as Acid titration process

Learning dilution/concentration and Acid concentration/strength with the 
student RCA in year 10 provides foundation knowlege for senior chemistry 
learning.




