

APENDIX A

RESULTS

Table 1: School A learners’ performance 
	SCOOL A

	T1 COMPARISON GROUP
Conventional teaching
	T2 EXPERIMENTAL GROUP
Robotics and concept-based approach

	NAMES
	PRE-TEST %
	POST-TEST %
	NAMES
	PRE-TEST %
	POST-TEST %

	L1
	32
	72
	ZAK
	32
	32

	PR
	72
	42
	LEN
	26
	74

	TH
	42
	36
	MIN
	36
	64

	ka
	60
	44
	THO
	34
	60

	KU
	32
	56
	PONT
	54
	76

	NT
	62
	56
	pale
	22
	28

	TID
	42
	52
	AMO
	38
	42

	ika
	34
	46
	NTS
	20
	30

	TS
	56
	28
	kha
	40
	44

	PER
	32
	42
	NAL
	38
	48

	TSH
	42
	50
	mzw
	14
	42

	khau
	40
	30
	bafa
	40
	74

	KHOT
	36
	70
	BASI
	14
	60

	TSH
	46
	46
	nondu
	44
	26

	ONI
	54
	34
	IKH
	40
	48

	TH
	50
	62
	elvi
	44
	72

	kam
	36
	54
	jaf
	40
	26

	AM
	52
	36
	BO
	34
	76

	keleb
	38
	46
	L2
	32
	74

	BA
	46
	50
	ZAN
	48
	46



Table 2: School B learners’ performance 
	SCHOOL B

	T3 COMPARISON GROUP
Conventional teaching
	T4 EXPERIMENTAL GROUP
Robotics and concept-based approach

	NAMES
	PRE-TEST %
	POST-TEST %
	NAMES
	PRE-TEST %
	POST-TEST %

	TEB
	40
	30
	prec
	36
	64

	MA
	56
	54
	LE
	34
	38

	mots
	50
	36
	SIY
	34
	54

	BOK
	44
	50
	ofen
	20
	26

	TSH
	58
	38
	Reb
	54
	52

	PREC
	34
	34
	lese
	36
	56

	MIN
	44
	40
	LE
	46
	40

	L3
	16
	44
	L4
	28
	78

	KHE
	30
	44
	MA
	54
	36

	amog
	30
	20
	LEB
	16
	42

	ONT
	58
	50
	TEB
	30
	82

	SIB
	26
	42
	MAS
	28
	44

	MA
	66
	38
	SIYA
	26
	52

	KG
	42
	30
	BON
	50
	34

	CH
	40
	70
	OMP
	26
	42

	ros
	22
	30
	LUV
	46
	28

	tume
	32
	34
	tsho
	30
	54

	TEB
	30
	18
	BUSI
	30
	48

	ann
	30
	42
	TH
	34
	48

	BL
	40
	44
	GL
	36
	64





Table 3: School A and B mean scores 
	SCHOOL A
	SCHOOL B

	Comparison Group (T1)
Pre-test: Mean=23.5, Standard Deviation=7.42
Post-test: Mean=24.5, Standard Deviation=9.73

Experimental Group (T2)
Pre-test: Mean=19.9, Standard Deviation=5.17
Post-test: Mean=27.5, Standard Deviation=9.33
	Comparison Group (T3)
Pre-test: Mean=20.7, Standard Deviation=6.09
Post-test: Mean=20.6, Standard Deviation=7.10

Experimental Group (T4)
Pre-test: Mean=180, Standard Deviation=6.05
Post-test: Mean=24.6, Standard Deviation=8.81







Table 4: Synthesis of individual learners’ knowledge representations of chemistry concepts.
	LEARNER ACHIEVEMENT
	LEARNER KNOWLEDGE REPRESENTATIONS FOR POST-TEST & PRE-TEST
	LEVELS OF LEARNERS KNOWLEDGE REPRESENTATIONS
	FINDINGS

	
L1 (higher)-Taught by T1
Conventional teaching and learning
	
PRE-TEST (32%)

Is the physical particles that consist of two or more element 
Pots and pans are made up of metal because they will manage to handle heat conductors while hands are made up of plastic is because heat is not transferred to the handle
Boiling point-to heat that is from liquid to solid (insufficiently).
The temperature remains constant between 20 and 25 minutes is because the melting point takes place and the temperature increases from solid substance to liquid substance over a periodic of time.
Isotopes-is the energy required to remove an atoms from a gaseous phase.
Ionisation energy-is the energy that is required to electrons of an atom in the solid phase.
The general trend in ionisation energy is that it increases from left to right and it also decreases in atomic number.
The drop of ionisation energy from neon (Ne) to sodium (Na) is the number of valence electron is decreases and the neon has the high atomic number while sodium has low number of atomic number.
Chemical change- the chemical reaction react from the pure substance
Physical change-the chemical reaction changes during phases 
During physical or chemical process, sum of mass of products is equal to mass of constants
 
Because it may not react on each other and they can react on an open system 
106,9×109,1=11662×79× 

POST-TEST (72%)

Pure substance-is a substance that does not have mixture inside it or chemicals inside such as water plants or fruits.
Because if the handles were made of metal the heat from the stove was going to attract the handles and people were gonna burn their arms and which is not safe or good, so the wood or plastic handles are safe to touch
Boiling point-is the heating curve that the temperature increases the heat from the lighter and the water starts to boil and increase temperature when time increases.
Like sometimes when the time increase the temperature stays the same and it depends on how the heat is heating but some-times when the temperature increase the time stays the same. Sometimes when the time increase the temperature decreases.
Isotopes-is the different forms of substances that discovered that atoms of the same elements can occur in different forms.
Ionisation energy-the energy removes the element energy to atomic mass energy 
 
Because the gas reacts when the system is being opened and mass can not be able to apply 
109,1×50% 















	Surface Learning
Focusing on memorizing isolated facts and information, without understanding their underlying principles and connections.  -Memorizing chemical formulas, properties, and equations without comprehending the underlying concepts, such as the periodic table, stoichiometry, or intermolecular forces.


	
In the pre-test, the learner's responses indicate a focus on memorizing isolated facts without fully understanding the underlying principles. For example, they define boiling point as "the heating curve that the temperature increases from a lighter and the water starts to boil," without providing a comprehensive explanation of the concept.

	
	
	Ineffective Deep Learning
Attempting to connect new information with existing knowledge superficially, without grasping the meaning and significance of the subject matter.  -Superficially relating chemical concepts, such as balancing chemical equations, without understanding the underlying principles of conservation of mass and the law of definite proportions.
	The learner struggles to connect new information with existing knowledge and lacks a deep understanding of the subject matter. For example, they define isotopes as "the different forms of substances that discovered that atoms of the same elements can occur in different forms," without fully grasping the meaning or significance of isotopes.

	
	
	Quantitative Deep Learning
Focusing on the quantitative aspects of the information and linking various parts of the subject matter together, but may lack in-depth understanding.  -Applying mathematical calculations in chemistry, such as stoichiometric calculations and determining molar ratios, without a complete grasp of the qualitative aspects of chemical reactions.
	
The learner demonstrates some understanding of quantitative aspects, such as calculating the molar mass correctly in the pre-test. However, their understanding may be limited to performing calculations rather than fully comprehending the underlying concepts.

	
	
	Qualitative Deep Learning
Striving to understand the relationships and meanings among different parts of the information, aiming for a thorough comprehension of the subject matter.         - Developing a deep understanding of chemical principles, such as the relationship between molecular structure and reactivity, or the role of functional groups in organic reactions.
	There is limited evidence of qualitative deep learning, as the learner does not provide comprehensive explanations or demonstrate a deep understanding of the qualitative aspects of the subject matter.

	
	
	Understanding as Perspectives
Recognizing that knowledge can be subjective, varying based on different viewpoints or perspectives.  -Exploring diverse theories and models in chemistry, such as different interpretations of chemical bonding (e.g., Lewis, VSEPR, or molecular orbital theory) and understanding how these perspectives influence chemical explanations.
	There is no evidence of understanding as perspectives in the given responses. The learner's knowledge representation appears to be focused more on isolated facts and calculations rather than considering different viewpoints or interpretations..

	
	
	Meta-learning
Viewing learning as a process and consciously developing personal learning strategies.-Implementing effective study techniques and strategies specific to chemistry, like creating concept maps, practicing problem-solving, utilizing laboratory experiments, and seeking additional resources for deeper understanding.
	There is no explicit mention of meta-learning skills or strategies in the given responses.

	L2 (higher)-Taught by T2
Robotics and concept-based approach
	
PRE-TEST (32%)
A substance that can either be a compound or an element
Because metals are good conductors of heat and wood and plastic are not.
Temperature at which a liquid phase changes into gas phase due to being subjected to increase heat.
The measurement of atomic mass  
It is an increasing row from 1-18
Ne has the lowest ionisation energy and Na has the lowest Ionisation energy 
Covalent bond because Ammonia molecule is a metal and metal fall into covalent
Physical change is the rearrangement of particles and chemical change is the transformation of substance into products
Because the sum of the substance is always equal 
 
Because law of conservation of mass applies when elements combine in the same
 

POST-TEST (74%)
A substance that does not consist of any mixture or other elements but itself 
It is because so that the handles would not reach the same temperature as the pot for us people to hold 
The point where water changes from liquid to gas that is the boiling point 
The forces of attraction are getting weaker as the temperature increases. That sis why the temperature does not increase between 20-25 minutes.
The term isotope means number of electrons in a element.
The sudden change of electrons in a element.
The trend in oonisation is that the elements lose electrons as the graph continues 
Sodium has less molar mass than sodium nitrate therefore the scale drops to a more lower level 
The type of bond is covalent bond because it is the mixture between two organic compounds 
Physical change- the change of an object due to its appearance like metal slowly turning to rust 
Chemical change- the change in formation of atoms on elements in a particular substance 
Because gas does not react the same way as a organic compound
 
Because gas has mass and can occupy space
 

	Surface Learning
	
In the pre-test, the learner's responses indicate a focus on memorizing isolated facts without understanding the underlying principles. For example, they define the boiling point as "the temperature at which a liquid phase changes into a gas phase due to being subjected to increased heat," without fully explaining the concept.

	
	
	Ineffective Deep Learning
	The learner struggles to connect new information with existing knowledge and lacks a comprehensive understanding of the subject matter. For instance, they define a physical change as "the rearrangement of particles" and a chemical change as "the transformation of a substance into products" without fully grasping the significance or context of these changes.

	
	
	Quantitative Deep Learning
	The learner demonstrates some understanding of quantitative aspects, such as knowing that Ne has the lowest ionization energy and Na has the lowest molar mass. They can apply formulas and equations, calculating the molar mass correctly in the pre-test.


	
	
	Qualitative Deep Learning
	There is limited evidence of qualitative deep learning, as the learner does not provide comprehensive explanations or demonstrate a deep understanding of the qualitative aspects of the subject matter.


	
	
	Understanding as Perspectives
	No evidence

	
	
	Meta-learning
	There is no explicit mention of meta-learning skills or strategies in the given responses.

	
L3 (higher)-Taught by T3
Conventional teaching and learning
	
PRE-TEST (16%)

Substace that react to other substance very fast 
So that when they are hot humans can easily hold them because they are sensitive to heat and they can easily get burnt
A point where a liquid has reached the maximum point of heat and it has become very hot 
Because when a liquid reaches a point where it is experiencing heat it remains constant because it has reach a new phase where its going to change into both liquid and chemical meaning steam
Looking for the element that has the most ioning energy.
They all have an electronegativity on their right hand sides
It means from Ne the energy has a higher intermolecular and to Na it has a lesser intermolecular 
Chemical changes is when you cant see something react to the other and physical change is when to things reacting to each other with people looking at it.
Because chemical reactions happen when they cant be seen.
 
Because the sum of the substance is always equal
 

POST-TEST (44%)

A substance that can be mixed up and returned to their natural being. 
Because metals are good conductors of heat and the handles will make simple for one to be heated up easily.
The temperature at which liquids turn into gas 
He temperature remains constant because this is the particular time whereby the liquid starts to boil and the form gas
The energy at which the compound have after bonding together
The general trend is that the atomic numbers and masses increase going from left to right 
The atomic number decreases from Neon (Ne) to sodium (Na)
Covalent bond because the molecules of an ammonia bonds with a large amount of atoms molecules coming from other elements.
Chemical change occurs when the reactants are in a chemical reaction and cant be touched or seen.
Physical change is a method of separating or even combining things.
 



	Surface Learning
	In the pre-test, learner 3 demonstrates surface learning by focusing on memorizing isolated facts without fully understanding the underlying principles. For example, they define boiling point as "the heating curve that the temperature increases from a lighter and the water starts to boil," without providing a comprehensive explanation of the concept.

	
	
	Ineffective Deep Learning
	Learner 3 struggles to connect new information with existing knowledge and lacks a deep understanding of the subject matter. For example, they define isotopes as "the different forms of substances that discovered that atoms of the same elements can occur in different forms," without fully grasping the meaning or significance of isotopes.

	
	
	Quantitative Deep Learning
	Learner 3 demonstrates some understanding of quantitative aspects, such as calculating the molar mass correctly in the pre-test. However, their understanding may be limited to performing calculations rather than fully comprehending the underlying concepts.


	
	
	Qualitative Deep Learning
	There is limited evidence of qualitative deep learning, as learner 3 does not provide comprehensive explanations or demonstrate a deep understanding of the qualitative aspects of the subject matter. They struggle to explain concepts beyond the superficial level.

	
	
	Understanding as Perspectives
	There is no evidence of understanding as perspectives in the given responses. Learner 3's knowledge representation appears to be focused more on isolated facts and calculations rather than considering different viewpoints or interpretations.

	
	
	Meta-learning

	There is no explicit mention of meta-learning skills or strategies in the given responses.

	
L4 (higher)-Taught by T4
Robotics and concept-based approach 
	
PRE-TEST (28%)
Pure substance the change of matter in boiling or melting point 
Because metals are good conductors of electricity wood and plastic are used as handles because they are not good conductors of electricity 
The change in which liquid changes into gas 
The forces of attraction are weak. Solid becomes liquid 
Elements with the same atomic number but different nucleus number 
The energy needed to remove an electron from an gaseous phase 
Decrease and increase in ionisation energy
Covalent bond 
Chemical happends when two or more atoms together and physical change happends when you separate them 
Because gas has mass and can occupy space 
 
Because during the law of conservation of mass compounds should be balanced on both left and right
 

POST-TEST (78%)
Pure substance-is the physical particles that consist of one type of atom and that cannot be broken down into simpler substances
Pots and pans are made up of metal because they will manage to conduct heat. They are good conductor of heat while handles are made up of plastic because they are bad conductor of heat, they are insulators
Boiling point-the temperature at which the vapour pressure of the substance equals the atmospheric pressure of heat
The effect of increasing the temperature on the solid substance over a period time and the experimental is an heating curve.
Isotopes-atoms of the same element having the same number of protons, but different number of neutrons
Ionisation energy-the energy needed per mole to remove an electron from an atom in the gaseous phase.
It dropped because energy goes from left to right across on the periodic table
Covalent bond because it involves the sharing of electrons 
Chemical change-it when you change water and salt and it is dissolved. 
Physical change –when it changes to nitrogen gas by distillation.
Because it may not recat on each other and they can react on an open system
 
During physical or chemical process, sum of mass of products is equal to mass of constants
 


	Surface Learning
	In the pre-test, learner 4 demonstrates some elements of surface learning by focusing on memorization and definitions without fully understanding the underlying principles. For example, they define boiling point as "the change in which liquid changes into gas" without providing a comprehensive explanation of the concept.

	
	
	Ineffective Deep Learning
	Learner 4 also shows some ineffective deep learning approaches in the pre-test, struggling to connect new information with existing knowledge and lacking a deep understanding of the subject matter. They provide simplistic definitions and explanations without fully grasping the underlying principles or significance of the concepts. However, in the post test, the learner display advancement in connecting basic definition with description of scientific concepts.

	
	
	Quantitative Deep Learning
	Learner 4 demonstrates some understanding of quantitative aspects, as shown in their calculations for molar ratios and percentage composition. However, their understanding may be focused on the calculations themselves rather than deeply comprehending the qualitative aspects related to chemical reactions.

	
	
	Qualitative Deep Learning
	There is limited evidence of qualitative deep learning, as learner 4 does not provide comprehensive explanations or demonstrate a deep understanding of the qualitative aspects of the subject matter. Their responses tend to focus more on basic definitions and calculations rather than the broader concepts and relationships.

	
	
	Understanding as Perspectives
	There is no evidence of understanding as perspectives in the given responses. Learner 4's knowledge representation appears to be centered around connecting facts and definitions by considering different viewpoints or interpretations. For example, the learner was able to link the concept of heat transfer/energy transfer to explain how pots are made of metals and handles are made up of plastic.


	
	
	Meta-learning

	There is no explicit mention of meta-learning skills or strategies in the given responses.
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