APPENDICES
Appendix I: Lesson Plan Format
Lesson Plan Format for Integrated 9E LCM and TMRLM

 Lesson Plan 

Teacher’s name: _____________ School ____________________ 

Subject ________________ Date of lesson ______________ Time ________ 

Grade _____ Unit _______Title _______________________________ 

Lesson topic _____________________

 Sub- Topic  _____________________

Lesson Objectives 

At the end of this session students will be able to:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

	9E LCM Phases
	TMRLM Levels
	Guiding questions / concepts
	Materials needed
	Teacher Activities 
	Students’ activities
	Time

	 Elicit
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Engagement
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Exploration
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Explanation
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Echo
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Elaboration
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Evaluation
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	Emend
	Macroscopic
	
	
	
	
	

	
	Microscopic
	
	
	
	
	

	
	Symbolic 
	
	
	
	
	

	
	Human
	
	
	
	
	

	 E-search
	
	
	
	
	
	


Appendix II: 9E Learning Cycle and Mahaffy’s Tetrahedral Representation Model Lesson Plan for Introduction to Hydrocarbons (Unit 6)

Lesson Plan 1: 

Grade: 10
Subject: Chemistry
Unit: 6.1 Introduction to Hydrocarbons

Time Allocation: 90 minutes

Pedagogical Models: 9E Learning Cycle & Mahaffy’s Tetrahedral Representation Model

Objectives:

By the end of this lesson, students will be able to:

· Define organic chemistry and organic compounds.

· discuss the historical development of organic chemistry;

 Materials:

· Whiteboard and markers

· Projector and computer

· Molecular model kits or clay/balls and sticks

· Handouts with discussion questions and text from the textbook

· Pictures or samples of common organic compounds (e.g., sugar, starch, vegetable oil, plastic, fuel)

· Videos or animations about organic compounds and hydrocarbons 

Overall Rationale
This plan integrates the 9E Learning Cycle (a constructivist model promoting deep conceptual understanding) with Mahaffy’s Tetrahedral Model (emphasizing learning chemistry through four representational levels: Macroscopic, Submicroscopic, Symbolic, and Human Element). This dual approach makes abstract hydrocarbon concepts tangible, relevant, and multidimensional for students.

Assessment Ideas

· Formative: Think-Pair-Share on the question: "What is the most important hydrocarbon in your life? Why?"

· Summative: Short written reflection: "In 100 words, explain why hydrocarbons are essential to modern society, but also pose challenges."

· Project: Design a poster showing the four representations of methane (macroscopic: natural gas flame; submicroscopic: 3D model; symbolic: CH4; human element: use in cooking).
	9E Phase
	Teacher Activities (Integrating Tetrahedral Levels)
	Student Activities
	Tetrahedral Integration Focus

	Elicit & Engage
	Macro/Human: Displays the "What's the Link?" tray (apple, plastic, fuel pic, medicine). Poses the driving question. Symbolic: Writes "C" and "H" largely on the board as a clue.
	Brainstorm. Hypothesize the link is "Carbon" or "Carbon and Hydrogen."
	Links Macroscopic phenomena to initial Symbolic clues, engaging the Human context of everyday life.

	Explore
	Macro/Submicro: Provides samples (wax, alcohol) and model kits. Task: "Find which sample is a pure hydrocarbon. Use the models to prove it at the molecular level."
	Test solubility in water (macro). Build models of water (H2O) and methane (CH4) to compare elements present (submicro).
	Juxtaposes Macroscopic property testing with Submicroscopic modeling to discover defining criteria.

	Explain & Echo
	Submicro/Symbolic: Formally defines hydrocarbons using student models. Demonstrates drawing structural formulas for C1-C4 alkanes on the board. Echo: "Tell your partner the difference between CH4 and CH3OH using the models."
	Draw along. Explain to a peer using both terms ("It has an O atom, so it's not a hydrocarbon") and pointing to models.
	Solidifies the connection between the Submicroscopic structure and its Symbolic representation.

	Elaborate
	Human Element Focus: Facilitates a Jigsaw Activity on the textbook's "Human Element" paragraphs.
Group 1: Hydrocarbons as Fuels (Energy & Economy).
Group 2: Hydrocarbons in Daily Products (Soaps, Materials).
Group 3: Natural Products & Medicine.
Group 4: The Dark Side: Addiction & Doping (using the provided text).
	Become "experts" on one context, then reform into mixed groups to teach each other. Discuss the overarching question: "Are hydrocarbons and organic compounds mostly beneficial or harmful to society?"
	Deepens learning by exploring the Human Element in multiple contexts, directly from the textbook. Requires synthesis of all other levels (e.g., fuel is Macro, its combustion is Symbolic).

	Evaluate
	Integrated Assessment:
1. (Symbolic/Submicro) Identify hydrocarbons from a list of formulas and draw one structure.
2. (Macro/Human) "A news article mentions 'natural gas discovery' and 'stimulant plant abuse.' In one paragraph, explain how both relate to hydrocarbon chemistry."
	Complete both tasks. The paragraph must connect the molecular definition to real-world instances.
	Assesses competency across multiple representations, requiring students to weave together Symbolic knowledge with Macro/Human implications.

	Emend
	Provides feedback, particularly on confusing natural (plant-based) organic compounds with the stricter chemical definition of hydrocarbons. Clarifies with examples.
	Correct their paragraph based on feedback.
	Ensures accurate integration of concepts across all levels.

	E-search
	Assignment: "Choose one item from our initial engagement tray. Research and create a brief poster showing its connection to hydrocarbons at all four levels: Macro (what is it?), Submicro (basic molecular sketch), Symbolic (formula if possible), and Human (its benefit or risk to society)."
	Conduct research and synthesize information into a multi-representational product.
	Culminating activity that explicitly requires demonstrating understanding through all four vertices of Mahaffy's tetrahedron within a 9E inquiry cycle.


6.1.1 History of Organic Chemistry

	9E Phase
	Teacher Activities (Integrating Tetrahedral Levels)
	Student Activities
	Tetrahedral Integration Focus

	Elicit & Engage
	Human/Macro: Poses the historical question: "200 years ago, scientists thought compounds from living things were special and couldn't be made in a lab. Why might they think that? Show a urea sample." Symbolic: Writes "Vital Force?" and the urea formula on board.
	Brainstorm reasons for Vitalism (e.g., complexity of living things). Examine the urea sample.
	Connects Human beliefs (Vitalism) to a Macroscopic substance, introducing Symbolic representation.

	Explore
	Submicro/Symbolic/Macro: Jigsaw Activity:
Group A (The Vitalists): Uses historical texts to argue for Vitalism, describing organic compounds from living sources (Human/Macro).
Group B (The Experimenters): Models the NH4OCN → Urea reaction with kits and analyzes the formula equation (Submicro/Symbolic).
	Groups become experts in their perspective. Experimenter group physically models the atomic rearrangement, proving no new atoms are needed.
	Juxtaposes the Human historical perspective with the Submicroscopic/Symbolic evidence that debunked it. Macro samples provide context.

	Explain & Echo
	Submicro/Symbolic/Human: Synthesizes group findings. Uses the students' models to explain Wöhler's breakthrough. Presents the modern definition (based on carbon, not source) and introduces catenation as the key property, showing carbon chains (Submicro). Echo: "Turn and talk: How did a molecular rearrangement change a scientific field?"
	Present findings. Explain to a partner the link between the molecular event (rearrangement) and the paradigm shift (end of Vitalism).
	Solidifies the causal chain: Submicroscopic event → Symbolic record → Human impact on scientific theory.

	Elaborate
	All Levels Synthesis: "From Paradigm Shift to Modern World."
1. (Submicro) Use models to build a short polymer chain (e.g., polyethylene) from ethene units.
2. (Human/Macro) Connect this ability to the text's mention of "polymers... helpful to society." Discuss the explosion from 1 compound (urea) to 50+ million.
	Build a polymer chain, visualizing catenation. Brainstorm a list of 5 modern synthetic organic materials and their societal impacts (medicine, clothing, etc.).
	Applies the historical breakthrough's consequence: mastery of carbon (Submicro) leads to macroscopic products that define modern life (Macro/Human).

	Evaluate
	Integrated Assessment:
1. (Symbolic/Submicro) Draw simple diagrams showing the rearrangement of atoms from NH4OCN to Urea.
2. (Human/Conceptual) "Write a paragraph explaining how the discovery of catenation helps explain why carbon, not another element, became the foundation of a major field of chemistry after Wöhler."
	Complete both tasks. The paragraph must connect the historical shift (source→composition) to the chemical property (catenation).
	Assesses the integrated understanding: the Symbolic/Submicro evidence and the Human/Conceptual significance of carbon's properties.

	Emend
	Reviews diagrams and paragraphs. Corrects any lingering Vitalism ideas or confusion between "synthesis of compounds" and "creation of life." Re-emphasizes catenation as a physical/chemical property, not a mystical force.
	Refine their work based on feedback. Ask final clarifying questions.
	Ensures clean conceptual separation between pre-scientific (Human) belief and modern chemical (Submicro/Symbolic) understanding.

	E-search
	Assignment: "Create a two-part timeline. Part 1 (Past): Detail Wöhler's experiment (use words, formulas, and a simple atomic diagram). Part 2 (Future): Based on the concept of catenation, propose one new organic compound or material you think chemists might create to solve a future problem (e.g., in medicine, environment, technology)."
	Research and creatively apply the concept of catenation. The product must include both historical accuracy and speculative future application.
	Culminating task requiring Symbolic and Submicro representation of history and a Human-centered, forward-looking application of the core chemical principle.


Appendix III: Consent Letter to School Principal 
Subject: Request for Permission to Conduct Educational Research

Dear Principal, 

I am writing to respectfully request your permission to conduct a research study at your school as part of the requirements for my PhD in Chemistry Education at Addis Ababa  University. My research study entitled: “The Effectiveness of an Integrated 9E Learning Cycle and Tetrahedral Representation Model on Students' Motivation and Attitude Toward Hydrocarbons”. It has received ethical clearance from the Addis Ababa University Institutional Review Board (IRB), Approval Number: CEBS_IERC_SMED_001/2024).
The intervention will be delivered to one intact Grade 10 class during their regular chemistry periods over seven consecutive weeks, covering Chapter Six: Hydrocarbons. Then, data will be collected through a pre-test and a post-test, administered one week before and after the intervention, respectively. This is a purely academic study designed to improve students' motivation and attitude. It poses no risk, harm, or cost to the school, teachers, or students. All data will remain confidential and used solely for research purposes. If you have any concerns, inquiries are welcome at any time.

Thank you in advance for considering this request.

Yours faithfully,

Fsaha Tesfamicael
I hereby authorize this study to take place in one randomly selected class at the school.

Principal's Signature: ___________________________

Name : ___________________________

Date: ___________________________
Appendix IV: Consent Letter for the Chemistry Teacher

Dear Teacher,

You are invited to participate as the teacher-facilitator for an instructional intervention within my PhD research in Chemistry Education at Addis Ababa University. Your role involves implementing a newly developed pedagogical model, and I respectfully request your consent for this collaboration. The study is entitled: “The Effectiveness of an Integrated 9E Learning Cycle and Tetrahedral Representation Model on Students' Motivation and Attitude Toward Hydrocarbons”. This research aims to investigate the effectiveness of a newly developed teaching model on students' motivation and attitude towards hydrocarbons chemistry learning.

Your primary role and responsibilities would be to implement as a teacher a seven-week teaching intervention on hydrocarbons during your regular chemistry classes scheduled for hydrocarbon chemistry. This involves developing and delivering lessons plane using the provided model and researcher guideline, supporting the researcher in administering pre- and post-tests, and allowing for classroom observation with minimal disruption. Your participation is also entirely voluntary and you may withdraw at any time without penalty or any impact on your professional standing. Moreover, your identity and all data will be kept strictly confidential for academic and research purposes only. For any ethical concerns, you may contact the Addis Ababa University IRB.  If you have any concerns, inquiries are welcome at any time.

Thank you in advance for your consent and cooperation.
Yours faithfully,

Fsaha Tesfamicael
By signing below, I confirm my voluntary agreement to facilitate this teaching intervention.

Signature of Teacher: _________________________

Name of Teacher: _________________________

Date: _________________________
Appendix V: Consent Letter to the Participant

Dear participant,

I am writing to respectfully request your consent to participate in my PhD research study in Chemistry Education at Addis Ababa University. The study is entitled: “The Effectiveness of an Integrated 9E Learning Cycle and Tetrahedral Representation Model on Students' Motivation and Attitude Toward Hydrocarbons”. This research aims to investigate the effectiveness of a newly developed teaching model on students' motivation and attitude toward hydrocarbon chemistry learning. 
You will learn the Hydrocarbons chapter using a specially designed teaching model over seven weeks during your regular chemistry periods scheduled for this chapter. There will be a pre-test and post-test administered one week before and after the intervention, respectively.  All data collected from you will be kept strictly confidential and used solely for research purposes. This study will not cause you any risk, harm, or expense. Instead, it is designed to improve your knowledge, comprehension, and skills. 

You have the right to discontinue your participation at any stage of the study. If you have any concerns, inquiries are welcome at any time.

Thank you in advance for your consent and cooperation.

Yours faithfully,

Fsaha Tesfamicael
By signing below, I confirm that I have read the above information provided and understood the purpose of the study. I hereby give my full consent to participate in this study by my own free will.
	No.
	Name 
	Signature 
	Date

	
	
	
	

	
	
	
	

	
	
	
	


Appendix VI: Consent Letter for the Parent/Guardian of a Minor Participant

Dear Parent/Guardian,

I am writing to respectfully request your consent for your child, who has been invited to participate in my PhD research study in Chemistry Education at Addis Ababa University. The study is entitled: “The Effectiveness of an Integrated 9E Learning Cycle and Tetrahedral Representation Model on Students' Motivation and Attitude Toward Hydrocarbons”. This research aims to investigate the effectiveness of a newly developed teaching model on students' motivation and attitude toward hydrocarbon chemistry learning. Your child will learn the hydrocarbons chapter using a specially designed teaching model over seven weeks during their regular chemistry periods scheduled for this chapter. Then your child will complete tests and may be invited to participate in voluntary interviews and questionnaires twice: once before the intervention (lessons)  begin (pre-test) and once after intervention  (post-test). 

There are no anticipated physical, psychological, or social risks beyond those encountered in normal classroom learning. Instead, participation may enhance your child’s understanding, knowledge, motivation and attitude in hydrocarbon chemistry. Moreover, your child’s identity will be kept strictly confidential. All data will be also anonymized, using a code number instead of a name and used solely for academic and research purposes. Participation is entirely voluntary. You may refuse consent, or your kid’s may choose not to participate, without any penalty or effect on their academic standing. You or your child may withdraw from the study at any time, for any reason. If you have any concerns, inquiries are welcome at any time.

Thank you in advance for your consent and cooperation.

Yours faithfully,

Fsaha Tesfamicael
I confirm that I have read the above information and understood the purpose of the study. I voluntarily agree for my child to participate in this research study.

Name of Parent/Guardian: _________________________

Name of child (Participant): ________________________

Signature of Parent/Guardian: _______________________Date: ___________________

Signature of child (Participant): _____________________Date: ___________________
Appendix VII. Consent Agreement to Publish

Dear participant,

I am writing to respectfully request your consent to publish data collected during my PhD research study in Chemistry Education at Addis Ababa University, entitled: “The Effectiveness of an Integrated 9E Learning Cycle and Tetrahedral Representation Model on Students' Motivation and Attitude Toward Hydrocarbons”.  This research aims to investigate the effectiveness of a newly developed synergetic teaching model on students' learning outcomes and affective domains in hydrocarbon chemistry learning.

Your anonymized data may be published in peer-reviewed international journals, conference proceedings, book chapters, academic reports, scholarly citations, and the principal investigator's doctoral dissertation. Your real name, school name, and photograph will never be disclosed; all data will be represented exclusively by anonymized codes, with access limited to the research team (principal researcher and my advisors).

Your data in this publication will no risk, harms, or expense to you. You retain the right to review your anonymized responses, request data removal, and withdraw consent at any time prior to manuscript submission for publication without penalty, upon request. For any concerns or inquiries, please contact the principal investigator at any time.

Thank you in advance for your consent and cooperation.

Yours faithfully,

Fsaha Tesfamicael___________________

Signature_____________________________

Date​​​________________________________

By signing below, I confirm that I have read the above information provided and understood the purpose of the study publication. I understand that once the manuscript has been submitted, accepted and published, withdrawal of consent may no longer be possible.I hereby give my full consent to publish my anonymized data in this study by my own free will.

	No.
	Name 
	Signature 
	Date

	
	
	
	

	
	
	
	

	
	
	
	


Appendix VIII. Ethical Clearance Certificate 
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OF EDUCATION AND BEHAVIORAL STULTES
ADDIS ABABA UNIVERSITY

CEBS's INSTITUTIONAL REVIEW BOARD (1R13)

Ethical Approval Certifieate

Graduate program students

cot

Form: CEBS_IRC_SMED_Template_Form_001

IRC Approval Reference No. CEBS_IERC_SMED_001/2024

To: Fsaha T/Michael .
Principal Investigator: Learning Hydrocarbons Through 9E Leaming Cycle Model with
Multiple Representation Leaming Strategies.

Advisor(s): Dr Woldie Belachew and Dr Tesfaye Demisse .

From: Dr. Abera Abate
Department of Science and Mathematics Education (SMED), Head)

Re: Approval of a Research Ethics

Addutional ntes (If any) 10 the PI
SMED has established that this rosearch fulfitd aaiiical requ

Sheger city secondary schools \

Protocol Titie PhD Dissertation Project (Learning Hydrocarbons Through oF |
Leaming Cycle Model with Multiple Representation Leamning |
Strategies). |

Protocol Number CEBS_IERGC_SMED_001/2024 |

|

Principal Investigator Fsaha T/Michael |

institute Department of Science and Mathematics Education

Study Site(s) Sheger City Secondary Schools

Decision Al othical standards are found 1o be mei_ Hence. the SVED
Ethical Review Committee has approved this research project

Date the approval was | February 14, 2024

issued

Expiry of this approved | February 13, 2026

centificate (Not excooding

2 yaars)

Remark:

Signature:

Date:

Data collection will be conducted in Sheger city Secondary Schools

Signature:

Date:





Appendix IX. Permission Letters from AAU to High Schools
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Addis Ababa University
College of Education and Behavioral Studies
Department of Science and Mathematics Education

Addis Ababa, Ethiopia

Date: February 08,2024
Ref. No.: SMED/10§4/2016-24

To:

Subject:- Support

As part of the PhD studies, Mr. Fsaha Tesfamichal has selected your Secondary School as one
of his research sites. Accordingly, he will be taking a number of engagements such as data
collection through various approaches. Hence, our Department would like your School to

support him in executing his doctoral studies through the provisions. We would like to thank

in advance for the support rendered.

-
‘@ 01112207 67 176






