

How Do Candles Work? A Lesson on Observation

Concept Statement: 
	· Observations are what the senses take in regarding the world around the person.  Observations can either be qualitative or quantitative, but all observations are rich in description and accurate in word/number usage.  Observations are used to formulate new questions, hypotheses, and theories regarding the phenomenon being observed.
· Observations are a critical component of science.  Without observations, science cannot test hypotheses/models, formulate new questions for study, or draw accurate conclusions.  Michael Faraday made significant contributions to the fields of chemistry, physics, and materials science that have resulted in much of the technology that exists today.
· Much of Michael Faraday’s work has resulted in development of materials and technologies that we use today such as electric motors, cathode ray tubes, and catalytic converters.  His discovery of various organic compounds have led to further syntheses of other organic compounds.



Sources of Lesson:  
Faraday, M. (1850). The chemical history of a candle. Hoboken, N.J: BiblioBytes. (reprint in 1990).
Rao, C. N. R. (1991). Current Science 61(12) p 787-789. Reproduced in Resonance (2002) p 2-5.
Walker, M., Groger, M., Schluter, K. (2008). J Chem Ed 85(1), p 59-62.

List of appropriate TEKS: (19 TAC §112.35)
	TEKS #
	Student Expectation

	2(E)
	The student uses scientific methods to solve investigative questions. The student is expected to:
plan and implement investigative procedures, including asking questions, formulating testable hypotheses, and selecting equipment and technology, including graphing calculators, computers and probes, sufficient scientific glassware such as beakers, Erlenmeyer flasks, pipettes, graduated cylinders, volumetric flasks, safety goggles, and burettes, electronic balances, and an adequate supply of consumable chemicals;

	2(F)
	collect data and make measurements with accuracy and precision;

	2(H)
	organize, analyze, evaluate, make inferences, and predict trends from data;

	3(A)
	Scientific processes. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions within and outside the classroom. The student is expected to:
in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the student;


	3(F)
	research and describe the history of chemistry and contributions of scientists.





	
	Objectives

	Evaluation Questions 

	1

	Students will be able to write qualitative and/or quantitative observations about a candle before, during, and after it burns.
	What happens when a candle burns?  Describe the process in 3-5 complete sentences using good descriptive terms.



	2

	Students will be able to write inquisitive questions about a candle before, during, and after it burns.
	What was one of your questions about the candle during the lab activity?  Can it be answered through further observation or experimentation?  Why/why not?

	3

	Students will be able to describe the importance of careful observations in scientific work.
	Describe the importance of careful observation in science.  What are the results of doing sloppy or careless observations?


	4
	Students will be able to describe the significance and impact of Michael Faraday’s work on modern science.
	How important is Michael Faraday to modern science?  Explain using at least one example to support your reasoning.




Resources, Materials, Handouts, and Equipment List:  
	ITEM
	Quantity
	Source
	Who is this for?

	Safety goggles
	One pair per student; one pair for teacher
	Lab supplies
	Student and teacher

	Birthday candles
	One per student
	Grocery store or general store
	students

	Play dough (support for candle)
	2-3 cans per class
	General store
	Students

	Book of matches
	One per pair of students
	Grocery store or general store
	students

	Glass beakers of various sizes ranging from 400 mL to 1 L
	5-10
	Lab supplies
	students

	50 mL and 100 mL graduated cylinders
	5-10
	Lab supplies
	students

	250 mL Erlenmeyer flasks
	4-5
	Lab supplies
	students

	Triple beam or electronic balances
	4-5
	Lab supplies
	Students

	Metric rulers
	One per student
	Lab supplies
	Students

	Stop watches
	One per student
	Lab supplies
	Students

	Litmus paper – red and blue
	2-3 vials of each
	Lab supplies
	Students

	Alcohol thermometer
	5-10
	Lab supplies
	students

	PowerPoint, computer, and projector
	1
	Classroom
	teacher

	Computer or tablet with internet access (if not doing the Elaborate for HW)
	One per student
	Classroom or school media resources
	students




Safety: 
· Students will be working with fire in this activity.  All books and extraneous papers must be kept out of the lab area.  Long hair must be tied back.  Goggles are required for this activity.  Instruct students on how to quickly put out fires by smothering with a large glass beaker and know exactly where fire extinguishers are located so you can put your hands on one quickly in case a fire gets out of control.
· Matches should be used properly.  They are lit by striking away from the body and are used long enough to light the candle.  Blown out matches should be doused with a bit of water before throwing away.  
· Warn students about playing with materials in the lab.  The play dough is used solely for supporting the candle.  The candle will produce melted wax that is hot enough to produce a first degree burn on skin.  All glassware and other lab equipment will be treated as tools not as toys.  Goofing around and pranking on others will result in removal from lab and a phone call home to their parent.
· If a student breaks glassware, they should report it immediately to the teacher.  The teacher will aid in cleaning up the glassware, and broken glass will be disposed of in an appropriate glass disposal receptacle.
Advanced Preparations:
· Prepare the lab area by setting out the glassware, stopwatches, thermometers, rulers, and litmus paper in a central location for students.  Place balances around the lab area so that students can easily move to a balance to make measurements as needed.  Students will make observations but will not be directed as to what kind of quantitative or qualitative observations.
· Make sure goggles are sanitized and locations of fire extinguishers are known.
· Put class agenda and objectives on board.  Have PowerPoint ready to go and displayed.  Draw a sample empty data table on the board.

PowerPoint (Embed as Object here): 

	Objective Statement:  The goal of this lesson is to practice making careful observations and asking good, testable questions using a simple object – a candle.  In addition, you will learn about the scientist who studied candles and used them to teach science to common folks.  This scientist also had a profound impact on current science and technology that we take for granted today.

	ENGAGE                                                                                                                                      Time:  5 minutes

	What the Teacher Will Do 
	Probing/Eliciting Questions and Students Responses
	What the Students Will Do

	1.  State goal for lesson and objectives for lesson.
2. Ask question “How do candles work?”  Give students at least 20 seconds to silently think about their answer and allow them to jot down a few notes.  Do not accept any answers before the 20 seconds are up.
3. After the 20 seconds are up, call on students for their answers.  Allow for some discussion and clarify responses as needed.
4. After student responses have been exhausted, tell students they will now practice observation skills using a candle.  They will observe a candle before, during, and after it burns and record their observations in a table.  Tell them they will make a combination of qualitative and quantitative observations.  Then, ask questions about observations.
	· How do candles work? (initial question)

During discussion:
· _____, do you agree with what ____ said?  Why/why not?
· _____, can you add to what ____ said? 
· Are there other things that we haven’t thought of?
After discussion of the burning of a candle, ask the following review/intro questions:
1. What is an observation? (something your senses perceive and your brain processes to help make decisions about the world around  you)
2. What is a qualitative observation?
(an observation that involves verbal description of the phenomena/object and includes good, rich use of adjectives and adverbs)
3. What is a quantitative observation? (an observation that involves numbers with units obtained by measuring with an instrument such as a ruler or balance)
	1.  Students attentively listen to teacher’s statement of objectives.
2.  Students silently think about how a candle works for at least 20 seconds.  Some may write down thoughts.
3. Students raise their hands to answer, wait patiently and quietly for the teacher to call on them, and listen to their classmates’ responses being prepared to add to the discussion when called upon by the teacher.
4. Students provide clear, cogent responses to teacher’s request for answers with minimal filler words.



	EXPLORATION	Time:    30 Minutes

	What the Teacher Will Do 
	Probing/Eliciting Questions and Student Responses
	What the Students Will Do

	1.  Put slide up on screen with lab instructions on it:  “Observe a candle before it’s lit, while it’s burning, and after it’s blown out.  Make careful observations being alert to observing aspects of the burning that you have not observed before.  Record your observations in the table as well as any questions that arise in your mind while you are making the observations.”  Tell them they are required to make at least 10 observations before burning, at least 10 observations during burning, and at least 10 observations after burning.  Tell them they are also required to write at least 5 questions throughout the activity.
2. State safety issues and precautions that must be taken (see Safety notes above).
3. Tell students they will work individually to make the observations but will share glassware and other lab materials.  
4. Have students set up a data table with a column for observations and a column for questions on a piece of notebook paper.  Students must show their table before being dismissed to the lab.
5. Have a student helper give each student a birthday candle and a small piece of play dough.  Instruct students to use the play dough as a support base for the candle.
6. Give them 20 minutes to complete the activity.  Each student must throw away used matches and candles into trash can.  Used play dough can be collected and used again.  All glassware must be cleaned and returned to the location when students are finished with the activity.
7. Students who finish early and have cleaned up their lab space can sit down at their desk and begin classifying their observations as qualitative or quantitative.
8. During the last 10 minutes, tell remaining students to stop making observations and clean up their lab space.  Then, they should sit down and classify their observations as quantitative or qualitative.

	Potential questions to ask during the activity (NOTE:  This is very much a hands-off activity by the teacher.  Give guidance only in terms of proper use of balances or stop watches.):
1)  What else do you notice about ___?
2) What questions are coming to mind as you observe this candle?
	1.  Listen to teacher’s instructions regarding the activity and safety.
2. Build a data table on a sheet of notebook paper.  Obtain and properly wear goggles. 
3. Set up and observe the candle before, during, and after it is lit.  Use measuring tools appropriately.  Write down accurate observations (30 minimum, total) and questions using good descriptive adjectives, adverbs, nouns, and verbs.  Quantitative observations have numbers reported accurately with correct units of measure and what the measurement is (e.g. – length of candle is 5.4 cm)
4. After making observations, lab space is cleaned up, trash thrown away in trash can, and materials are returned.  Students return quietly to their desk to classify their observations as qualitative or quantitative.



	EXPLANATION	Time:    20 Minutes

	What the Teacher Will Do 
	Probing/Eliciting Questions and Student Responses
	What the Students Will Do

	1)  Obtain class’ attention, then pose a series of questions about the candle and its flame.  Accept answers that are reasonable and based entirely on the evidence gathered in the activity.  Invite other students to add to, or disagree with responses based on their own observations.  This discussion should be no longer than 10 minutes.


2)  Transition to a short discussion about observations.  Write down definitions of observation and inference on board after asking questions.
3) Transition to a brief lecture about Michael Faraday – his life story, scientific work, and famous lectures on the candle.
	1) Questions about the candle (on powerpoint):
· What does a candle flame look like?
· What happens to the candle over time?
· What does a candle produce when it’s burning?  How do you know?
· What does a candle need to keep it burning?
· What actually burns in a candle flame?
· What happened to the wax at the top of the candle: what was it like? What did it do?
· Where does the candle flame burn the hottest?

2) Questions about observations:
· Which type of observation did you make the most?
· Show by finger count how many quantitative observations you made.  Give me an example.
· Is detail important when making observations?  Why/Why not?
· What is the difference between an observation and an inference?
	1) Raise hand when wanting to respond to questions.  Wait paitiently and silently to be called on.  Listen to classmates’ responses and be ready to follow up when called upon.  
3) Students will listen attentively during the lecture on Michael Faraday.  Students will ask pertinent questions to clarify what teacher says.



	ELABORATION	Time:   45 Minutes

	What the Teacher Will Do 
	Probing/Eliciting Questions and Student Responses
	What the Students Will Do

	Michael Faraday has contributed much to the study of chemistry, physics, and materials science.  
1)  Instruct students that they will now research how Faraday’s work has influenced modern science and technology.  Have them select one particular discovery from either Chemistry or Physics (see PowerPoint slides) and have them research the technology that has resulted from this specific discovery.  This can be completed as a homework assignment or in-class.  Internet access is required.
2) After completing the assignment, have each student share what they found.  Then, summarize the lesson.
	
	NOTE:  This can be done as either an in-class assignment or as homework.  Access to the internet is required.
1)  Students will research through either the library or internet how one of Faraday’s discoveries has influenced modern science and technology.  They will write in a paragraph using complete sentences and complete thoughts a description of the technology and how Faraday’s work has contributed to the development of the technology.  
2)  Students will share what they found with the class using good speaking voices, little filler words, and looking at the audience.  
3) Students will listen attentively to their classmates as each one shares their research.

	Closure Statement:  In this lesson, two goals were accomplished.  First, you practiced your observation skills and practiced writing testable questions with the candle activity.  We then discussed many of the properties of candles and flames.  We also learned about Michael Faraday, his natural curiosity about the world around him, and his drive to learn more.  Mr. Faraday’s scientific work in the nineteenth century led to the development of what we now consider fundamental ideas of chemistry, electricity & magnetism, and materials science.  You have researched his work and discovered the modern applications of his work in ordinary devices.



	EVALUATION	Time:   15 Minutes

	What the Teacher Will Do
	Probing/Eliciting Questions
	What the Students Will Do

	Instruct students to get out a clean sheet of paper and answer the questions on the PowerPoint slide.  Give them 15 minutes to complete this.  Collect all papers at the end of the 15 minutes.
	Questions on the assessment:
What happens when a candle burns?  Describe the process in 3-5 complete sentences using good descriptive terms.
What was one of your questions about the candle during the lab activity?  Can it be answered through further observation or experimentation?  Why/why not?
Describe the importance of careful observation in science.  What are the results of doing sloppy or careless observations?
[bookmark: _GoBack]How important is Michael Faraday to modern science?  Explain using at least one example to support your reasoning.
	Students will clear their desks and get out a clean sheet of paper and a pen/pencil.  They will answer the assessment questions silently on their own paper using complete sentences and complete thoughts.  The students will turn in their completed assessment and sit silently while the rest of the class finishes.
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There is no better, there is no more open door by which you can enter into the study of natural philosophy than by considering the physical phenomena of a candle. 



—Michael Faraday



















Objectives

Write qualitative and/or quantitative observations about a candle before, during, and after it burns.

Write inquisitive questions about a candle before, during, and after it burns.

Describe the importance of careful observations in scientific work.

Describe the significance of Michael Faraday’s work on modern science.















How Do Candles Work?















Observe a Candle

Observe a candle before it’s lit, while it’s burning, and after it’s blown out.  Make careful observations being alert to observing aspects of the burning that you have not observed before.  Record your observations in the table as well as any questions that arise in your mind while you are making the observations.















Q&A

What does a candle flame look like?

What happens to the candle over time?

What does a candle produce when it’s burning?  How do you know?

What does a candle need to keep it burning?

What actually burns in a candle flame?

What happened to the wax at the top of the candle: what was it like? What did it do?

Where does the candle flame burn the hottest?















Observations

Quantitative vs. Qualitative

Is detail important?  Why/why not?

What is the difference between an observation and an inference?

















Michael Faraday

1791 – 1867

Learned elementary reading, writing, arithmetic before quitting school

‘Played’ with chemistry experiments while working as a newspaper boy

Attended Sir Humphry Davy’s lectures in 1812 and began working for Davy as an assistant

First research paper in 1816 on analysis of caustic lime.

Elected to Royal Society in 1824.

Famous for lectures even though he wasn’t a born lecturer.

Major contributions to both chemistry and physics

Considered himself to be an experimental philosopher





Images from: Etiqueta: Michael Faraday.  http://moonmentum.com/blog/tag/michael-faraday (Accessed March 18, 2014).















Faraday’s Lectures

A series of popular educational lectures

Most famous series “The Chemical History of a Candle” (Faraday, 1850)

Spoke about the art of lecturing 

Charles Dickens asked Faraday to write for him

Do not suppose that I was a very deep thinker or was marked as a precocious person.  I was a very lively imaginative person and could believe in the Arabian Nights as easily as in the Encyclopaedia.  But facts were important to me and saved me.  I could trust a fact and always cross-examined an assertion.

-Michael Faraday















Major Contributions in Chemistry

		1816		Evolution of miners’ safety lamp

		1812-24		Preparation and properties of alloy steels (materials science)

		1812-30		Purity and composition of clays, native lime, water, gunpowder, rust, various gases, liquids, and solids (analytical chemistry)

		1820-26		Discovery of benzene, isobutylene, tetrachloroethlyene, hexachlorobenzene, and isomers of napthalene-sulfonic acids (organic chemistry)

		1825-31		Production of optical grade glass (materials science)

		1823, 1845		Liquefaction of gases
Existence of critical temperature and continuity of state

		1833-36		Electrochemistry, laws of electrolysis, equivalence of various forms of electricity, thermistor action, fused-salt electrolytes, superionic conductors

		1834		Heterogenous catalysis, surface reactions, adsorption, wettability of solids

		1835		Plasma chemistry

		1836		Dielectric constant, permittivity

		1845-50		Magnetochemistry, magnetic properties of matter, Faraday effect, diamagnetism, paramagnetism, magnetic anistropy

		1857		Colloidal metals, sols, hydrogels

















Major Contributions in Physics

		1821		Electromagnetic rotation

		1831		Electromagnetic induction

		1832		Identification of various sources of electricity

		1835		Discharge of electricity through evacuated gases (plasmas)

		1836		Electrostatics

		1845 		Relationship between light, electricity and magnetism
Diamagnetism and paramagnetism
Magneto-optics

		1849		Gravity and electricity

		1857		Time and magnetism

		1862		Influence of a magnetic field on the spectrum of sodium
Lines of force and the notion of a field

















The Gathering of Data

What happens when a candle burns?  Describe the process in 3-5 complete sentences using good descriptive terms.

What was one of your questions about the candle during the lab activity?  Can it be answered through further observation or experimentation?  Why/why not?

Describe the importance of careful observation in science.  What are the results of doing sloppy or careless observations?

How important is Michael Faraday to modern science?  Explain using at least one example to support your reasoning.















The Professional Side





















TEKS – Scientific Processes

(2) Scientific processes. The student uses scientific methods to solve investigative questions. The student is expected to:

(E) plan and implement investigative procedures, including asking questions, formulating testable hypotheses, and selecting equipment and technology, including graphing calculators, computers and probes, sufficient scientific glassware such as beakers, Erlenmeyer flasks, pipettes, graduated cylinders, volumetric flasks, safety goggles, and burettes, electronic balances, and an adequate supply of consumable chemicals;

(F) collect data and make measurements with accuracy and precision;

(H) organize, analyze, evaluate, make inferences, and predict trends from data;

(3) Scientific processes. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions within and outside the classroom. The student is expected to:

(A) in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the student;

(F) research and describe the history of chemistry and contributions of scientists.



Many science content TEKS for Chemistry are at least touched upon using this lesson.















CCRS - Science

I. Nature of Science: Scientific Ways of Learning and Thinking 

A. Cognitive skills in science 

1. Utilize skepticism, logic, and professional ethics in science. 

2. Use creativity and insight to recognize and describe patterns in natural phenomena. 

3. Formulate appropriate questions to test understanding of natural phenomena. 

4. Rely on reproducible observations of empirical evidence when constructing, analyzing, and evaluating explanations of natural events and processes. 

E. Effective communication of scientific information 

1. Use several modes of expression to describe or characterize natural patterns and phenomena. These modes of expression include narrative, numerical, graphical, pictorial, symbolic, and kinesthetic. 

IV. Science, Technology, and Society 

A. Interactions between innovations and science 

1. Recognize how scientific discoveries are connected to technological innovations. 

C. History of science 

1. Understand the historical development of major theories in science. 

2. Recognize the role of people in important contributions to scientific knowledge. 

















Where Does This Fit?

Look at the list of typical Chemistry units below.  Think about where and how you can refer to the candle later in the year.  Share with your neighbor and we will all share with the group.

Measurement

Matter

The Atom

Quantum Mechanics

Bonding

Nomenclature

The Mole

Chemical Reactions

Stoichiometry

Energy of Reactions

Gas Laws

States of Matter/KMT

Solutions

Acid/Base/Salts

Equilibrium

Kinetics

Nuclear Chemistry

Electrochemistry
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THANK YOU!!!
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