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Teaching –learning module compiled by the PARSEL consortium

as part of an EC FP6 funded project (SAS6-CT-2006-042922-PARSEL) on

Popularity and Relevance of Science Education for scientific Literacy

Milline seep on parim?
Klasside 10-11 loodusteaduste(keemia) moodul seebi puhastustoime kohta

Abstrakt:  

Need  tegevused panevad õpilasi mõtlema teguritele, mis võivad olla seotud parima seebi määramisega. Ka lubavad tegevused õpilastel kavandada teste, et määrata seepide kui puhastusainete tõhusust. Veelgi paneb see tegevus mõtlema seebi tegelikule tähendusele ja parandab seebi puhastustoime mõistmist. 

	Sisaldatavad osad

	1. 
	Õpilaste tegevused
(õpilastele)
	Kirjeldab detailselt stsenaariumi ja ülesandeid, mida õpilased peaksid sooritama

	2.
	Õpetamisjuhend
	Soovitatav õpetamise strateegia

	3. 
	Hindamine
	Annab soovitatud kujundava hindamise strateegiaid

	4.
	Lisateave õpetajale
	Pakub välja soovitatud teste, mida õpilased saaksid läbi viia


Üleüldised eesmärgid/pädevus: Õpilased peaksid olema võimelised:
· Otsustama, kuidas määrata parimat seepi.


· Mõistma, et on erinevaid tegureid, mis mõjutavad ostetava seebi valikut.

· Esitama ja läbi viima katseid, et testida seepide puhastusvõimet.

· Tegema koostööd ja suhtlema kui rühma liige, kes planeerib, viib läbi ja tõlgendab seepide testimist, et ette võtta teste tõhusal viisil.

· Mõistma emulgeerimisvõimet ja seebi kui puhastusaine tegevust. 

Õppekava sisu:  Seebistamine (mõiste kinnistamine); Seebid (selle valmistuse kinnistamine) ja nende puhastusviis.

Tegevused:  Mõtlema välja tegureid, mis mõjutavad „parimat”; planeerima ja läbi viima katseid seebi puhatusvõime kohta. Võrdlema seepe hinna järgi.

Oodatav aeg:  4 õppetundi 
See unikaalne õpetamise-õppimise materjal on mõeldud juhendiks õpetajale, et viimasel oleks võimalus edendada õpilaste teaduslikku kirjaoskust, mõistes õppimist 4. alal –intellektuaalne areng, teaduse protsess ja olemus, isiklik areng ja sotsiaalne areng.

Selle unikaalsus põhineb lähenemisel loodusteaduse tundidele, mis on kujundatud olemaks populaarne ja asjakohane. Sellepärast on  see lähenemine tahtlikult ühiskonnast teadusesse ja üritab vastata spetsiaalselt õpilaste õppimisvajadustele.

Seda unikaalsust tõestab:

1. ühiskonnaga seotud ja teemakohane pealkiri (õpilase juhendis toetatud stsenaariumiga);

2. õpilasekeskne rõhk teadusliku probleemi lahendamisel, hõlmates erinevate  hariduslike ja teaduslike eesmärkide õppimist;

3. sotsiaal-teaduslik otsusetegemine, et seostada omandatud loodusteadused ühiskondlike vajadustega. Seda on vaja vastutustundlikuks käitumiseks.
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Stsenaarium

Poelettidel on mitmeid erinevate tootemarkidega seepe. Aga kuidas otsustada, millist seepi osta? Kas sa oled kunagi mõelnud, milline seep on ostmiseks parim? Kuidas sa otsustad? Kas parim on see, mis kõige paremini puhastab? Äkki see, mis on kätele parim? Kas hind osutub määravaks? Või äkki suurus? Viigem läbi projekti, et jõuda otsusele, milline seep on „parim”. Peame defineerima meie kontekstis mõiste „parim” tähenduse.
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Sinu ülesanded

Selleks, et otsustada, milline seep on „parim”, pead arvesse võtma erinevaid tegureid. Tegevused osades 1 ja 2 aitavad sul arvesse võtta tegureid, mis on olulised. Kolmas osa on projekt, kus tuleb võrrelda erinevate seepide tõhusust. Selleks pead sa kavandama vajalikud protseduurid. Kui sa oled täitnud osad 1, 2 ja 3, peaksid sa olema võimeline kasutama saadud tulemusi, et teha oma otsus „parima” seebi kohta. Seda hõlmab 4. osa.

Osa 1:
Siltide vaatamine – hindade võrdlemine

Kogu erinevate tootemarkidega seepe.Vaata silte ja täida allolev tabel


Tootemark  
Maa, kus seep tehtud
Hind
Mass
             Hind 

                                                                           $  
grammides   grammi kohta

1.

2.

Küsimused

1.
Kas tabelis on puuduvat informatsiooni?

2.
Kas see on oluline selle projekti raames?


Kui jah, siis kuidas saame selle informatsiooni kätte?

Osa 2

Rohkemate võrdluste tegemine – seepide testimine

1.
Nuusuta seepi. Kirjelda lõhna.

2.
Leota seebitükki 1 tund. Ära seda selle aja jooksul liiguta. Seejärel eemalda seebitükk ja lase sellel kuivada 1 päev. Kaalu seebitükk uuesti. Arvuta massikaotus.

3.
Kavanda uus katse, et võrrelda erivaid seebitükke. Otsusta, mis on katse eesmärk.

Küsimused

1.
Millist kasulikku võrdlevat informatsiooni võid saada esimesest katsest?

2.
Miks lisatakse seebile parfüümi? Kas see võib osutada teguriks „parima” seebi määrmisel?

3.
Kujuta ette, et oled nõustaja, kes töötab tarbimisühiskonna heaks. Millised tegurid oleksid sinu arust olulised, kui peaksid valima, millist seepi osta?

4.
Kas leidsid mõne mustavärvilise seebi? (Väga ebatõenäoline) Kas oskad seda põhjendada?

Osa 3

Projekt

Kavanda protseduure võrdlemaks seepide puhastuse tõhusust. Selleks pead sa otsustama, mida hakatakse puhastama, tegur, mida peab võrdlema, ja muutujad, mida pead hoidma püsivana.


Selles projektis ma puhastan........


Tegur 1, mida ma võrdlen, on.......


(Selleks võrdluseks ma kontrollin järgnevaid muutujaid...)


Tegur 2, mida ma võrdlen, on ........


(Selleks võrdluseks ma kontrollin järgnevaid muutujaid...)


Minu tulemused näitavad, et…...

Osa 4
„Parima” seebi valik


Ma arvan, et parim seep on.......


Ma tegin oma valiku (mille põhjal?) ……
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Õpetaja juhend

See projekt lubab õpilastel õppida

a)
tundma seebi funktsioone

b)
kuidas esitada ettepanekuid katse järgmise käigu kohta

c)
kuidas kontrollida muutujaid, et jõuda paikapidava järelduseni

Õpitulemused

Esimese tunni lõpuks peaksid õpilased olema võimelised:

· võrdlema erinevaid seepe hinna g-1 järgi;

· meeskonnana ja terve klassiga koostööd tegema, et kindlustada, et võrdlusi on võimalik teha hinna g-1  järgi mitmete erinevate seepide vahel.

Teise tunni lõpuks peaksid õpilased olema võimelised:

· viia läbi katse, et võrrelda seepide lahustuvust;

· tegema asjakohaseid protseduure, et võimaldada seepide võrdlemist;

· vastama kirjalikult küsimustele seoses tabeli tõlgendamise ja selle täielikkuse kontrollimisega.

Kolmanda tunni lõpuks peaksid õpilased olema võimelised:

· tõlgendama katse tulemusi, kus võrreldi seepide lahustuvusi;

· viia läbi erinevaid teste määramaks seepide puhastusvõimet

· vastama kirjalikult küsimustele seoses teguritega, mis mõjutavad seebi valikut

Neljanda tunni lõpuks peaksid õpilased olema võimelised:

· seletama viisi, kuidas seebid käituvad puhastusainena;

· otsustama, milline on  „parim” seep, lähtudes üldistest teguritest ja puhastusvõimest.
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Õpetamise strateegia

1. Antud projekt võib eelneda õpetamisele. See seab tähelepanu õpilaste eelnevatele teadmistele sellel alal ja võib viia küsimusteni näiteks, et miks mõned seebid olid tõhusamad kui teised või, et miks me praegu kasutame seepide asemel pigem puhastusvahendeid riiete puhastamiseks. Veelgi eelneb see kaalutlusele, mis seep on, või, kuidas seda tehakse.

2. Esimene osa on lihtne ülesanne ja selleks, et seda initsieerida, võib õpetaja paluda õpilastel endaga kaasa tuua seebi näidiseid. Sellisel juhul peaksid õpetajad õpilasi juhendama, et kindlustada, et seebitüki hind on selgelt märgitud seebi välisküljele ja et seep on sisse pakitud nii, et tootemark on selgelt nähtav. 

3. Teise osa katse nõuab õpetajapoolset ette planeerimist. Arvatavasti on parim alustada katset tunni alguses, kohe pärast esimest osa, ja eemaldada seep tunni lõpus, kuna katse 2 ei pea aset võtma täpselt 1 tund. Seejärel seep kuivab, kuni õpilased kohtuvad klassis uuesti. See võib olla ühe või enama päeva pärast. 

4. Ülejäänud tunni jooksul võivad õpilased kavandada edasist katset ja täpselt selgitada, mida see katse annab erinevate seepide võrdlusele. Veelgi võib õpilasi juhendada selle osa projekti küsimustele vastamisel. Aga kõige olulisem on see, et õpilased saavad välja pakkuda ideid, kuidas nemad uuriksid seepide puhastusvõimet projekti põhiosas, mis järgneb järgmises tunnis. Õpetaja võib need tunni lõpus kokku koguda.

5. Õpetaja saab uurida õpilaste ettepanekuid oma projekti osas ja valmistada ette selleks vajalikud seadmed. Põhimõtteliselt tähendab see määrdunud riidetükkide olemasolu, mida saab kergesti võrrelda, kasutades laboris olemasolevaid vahendeid

6. Pärast katseid on oluline, et õpilased panevad oma projektid kirja ja selgitavad „parima” seebi valikut. 
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Eesmärkide täitmine

1.
Tegurite, mis mõjutavad ostetava seebi valikut, ära tundmine.


Antud eesmärki saab täita projekti esimest ja teist osa ette võttes . Seda peaks veelgi tugevdama õpilaste poolt antud põhjendused, mida tuleb anda neljandas osas, kus õpilased määravad „parimat” seebi. 

2.
Esitada ja läbi viia protseduuri testimaks seepide puhastusvõimet.


See on projekti kolmas osa ja õpetaja otsustab, kas õpilased on olnud võimelised seda eesmärki täitma, hinnates õpilaste protseduuride kirjapanekuid ja siis jälgides ning juhatades nende tegusid järgneva praktikumi raames. 

3.
Esitada põhjusi, miks on tehtud just taoline „parima” seebi valik.


See on projekti neljanda osa põhikomponent. Nähes õpilaste kirjapanekuid, saab õpetaja määrata, kui hästi see saavutatud on. 

4.
Õpilaste võime töötada rühma liikmena.


Seda saab saavutada kogu projekti raames. Osades 1-4 peaksid õpilased tegelema projektiga rühmana. Eriline tähelepanu koostööle võiks panna esimeses osas, kus arvatavasti on vaja tulemusi rühmiti.
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Which Soap is Best ?

Developers: Jack Holbrook

Institute: ICASE

Country: UK

Assessment criteria

Suggested Assessment of Student Learning.

The teacher can decide whether to assess students based on the learning outcomes put forward for each lesson and whether all students are assessed each time or whether one or two groups are assessed only.

The suggested method of assessment in each cases is formative i.e. takes placed during the learning. This means that the marking needs to be kept simple and a 3-point scheme is put forward. It is left to the teacher to divide whether marks are given to individual students, or whether on some or all occasions marks are given for the work of the group as a whole, this encouraging teamwork and student-student assistance where additional understanding is required.

Lesson 1   (Two separate marks are suggested)

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1
	Compare soaps and answering questions in writing

	Able to compare soaps based on price.  
	

	
	
	Able to answer questions on soap provided by the teacher
	

	2
	Cooperate as a group
	Cooperates with others in a group and fully participates in the work of the group.
	

	
	
	Illustrates leadership skills – guiding the group by thinking creatively and helping those needing assistance; summarising outcomes.
	


Lesson 2 (Three separate marks are suggested)

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1
	Writes a plan for a procedure
	Develops an appropriate procedure to compare soaps
	

	2
	Collect experimental data collected
	Undertake experiments on the solubility of soaps and record observations
	

	3
	Interpret or calculate from data collected and making conclusions
	Correctly carries out calculations on the solubility of soaps
	

	
	
	Draws appropriate conclusions
	

	4
	Answers questions

	Provides correct written answers to questions given orally or in written format
	


Lesson 3 (Three separate marks are suggested)

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1
	Record experimental data collected
	Carries out tests on the cleansing action of soaps and records observations/data collected appropriately (in terms of numbers of observations deemed acceptable/accuracy recorded/errors given)
	

	2
	Interpret or calculate from data collected and making conclusions
	Interprets data collected on the solubility of soaps in a justifiable manner
	

	
	
	Draws appropriate conclusions
	

	3


	Answers questions


	Provides correct written answers to questions given orally or in written format
	

	
	
	Provides answers in sufficient detail especially when called upon to give an opinion or decision 
	


Lesson 4 (Two separate marks are suggested)

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1
	Answers questions

	Able to explain the manner in which soaps act as cleansing agents
	

	
	
	Provides answers in sufficient detail 
	

	
	Scientific or socio-scientific reasoning
	Gives a justified decision on the ’best’ choice of soap
	


Part C

Assessment by Teacher Strategy

Assessment Tool based on the Teacher's Marking of Written Material

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1

	Writes a plan or report of an investigation
	Puts forward an appropriate research/ scientific question and/or knows the purpose of the investigation/experiment
	

	
	
	Creates an appropriate investigation or experimental plan to the level of detail required by the teacher
	

	
	
	Puts forward an appropriate prediction
	

	
	
	Develops an appropriate procedure (including apparatus/chemicals required and safety procedures required)
	

	2
	Record experimental data collected
	Makes and Records observations/data collected appropriately (in terms of numbers of observations deemed acceptable/accuracy recorded/errors given)
	

	3
	Interpret or calculate from data collected and making conclusions
	Interprets data collected in a justifiable manner
	

	
	
	Draws appropriate conclusions
	

	4

	Answers questions


	Provides correct written answers to questions given orally or in written format
	

	
	
	Provides answers in sufficient detail especially when called upon to give an opinion or decision 
	

	5
	Scientific or socio-scientific reasoning
	Gives a justified decision on the ‘best’ choice of soap
	


Student Assessment Tool based on the Teacher's Observations

	
	Dimension
	Criteria for evaluation
The student:
	Mark/grade given (x,√,√√)

	1

	Performing the experiment (at the pre-inquiry and inquiry phases)


	Performs the experiment according to the instructions/plan created.
	

	
	
	Maintains an orderly and clean work table.
	

	
	
	Understands the objectives of the experimental work and knows which tests and measurements to perform.
	

	
	
	Uses lab tools and the measurement equipment in a safe and appropriate manner.
	

	
	
	Behaves in a safe manner with respect to him or herself and to others.
	

	2


	Functioning in the group during experimentation or discussion

	Contributes to the group discussion during the theoretical inquiry phases (raises questions and hypotheses, designs the experiment, draws conclusions, makes justified decisions) .
	

	
	
	Shows tolerance with, and gives encouragement to, the group members.
	

	
	
	Cooperates with others in a group and fully participates in the work of the group.
	

	
	
	Illustrates leadership skills – guiding the group by thinking creatively and helping those needing assistance (cognitive or psychomotor); summarising outcomes.
	

	3

	Presenting the experiment orally


	Presents the activity in a clear and practical manner with justified decisions.
	

	
	
	Presents by illustrating knowledge and understanding of the subject.
	

	
	
	Uses precise and appropriate scientific terms and language.
	


Which Soap is Best ?


Teacher Notes

For these lessons it is assumed that students are already familiar with the saponification reaction and the type of substances which form the raw materials for making soaps. These lessons reinforce this learning and relate the reactions to the properties of actual soap in the marketplace. It illustrates that it is difficult to make a decision on which soap is best and factors such as price and advertising may well play a greater role in enabling society to choose than does the cleansing properties of the soap itself.

The lessons thus cover the cost of the soap, the solubility of the soap if left to stand in water for some time and allow students to introduce other factors that may have influence such as packaging, size of the soap bar and colour.

The actual testing of the cleansing properties reinforces the need for a control if comparisons are to be meaningful.  Students are required to suggest suitable experiments, give appropriate apparatus for this (based on their experiences if prior working in the school laboratory) and, importantly, how the control experiment will be set up in each case.

Expected experiments are:

1.
pH of the soap bar (a measurement and control is the fixed amount of soap, fixed quantity of water used and that the water must come from the same source i.e. all tap water, or all distilled (deionised – if water is truly pH = 7) water.   This experiment is probably not meaningful without the use of a pH meter as the differences are likely to be small.

2.
Ability to remove stains from a piece of cloth (controls are – same cloth, same size of cloth, same type of stain, same intensity of stain, same temperature, same water, same quantity of water, same type of container for undertaking the experiment, same additional aids e.g. stirring, same length of time for experiment, same post-experiment check)

              Variations in these factors may affect the cleansing ability of the soap and hence experiments could vary one variable at a time using different soaps and then checks made on the effectiveness of the various soaps under each condition.

4. Ability to lather (controls here are same quantity of soap, same water, same quantity of water, same time, same additional aids such as shaking, same type of container, same instrument for measuring depth of lather.   

What is soap ?

Soap is a cleansing agent made from fats and oils with alkali. 

Ingredients 

Oils and fats for soap are esters of fatty acids which react with alkalis such as sodium hydroxide to form glycerol and the sodium salt of the fatty acid. The fatty acids required for soap making can come from animal fats, grease, fish oils, and vegetable oils. The hardness, lathering qualities, and transparency of soap vary according to the combinations of fats and alkalis used as ingredients. An experienced soap crafter uses many combinations of oils. 

How does soap clean?

Most soaps remove grease and dirt because they (or some of their components if we consider the colouring and perfumes added) are surfactants (surface-active agents). Surfactants have a molecular structure that acts as a link between water and the dirt particles. This loosens the particles from the underlying fibres, or surfaces to be cleaned. One end of the soap molecule is hydrophilic (attracted to water), and the other is hydrophobic (attracted to substances that are not water soluble). This peculiar structure allows soap to adhere to substances that are otherwise insoluble in water. The dirt is then washed away with the soap.

A Scientific Explanation 

Water molecules consist of 2 hydrogen atoms and an oxygen atom. The oxygen atom is linked to the two hydrogen atoms at a bond angle of about 104 degrees. Oxygen is far more electronegative than hydrogen and so it tends to have a higher electron density. Consequently the water molecule is polar - it has a positive charge at one end of the molecule (the hydrogen end) and a negative charge at the other (the oxygen end). 

The positive end of one water molecule will be strongly attracted to the negative end of another water molecule. When an ionic compound, like sodium chloride, dissolves in water, the oxygen (negative) end of the water is attracted to the cations (positive ions) while the hydrogen (positive) end of the water is attracted to the anions (negative ions). The solubility of a substance in water is largely determined by the relative strength of the attraction of water to the substance compared to the strength of the attraction between water molecules.

In contrast to oxygen, carbon has almost the same electronegativity as hydrogen and the carbon-hydrogen bond is non-polar. For example, the octane molecule (a component of gasoline) consists of 8 carbon atoms in a chain, with 2 hydrogen atoms attached to the interior carbons and 3 hydrogen atoms on the end carbons. Since the electron density is evenly spread, the molecule is electrically neutral along its entire length. 

The simplest way to understand solubility is to remember the rule "like dissolves like," that is polar and ionic substances are soluble in polar and ionic substances while non-polar substances are soluble in non-polar substances. Thus salt dissolves in water, but not in gasoline. Oil dissolves in gasoline, but not water.

Living cells and polar/non-polar substances

Living cells need both polar and non-polar substances. The cell uses non-polar substances, fats and oils, to make up the cell membrane which separates the interior of the cell from the exterior. If the cell membrane were soluble in water, it would dissolve away and soon there would be nothing to divide the cell from the non-cell. But in order to get to the cell in the first place, all the parts of the cell must be water soluble because that's how materials are transported from place to place. What nature needs is a non-polar material that can be dissolved, moved around, and then made non-polar again. This material is known as a lipid (fat), or triglyceride.

A lipid is an ester and basically consists of two parts - a fatty acid and a trihydric (3 OH groups) alcohol called glycerol. Both the fatty acid by itself and the glycerol by itself are water soluble, because of the polar oxygen atoms on the ends of these molecules. In a lipid, three fatty acids are bonded to the three oxygen atoms (3OH groups) on the glycerol. Although the oxygen atoms are still there, they are now buried inside the molecule and the lipid is essentially non-polar. The lipid is therefore insoluble in water. 

A fatty acid (saturated) has the formula CnH2n+1COOH. The chemistry is dominated by the properties of the COOH group. Because this group is polar, fatty acids tend to be soluble in water. Octanoic acid, C8H17COOH, is just one of a very large number of fatty acids. In fact, most fatty acids are longer than octanoic acid. Two very common components of lipids are palmitic acid (C15H31COOH) and stearic acid (C17H35COOH). Solid lipids are generally called fats.  Another class of fatty acids are the unsaturated fatty acids, with less than 2n+1 hydrogens for every n carbons. Oleic acid, for example, has formula C17H33COOH and linoleic acid has formula C17H31COOH. 

Saturated fats contain saturated fatty acids and are solids at room temperature. Lard, and butter are examples of saturated fats. Soap made from these fats tends also to be solid at room temperature. Unsaturated fats contain unsaturated fatty acids and are liquids at room temperature. Generally these are called oils and examples include corn oil and safflower oil. These oils produce liquid soap. While unsaturated fats are generally more healthy than saturated fats, a liquid is often not very convenient. Thus margarine, which is made from unsaturated plant oils (e.g. corn oil) is hydrogenated to change it from an unsaturated oil to produce a saturated (solid) fat.

To make soap, the trihydric ester (fat) is hydrolysed (broken down) into its fatty acid and glycerol constituents. The fatty acid has a long hydrocarbon tail which is soluble in fats, and a polar oxygen end which is soluble in water. Thus a fatty acid in solution acts as a soap by dissolving fats in one end of the molecule and water in the other. When a strong base, such as lye, is used to hydrolyse (saponify) the fat, the fatty acid is then present as a large cation, which is polar at one end and non-polar at the other. Just as  sodium chloride and sodium carbonate which are soluble in water, sodium octanoate, the sodium salt of octanoic acid is also soluble in water. 

Saponification

Saponification is the term applied to the hydrolysis of fats using a strong alkali like lye. If we take a fat derived from palm oil (containing palmitic acid) and hydrolyse it using sodium hydroxide, the reaction is

[C15H31CO]3[C3H5O3](s) + 3 NaOH(aq) -----> 3 C15H31COONa(aq) + C3H5(OH)3(aq)
fat(s)                                +  3 lye(aq)      -----> 3 sodium palmitate(aq) + glycerol(aq)


While this reaction may appear intimidating because of the long formulas, it is, in fact, quite simple. It could be written generally as


[RCO]3[C3H5O3](s) + 3 NaOH(aq) -----> 3 RCOONa(aq) + CH2OH.CHOH.CH2OH(aq)

where "R" is some long carbon hydrogen chain. 

If you look on a list of ingredients on a soap, you will find things like "sodium stearate," or "sodium palmitate". This is simply specifying the particular fatty acids present in the soap.

When fat is introduced to a soap solution, the non-polar tail of the fatty acids dissolves in the non-polar fat, leaving the water-soluble oxygen end at the surface of the fat globule. With enough soap, these fat globules become covered with a water-soluble coating and disperse throughout the solution, as in the last figure. They are not truly dissolved since individual fat molecules are not dispersed in the solution. Rather,  the fat is emulsified.
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