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4.3 Case study 3 (CS3 Greece)

Concept focus Fuels — examples and criteria for identifying the “best” fuels
The meaning of “best” can change depending on context

Activities implemented Activities A-D

Inquiry skills Developing hypotheses

Planning investigations
Forming coherent arguments
Working collaboratively

Scientific reasoning and literacy | Scientific reasoning (making comparison)
Scientific literacy (understanding that the meaning of “best” can
change depending on context; making informed choices)

Assessment methods Classroom dialogue
Teacher observation
Peer-assessment
Self-assessment
Worksheets
Presentations

Student group Grade: lower second level

Age: 14-15 years

Group composition: mixed ability and gender; 21 students
Prior experience with inquiry: No prior experience with inquiry.
The teacher had experience in IBSE through SAILS TEP Cohort 3
and about 10 years experience in teaching.

In this guided inquiry the teacher adapted the tasks to fit with the state curriculum, with a focus on
appreciating the use of different types of fuel for different purposes. All SAILS inquiry skills and
competencies were assessed, with several assessment opportunities identified by the teacher. The
teacher observed the students during the activities and gave feedback. The suggested rubrics were
used to evaluate worksheets and the teacher developed a rubric for self-assessment of the working
collaboratively skill.

(i) How was the learning sequence adapted?

For this implementation of the Which is the best fuel? SAILS unit, the teacher made some

adaptations to the suggested activities in order to fit with the state curriculum and the background

of the students at this level (lower second level). The case study as adapted and implemented by the

teacher is related to the following objectives:

* Appreciating the different uses of different kinds of fuels in practice

* The meaning of “best” can change depending on the context, and that different factors can be
considered in determining the best fuel

* Carrying out an experiment using simple measurements (temperature and time) in order to
investigate the "best" fuel in the context of cooking.

The teacher started the lesson by showing a video in order to warm-up the class:
* Types of fuel: https://www.youtube.com/watch?v=ndc_JZpJeKO (in English).

After a short discussion the teacher asked students to fill in the first worksheet, in order to help
them recall previous knowledge (Figure 1). Then, the teacher announced to the students the
problem of the investigation. Students were divided by the teacher into groups of 3-4 members of
mixed skills level and mixed gender and the teacher described the steps of the research process. The
research question, “Which fuel is best?” motivated students. There were a lot of discussions
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between groups. The teacher gave each group different meanings of the "best" and encouraged
students to discuss all the meanings. At the end he gave a second worksheet and asked all groups to

fill in all the activities (Figure 2).

Worksheet 1: Which is the best fuel?

7 bering...

Remem

Activity 1
Video: https://www.youtube.com/watch?v=ndc_JZpJeKO

You have just watched a video that presents various types of fuel. Try to write
them down. Next to each fuel try to write its possible use.

Fuel

Activity 2

Taking under consideration the previous activity, try to find other
fossil fuels. With the help of your classmates, rank fuels based on

their physical condition.

Solid Liquid

Figure 1: Worksheet 1
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2. Which ways do you know, or you can propose, to reduce air pollution from
fuel emissions?

Worksheet 2: Which is the best fuel?

< 1';: Studying...

Activity 1

1. Write the reaction for combustion of methane.

Activity 3

«Flash point is the temperature at which a fuel liquid must be heated to produce
2. When is combustion characterised as complete, and when as incomplete? steam, which is ignited when contacted with an open flame or spark. The flash
point is the indication of the maximum temperature at which a product can be
handled without risk of ignition.» (source: Wikipedia)

1. What kind of risks may occur during transport and storage of liquid and

3. What form of energy is produced during combustion? gas fuels?

4. Which applications from everyday life do you know, where we use the
energy derived from burning hydrocarbons?

2. Indicate in what ways we could reduce these risks.

Activity 2

The combustion of hydrocarbons in real-world conditions is incomplete. The
following equation describes the derivatives of incomplete combustion:

I condi
fuel + air ———"""} €0, Ny, H,0, SOz, NO, NO;, €O, O, hydrocarbons (HC) + particles (soot) + heat

1. Which pollutants do you recognise among the products of combustion and
what is their effect on air pollution?.

Figure 2: Worksheet 2

The students were free to search on the internet as well as their books in order to answer the
guestions. The teacher observed the groups and provided any guidance where needed. Also, he
discussed the answers with students and after the discussion asked groups to exchange worksheets
in order to do a peer-assessment. The teacher gave a simple rubric to the students. The students
completed the assessment without any difficulty.

Then, the teacher announced to class that they are going to carry out an experiment in order to
investigate which is the best fuel for cooking applications by comparing butane and charcoal (Figure
3). The students had to compare the performance of butane and charcoal for cooking applications,
according to the experimental procedure. They had to take simple measurements (they had to
measure the time it takes to boil the same amount of water by both fuels and afterwards they had
to cook the same quantity of meat). Students in Greece have many experiences related to these two
fuels. In most Greek houses butane is used to make Greek coffee, while the use of charcoal is
common for cooking meat (barbeque) or lamb especially for Easter. The teacher asked students to
formulate a hypothesis concerning the expected results of the investigation and write this
hypothesis in the worksheet (activity 1). Then, he described analytically the steps of the experiment,
what they had to observe, what measurements they had to do, etc. Especially, as it concerns the
cooking of meat, the teacher posed questions such as:

* Is there any difference in taste?

* Are there differences in cooking uniformity?

* What are causes of these differences?
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2. Repeat the same procedure using charcoal.

T s
Which is the best fue!i e Which of the two fuels boils water faster? Compare the amount of fuel needed

for boiling the same quantity of water.

Step 2

Choose two same sized pieces of meat and bake them using the two different
fuels. Measure the baking time.

¢ ,; Let’s experiment!

We will compare in practice the performance of butane and charcoal
for cooking applications. Firstly, we will measure the time it takes to

boil the same amount of water by both fuels and afterwards we will

cook the same quantity of meat.

¢ Isthere any difference in taste?

¢ Are there differences in cooking uniformity?
* What are causes of these differences?
Activity 1

In your opinion which of the two fuels is more suitable for cooking? For what
reason?

Activity 3: Conclusions

Based on your measurements — observations and experiences from step 2 —
would you change the choice that you made in activity 1? What factors
influence your decision?

Activity 2: Cooking!

We will need:

Charcoal

Butane (stove)
Suitable cookware
Thermometer
Stopwatch.

Note: This process must be done in adequately ventilated area!

Step 1
1.  Place 200 ml of water in a pot, which is then placed on the stove . Insert
the thermometer into the water and start to measure the water temperature
every half minute. Continue until 1-2 minutes, after the water boils.
a) Make a graph of the water temperature versus time.
b) What is the boiling temperature of water and in how much time is it
achieved?

Figure 3: Worksheet for experiment.

The groups carried out the experiments at home and they wrote their conclusions into the
corresponding worksheet. The teacher asked all groups to present and discuss their findings in class
during the next lesson. Most of the groups didn't change their initial hypothesis in their conclusions,
however small enhancements were observed in their justifications.

Finally, the teacher proceeded to a conclusions phase, where students had to make connections to
other real life situations. He gave two worksheets to students and asked them to work in groups.
The first worksheet included three activities where the students were asked to observe five kinds of
fuels and their characteristics (without knowing their names) and then they had to select the most
suitable fuel for a city car, in a list in order of priority (worksheet 3, Figure 4). The students had to
justify their answers. In the last activity, students were provided with the names of the fuels and
asked again if they want to change the list of priority.
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2. Justify your choice.

Worksheet 3: Which is the best fuel?

3. If you now know that fuel A is gasoline, B is Diesel, C is Lignite, D is natural
gas and E is LPG, how do you judge your previous choices based on your
experience of everyday life?.

Activity

In the picture above, we see a city car. The cars use fuel for their movement.
Below we detail five kinds of fuel and their characteristics:

fuel |physical | calorific pollutants (mg/Kwh) cost
state value Particles |NOx | SO, [CO |CO,
A liquid 9.4 kWh/L 15 107 | 214 57 |247,500 |1.3€/L
B liquid 11.1kWh/L |40 286 | 786 57 |264,643 |1.11€/L
C solid 4.71 kWh/kg | 3446 1196 | 2309 |43 |361,429 |0.013 €/kg
D |gas 10 kwh/m® |9 118 |09 |60 [200,357 |0.8¢€/m’
E liquid 6.9 kWh/L 10 116 |09 60 |201,789 |0.715€/L

1.  Based on the above characteristics select the most suitable fuel for a city
car, in a list in order of priority.
1)
2)
3)
4)
5)

Figure 4: Worksheet 3

In the final worksheet the students were asked to consider a heating system for their home
(worksheet 4, Figure 5). They were given the characteristics of three fuels (heating oil, natural gas
and coal) and the students had to compare them and choose the “best” fuel. Also, they were asked
to describe any differences in their selection criteria compared to choosing fuel for the city car.
Finally, the teacher asked students to individually fill in a self-assessment questionnaire concerning
the quality of their collaboration.
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Worksheet 4: Which is the best fuel? o

Comparing...

Activity

Suppose you want to install a heating system in your home. You have to choose
between using three fuels: heating oil, natural gas and coal. In the table below
you can see each one’s characteristics.

natural gas heating oil coal
calorific value 11.1 kWh/L 11,1 kWh/L 4.2 kWh/kg
cost 0.80 €/L 0.86 €/L 120 €/tonne
pollutants particles: 9 particles: 40 particles: 1268
(mg/Kwh) NOXx: 118 NOX: 286 NOX: 116
50,:0,9 S0,: 786 50,:17
CO: 60 C0:57 C0: 500
flammability Extremely flammable | flammable flammable
Risk of explosion
Storage/supply | Network of permanent | Qualified tank of Required storage
supply several tonnes space

1.  Compare the above features and write what are, in your opinion, the
advantages and disadvantages of each fuel.

natural gas heating oil coal

advantages

disadvantages

2.  Based on your previous answers what fuel will you choose? Are there any
differences in your selection criteria in relation to the car? If yes, which ones?

Figure 5: Worksheet 4

(ii) Which skills were to be assessed?

The skills assessed in this case study were developing hypotheses, planning investigations (to test a
hypothesis), forming coherent arguments, working collaboratively, scientific reasoning (making
comparisons), and scientific literacy (understanding that the meaning of “best” can change
depending on context; making informed choices).

The teacher observed the students during the activities and gave feedback. The suggested rubrics
were used on the written artefacts. The teacher used the suggested rubric of the unit with some
adaptations to comply with the underlying scenario (Table 1). The teacher also developed a separate
rubric for the self-assessment of the working collaboratively skill (Table 2). The teacher built all
assessment instruments before the lessons.
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Table 1: Assessment of skills developed in CS3 Greece
2 Acceptable 1 Needs improvement ‘ 0 Poor/NA

Developing hypotheses Yes (no gaps) Needs improvement No
(some gaps exist)

Testing a hypothesis | was right | edited it I rejected it

Forming coherent arguments Yes (no gaps) Needs improvement No
(some gaps exist)

Drawing appropriate

conclusions

Forming coherent arguments Yes (no gaps) Needs improvement No

Support conclusions, using (some gaps exist)

reasoned arguments & evidence

Making comparisons The answer is correct The answer needs The answer is
(no gaps) improvement (some irrelevant or incorrect
gaps exist)
Understanding The answer is correct The answer needs The answer is
(no gaps) improvement (some irrelevant or incorrect
gaps exist)

Table 2: Self-assessment of working collaboratively

Behaviour ‘ 3-always ‘ 2-sometimes ‘ 1-rarely

1. | actively participated in all discussions of the group

2. In all discussions | took into consideration the views of all
team members

3. I helped in resolving disputes between team members

4. |1 used convincing arguments to support my views

5. | provided assistance in the team whenever needed

6. | looked for information on the subject in all phases

7.1 completed without delay all the work undertaken to do in
the team

(iii) Criteria for judging assessment data
The teacher identified specific opportunities throughout the lessons, for evaluation of the chosen
skills. Table 3 outlines the skills assessed, along with the underlying assessment context.
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Table 3: Assessment opportunities identified for each skill

Skills

Developing hypotheses

Testing a hypothesis (part of
planning investigations)

Forming coherent arguments

Making comparisons

(scientific reasoning)

Understanding (scientific
literacy)

(iv) Evidence collected
Teacher’s opinion

Assessment context

Worksheet Let's Experiment!

Activity 1: In your opinion which of the two fuels is more suitable for cooking?
For what reason?

Worksheet Let's Experiment!

Activity 3: Based on your measurements — observations and experiences from
step 2 — would you change the choice that you made in activity 1? What
factors influence your decision?

Worksheet 3
Below we detail five kinds of fuel and their characteristics.

Question 3: If you now know that A fuel is gasoline, B Diesel, the C Lignite, D
natural gas and E LPG, how do you judge your previous choices based on your
experience of everyday life?

Worksheet 4

Suppose you want to install a heating system in your home .You have to
choose between using three fuels: heating oil, natural gas and coal. In the
table below you can see each one's characteristics.

Question 2:Based on your previous answers what fuel will you choose? Are
there any differences in your selection criteria in relation to the car? If yes,
which ones?

Worksheet 3

Below we give you five kinds of fuel and their characteristics. Question 1:
Based on the above characteristics select the most suitable fuel for a city car,
in a list in order of priority. Justify your choice

Worksheet 4

Suppose you want to install a heating system in your home .You have to
choose between using three fuels: heating oil, natural gas and coal. In the
table below you can see each one's characteristics.

Question 1: Compare the above features and write what is, in your opinion,
the advantages and disadvantages of each fuel.

Worksheet Let's Experiment!

Activity 1: In your opinion which of the two fuels is more suitable for cooking?
For what reason?

The teacher reported that it was a successful experience and the students really enjoyed the inquiry

lesson.

Sample student artefacts

The followings are samples of students' work that have been characterised by the teacher as good

(Figure 6 to Figure 11).

8 | SAILS UNIT




SAILS

Strategies for Assessment of
Inquiry Learning in Science

Activity 1:
You have just watched a video that presents

various types of fuel. Try to write them down.
Next to each fuel try to write its possible use.
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Fuel Use
Petroleum Heating/transportation
Gasoline Vehicles
Butane Camping gas stove/cooking
Crude oil Shipping
Kerosene Aircrafts

Activity 2:

Taking under consideration the previous activity,
try to find other fossil fuels. With the help of your
classmates, rank fuels based on their physical
condition

Ch e S
=X 5
l

Solid Liquid Gas

Lignite Petroleum Natural gas
Coal Crude oil Propane
Butane Butane

Figure 6: Example of worksheet 1, assessed as “good”.
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Activity 1

1) Write the reaction of combustion of methane
CH,;+ 0, ==> CO,+ 2H,0 + heat

2) When is combustion characterised as
complete, and when as incomplete?

Complete: reaction with sufficient amount of
oxygen - Incomplete: reaction with inadequate
quantity of oxygen

3) What form of energy is produced during
combustion?

Heat

4) Which applications from everyday life do you
know, where we use the energy derived from
burning hydrocarbons?

Transportation (cars, airplanes, ships, trains)
Energy-electricity production, heating, cooking
Activity 2

Q1: Which pollutants do you recognise among the
products of combustion and what is their effect
on air pollution?

CO, ==> pollute the atmosphere, green house
effect; NO, NO, ==> acid rain, photochemical
smog; CO,==> acid rain; CO==> very poisonous

2) Flow; wpemong yopigeeat "‘: ot

A
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Enuacio avipieéns ovopdderas n G : exapi} pE YOI
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Pidra ij axiviipa To omucio avipisdys ot o1 Msvb: Fovo v avapizyci»
witer axd Ty oxoia éva spoidv uropei va Sraxrvnled yepis
(nny Buinaibea).

1) Now kivs
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Activity 2:

2) Which ways do you know, or can you propose,
to reduce air pollution from fuel emissions?
Changes and improvement of car engine
operation, Improvements of used fuels, Use of
renewable energy sources, electric cars, stop
using cars without a serious reason

Activity 3:

1) What kind of risks may occur during transport
and storage of liquid and gas fuels?

Risk of fire, Risk of explosion, Risk of respiratory
problems

2) Indicate in what ways we could reduce these
risks.

Transportation of fuels should be done only by
specialized vehicles or ships and only in suitable
containers. Storage only in appropriate tanks
with temperature and pressure sdfety
equipment.

Figure 7: Example of worksheet 2, assessed as “good”.
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Worksheet 3

Activity 1: In the picture above, we see a city car.
The cars use fuel for their movement. Below we
give you five kinds of fuel and their
characteristics...

1. Based on the above characteristics select the
most suitable fuel for a city car, in a list in order
of priority

1)
2)
3)
4)
5)

O mMm D>

2. Justify your choice

=>high calorific value, average pollutants, high
cost, B=>higher calorific value and lower cost but
much more pollutants, E=>low cost, low
pollutants but lower calorific value than A and B,
D=>gas fuel, not appropriate for car, E=>solid
fuel, impossible use for car

Moo eiva T0 KEAUTEPO KQUOLHO|

c.to T

3) Av tdpa yvopilate 6T To kavowo A sivar Beviiv, to B Diesel kivion
Agvite, 0 A guokd aéplo kat o E Yypaépo/LPG, mog kpivete TS
Tponyodpeves  emoyéc oug pe Pdon my epmepie oag omd TV

KaOnuepvomta;

cesermesgusstasiiiaanne

3. If you now know that A fuel is gasoline, B
Diesel, the C Lignite, D natural gas and E LPG, how
do you judge your previous choices based on your
experience of everyday life?

We think that our selection is correct because
gasoline/diesel and LPG are the most common
fuels for cars and natural gas and lignite are not
suitable for this use.

Figure 8: Example of worksheet 3, assessed as “good”.
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~Jlll Worksheet 4

Activity: Suppose you want to install a heating

system

in your home. You have to choose

between using three fuels: heating oil, natural gas
and coal. In the table below you can see each

one’s characteristics...

1. Compare the above features and write what

are, in your

opinion,

disadvantages of each fuel

the advantages and

Natural gas Heating oil | Coal
High High Very low
) calorific calorific cost
8o value, low value
-
€ pollutants,
3 no tank
< | needed
o Risk of More Low
oo explosion pollutants | calorific
% and fire and higher | value,
3 cost high
2 pollutants
[=)

2. We choose natural gas due to its calorific
value and lower pollutants than heating oil. A
tank is not necessary and the problem of fire and
explosion risk can be resolved. The main
difference to the car is that here the way of
refuelling and storage isn't so critical for our
selection. Cars can't have a permanent fuel
supply or a coal storage space

Figure 9: Example of worksheet 4, assessed as “good”.
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A MElpapaTIoTovpe! We will compare in practice the performance of
butane and charcoal for cooking applications...

n 10U Boutaviou kai 1oV uﬁpaouvo\{ oto
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Oa cuyKpPIVOUHE OTN npagn v andboo
payeipepa Npwra , Ba uEmnooquv TO XP!
vepou XPNOLHONOLVTAS ta SUo kadoya Kal

xpéatos Activity 1 In your opinion which of the two fuels is
spagumpdtnTa ln \ ruo tbavixd y\a payeipea: AT more suitable for cooking? For what reason?

. 4 0 elva
ta 500 xavowa

oag now ano
Katd tn yvwhn

In our opinion the best fuel is butane because it
has higher calorific value than charcoal. Also,
butane hasn't high cost and we think it is more
usable than charcoal. Charcoal causes many
fumes.

Testing hypothesis

Z0ubuva pe v perpionc ment £ S In your opinion which of the two fuels is more
Spactpiémra, 6 aMdlate Tnv Enikoy oy KAVEE GTIY e BpacTpuiuss: flowa suitable for cooking? For what reason?

yEyovoTa ennpéacav tnv emioyi oag;

L‘ ROINAT Y it s We wouldn't change our initial opinion about
Bidoo aum Hpik m’;;qw o1 1o fingn & M/ﬁﬁ:‘m butane. In practice we observe that cooking
ol o ead 0 St e Gi S EEEE S| when we use charcoal gives better taste but the
Lt critical factor for our decision is the conditions
under which we can use it.

Apaotnpidtnta 3n — Suunepd

(/)

Figure 10: Example of experiment worksheet, assessed as “good”.

AG MEpapaTioTobpe! We will compare in practice the performance of
Gaouvxpivouueomnpd(nmv 6600n A . Ter H H H
waveloeua. Noios; S R ol i b a0 butane and charcoal for cooking applications...

VEPOU Xpnoluonouivrag ta 500 katowya kat Uotepa Ba Picoupe Ty iSia noodtTa
KPEQTOG,

A

Activity 1 In your opinion which of the two fuels is
more suitable for cooking? For what reason?

We choose the charcoal because we know that
gives food a better taste while the butane can be
exploded

dpaompdtnra 1n
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Testing hypothesis

: In your opinion which of the two fuels is more
T0pdwva P TG PETPAOEL, ucnapurnpr‘]oelcxamc:unapisqoqunétnlr}x 4 suitable for cooking? For what reason?

5 ‘ noyn qvarte otny Tpwn dpaotnpotta; Mow .
Seactipl T bk gt The butane boils the water faster and there are
yeyovota ennpéacav Ty enthoyr oag; .
not so much fumes, however we believe the

charcoal is better fuel for cooking.

Apaotnpdtnra 3n - Suunepdouara
?

— ")

"‘ o) Tugo 70 Oylvmyba/on ol Joy 136 T
0 oM Tok T v

C o

4

Figure 11: Example of experiment worksheet, assessed as “good”.

(v) Use of assessment data

The teacher was completely satisfied with the inquiry lesson. After completion of the lesson, he
discussed it with the students and they had very positive comments. The students responded that
they feel they had deeper understanding on the specific subject; they appreciated the real life
experience in order to understand that the meaning of “best” depends on the context; they also
understood the difficulties in doing real life experiments. Finally, they learned how to formulate
reasoned arguments and they appreciated the collaborative work. The teacher will try more inquiry
lessons in the future, but he believes inquiry lessons need more time to complete and there is a
need for changes to the time schedule of the underlying curricula in order to give more time for
inquiry lessons.
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(vi) Advice for teachers implementing this unit
A new teacher must have practice in IBSE before any implementation in class. Especially, teachers

need to be well prepared to achieve the assessment of inquiry skills. The existence of units such as

SAILS units is very useful.
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