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Argumentation in science

Way for students’ development of conceptual
understanding in science

(Erduran & Jimenez-Aleixandre, 2012; Driver,
Newton, & Osborne, 2000: Jimenez-Aleixandre
et al., 2000; Von Aufschnaiter, Erduran,
Osborne, & Simon, 2008).
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Students’ difficulties in constructing
arguments:

Teachers’ limited pedagogical skills in
organizing activities supporting
argumentation discourse.

(Newton, Driver, & Osborne, 1999; Duschl & Osborne,
2002)

Teachers have difficulties managing
discussions

(Newton et al. 1999) [-]



Very limited work on how teachers themselves perceive

argumentation in science classrooms
(Erduran, Dilek, Yakmaci-Guzel, 2006; Kaya, Cetin and Erduran, 2012)

Need to acquire knowledge
to question and modify
their perceptions

!

Acting from teacher

training

Influence of their beliefs and perceptions on their teaching
(Salinas y Jaén, 1995; Solis y Porlan, 2003; Porlan y Martin del
Pozo, 2004)
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Q1. What are pre-service teachers of primary school level understandings of
argumentation?

Q2. How do pre-service teachers of primary school level perceive the role as
well as the teaching and learning of argumentation in science classrooms?

Q3. How do pre-service teachers of primary school level perceive the role as
well as the teaching and learning of discourse in science classrooms?

Q4. Are there changes in their perceptions when they participate in an
intervention with activities based in the argumentation?

Q5. How are pre-service teachers interpreting argument lessons for their
teaching? Are they using the strategies promoted in the training sessions?



Grade of Primary Teacher of University of Malaga
"Science Education" (2014/15)

Ql}' sz Q3 Q4 and QS
360 Pre-service primary teachers in initial 60-70 Pre-service primary teachers in the
questionnaire intervention

(Pre-test) (Post-test and final activity)



ethodological approach

Collection and analysis of data
qualitative and quantitative

Questionnaire Activity
(pre-post) as a final work
Adapted from (Erduran, Dilek,
Sampson & Clark (2006) Yakmaci-Guzel,
and Chin (2008) 2006)
Q1,Q2,Q3,Q4 and Q5 Q4 and Q5




QUESTIONNAIRE (PRE-POST)
from Sampson & Clark (2006) and Chin (2008

Part | Part Il

To determine what pre-service reachers of primary

; To determine what pre-service teschers of primary
school level think counts as a good argument. B i R A R el

school level think counts as a good challenge to an
argument

This part has three questions.

This part has thres questians.

Part 1ll

To know that the participants think about:
= Omn importance of discourse and quality of discourse,

» The classroom activities encouraging scientific
discourse and promoting argumentation and students”

attitudes to these acrivities,

+ The significance of argumentation in science education

This part has ten questions. —



This part has three questions.

ARGUMENTATION TEST [lrom Sampson & Clark, 2006)
Part |: Making a Scentific Argument
Intredection:

Onee a scientist develops an explanslion for why something happens, he or she rmust
support  their claim with some type of reason.  The explanation and the supperting
reaon is calles an arpument. Stientsis use argumenis 0 convineg olbers Lha el
claim is indeed true. How do you think people could create a convincing argument?

Dircctions:

Ihe first three questions are designed to determine what you think counts a5 & mood
argument. In each question you will be given a claim. Followd he claim are & different
ATRUMIENTS, Your jobis to rark the argureents in order using the following scale:

This is the most convincing argement

This is the nd most convinring argument
. Ihis is the 3rd most convincirg argument
4th mnst canvindng argument
Sth rmosl eonvindng argurment

least conwincing argument

Your Lask is Lo rank Uwe & diflerent arguments in Lerms ol how convincng you Lhink they are.
Rem ember that you can only rank ons srgumeént & 1, one argument a: 2, ane argurrent a5 3,

and seon.

Part |

To determine what pre-service teachers of primary

school level think counts as a good argument.

Ouestion 1. The agency of energy in Malaga is thinking 2 project to implant sclar panels in the
communitics of neighbors withowt them to obtain hot water, Supposs  someone makes the

fellowing claim about the solar eneray, which reasen makes the most convinging

argument?

Claim: Solar energy is cheaper than an other type of energy & butane because...

Depending on different house systems to prodece encray people spend maore o less menay.
A person whao panels sclar in your house pay 56€ per yvear and other without them, have to
pay F3bE per year tawrn water, (explemation and datal

The pancls solar wed the sun ta produce cnergy to warm watcr. The sun it's froe and you
den't have to pay anything to have eneray. fexplenation enly)

wao people, ane with panels solar in vour homa and cther without them, use the same
rumiber of bottles of butanes in one yeer. {contradicton:)

A person with panels solar at home need 20 bottles of butanes lees that another without
them. (doto anly]

A person who use in your house energy solar towarm water, usually use 4 bettles of butane
per year to the days without sun. Other person that dont have them in their house,

free and s, if the first person

consurme 24 bottles of butanes. The sun is a enegy resource
hadn't had salar panels, hefshe woudn's have svsed 380 rures in 5 year. (data, explonation

enrd rebuttal)

The sompanics that install gancls solar say this Type of cnergy is choap o, (appeal eutharity)




ARGUMENTATION TEST (from Sampson & Clark, 2006)
Part I: Making a Scientific Argument
Introduction:

Once a scientist develops an explanation for why something happens, he or she must
support their claim with some type of reason. The explanation and the supporting
reason is called an argument. Scientists use arguments to convince others that their
claim is indeed true. How do you think people could create a convincing argument?

Directions:

The first three questions are designed to determine what you think counts as a good

argument. In each question you will be given a claim. Following the claim are 6 different
arguments. Your job is to rank the arguments in order using the following scale:

This is the most convincing argument
This is the 2nd most convincing argument
This is the 3rd most convincing argument
This is the 4th most convincing argument
This is the 5th most convincing argument
This is the least convincing argument

Your task is to rank the 6 different arguments in terms of how convincing you think they are.
Remember that you can only rank one argument as 1, one argument as 2, one argument as 3,
and so on.




Question 1. The agency of energy in Malaga is thinking a project to implant solar panels in the
communities of neighbors without them to obtain hot water. Suppose someone makes the
following claim about the solar energy, which reason makes the most convincing argument?

Claim: Solar energy is cheaper than another type of energy as butane because...

D Depending on different house systems to produce energy people spend more or less money.
A person who panels solar in your house pay 56€ per year and other without them, have to

pay 336€ per year to wrn water. (explanation and data)

The panels solar used the sun to produce energy to warm water. The sun it's free and you
don’t have to pay anything to have energy. (explanation only)

Two people, one with panels solar in your home and other without them, use the same
number of bottles of butanes in one year. (contradictory)

A person with panels solar at home need 20 bottles of butanes less that another without
them. (data only)

A person who use in your house energy solar to warm water, usually use 4 bottles of butane
per year to the days without sun. Other person that don’t have them in their house,
consume 24 bottles of butanes. The sun is a energy resource free and thus, if the first person
hadn’t had solar panels, he/she woudn’t have saved 280 euros in a year. (data, explanation
and rebuttal)

D The companies that install panels solar say this type of energy is cheaper. (appeal authority)




argument.

ARGUMENTATION TEST [from Sampson & Clark, 2006)
Part |l: Challenging an Argument

Introduction: Once a scientist develops an explanation for why something happens, he
or she must support the explanation with the reasons for why they think their
explanation s corect. The ewplanation along with its supporting rezsons is called an
argament. Sometimes other szientizts agree with the argument; sometimez they do not
When they disagree, they challenge the accuracy of the srgument. How do you think
people could challenge the arguments of ather people?

The last three guestions on this test are designed to determine what you think counts
as a good challenge to anargument,

Directions: In each fuestion i will he
given an aigument. Following Lhe argument are & different challerges, Your job is o
rank the challenges using the fallowing srala:

This comment i the strongest challenge to this argument
This comment = the 2nd strongest challenge to this argument
Thiz comment & the 3rd strongest challenge to this argument
This comment & the dth strongest challenge to this argument
This comment i the Stk strongest challenge to this argument
This comment & the weakest challenge to this argument
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Part |i

To determine what pre-service teachers of primary
school level think counts as a good challenge to an

This part has three questions.

Question & Alvaro, Clavdis, Frantis y Cariota ane reighbors that sre dioussig intall suls panets in
g, They have loaking far information and they are mesting to sdop: a cesision, Suppose

thesr by

Aluars suggests that

i ghink we shoulin’t nstall safar panels becoude # 3 mane dxpendie that wie Bottles of Butonss, §
we install the soiar paneis | showld pey oround LI20 € and now | et poping 280 £ per pear.”

Oaudis disagroes with Abrars. Your task i to mak the § eifiorent dmllarges gen by
Qouda in vrms of bow strong you think they are.

Uauda: | disogree..
L *.bacause you haver't done encugh calculations. How can you be sure thal o warm up

watar by sndar panek s mare expersiva that by batthes of Butane if yaa ank have camp aned
the catz af the firss year? (Rebuttods with oniy claim}

L ".Beause Frarvis y Corlota disagres with vou ard we ane maority.”

2w have Lo 0 an initial inversion Bul yau can’L iompare only the initial inversion
with the cast in bottles of burane that yau pay in ore year. Yau should think in a large pednd
aF tima, yau will pay the same during four yaar and from tha fifth year yau wee't have ta
may arything.” fRebuttals agains grounds with grounds (bakings))

L “.Baause people save money with solar pangls. My cousin i
agnand ha has sawed SEO . Ancording o

staled solar parsts sin years
rhaim nobady could save manay with solar

pameks, Haw mmn my cousic hass sseed mensy with them 2 (Hebuttols ogoinst Hhesis with
N groands fdona with arguinear

L *_To wam water by solar pancls are theaper than by botties of butane because they used o
resguree of eretgy that it i free.” (Rebuiol cpainst thesis no grounds farmiment with
chaim))

*_Barause you have

walued i 3 long pedod tims, Have vou thought bowe much money
thiat yau cauld save in 10 yoars? (Rebuttals sgaingt groun de no grounds [warmne))



ARGUMENTATION TEST (from Sampson & Clark, 2006)
Part II: Challenging an Argument

Introduction: Once a scientist develops an explanation for why something happens, he
or she must support the explanation with the reasons for why they think their
explanation is correct. The explanation along with its supporting reasons is called an
argument. Sometimes other scientists agree with the argument; sometimes they do not.

When they disagree, they challenge the accuracy of the argument. How do you think
people could challenge the arguments of other people?

The last three questions on this test are designed to determine what you think counts
as a good challenge to anargument.

Directions: In each question you will be
given an argument. Following the argument are 6 different challenges. Your job is to
rank the challenges using the following scale:

This comment is the strongest challenge to this argument

This comment is the 2nd strongest challenge to this argument
This comment is the 3rd strongest challenge to this argument
This comment is the 4th strongest challenge to this argument
This comment is the 5th strongest challenge to this argument

O P W N

This comment is the weakest challenge to this argument



Question 4. Alvaro, Claudia, Francis y Carlota are neighbors that are discussing install solar panels in
their building. They have looking for information and they are meeting to adopt a decision. Suppose
Alvaro suggests that:

“I think we shouldn’t install solar panels because it is more expensive that use bottles of butanes. If
we install the solar panels | should pay around 1.120 € and now | am paying 280 € per yeor.”

Claudia disagrees with Alvaro. Your task is to rank the 6 different challenges given by
Claudia in terms of how strong you think they are.

Claudia: | disogree...

— “..because you haven't done enough calculations. How can you be sure that to warm up
water by solar panels is more expensive that by bottles of butane if you only have compared
the data of the first year? (Rebuttals with only claim)

— “..Because Francis y Carlota disagree with you and we are majority.”

— “..1t's true we have to do an initial inversion but you can’t compare only the initial inversion
with the cost in bottles of butane that you pay in one year. You should think in a large period
of time, you will pay the same during four years and from the fifth year you won't have to
pay anything.” (Rebuttals against grounds with grounds (bakings))

— “...Because people save money with solar panels. My cousin installed solar panels six years
ago and he has saved 560 €. According to your claim nobody could save money with solar
panels. How can my cousin have saved money with them?” (Rebuttals against thesis with
no grounds (data with argument))

— “..To warn water by solar panels are cheaper than by bottles of butane because they used a
resource of energy that it is free.” (Rebuttals against thesis no grounds (argument with
claim))

— “..Because you haven't valued in a long period time. Have you thought how much money
that you could save in 10 years?” (Rebuttals against grounds no grounds (warrant))



Part |l

To know that the participants think about:

» On importance of discourse and quality of discourse.

 The classroom activities encouraging scientific
discourse and promoting argumentation and students’
attitudes to these activities.

« The significance of argumentation in science education

This part has ten questions.




PERCEPTION OF ARGUMENTATION TEST (from Chin, 2008)

PART | (Classroom Discourse)

1. What are the different kinds of activities which you would
use in your classroom in order to encourage scientific discourse inside the classroom?
You are allowed to tick more than one.

COOo0O00Oo0ooLDoioDoD

Group work

Pair work

Pair discussion
Group discussion
Open discussion
Debate

Drama (Role Play)
Practical
Experiment
Lecture

Other activities (please state: )

2. What doyou think that should be the participation of the students in the talks inside the
classroom of science?

Every lesson

Often

Sometimes

Seldom

Never

Others (please state: ]

3. From your view of point, is discourse mportant during science lessons? Please explai

4, How can be increased the quality of the taks that take place inside the classroom?




ACTIVITIES DESIGNED BY PARTICIPANTS
(Erduran, Dilek, Yakmaci-Guzel, 2006)

(a) The aims

(b) The learning goals of the activity

(c) Teaching points which highlight aspects of
background knowledge or what knowledge the
students may need for the activity

(d) Teaching sequence which suggests how the
materials might be implemented in the classroom



INTERVENTION




Sessbon 1: Tmtrod ncing Argwment
Al

¢ ToExplore the compenent of an argument
= Tao develop the panticipants” knowledge asd understanding of the language of
arglenent

Timings (150 min)

1.1 Am argum ent lesson (30 min.)
1.2 Wha & the evidence? (45 min,)
1.3 Argumsent in science (35 min)
1.4 Constructimg srguments (40 mink

Resomrees
Activities ALL AL ALR AT4L ALAZ

Sewshon 3; Teaching argumentation

#  Toleam a moded of argumentation.

+ To explode asd reflect abour svtegies for sufting and susthinisg argument
DEEivities.

» Toevahase procedanes for argument bessons

Thmisgs (150 min)

3,1 A model for pgament {35 min}
3.2 Introducing armument in the classroom (40 min)
3.3 Geeting argument ssarted (30 miz)

34 Kesping argument goang (20 m
EEL="E 125 mi)

Resources
Activitics A3, A32 A33 A34yAIS

Session 52 Evaluatiig arguments
Aldmis

* To know ways in which sudems’ wrinen and spoken argumenis can be
evahated,
*  Tounderstand of how

edback can improve smdents” ability to argne,

ings (150 min)

5.1 Evaluating written arguments (60 mink
52 Evaluating spoken arguments (90 miny

Resources
Arvitdes Al 4.1, Al4Z, ALLLL A3

SESSIONS
Adapted from Osborne, Erduran, Simon (2004

Alms

Session 2: Managing small group dscission
Alms

.

To consider the value of small group discussion for leaming scisnce
*  Tounderstand the most effective uses of small group discussion

To ko biow the sisall growps shoubd be organssd

To learn strlegics for ising small growg work,

Timings (130 min)

2.1 The vilie of small group discisssion (43 min )
22 Sipategdes for orpanl sine smnall grou descussion (40 g}
2.3 Rurming group woek in the classroom (45 min)

Resources
Activities A2,] vA22,

Sexvian 4: Resources for argumen tation
Al

» Toknow a range of Tesources for supporting argnmentation.
#  Towmwderstand of how writhen argument cam be supported

Timirgs (130 min)
4.1 Ways of irdistion arpumentstion (50 mm)
1.2 Using wrilten argument {50 @)

1.3 Teaching strategies 1o suppart wiilken argunents (30 muin)

Resources
Activitics A

Adl A4 AL2]

Session 6:

lodelling argume st

& To explore ways in which weak arguments com be modelled with stadents.

»  Tounderstand of how to mode] counter argumentation.

ngs (130 mim)

6.1 Modslling arguments (33 min)
6.2 Construcing model arguments (32 min)
6.3 Modelling couster arguments (60 min)




Session 1: Introducing Argument
Aims

e To Explore the component of an argument

e To develop the participants’ knowledge and understanding of the language of
argument.

Timings (150 min)

1.1 An argument lesson (30 min.)
1.2 What is the evidence? (45 min.)
1.3 Argument in science (35 min)
1.4 Constructing arguments (40 min)

Resources
Activities A1.1, A1.2, A1.3. A1.4.1, A14.2.



Session 2: Managing small group discussion
Aims

e To consider the value of small group discussion for learning science.
e To understand the most effective uses of small group discussion

e To know how the small groups should be organised.

e To leam strategies for using small group work.

Timings (130 min)
2.1 The value of small group discussion (45 min.)
2.2 Strategies for organising small group discussion (40 min.)

2.3 Running group work in the classroom (45 min)

Resources
Activities A2.1 yA2.2.



Session 3: Teaching argumentation
Aims

e To learn a model of argumentation.

e To explore and reflect about strategies for starting and sustaining argument
activities.

e To evaluate procedures for argument lessons

Timings (150 min)

3.1 A model for argument (35 min)

3.2 Introducing argument in the classroom (40 min)
3.3 Getting argument started (30 min)

3.4 Keeping argument going (20 min)

3.5 Counter arguing (25 min)

Resources
Activities A3.1, A3.2, A3.3, A3.4y A3.5.



Session 4: Resources for argumentation
Aims

e To know a range of resources for supporting argumentation.
¢ To understand of how written argument can be supported.

Timings (130 min)
4.1 Ways of mitiation argumentation (50 min)
4.2 Using written argument (50 min)

4.3 Teaching strategies to support written arguments (30 min)

Resources
Activities A.2.1, A1.4.1, A3.5, A3.3.3,3.3.4,A4.1, A4.2, A4.2.1.



Session 5: Evaluating arguments
Aims

e To know ways in which students’ written and spoken arguments can be
evaluated.
e Tounderstand of how feedback can improve students” ability to argue.

Timings (150 min)

5.1 Evaluating written arguments (60 min)
5.2 Evaluating spoken arguments (90 min)

Resources
Activities A1.4.1, A1.4.2, A2.2. A3.3 4.



Session 6: Modelling argument
Aims

e To explore ways in which weak arguments can be modelled with students.

¢ To understand of how to model counter argumentation.
Timings (130 min)
6.1 Modelling arguments (35 min)

6.2 Constructing model arguments (35 min)
6.3 Modelling counter arguments (60 min)



AL1 Vertehrates (fish smphibians reptiles binds. mammals) or inverrdsrates A4.21 What happess when the air is heared”

" . e ey e - L ] Take two listle plastsc botles and mo balleons. Fill wp two bowds, one of them with
T = o cold waer and the other with beat waer. Fellow the nest ieps.

Alvaro y Claudia e classmates and ooe day their teacher give them the following
drawing:

Their teacher ask them why they think 5 impornt the smosphere 2nd the ciouds. 1. Tkt balocms and put then i the e of the bettes. |
Alvaro sower: 2. Inroduce eack bosle i each bowt.

“If we hadnt a chouds, the earth would receive less solar enstgy” What do vou tink that wall eccur in the cold waler bowld? Explam your answer.
Claudsa amswer:

“T think if we had oaly atmosphers, the carth would receive more solar energy™

Which one do you think has 2 good — What o yous think that will cecur in the heat wates bowl? Explain your ansver.

Addivienal Evidence
= The putixles ina pas & more scparaied than lxpeds.
* A gas tend 1o fill 3 reciplent that contains it
» Water is denser than asr
= Two bodies in comtact tend to balance their temperanuras,
* Thehotparticles move fasuer thes cold partiches.

akeieton
1 st s sl
Ymsien o i i 0 rermentrial environsmest an i fhe e

Tt has et bl

ummu_u‘ummu.
Youcm fndi trrmcatnal enviroeenent




A2.1 Vertebrates (fish. amphibians, reptiles, birds, mammals) or invertebrates
animals (worms, molluscs, arthropods)? (A classification activity)

Type of animals Defend your group
decision by using
evidence

Alvaro answer:

“If we hadn't a clouds,
Claudia answer:

“T think if we had only at
Which one do you think

You can find it in a terrestrial envirenment

I you touch your body, will be rough to thetouch
Itwas bom from eggs

It has four pins

1t has intemnal skeleton

Evidence card for animal 4

You can find it in a terrestrial environment.
It hasn tpins.

It has internal skeleton
If you touch yourbedy, will be soft to the touch
1t has two pins and a peak
You can find it in a terrestrial environment and in the sea.
It was born from
Ithasa lot of pins.
You can find it in a terrestrial environment.
It moves jumping and flying.
Ithasn’tpins If you touch your body, veu can appreciate it is rigid.
It moves crawling It hasntinternal skeleton
In their body has a something hard that protects its body.
1t has soft body.
You can find it in a terrestrial environment.




A2.1 Vertebrates (fish. amphibians, reptiles, birds, mammals) or invertebrates
animals (worms, molluscs, arthropods)? (A classification activity)

Animals Type of animals Defend your group
decision by using
evidence

u?

ro

—




Evidence card for animal 1

You can find it in a terrestrial environment

If you touch your body. will be rough to the touch
It was born from eggs

It has fourpins

It has internal skeleton

Evidence card for animal 2

It has internal skeleton

If you touch your body, will be soft to the touch

It has two pins and a peak

You can find it in a terrestrial environment and in the sea.
It was born from

It hasn’tpins

It moves crawling

In their body has a something hard that protects its body.
It has soft body.

You can find it in a terrestrial environment.

Evidence card for animal 4

You can find it in a terrestrial environment.
It hasntpins.

It moves crawling

It has soft body.

It has a long body and divided in ri

Evidence card for animal §

It hasa lot of pins.

You can find it in a terrestrial environment.

It moves jumping and flying.

If you touch your body, you can appreciate it is rigid.
It hasn’tinternal skeleton




A.2.2 Why is important the atmosphere? (Analyzing and interpreting data and
contrasting theories)

Alvaro y Claudia are classmates and one day their teacher give them the following
drawing:

e
,.&.h
LMD
ENERGIA QUE LLEGA DEL SOL
Ererg 3 absordda l“mb!! Energia que 193 nubes
utn-s.‘vu -, A el 3l espaco
wed pded 4 17 undades

—QO’

Energis sbiorbada por lns nubes
4 yndades

Energia que b Tierra
el ol e5pCO

® § undades

ENERGIA QUE LLEGA A LA TIERRA
& UNIDADES

Their teacher ask them why they think is important the atmosphere and the clouds.
Alvaro answer:

“If we hadn't a clouds, the earth would receive less solar energy”
Claudia answer:
“I think 1f we had only atmosphere, the earth would receive more solar energy”

Which one do you think has a good argument? Explain your answer.



A4.2.1 What happens when the air is heated?

Take two little plastic bottles and two balloons. Fill up two bowls, one of them with
cold water and the other with heat water. Follow the next steps.

1. Take the balloons and put them in the top of the bottles. |
2. Introduce each bottle in each bowl.

What do you think that will occur in the cold water bowl? Explain your answer.

What do you think that will occur in the heat water bow1? Explain your answer.

Additional Evidence
The particles in a gas are more separated than liquids.
A gas tend to fill a recipient that contains it.
‘Water is denser than air.
;‘.!"’: : Two bodies in contact tend to balance their temperaturas.
E_§ Prezi The hot move faster than cold
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