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Collaborative Reasoning on Self-Generated Analogies:

Conceptual Growth in Understanding Scientific Phenomena

Abstract

This study investigated fourth graders' self-generated analogies, that is, own analogies giving self-explanations -
opposed to analogies provided by a teacher- and the effects of their collaborative reasoning and arguing over these
analogies on individual understanding of three. scientific phenomena concerning air pressure. At the beginning the
children_were individually asked to give their own explanations, explicitly encouraged to think of something similar
which could help them to understand better what they had experienced. Then, divided in small groups they were asked
to compare their accounts to collaboratively reach a shared expianation of each phenomenon. At the end, the children
were again individually asked to give their explanations. The data underwent both a qualitative and quantitative
analysis. The firs: showed that the children, on the basis of their alternative represcntations of what air could do,
produced and used their own analogies as self-explanations both to help them learn the new material and
communicate their understanding to others. Moreover, the analysis of the collaborative reasoning and arguing
developed in small group discussions revealed that through steps of critical opposition and co-construction, the
learners negotiated and renegotiated meanings and ideas to share a new common knowledge based on the
explicitations of more appropriate analogies supporting more advanced e.cplanations. The quantitative analysis showed
that socio-cognitive interaction in small groups was fruitful as the children significantly progressed on an individual
plane in giving their own explanations of each phenomenon as well as in recognizing the similarities between the
three phenomena. In addition, the qualitative data showed evidence that the children were able to explicit
metacognitive awareness of their conceptual growth. Finally, educational implications have been drawn.
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Collaborative Reasoning on Self-Generated Analogics:
Conceptual Growth in Understanding Scientific Phenomena

Theoretical framework

This study investigates the production and use of elementary school children's own analogies, as
opposed to analogies provided by a teacher, and their collaborative reasoning and arguing on them
within a socio-constructivist learning environment characterized as a community of discourse (Brown,
1995; Brown et al., 1993; Brown & Campione, 1994).

Analogy is the transfer of a relational structure from a known domain (the source) to another
fundamentally similar but less known domain (the target). All the systematic approaches which
explain how this mapping occurs attribute crucial importance to the mapping stage of the source
characteristics into the target and to the elaboration of higher-order relations connecting the two
domains (i.e. Gentner, 1983, 1989, Gick & Holyoak, 1980, 1983: Holyoak, 1985, Sternberg, 1977,
1982). Analogy is thought to be one of the fundamental methods to enhance knowledge in the
processes of scientific discovery. Historical accounts of scientific insights, based on scientists'
retrospective reconstruction of them, have described several examples of the potential of analogies
(Dreistadt. 1968, Hesse, 1966; Oppenheimer, 1956) in the practice of science within the scientific
community. A study carried out by Clement (1988) on problem solving strategies used by physics
experts in an artificial setting pointed out the spontaneous use of analogies. Evidence provided by
thinking aloud revealed three different methods of analogy generation: generation via a principle,
generation via an association, and generation via transformation. The uselfuness of some analogies
appeared to lie in the "provocative” function of activating additional knowledge schemes. This was
different from the direct transfer function where knowledge was mapped directly from the analogous
case to the original one. In some cases an analogy could lead to the discovery of new causal factors in
the examined system and to the development of a new mental model for understanding the system.
Analogy is also valued for producing meaningful school learning understood as a generative process
in which students construct relations among experiences, concepts, and higher-order principles
(Wittrock, 1985). It can act as a valuable tool to teach and leam complex concepts in curricular
domains (Bransford et. al.,, 1989; Duit, 1991; Glynn, 1990, 1991, 1994, Prawat, 1989; Stepich &
Newby, 1988, Suzuki, 1994). Several empirical studies have addressed the role of instructional
analogies in teaching and learning contents of different science fields. They have indicated the
conditions under which analogics may be effective aids in building richer representations of new
concepts by enhancing the connection of information and the elaboration of more comprehensive and
integrated knowledge structures (i.e. Clement, 1989; Newby, Eartmer, & Stepich, 1994; Simons,
1984, Zook & Di Vesta, 1991). In particular, some studies have recently pointed out the success of
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learning science concepts by taking into account students' preexisting knowledge (Brown, 1994,
Joshua & Dupin, 1987; Mason, 1994 a, b; Stavy, 1991, Treagust, Harrison, & Venville, 1993). One of
the most influential instructional approaches designed to use analogies to overcome learners'
alternative conceptions in physics, successfully employed by Clement and his collaborators, is the
*bridging analogies” approach (i. ¢. Clement, 1993; Brown & Clement, 1989).

It is noteworthy that research on instructional analogies has focused on analogies provided by teachers
or experimenters as aids to construct and remember newly learned informalién. Only very recently the

- potential of self-generated analogies, that is when learners use their own analogies as opposed to

analogies provided by an adult, has begun 10 be investigated. Cosgrove (1991) has analyzed eighth
graders-suggested analogies in learning about clectricity, domain in which a major obstacle to
learning the scientific view concerns the belief that electricity is used up, so resistors are thought of as
consumers of charge rather than as hindrances to its flow. Within a non direct teaching episode, the
students were encouraged to propose their own analogies to deal with an aspect of electricity, the
notion that moving charges are conserved. The development of a particular analogy as a part of the
process of making sense of the phenomenon led to the construction of a transitional framework, that
is, an intermediate position in which the conservation of current could be recognized. Zook and Maier
(1994) have investigated the generation of own personal analogies as elaboration devices by analyzing
the features of those analogies and the interpretations novice and expert middle school students
provided for them. The results of their study demonstrated that novices often generate analogies for
themselves that are superficially similar to the examples that they have already experienced.
Moreover, their analogies may often fail to acoount the essential target-domain features, thus
minimizing their effectiveness as explanatory models. Young novices are more likely to form
misconceptions because of their difficulties to construct relational interpretations of analogies.
However, it is noteworthy that this study did not take into account students' prior knowledge on the
target science contents which could have strongly affected the production of their own analogies.
Wong (1993 a, b) has investigated the self-gencration of analogies as a means for advancing
conceptual understanding in college students. The participants were asked to create, apply, and
modify their personal analogies as a heuristic for constructing, evaluating, and modifying their own
explanations for the given scientific phenomena. Remarkable changes in explanations were observed,
which ranged from the creation of new ones to the raising of important questions about the nature of
the examined phenomenon.

These three studies indicate that students approaching new science contents may take advantage from
the systematic production and application of their own analogies. Self-generated analogies can be seen
as a kind of self-explanation produced to integrate new information into existing knowledge, which
according to the recent research carried out by Chi and collaborators (1994), enhances learning and
understanding even when it is conceptually inaccurate. Therefore, students can be encouraged to use
personal analogies, as experts spontancously do in scientific problem solving (Clement, 1988), to
generate explanations of given phenomena. Evaluating the success of their project "Community of
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learners” they are implementing in inner<city elementary and middle schools, Brown and Campione
(1994) found that tt: quality of students' analogies increased as they progressed in critically thinking
about knowledge. In particular, they progressed from using surface similarities to using deep
similarities between situations and phenomena. If initially they could draw simple analcgies, such as
between human eyes and car headlights, later they made advanced analogies, such as between a car
engine and the human heart 10 explain the underlying mechanisms.
The three above mentioned studies on the self-generation of analogies have addressed older students
who were ipvolved, with the exception of the first study, only in individual activity. It seemed
relevant to expand the focus of research towards younger students who, in a Vygotskian frame of
reference, are supposed to better perform in a collaborative learning environment since reasoning in
children is mainly manifested in the externalized form of discussing and arguing with somcone else.
According to the social constructivist perspective, the present study assumes that knowledge growth
occurs as a result of personal interactions in social contexts (Vygotsky, 1978, Wersch, 1985; Resnick,
Levine, & Teasley, 1991). Social interaction in the classroom takes place in collaborative situations
such as discussions, both between peers and between teachers and students, giving learners cognitive
apprenticeship opportunities to acquire cultural reasoning and argumentation ways (Collins, Brown,
& Newman, 1989). Research has pointed out that argumentation processes in classroom discussions
can faster the acquisition of conceptual knowledge (Brown & Campione, 1990, 1994; Brown &
§ Palincsar, 1989; Driver et al., 1995, Kobayashi, 1994, Mason, submitted; Pontecorvo, 1997, 1990).
Giving students opportunity to explicit their own explanations, in this case through self-generated
analogies, and then compare, challenge, evaluate, and modify them collaboratively on the
interpsychological plane to reach better understanding of the examined phenomena may be a fruitful
breeding ground for individual conceptual growth, that is, more advanced knowledge may be
appropriated on the intrapsychological plane by socio-cognitive interaction on a conceptual content.
i According to Larreamendy-Joerns and Chi (1994) the effectiveness of social interaction in enhancing
' science learning can be attributed to the fact that a collaborative learning context encourages
production of self-explanations about information which is unavailable and yet required to completely
understand the concept to be learned. Therefore, if a student explicits a self-generated analogy to
explain a scientific phenomenon he or she can be required to give reasons supporting it and if it
happens to be wrong after a critical examination, subsequent more correct information can be
constructed with peers in order to give a more satisfying account of the examined situation. In other
words, collaborative reasoning and arguing can increase the positive effect that self-explanations
produce when there is no social interaction (Larreamendy-Joerns & Chi, 1994). In that respect a
complementary point of view on the effectiveness of social interaction refers to the fact that a
collaborative learning context by assuring the confrontation of different ideas can foster metacognitive
awareness of one's own conceptions. By sharing with and for others the inquiry about what lies
E MC behind their own conceptions, the discussion participants bring to the surface the representations and
’ presuppositions on which their conceptions rely. In such a way each interlocutor has the opportunity




1o be aware of his or her own ideas and to transform them into "reasoned theories” (Kuhn, 1993).
Students' metaconceptual awareness of their own representations through which they interpret and
make predictions about the world has recently been acknowledged as crucial in conceptual change
(Hennessey, 1993; Mason, 1994 a, b; Roth, 1990, Vosniadou, 1991, 1994) since it is the fundamental
condition to experience the need for knowledge revision while trying to integrate new information
into preexisting conceptual structures. Therefore, collaborative reasoning on self-generated analogi&
may be a useful tool in creating ahd refining metaconceptual awareness about one's own
representations and the reasons on which the given selfsexplanations are based.

The atm of this qualxlame and quantitative stud) was to analyze the production and use of analogus
self-generated by children in sclf-explaining the examined scientific phenomena, and to evaluate the
effects of their collaborative reasoning and arguing on those analogies.

The answers to the following questions were the objectives of the study:

(a) Do fourth graders explicitly encouraged to create and apply sclf-generated analogies produce and
use them to construct accounts of scientific phenomena?

(b) Are these self-generated analogies influenced by learners' personal know ledge base?

(c) How, if at all, does a collaborative reasoning context facilitate the evaluation of individually self-
generated analogies and construction of more advanced explanations of the examined phenomena?
(d) Does collaborative reasoning improve explanations at individual level? In other words, what
conceptual growth can be identified in learners' individual explanations of the examined scientific
phenomena as appropriation of knowledge through socio-cognitive interaction in group discussions?

(e) Is there any ovidence that learners are metaconceptuaily aware of their conceptual growth?
Method

Subjects. A whole class in a public elementary school in the Padova area (Northern Italy), made up of
18 fourth graders, took part in the implementation of a curriculum unit within a wider science
curriculum. The children, half girls and half boys, shared a homogenecous middle <lass social
background.

Material. The science curriculurn unit dealt with air properties, in particular air pressure, a very
important topic throughout school science (Brook & Driver, 1989, Ruggiero et al., 1985, Séré, 1985)
as it is at the basis of many more or less simple phcnomena. Three air pressure phenomena were
introduced to the children.

(1) A glass is filled with water and covered with a piece of cardboard. Then, it is turned upside down
kecping a hand on the cardboard. Then the hand is removed. Why does the water not come out?

(2) A sink plunger is pushed hard on ® a smooth surface. Why is it very difficult to pull off?

(3) A can of drink (iced tea) is turned upside down to pour the tea into a cup from a hole on its upper
surface. Why does nothing come out? A second hole is made on the opposite side of the same surface.
Why docs the tea come out? A
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Educational setting. An innovative teaching-learning context was created to implement. the complete
science curriculum by stimulating socio<cognitive peer interaction: large-group discussions, the whole
class, and small-group discussions, four or five students who held different conceptions on the same
topic. The rescarcher fitted in with this educational setting in each session devoted to the science
curriculum unit (two hours twice a week for about one month and half).

Procedure. At the beginning the children were individually interviewed on “the topic of air
characteristics to ascertain their prior knowledge. In the first session they individually experienced
with concrete objects the three phenomena on air pressure. Then they were asked to give an
explanation for each of them and to "think of something similar® (not to use the term “analogy®) that
could help to better understand each phenomenon. Moreaver, they were asked if they perceived any
similarities between the phenomena, and if so, which. In the next three sessions the children were
divided in four small groups (two made up of four and two of five learners) ensuring that each group
included children who had given different individual explanations. Within each group, the children
were askcd to compare their accounts to collaboratively reach a shared explanation of each
phenomenon by evaluating and modifying the already self-gencrated analogies or creating new ones.
In the next session a whole<lass discussion took place to give each group the opportunity to present to
the others the explanations it had collaboratively reached and for a further exchange and comparison
of interpretations. In the final session the children were again individually required to give their
explanation of the three air pressure phenomena. As in the initial session they were also asked which
similanties they perceived between the phenomena. Morcover, they were asked three questions to
ascertain, in an exploratory way, their metacognitive awareness (if any) of the growth in their
conceptual structures (Do you think your ideas about the phenomenon x, y, z have been changed? If
50, in what way they changed? Why do you think they changed?)

Data source and analysis. Data were collected by audiorecording each session. Discussions were
totally transcribed as were the initial and final individual interviews. The data underwent both a
qualitative and quantitative analysis. The first aimed at identifying and examining: (a) the individual
self-generated analogies and explanations given for the scientific phenomena by each child before and
afler socio-cognitive interaction. The think-aloud methodology was used to allow them to express their
thought processes, (b) the collaborative discourse-reasoning developed in the various gre ip
discussions, in which the individually self-generated analogies and explanations were evaluated,
modified or abandoned in favor of new ones, in socially constmclir;\g sharable knowledge; (c) the
explicitation of metacognitive awarcness of one's own conceptual growth in understanding the
phenomena. The quantitative analysis aimed at verifying whether there were statistically significant
differences between the individual explanations given before and after the collaborative reasoning and
arguing on the phen imena To this aim the data underwent the McNemar test.
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Results

Prior knowledge: Air exists and takes up space

Before introducing the phenomena to the children, in the initial interview they were asked some
questions on air characteristics, to see whether they held the idea that air exists, took up space, and
weighed. Shown an empty water- bottle, 14 of them said there was no water inside.but air and
Sebastiano added: *If therg was 0o air it would be squashed”. It must be said that in third grade, while
fearning the metrical decimal system, in particular capacity measures, the children had experienced
the existence of air inside empty bottles when they could not pour water from one container to another
under certain conditions. To verify whether they could apply the idea that air took up space, they were
shown a picture of an empty bottle with a funnel and a tight-fitting rubber .round its neck to prevent
the air from escaping. The picture showed that the water poured into the funnel could not pass
through. The children were asked why. In this case, only 4 of them gave the correct explanation.
Another question was aimed at investigating if the children recognized that air weighs by showing
them a picture of two balloons equally inflated on a simple balance. The question was what would
happen to the balance if one of the balloons were more inflated. Thirteen children said that the
balance would go down on the side of the more inflated balloon as "Air weighs because it exists
although we can' touch and see it". Of the remainder, 1 child clearly maintained that "air doesn't
weigh®, | said that it depended on the air inflated "... because if it's cold the balance tends to go down
but if the air's warm, it tends to go up". Clear answers were not given by 3 children. As concerns the
physical properties of air, as we can see below, some of the alternative conceptions highlighted by
previous studies involving students of secondary school age range (i.¢. Engel-Clough & Driver, 1986,
Ruggiero et al., 1985, Séré, 1985) and elementary school age range (i.c. Brook, Driver, & Hind,
1989; Mason, 1986, 1988) were at the basis of many explanations given to the phenomena examined
here:

- a strong tendency to associate air with movement so "air does nothing” when not in motion;

- a strong tendency to focus on an active agent inside containers rather than atmospheric pressure
outside;

- no reference to pressure differences to explain phenomena, but rather to a sucking, pulling air idea

or to a sucking vacuum.
Individually self-generated analogies and explanations
First phenomenon: The glass and the cardboard

Each child was invited to perform the first phenomenon, designed to elicit his or her ideas about air
pressure in equilibrium, by introducing a phenomenon which was unfamiliar and contrary to intuition




and expericnce. Ten different analogics were individually self-generated in producing explanations.

1. Water is like glue (6 children).
"It glucs the cardboard as it does a sheet of paper®.

2. Water is like a magnet (4 children).

"It's like a magnet but magnets attract iron. It's like the water was the magnet and the cardboard was
the iron”.

3. 1It's like small suction cups on toys (2 children).
"When we play we push the small cups and they stick".

4. It's like a pen cap on the lips (2 children).

"1f you put a pen cap on your lips and then you suck, it stays up because of lack of air ... the pen cup's
like the cardboard and the water's like the vacuum in the middle, the pen cup's like the edge of the
glass, the difference's that here instead of air pressure there's water pressure doing the sucking®.

5. 1t's like a glass on the mouth (1 child).
"A glass can be made to stick to the mouth afler drinking".

6. Water is like saliva which sticks (1 child).

"When [ don't want to use glue [ lick the paper and it sticks for a while. The water inside the glass
glues the cardboard as if it was saliva.”

7. 1t's like when a piece of paper sticks to the TV screen (1 child).
"Sometimes when you touch the TV screen you can hear a buzz (zzzz). One day I was holding a piece
of paper. I was in front of the TV screen. I didn't lay it on the screen but it stuck to it".

8 It's like when a piece of cellophane sticks to my hands (1 child).

*If there's a piece of cellophane on the table and I put my hand on it, it sticks and it doesn't fall”.
9. The cardboard is like a bung which prevents water from falling down (1 child).

10. The cardboard is like a sponge holding water (1 child).

The self-generated analogies were affected by the children alternative conceptions and they varied in
validity and quality of explanation. As can be seen, three (3, 4, 5) are acceptable, although at different
levels, from a scientific point of view as air pressure phenomena are involved. However, these
analogical sources were not understood in scientifically appropriate ways. Interestingly, in this phase
none of the children who self-generated these three analogies referred 10 the explanatory structure in
terms of air pressure difference. The other analogies revealed that in trying to figure out the
mechanism which produced the phenomenon, the children focused on its tangible aspect, so the fact
that water did not come out reminded them of other phenomena in which something else stuck. The
following is a part of the cxplana!ioﬁ offered by Andreina who produced several analogies in trying to
figure out the result of the experiment.

Water doesn't come out because the cardboard, 1 think, absorbs water, it's like a sponge holding water
. [after replicating the phenomenon by using a piece of paper] also paper absorbs water, maybe water
with paper or cardboard's like a magnet, a magnet which attracts iron, a magnet's hard instead water's
liquid ... I remember that sometimes after drinking I play in this way with the glass. I'll show you it
(she shows}. I put it on my mouth and the air inside the glass keeps it on the mouth, here the air's
outside ... I don't know ... But I have to do this (she sucks) with my mouth to keep the glass on. Here
you push the cardboard on the glass, there's air inside the glass, no, no. I don't think ¢, 0o ... the glass
is filled with water yet it stays up, this means that here air doesn't matter.




All the individual explanations given to the phenomenon were as follows.

- Water attracts the cardboard (5 children).

- Water glues the cardboard (4 children).

- Air inside the glass sucks the cardboard up (4 children).

- Air cannot get in to replace water (2 children).

- Outside air pushes the cardboard up and holds it up (4 children).

The most advanced initial explanation was given by the few children who changed their
representations of the phenomenon during the interview. They started with ooe of the above reported
alternative explanations but they realized it was not effective, so while u').ing to figure out the
phenomenon better they were able to reach an acceptable, although partial, explanation. An example
is Elena's reasoning:

Let's see. I don't think that the cardboard absorbs water because I also used a piece of newspaper and
the water didn't come out, practically it's the same. Probably there's a force inside the glass, it's filled
with water, water can have a force, that is water’s like a glue for the cardboard ... Let's see ... When it's
wet the cardboard sticks better ... I'm not very sure, convinced about that ... 1 must do the experiment

again [she does it). I'm thinking that it could be a force that pushes the cardboard 1o stick to the glass
... let me see again ... yes! The air outside the glass pushes the cardboard (o stick to the glass.

Second phenomenon: The sink plunger

Each child was invited to test out the plunger on different surfaces and then to explain why it was
difficult to remove it from a smooth surface.

Seven analogies were individually self-generated in producing explanations.

1. It is the same mechanism as the small suctions cups on soft toys ($ children).

2. Itis like the glass inverted with the cardboard attached to it (3 children).

3. 1t is like a pan with a lid (1 child).
*When you put a lid on a pan on the fire, the lid traps some air and when you lift it there's a little
vapor inside and it's quite difficult to pull off™.

4. It is like a parachute (1 child).
*Both the plunger and a parachute get inflated”.

S. It is like when you press something on the ground (1 child).
"When something's pressed hard on the ground it breaks, here it’s the same but the pushed air doesn't
break on the surface”. :

6. It is like super-glue (1 child).
*When you spray super-glue, if there's air in few seconds it hardens, but it doesn't if there isn't any air.
When the plunger's pushed down it's like super-glue when there is air®.

P

7. It is like a balloon inflated with air (1 child).

*Both the plunger and a balloon have air inside and are closed”.

The children's self-produced analogies in trying to figure out this air pressure diffe:cnce phenomenon
were based on what they conceived was the underlying mechanism, that is the presence of air under
the plunger cup. It is interesting to note that one of the children who drew the analogy between the




glass and the formner in terms of air trapped inside the cup. In making the correspondences between
the two analogs she was therefore “forced” to change her representation of the sousce itself in order to

avoid a conceptual conflict and manage to combine contradictory evidence. She said: *... maybe there
was air inside the cardboard which keeps it up ... Here, when you press the plunger in such a way air
is kept inside the red cup. Yes, there's air in both.* Also the other two children who made connections
with the glass and cardboard phenomenon perceived the similarity only in terms of internal air that
ke‘pt the cardboard attached to the glass and the plunger attached to the surface.

Al] the individual explanations given to the examined phenomenon were as follows.

- Ajr trapped inside makes the plunger stick (10 children).

- No air inside the plunger (5 children).

- The plunger is made of a special rubber (1 chuld).

- No air inside the plunger and outside air pressure (1 child).

- I don't know (1 child).

None of the children understood the phenomenon in terms of difference in air pressure inside and
outside the plunger cup. The most advanced explanation was given by Giovanni whe mentioned the

outside air opposing resistance. While reasoning on the phenomenon he said:

Air's against you. Yes, it's logic, air would be against to you. But I'm thinking that the air should
make resistance to every object in here, but it doesn't. Why? Why?

This is a clear example showing the children's difficulty of thinking in terms of relationships between
internal and external air pressure. Giovanni held the idea of vacuum inside the cup and the idea of
pressure exerted by the external air in the room but he could not figure ¢+.. how the latter did not
affect the -other objects that he could pull up easily. He was not able to combine the two aspects of
vacuum inside and external pressure outside in a relationship based on pressure difference. Significant
is his metacognitive reflection on experiencing conceptual difficulty. The two most popular
interpretations assigned the air inside the plunger cup a crucial role in "sticking®, "holding", "pulling
down. A typical one was: "Air's trapped inside the cup, there's a force inside that makes it difficult to
pull it up®,

Third phenomenon: The can with one or two holes

In explaining why the tea came out orly when there were two holes in the upper surface of the can,
the children individually sclf-generated the nine analogies that follow.

1. It is like the situation of the bottle with the funnel and a tight-fitting rubber around its neck (3
children).

2. It is like when you open a can of oil (motor oil or cooking ~il, 2 children)
"1 see my father when he changes the oil in his car He makes two holes and be told me that one hole
is to allow the air to come out and the other 10 allow the oil to come out. Two things can't ge out at the
same time through the same hole. A big whole would be necessary as with pull-ring cans.
1 4> -




*Aiso my mother makes two holes when she opens the oii can to cook chips, it's the same”.
3. It is like what happens when we pour wine from a bottle to another (2 children).

4. It is like a water-clock (1 child).
*1 tried to make a kind of water<clock by using two bottles, but the water trickled through very slowly,
so I made a hole in the upper bottle and the air came out®.

S. It is like emptying something (1 child).
*When you pull a hd off to empty a tan for example, all the stuff comes out and the air goes in it".

6. It is like when a poo! is emptied of water (1 child).
"I saw two plunges being opened to empty a pool. There was air undcrrmth and only one plungc was
not enough*® (1 chuld).

7. 1t is like when there's a narrow door and two people want to pass Lhrough together (1 chxld).
8. "It is like when we use armbands for swimming. The air doesn't come out even the small hole is
open. In the meanwhile there's air around us, the air should go into the armbands and the air inside

come out. So it's quite difficult, you have to squeeze them if you want the air to go out from the small
ho'e” (1 child).

9. It is like what happens in the inverted glass experiment (1 child).
*Therc's air outside the cardboard and it helps it to remain attached, here the air wants to go in the
can and the tea go out, the air helps both, there to stay up, here to pour the tea out”.

The analogies self-generated to give an account of this phenomenon, compared with other ones self-
Zenerated' to explain the first and second phenomenon, although varying in quality of explanation,
were the most valid and appropriate. They indicated how the children had some intuitive knowledge
which could be used as an anchor for new knowledge, Of the three children who made the analogy
with the bottle-and- funnel situation referring to the idea that both air and water take up space, two
pointed out that in this situation the air was outside while in the previouc one it was inside the bottle.
For example, Irene said:

The last time I told you that air has to go out for the water to go in and then when the rubber was

between the bottle opening and the funnel, the air could not go out. Here it's similar, but the opposite
because the air goes in and the water, not the tea, comes out.

In referring to the same source situation, the third child, Martina pointed out that air was both inside
the bottle and inside the can and that from both places it had to go out to allow a liquid to enter. She
then produced the analogy with armbands to strengihen and support her idea that the air inside a
" container cannot go out from a very small hole unless you push it out.

All the individual explanations given to the examined phenomenon were as follows.

- If there is only one hole the outside air, that has to go in o allow the tea to go out, and the tea clash.
If there are two holes the air goes in through one hole and the tea goes out from the other (9 children).
- If there is only one hole the tea and the air inside the can have to go out from the same hole. If there
are two holes the air inside goes out from one hole and the tea goes out from the other (3 children).

- If there is only one hole the outside air and the tea push on the same hole. If there are two holes the
outside air pushes and goes in through one hole and the tea pushes and goes out from the other (3




children).

- If there is only one hole the tea gets less force to go out. If there are two holes '« tea gets more force
to go out (2 children).

- I don't know (1 child).

The most popular reason referred to a correct intuitive representation of the phenomenon although not
expressed in terms of pressure equilibrium and difference. Apparently this third experiment was more
easily explained by the children as it was not contrary to imuiu'oﬁ and mére familiar, In fact it
reminded some children of the situation-introduced in the initial interview where water could not go
into the bottle because of the rubber between the funnel and the bottle opening, and their experience of
pouring liquids.

The initial percepticn of similarities between the three phenomena

After explaining the three phenomena individually, the children were asked if they could identify any
similaritics between them and, if so, which. All of them were able to recognize some similarities
although not all between the three phenomena and at diffcrent levels. The similarities between the
three phenomena perceived by 14 children are as follows.

- In all the phenomena there is air which does something (S children).
"From the plunger air escapes, there it helps the cardboard to stay up and in the can it goes in to allow
the tea to come out”.

- In all the phenomena there is air inside a container (4 children).
"All the objects holding something have air inside them®.

- In all the phenomena something does not happen.
"The water doesn't go down, the plunger doesn't come off, and the tea doesn't go out” (2 children).

- In all the phenomena there is the same mechanism, that is “the ordinasy air pressure which
continuously pushes on something” (2 children).

- In all the phenomena there is no air inside a container (1 child).

The higher-level identified similarities were expressed by the two children who mentioned the
underlying mechanism caused by air pressure. They were the children who gave the most advanced
explanations of ecach phenomenon. '

The similarities between two of the three phenomena perceived by the other 4 children are as iollows.
- "The plunger and the glass are similar because they stick, the can's different® (1 child).

- "There's something which acts as a magnet in the plunger and in the inverted glass but not in the
can, it's different” (1 child).

- “The experiments with the plunger and the can are similar because they don't allow what's inside to
go out” (1 child).

- "The glass and the can are similar because they can make a liquid go out” ( 1 child).
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The social construction of knowledge: Collaborative reasoning and arguing on individually self-

generated analogies and explanations

The children, divided in four small groups, each including learners who had expressed different
individual conceptions in the previous individual sessions, were asked to compare their personal
explanations by evaluating the already generated analogies and creating new ones to collaboratively
reach a shared explanatj'lon of the three phenomena. The teacher participated in the group discussions
only if the children required her presence at some point of their reasoning and arguing. '

First phenomenon: The glass and the cardboard

The following excerpts are drawn from the sequence of discourse-reasoning about the phenomenon of
the inverted glass 1 developed within one of the small groups.

(1) Giovanni: First of all we've got to decide why the water doesn't come out from the inverted glass.
Let me see ... The explanation I can give you is that the air pushes, that is, the air's under the glass, it
goes to the cardboard and the cardboard to the glass and it remains attached. The air pushes.

(2) Matteo: No, no, the air's inside the glass, it attracts the car¢ .oard.

(3) Giulio: 1 think it's like a magnet.

(4) Jenny: Yes, the water in the glass attracts the cardboard.

(5) Giovanni: Well, so I'm the only one who says that the outside air pushes. You've said that the
water attracts, so we've got to decide. But let me ask you a question: "How can water attract? What
force does it have? It's the air that pushes.

(6) Matreo: I've explained that once I licked a piece of paper and it stuck, so water could be a kind of
glue.

(7) Andreina: But how can water or outside air attract the cardboard? I ~.on't understand.

(8) Jenny: Because the water ... no, in the glass there's air, it attracts the cardboard. This's what [ say.
(9) Giovanni: Do you remember that nobody at school told us that air attracts? By reasoning during
the interview I understood that the outside air pushes, it has a pressure.

(10) Andreina: When I put the glass here, on my lips, and I do this movement [she shows it], it's the
air which sucks it up. .

(11) Giovanni: I'm sorry, but it's you who's sucking ... you and the glass's kept up. It's different in that
case, here nothing does that, nothing sucks, instead we know that air pushes but there's also the water -
with its pressure which pushes, so ... Giulio, what do you think?

(12) Giulio: maybe you're right, maybe ... but it's pretty difficult to figure out.

This first part of the discussion shows how its dynamics was characterized by oppositions and counter-
oppositions. Giovanni, who initially had individually given the most advanced explanation ooritrasting
any other supported by his classmates, will scaffold their reasoning to make more acceptable the
external air pressure idea. Water as a glue was not developed any more in favor of the idea that
something mus* suck, be it water or supposed internal air as Jenny’s assertions show. The analogy
drawn by Andreina, that will surface again during the discussion, was rejected by Giovanni who
pointed out that the examined phenomenon did not involve any form of sucking inside the glass and

1 The number ia perentheses refor 1o the statements utiared in the discussion ia the same order as they were made. The children's
seniences were translated trying 1o kesp the same “tyle” as in the original Nalisn version Orammar and style arrors ware oot
_corrasied uniess srsindisial te uadenisadins ' 4 r el




then he underlined the fact that two forces were involved. Here another sequence from the same
discussion is reported.

(55) Giulio: 1 think that the cardboard's wet, it's like if it was against the water in the glass and so
this doesn't come out because there's water against water.

(56) Gio 'anni: But then the water in the glass would win because it's much more, if it was water
against water the cardboard would drop.

(57) Giulio: When the cardboard's wet it gets heavier.

(58) Giovanni: Even better!! It will fail dovm Instead there must be another force which pushes in the
opposite direction.

(59) Giulio: Ah ... T'm thinking about this. Maybe it's true, maybe it's the air. .

(60) Giovanni: The outside air. Neither wins because if the air won the cardboard wonld be in this
position [he shows it}, instead if the water won it would fall down.

(61) Giulio: You mean that there are two equivalent forces, water and air are two equal forces.

(62) Jenny: Maybe I understand why the water docsn't go down: the air pushes to the glass edge and
in this way the cardboard stays up.

(63) Andreina: I'm puzzled because I don't understand why the cardboard sticks to the glass because of
the external air under the glass. There's air also above the glass,

(64) Giovanni:. Yes, the air pressure above pushes the glass and the air pressure under pushes the
cardboard on the glass. It's right.

(65) Aatteo: There's air but if you put a hand under the glass you don't feel the air, it's transparent, it's
a very particular thing.

The sequence is the furthering of Giovanni's claim about two opposing forces which helped the
children to accept the new idea of external air pressure. Interestingly, Giulio, who probably because
of an implicit presupposition of his was looking for another force also exerted by water, was scaffolded
by Giovanni'; counter-opposition to change his mind. Moreover, also Andreina's metaconceptual
reflection showy that she was busy connecting new developing knowledge. She could then experience
difficulties in combining and integrating it all as well as Matteo who pointed out that air is "a very
particular thing" meaning that it was still implausible to believe that a "transparent” thing could push
on something. The next sequence is foc'sed on the evaluation of some analogies that had been
individually self-generated.

(78) Giovanni: Those comparisons [written on a poster] aren't valid any more.

(79) Giulio: Yes, right, we've got to find a better one fitling our new explanation.

(80) Afarteo: I think that the comparison with the TV [he had generated this analogy] is right because
the water sticks the cardboard like glue and there because there's electricity.

(81) Jenny: No, I don't agree with you. it isn't the same, no. We've got another explanation now.

(82) Giovanni: 1 didn't agree with you at all, Mattco, because water and electricity are two different
things.

(83) Andreina: Yes, it's true, they've got nothing in common.

(84)Giulio. Maybe I've got a comp rison, it isn't right but it can explain: it's like a tool made up of two
forces, for example two pieces of iron. The air pushes upward and the water downward.

(85) Andreina: Saying that water's like glue or a magnet's totally rejectable, instead the comparison
with the cellophane could be good, as it stays attached to our hands.

(86) Giovanni: No, 1 disagree, the paper sticks to our hands but the air doesn't matter, air doesn push
in that case, and the idea that water's like a magnet is completely crazy.

(87) Jenny: Yes, I ‘ve thought over this idea and it isn't very good.

(88) Giovanni: | think that the glass-on-the-mouth situation, reported by Andreina, could appear
nmilnbminwexpeﬁmentmndelhe;lmthensnovmmlheresmtet.b\nwbenweuyto
sttach the uth thers isg ) . Db 0K Alan



there's air outside, ycs, the external air pushes on everything, also in that case. Oh good grief! Yes,
OK, they are similar.

The excerpt shows that some of the individually self-generated analogies were abandoned and that the
analogy with the situation of a glass on the mouth was accepted by Giovanni who, trying to
demonstrate a major difference between the analogs, came to find out their simila-ity in terms of
external air pressure, ,

The next extracts come from another small-group discussion on the same experiment which did not
come to share the idea reached by the previous group The children staned to reason and -argue
together after reading all the different’ explanauons given, written on a poster

(30) Valentina: The idea that the air inside the glass sucks the wdboard up isn't right because we've
scen that the glass was filled with water and so there couldn't be any air inside it. The other one that
external air pushes the cardboard to the glass isn't correct either because the outside air has nothing to
do with this, so all we can say now is that water's like a plunger for the cardboard, it sucks.

(31) Christian: | think that also the other comparison's right because the cellophane stays attached ke
the cardboard to the glass, it's the same situation.

(32) Alessandro: | think water's s like a suction cup on a toy, you stick it to the window. It's the same
thing done with other stuff.

(33) Martina: | agree with the idea that water's like a suction cup because the glass sucked the
cardboard, the water acted as a cup.

(34) Alessandro: Yes, the glass was full of water so it couldn't have any air inside.

The idea that water in the glass "sucked” the cardboard up, which reminded them of the action of a
suction cup, was initially accepted by the group who then called the teacher to express their shared
explanation of the phenomenon.

(41) Teacher: Why are you rejecting the other ideas?

(42) Valentina: The idea of external air pressure's absolutely wrong because external air has nothing
to do with the glass.

(43) Teacher: You say the external air has nothing to do with this situation.

(44) Christian: T'm changing my mind. I want to say that the outside air pushes the cardboard to the
glass, towards the glass, and in this way it helps it to stay up.

(45) Martina: 1 disagree, air can't push the cardboard because the external air's normal, that is, it isn't
all concentrated on the cardboard.

(46) Valentina: Maybe there was a small draught and so the cardboard stays up.

(47) Martina: Tt doesn't make me understand the matter, I don't agree, I need someone to persuade me.
(48) Christian: T'll try: Imagine that this is the glass. I turn it upside down, the air whxch‘s around here
pushes, it pushes the cardboard. :

(49) Afartina: But how is it possible? All the air go against the cardboard? It must be very strong.

(50) Alessandro: 1t doesn't seem to me very ...

(51) Teacher. What about other similar situations?

(52) Valentina: We've decided that water was like a suction cup which sucks, practically the water
attracted the cardboard.

(53) Alessandro: Yes, I'll go back to my previous idea, the water attracts the cardboard.

(54) Christian: 1 want to say this new idea's the best. Air pushes and another situation's similar, that
is, when you've eaten candies, then the cellophane around them stays attached to your hands because
also there the air pushes.

(55) Alessandro: No, no, the comparison with a magnet s much better, it's closer to the idea that water




In giving the teacher their reasons for rejecting the other ideas, the children maintained again their
alternative explanation, well expressed in Alessandro's words, through the comparison with the action
of a magnet. Christian, the only child who tried to think of the phenomenon in terms of atmospheric
pressure, interpreted also the inappropriate analogical source in terms of the new developing idea. It
can be seen, and better still in the next excerpt, that Martina and Alessandro could not integrate in
their conceptual ecology the idex of external air pressure given their ontology of air, that is, the
implicit presupposition that air can exert a force only if it is in motion in an open space.

(67) Martina: I can't understand how this idea's true,

(68) Christian: May | explain something to you? This is the free air and this is the cardboard, the air
pushes it and it makes it stick.

(69) Martina: Yes, but how can it do that? I'm not yet convinced about that.

(70) Alessandro: Christian, we've understood your idea but you have to explain to us why it happens,
why it happens. Why?

(71) Christian: Air pushes.

(72) Alessandro. Why does it push?

(73) Martina: Explain it to us in simple words if you can't explain it very well.

(74) Christian: Because air goes fast, it scems to go slowly but it goes very fast.

(75) Martina: Anyway, how is it possible that there's always a draught here? Tell me!

(76) Alessandro: 1 think the water attracts the cardboard and by attracting it the water in the glass
keeps it up. The inside and outside air have nothing to do with it

(77) Christian: Guys, let's pretend that this is the cardboard, under it there's the air which pushes it.
It's this, only this.

(78) Maruna: But is there always a draught? How is it possible that there's a draught under the
cardboard”

(79) Alessandro: So far, Christian, you've been able to tell us only this.

(80) Martina: How can | understand what you say? Because, my friend, there isn't always a draught
which pushes the glass,

(81) Christian: The air in the room pushes the cardboard against the glass. That's all.

(82) Alessandro; What Christian said's wrong. A very strong draught would be necessary, otherwise
the normal air's to weak. The experiment's like a whirlpool, if you throw something, it sucks it in. It's
the same here. Water, not air, has a force.

Christian was not able to support his intuition about external air pressure to persuade his classmates of
its plausibility. He was challenged to explain it better, that is, the opposers required him to give them
sharable reasons for the idea to be accepted. Indeed, it would be a very hard job since his idea was so
implausible and alien to their representations of the air properties, based on the ontological belief that
only air in motion can exert a force. The end of the group discussion pointed out the alternative
conception about the sucking action exerted by the water in the glass emphasized through the analogy
of the whirlpool. The explanation shared by the group will be argued over in the final whole class
discussion that will help Martina and Alessandro to revise their entrenched belief about what static
air can and cannot do, that is, their personal ontology of air.
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Second phenomenon: The plunger

The following excerpt is part of a small-group discussion on the plunger phenomenon. It begins after

a child, Sebastiano, noticed the air noise made by the plunger pressed on a smooth surface.

'(28) Sebastiano: May | say something? Try to put your hand here. I'd argue that it made a noise

because there was a little air in the middle of the cup and it was pushed out. :

(29) Enrico: If air remained inside, the plunger would pull off, the air's forced to 80 out by pushing
the plunger down. . )

(30) Sebastiano: Yes, as I said there's no air inside.

- (31) Elisa: But why does then the plunger pull off?

(32) Giacomo: Why? Tell us why. .

(33) Enrico: Outside air makes resistance, it wants to g0 in where there's nothing.

(34) Giacomo: Yes, it would like to go in.

(35) Enrico: The external air does this and that [he shows what] so we find it very difficult to pull the
plunger up. Here, on the wall, instead, it's very easy because there are little bulges on the surface, it
doesn't stick well.

(36) Elisa: You mean that there's always air inside the cup here?

(37) Sebastiano: We've got to explain better. Let me try again. If here there's a little bulge you can't
push down, it doesn't stick well, the air can come out tut also go in.

(38) Enrico: The very same thing happens with the toy suction cups on the windows.

(39) Elisa: Thus, the comparison with super-glue has nothing to do with the plunger.

(40) Enrico: It's simply what happens t0 a malerial in the air, it has nothing to do with this.

(41) Elisa: What do you think about the comparison with the lid sticking to a pan?

(41) Sebastiano: No, it isn't right because the lid doesn't stick perfectly.

(42) Enrico: Besides, it isn't right because you put a lid to stop the vapor from coming out, the vapor
g0¢s up so you don't have difficulty in removing the lid; air helps you, it pushes you, it isn't difficult at
all. The situations are similar only because there's something to be pulled up but they are opposite.
Here it's very difficult to pull the plunger up because there's a force opposing the force you exert.
There, you don't have difficulty because there's a force, the vapor, which lifts the lid.

(43) Giacomo: 1 agree with Enrico and Sebastiano, it isn't similar.

(44) Enrico: It's correct to make a comparison with the situation we've already discussed, that is, that
of the inverted glass. There, there was water inside the glass and no air, here, there's nothing in the
cup and the outside air pushes here but also there.

(45) Sebastiano: That's OK.

(46) Giacomo: Yes, OK, those things are similar.

The argumentation dynamics in this discussion sequence was characterized by co-construction of the
new knowledge that the children were trying to integrate in their own conceptual structures. Two of
the individually self-gencrated analogies were critically examined and considered as not valid in
explaining the mechanism underlying the phenomenon. A new appropriate shared analogy was finally
identified, although not clearly and completely explicited, which helped them to connect two of the
experienced phenomena in a wider and more integrated framework about internal and external air
pressure.
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Third phenomenon: The can with one or two holes

The two following excerpts come from different group discussions. The first shows that the
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explanation of the phenomenon (although with no scientific words) which necessary asked for a new
sharable analogy. The sccond reports the children's criticism of some analogies based on the new
developing knowledge and the identification of new structural similarities between the examined
situation and a previously analyzed one.

(4) Elena: From one hole the tea comes out, from the other the air goes in, it doesn't come out.
(5) Francesco: It isn't right 10 say that the air's inside and it can't go out because there's only one hole.
No air's inside and so it can't go out from one hole and the tea from the other.

(6) Igor: When there's only one hole nothing coties out because the air can't go in the can, it would

need another way.

(7) Francesco. When there's only one hole, the air and the water meet.

(8) Elena: The external air makes pressure on the tea and so it can't go out, but also the axr can't go in.
(9) Froncesco: The air and the tea clash. :

(10) Elena: Ncither goes in and neither comes out.

(11) Francesco. We don't see air but it exists, it does something. I've had a brainwave!

(12) Irene: While in the bottle neck there was the rubber and the water didn't go in, here the rubber is
when there's only one hole and nothing happens.

(8) Sebastiano: The oil can situation isn't a similar thing, it's the same thing.

(9) Sonia: Yes, the same. There's one hole through which the air goes in and another through which
the oil comes out.

(10) Elisa: It's the same when we pour water from a liter and half bottle.

(11) Enrico: You mean that the bottle opening's big and so the water can pass through. All the things
could be ... all cases where water or any liquid has to go out, air has to go in.

(12) Sebastiano. To go in and out from a container.

(13) Errico: Yes, if the opening is large enough it allows the air to go in and the liquid to go out, but
if the opening's narrow ... It's necessary for every substance to have its own route.

(14) Sonia: 1 can explain another comparison, it's about a waterclock made by two bottles. You have to
make one hole between the two bottle caps but also another hole in the bottle otherwise water finds it
hard to flow.

(15) Sebastiano: Yes, but the oil can situation isn't similar, it's just the same.

¢.)

(24) Elisa: A liter and half bottle of water has a large opening, if it wasn't so large, if there was only a
small opening, we wouldn't be able to pour the water.

(25). Enrico: Yes, it would be clogged with the entering air and the escaping water. It's like what I've
said: if there's a narrow door and two people pass through it in two opposite directions, they get stuck.
Two doors are necessary, one for the person who goes in and the other for the person who comes out.
It's also like the bottle with the rubber around the funnel.

(26) Sebastiano: If there wasn't the rubber, the air would escape from the little space around the
funnel, but if you put the rubber the air's blocked, it can't go out and the water can't go in.

It is noteworthy that the more the children approached the scientific explanation of the phenomena,
the more they were able to recognize the structural similarity between the three, which in the most
advanced learning products will be figured out in an integrated and comprchensive conceptual
structure.

Changes in explanations: Individual knowledge gro)w(t;l B EST COPY AVAIL ABLE

Afier the whole<class discussion which followed the small-group discussions, each child was again

individually asked to give his or her explanations of the three air pressure phenomena in the light of




what he or she had learned by collaboratively reasoning 2 d arguing on their initial sclf-explanations.
For the quantitative analysis, the data underwent the McNemar test to see whether there were
statistically significant differences between the individual explanations given before and after the
collaborative reasoning and arguing on the phenomena.
The first phenomenon. As concerns the first phenomenon, Table 1 shows the conceptual progress
emerged in the final individual explanations. As can be seen, while in the first individual session only
4 chjldren mentioned the outside air (among them one child had used the word "pressure®) which
. pushes lhe wdboa:d to the glass, in the-final individual’ mon 16 children explicitly referred to the

atmospheric pressure, X2 (1) = 12, p<.001. o
The second phenomenon. Conoeptual gromh in the final individual explanations of the seooud
“phenomenon is shown in Table 2. While in the initial individual session 10 children interpreted the
phenomenon of the sink plunger by referring to the fact that the air trapped inside would make the
plunger stick, in the final individual session only 2 children did, X2 (1) = 8, p<.005. On the contrary,
while at the beginning only 1 child referred not only to the vacuum in the cup but also to the external
air pressure, after the peer interaction 10 children gave this explanation, X2 (1) = 9, p<.005.
Moreover, another 3 children were also able to explicit the direction of the air pressure difference
between the outside and the inside of the plunger cup.

The third phenomenon. Table 3 shows conceptual growth in the final individual explanations
concerning the third phenomenon. While in the initial individual session 3 children gave a
scientifically acceptable explanation, in the final individual session 11 children did, x2 (1) =
p<.005. In addition, another 4 children referred to the idea of pressure "balance® or difference between
the outside air pressure and the pressure of the liquid inside the can. Examples of three children's
initial and fina! individual explanations of the phenomena are shown in Fig. 1.

In giving their final explanations of what happened in experiencing the phenomena, the children drew
analogies again. Some were a new individual product to give a better account of the newly leamed
material. For example, Igor generated the following analogy to explain what happened with the one

hole can:

It's like a medicine dropper. It lets out one drop at a time not all the liquid together. It's like the can
when it has only one hole, we have to squecze it to have more liquid come out.

Other analogies were those who had been accepted as valid after their critical examination during the
discussions. Moreover, in some cases, the children spontaneously explicited again the reasons which
led them to reject some analogies, mainly the analogy between water (or air) and glue and between
water and a magnet. For example, Francesco -after criticizing his own analogy between the situation
of the inverted glass and the one with a piece of paper attached to a TV screen by saying that air had
nothing to do with it but rather it was a kind of shock- expressed his belief that the best analogy
produced was that of a pen cap on the lips: 2
1




It docs happen to me when Itry ... It's like the glass, the outside air exerts a pressure on the cardboard
and on the cap, inside it therc isn't any air. When you put the cap on your lips, the air goes out, you
have to suck before and then in the cap, or a glass, there's a vacuum o less air, so it remains attached
to your mouth. It's also like what happens with the plunger.

It is worth pointing out that reaching more scientifically accepted explanations of the phenomena, the
children were able to perceive them within the same explanatory framework referred to the effects of
air pressure, as we can see below, and to use the same analogy to account for all or two of the
phenomena (i.e. the analogy with a glass which sticks to the mouth was referred to explain the .
mechanism of pme- difference for the second and third ‘experiment). |

The similarities between the phenomena. As 1able 4 shows, the children progressed in peroeivii:g the
structural similarity between the three examined phenomena. While at the beginning only 2 children
maintained that all the phenomena had to do with external air pressure, in the final individual session
12 children explicited that the mechanism of atmospheric pressure was at the basis of the three
phenomena, X2 (1) = 10, p<.005. Fig. | shows an example of a similarity perceived by a child in the
initial and final session.

Three children were able to recognize similarities only between two phenomena. Interestingly, two of
them had explicited at the beginning a similarity between all the phenomena based on the fact that air
did something, pointing out that especially in the glass and in the plunger cup the air was very
important. By group dis-ussions they were convinced about the incorrectness of their personal ideas,
so they conceptually progressed understanding that inside the glass there was only water and that
inside the plunger cup pushed on a smooth surface there was the vacuum. This new understanding
was so salient that in the final session they highlighted a similarity only between the phenomena of
the inverted glass and the plunger. The other child explicited the same similarity recognized in the
initial session between these two phenomena by saying that "they stick®.

Metacognitive awareness of conceptual growth

Through the final individual interviews it was possible to investigate, in an exploratory way, whether
the children thought they had changed their ideas about the phenomena, in what way, and why. All
but one said that they had changed explanations and were able to exp'l-icit and motivate, although not
atl completely, the changes in their conceptual structures. Morcover, several children referred to the
reasons behind their previous conceptions, decply routed on their personal ontology of air which
associated it with motion.

First of all, noteworthy are the metaconceptual reflections expressed by the children, who experienced
a successful revision of their own ideas, on the plausibility of the ncwly constructed knowledge which
was no* easily combinable with their preexisti.g beliefs. For example, Giovanni ex;ﬁliciled the reasons
behind his previous conception based on his entrenched belief about air:




I didn't know about the internal vacuum and so [ didn't know that in the plunger cup there wasn't any
air pressure and outside there was instead a greater air pressure ... we can't see the air so it's difficult.
For example, when there's a flood you can see the water sweeping everything away and so you can
easily understand the concept of water pressure, but air isn't visible, you can perceive it when you
breathe but it's very difficult to perceive its pressure here, in this room. Sometimes also for water you
can't see that it's pushing but I know that if I went to the decp abysses I'd feel water pressing on my
skin.

Also Giulio maintained:

We had to unde'rslan.d'thai air's all around us and presses us and the objects in the room. We can't
* touch the air but anyway it does its job ....It isn't easy to be aware of it "because we don't see it, we
don't perceive it, and so we don't consider- it ‘ :

In explaining the difficultics he had experienced in changing the alternative theory that air can act
only if in motion, based on the epistemological presupposition that something happens, exists only if
detectable through the senses, Christian said:

The outside air pushes. I only thought that air attracted. When I'm outdoor and there's a strong wind |
feel that it comes towards me, I feel the air in motion. Here, in this classroom it's difficult to feel the
air, at least it would be necessary to have a window open, otherwise it's very hard. Even with the
windows closed there's air here, obviously, which allows us to breathe but its pressure's quite difficult
to understand.

Also Martina and Irene stated they had taken much time to understand what happened in the
experiment with the inverted glass:

Ibel ved that air existed but that it wasn't so powerful. I didnt know why I believed that. Now 'm
convinced but before doing the experiments and discussing a lot I thought it was impossible to believe
that air, the air in this classroom, exerts a pressure, it's continuously pushing. :

After discussing I understood that the external air's pushing on everything and it keeps the cardboard
on the glass. I thought that one of my classmate's idea of a magnet, water’s like a magnet, was right
but then I saw that idea was misleading. But T've got to say that it's very difficult to think of air, the
normal air in this room, because now, here, there's air pressure but we are used to this pressure so we
don't perceive it, we don't think of it.

Other metacognitive reflections expressed by the children concerned the analogies self-generated in
understanding the scientific phenomena. Scbastiano commented the abandon of his initial analogy:

The comparison with super-glue, which doesn't harden without air, came to my mind because I
thought that the air trapped in the plunger cup kept it stuck so the super-glue was a goo' comparison.
1 held a wrong idea but if somebody had some wrong ideas he could change them by list~ning to the
explanations given by the others. My idea that the air remained in the plunger cup, that the air sucked
it down on the smooth surface, was so strong. 1 wasn't able to give another explanation, buw then by
thinking of what my classmates were saying, by comparing the different ideas, | understood that there
were more logical reasonings in what they said, that a better, more correct answer existed.
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Also Valentina explained the rejection of one of the first seif-generated analogies:




I found out that the comparison between water and a magnet was completely wrong, it could lead you
to the wrong way. I understood that water didn't have any effects against the cardboard, it pushes
down but it doesn't attract. The glass's completely full with water, there isn't any air inside, the outside
air's important not the water that isn't neither a magnet nor a glue.

In appreciating the role of the collaborative discourse-reasoning, Giovanni pointed out the help he had
got from a particular analogy discussed in his group:

If an idea was wrong, somebody could say that an experiment worked that way, but by discussing with
the others he could recognize that the things hadn't happened in that way. The others didn't tell you
*no, no, you're wrong", they persuaded you. Discussing's a different thing, it makes you understand
much better. Also the comparisons we discussed in group helped me to figure out the experiments.
One thing very difficult to understand is made much more understandable by another thing that's
similar and easier. The comparison with the glass on your mouth helped me very much. [ knew the
situation with the glass on a mouth. I had tried it many times but I though that my mouth attracted the
glass and nothing more. I didn't recognize that something pushed the glass against my mouth. After
the experiments and discussing with the others I totally changed my mind and now [ know there's air
which pushes continuously on everything.

The metacognitive reflections show that the children were able to seif-regulate their own learning
process through the metacognitive awareness of the need of changing conceptions and beliefs to
integrate old and new information in their conceptual ecology In such a way, they experienced a
successful revision of their knowledge. In the final individual interview only one child said that he
had not changed his ideas "because they were always correct”. He generated several analogies based
on his alternative conceptions, which then were critically examined and abandoned by the others but
not by himself. For example, as concerns the first and second | henomenon, he still held the idea that
waler stuck to the cardboard like it was a kind of glue and that the air inside the plunger cup stuck
inside like glue. Indeed, he perceived a similarity only betveen these two phenomena referred to the
idea that both "stick”.

Discussion

The first objective of . study was to verify if fourth graders, explicitly encouraged to create and
apply * self-generated analogies, produce and use them in constructing accounts of scientific
phenomena. A total of twenty-seven analogics were sclf-generated during the children's first
individual atterﬁpt to understand what had happened when they had experienced the three
phenomena. This shows that fourth graders can produce and use own analogies as a kind of self-
explanation both to help them to learn new material and to communicate their understanding to
otiiers. These analogies varied in validity and in explanation quality. As shown above, they began
from being based only on very surface similarities referred to the tangible aspects of the outcomes,
detectable through the senses (¢.g. the analogy between the cardboard attached to the inverted glass
and glue) and ended being based on a relational structure 1o explain the underlying mechanism in




terms of air existence and its pressure (¢.g. analogy between the can with one hole and the bottle with
the funnel or the analogy between the inverted glass with the cardboard and a glass on the mouth).

As concerns the second objective, aimed at verifying if the self-generated analogics were influenced by
the learners’ personal knowledge base, it can be stated that their already possessed knowledge, mainly
characterized by alternative conceptions of what air could do, affected the self-production of
~ analogies. From this point of view, even the mcy:st incorrect analogies were consistent in the children's
conceptual structures. For example, e first bhcnomenon was initially conceptualized referring to the
. water action, ¢ither as a glue or a magnet, since the children could not think of any kind of action
exe:ned by the external air on the cardboard. Likewise, the second phenomenon, - initially
ooneeptualized in terms of trapped air in the plunger cup, was compared 10 other situations imr which
containers were filled with air, such as a parachute or a balloon because air "keeps things up”.

The third objective aimed at verifying how a collaborative reasoning context facilitated the evaluation
of individually self-generated analogies and the construction of more advanced explanations of the
examined phenomena. The qualitative analysis conceming reasoning and arpuing in group
discussions indicated that through steps of critical opposition and of co-construction, the learners’
negotiated and renegotiated meanings and ideas to share a common knowledge based on the
explicitation of more appropriate analogies supporting more advanced explanations. Students wuo are
given the opportunity to explicit, compare, criticize, and evaluate their verbal explanations can be
facilitated in the process of knowledge growth. In particular, a more knowledgeable and competent
student could be successful in scaffolding the group process of scientific understanding helping his or
ber classmates recognize the limitations of representations through which they interpreted facts. Being
challenged in their personal ideas about what air could do, the learners could elaborate and integrate
knowledge at a more advanced level experiencing the need for conceptual revision Analogies
individually self-generated were collectively critically examined in the light of the new developing
understanding. Therefore, some analogies were casily abandoned as considered completely incorrect
while some others, the most appropriate, were accepted or refined as they had passed the collaborative
critical examination.

The fourth objective aimed at investigating whether collaborative reasoning was fruitful at the
individual level. In other words, whether conceptual growth was identifiable in the individual learners’
explanations of the three phenomena as an effect of knowledge appropriation by socio-cognitive
interaction in group discussions. The quantitative data indicated that the children significantly
progressed in understanding each scientific phenomenon by appropriating knowledge from the
collaborative discourse-reasoning, although not all conceptually grew at the same rate. Most of the
children at the beginning kncw that air existed everywhere but the idea of air around us “pushing in®
constantly from all directions seemed to them difficult to be accept as some child maintained. The fact
that air is all around us and that it is an intimate part of our environment but invisible and "even you
touch it you don't get anything*, at the beginning hindered the recognition of some of its properties
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with i.s motion so it was very complicated, for example, to figure out how the air in the room, where
there were no draughts and breezes, could push on the cardboard and make it attach 1o the glass. The
major qualitative change in the children's' individual explanations for all the three phenomena
concerned the reference to the atmospheric pressure whose action was recognized by ne
overwhelming majority. All but two recognized it in the first phenomennn and, explaining the second
and the third one, one sixth of the child-en were also able to think of air pre§sure difference and
explicited its direction: Conceptual advances werc also detected in the identification of the similarities
between the three phenomena: from a similarity based on the presence of a common element, the air
acting on ihc objects involved, for example in holding something (the cardboard, the plunger, the tea)
to a similarity based on the underlying principle of atmospheric pressure. As' the children progressed
in the scientific understanding of the three phenomena they were able to represent them within a more
integrated and comprehensive explanatory framework. Moreover, in the final interviews almost all the
children reported the criticism to some of the initial analogies discussed in group and the acceptance
of others, and they also produced new appropriate analogies to communicate their new
understanding.

The last objective concerned an exploratory analysis of the children's metacognitive awareness about
their own current representations and their experience of conceptual growth. All but one explicited
metacognitive reflections. By referring to their initial ontological beliefs about air, some of the
children pointed out that the idea about air pressure in a closed container such as the classroom was
initial implausible to their conceptual structures. The change of explanations was reported by
seventeen children and several of them provided the reasons behind their current representations.
Metaconceptual reflections were also expressed on the function of analogy and on the self-generated
analogies o motivate the rejection or the validation of some of them in the light of the new shared
knowledge. The explicitation of successful knowledge revision revealed they had experienced the need
for changing conceptions in integrating the new developing material by self-regulated learning.

Educational implications

From the findings of this study two main educational implications can be drawn. First, the results
provid: evidence that the self-generation of analogies is a means through which students explicit their
Own representations appealing to the already possessed knowledge, as a starting point for conceptual
growth. Self-analogizing, as a kind of self-explaining, is thus a construcuve activity which encourages
the integration of new devcloping material with existing knowledge, that is, it helps meaningful
learning. Encouraging individual generation as well as collaborative development and modificatior. of
own analogies to explain scicntific phenomena in the classroom is an appropriate way of giving
students the opportunity to acknowledge and practice a kind of heuristic recognized as powerful in
the practice of science. In everyday life individuals have to cope with problems and activities.
Learning to produce, use, cvaluate, and modify own analogies and explanations in classroom science
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learning is a personal resource which may be of great value also out of school.

Second, the results highlight a way to promote new levels of competence in learners operating within
their zone of proximal development: to create a social constructivist learning environment based on
classroom discussions in which students can question, criticize, and evaluate their different existing
ideas brought to the science class. Teachers should consider that in becoming socialized to the
complex scientific culture of our society, students need to be engaged in sharing meanings, ideas, and
ways of reasoning and arguing. A new way of explaining scientific phcnpm;na can be developed
through socio-cognili\fe interactions in students’ group &iscussions which is then api)ropn'ated on the
individual plane. Collaborative discourse-reasoing distributes the thinking burden and makes pew
knowledge socially shared scaffolding the ccgnitive activity. Deeply engaged in taking charge of their
own understanding process, students us¢ arguments as tools to Critically evaluate the status of own and
others' self-explanations. Argumentation practice stimulated in a peer discussion on a knowledge
object supports students in reflecting and being aware of the value or the limitations and
inconsistencies of personal explanations promoting their metaconceptual awareness, crucial to

conceptual development.
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First phenomenon

Initial session

Igor: The cardboard stays attached because the water in
the glass produces pressure ... No, the air inside the glass
keeps it, there's air inside which sucks the cardboard up
in a certain way. In the glass there are both water and air.

Final session

Igor: There isn't any air inside the glass, where there's
only water, but the air's outside and, from under the
glass, it pushes the cardboard against the glass. Water
pressure pushes down and air pressure up so the water
doesn't fall out.

Second phenomenon

Initial session

Francesco: Now I'm trapping air, a little of it goes out
but much more remains in the cup. There, on the rough
wall, there are many very small holes so the air can
escape.

Final session

Francesco: The air inside escapes and the air outside has
a pressure on the plunger when I try to pull it off. It
doesn't stay attached to the rough wall because the air
can get into the cup and push but the outside air also
pushes, so the forces are balanced.

Third phenomenon

Initial session

Giacomo: When you buy a can it's never full of
something, there's always a little space for the air, so the
air inside the can blocks the tea or coke from going out
when you make one hole.

Final session

Giacomo: If there's only one hole, the tea pressure pushes
to go out, the outside air pressure pushes to go into the
can, the air can't go in and the tea go out because both
find an obstacle.

Similarities between the phenomena

Initial session

Martina: There's always air inside, the air's the
fundamental clement: there, the air's inside the can
because when in the factory the machines put the tea
inside the can, while they put the tea in, the cans fill with
air; in the other one the air's in the glass, it's not visible
but it's there; here in the plunger, the air's here, inside
the cup. All the objects that want to hold something have
air inside.

Final session

Martina: What they have in common is the pressure of
ordinary air. Qutside air pressure makes things do what
we've just seen. In the first experiment the outside air
pushes the cardboard against the glass rim and the water
doesn't come down. In the second experiment the outside
air pressure keeps the plunger antached to the smooth
surface, inside the cup there's no air and no pressure. In
the third experiment the outside air pushes on the same
hole on which also the tea pushes to come out and
nothing comes out from the can.

Fig. 1. Examples of changes in the individual explanations
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Table 1. Frequency distiibution of the different individual explanations given for the first phenomenon

before and after group discussions (n=18)

Before After
- Water attracts the cardboard 5 0
- Water glues the cardboard 3 1
- The air inside the glass sucks the cardboard up 4 1
- Air cannot get in to replace water 2 0
- Outside air pushes the cardboard up and holds it up * 4 16

(*) Significant difference at the .001 level (McNemar test).

Table 2. Frequency distribution of the different individual explanations given for the second phenomenon

before and after group discussions (n=18)

Before After
- I don't know 1 0
. - The plunger is made of a special rubber 1 0
- The air trapped inside makes the plunger stick * 10 2
- No air inside the plunger 5 3
- No air inside the plunger and outside air pressurc * 1 10
- Outside air pressure is greater than inside air pressure 0 3

(*) Significant difference at the .005 level (McNemar test).




Table 3. Frequency distribution of the different individual explanations given for the third phcnomenon
before and after group discussions (n=18)
Before After
- I don't know 1 0
- If there is only one hole the tea gets less force to go out. If there are
two holes the tea gets more force to go out 2 1
- If there is only one hole the tea and the air inside the can have to
go out from the same hole. If there are two holes the air inside
goes out from one hole and the tea from the other 3 0
- If there is only onc hole the outside air, that has to go in to allow
the tea to go out, and the tea clash. If there are two holes the air
gocs in through one hole and the tea goes out from the other 9 2
- If there is only one hole the outside air and the tea push on the
same hole. If there are two holes the outside air pushes and goes
in through onc hole and the tea pushes and goes out from the 3 11
other *
- If there is only one hole the outside air pressure and the iea
H pressure are balanced. If there are two holes the tea pressure on a
hole is greater than the air pressure. 0 4

(*) Significant difference at the .005 level (McNemar test).

Table 4. Frequency distribution of the different similarities identified between the three phenomena before and

after group discussions (n = 18)

Before After
- There are no similarities between the three phenomena (only
between two phenomena) 4 3
- In all the phenomena something docs not happen 2 0
- In all the phenomena there is air inside a container 4 0
- In all the phenomena there is air that does something 5 3
- 1n all the phenomena there is no air inside a container 1 0

- In all the phenomena there is the same mechanism, that is, the

ordinary air pressure which pushes continuously on something * 12




