SSOAR

Open Access Repository

Scaffolded problem-solving in the physics and
chemistry laboratory: difficulties hindering

students' assumption of responsibility
Reigosa, Carlos; Aleixandre, Marilar Jimenez

Postprint / Postprint
Zeitschriftenartikel / journal article

Zur Verfiigung gestellt in Kooperation mit / provided in cooperation with:

www.peerproject.eu

Empfohlene Zitierung / Suggested Citation:

Reigosa, C., & Aleixandre, M. J. (2006). Scaffolded problem—solving in the physics and chemistry laboratory:
difficulties hindering students' assumption of responsibility. International Journal of Science Education, 29(3), 307-329.

https://doi.org/10.1080/09500690600702454

Nutzungsbedingungen:

Dieser Text wird unter dem "PEER Licence Agreement zur
Verfligung" gestellt. N&here Auskinfte zum PEER-Projekt finden
Sie hier: http://www.peerproject.eu Gewéhrt wird ein nicht
exklusives, nicht (bertragbares, persénliches und beschrénktes
Recht auf Nutzung dieses Dokuments. Dieses Dokument
ist ausschlie3lich fir den persénlichen, nicht-kommerziellen
Gebrauch bestimmt. Auf sémtlichen Kopien dieses Dokuments
mdssen alle Urheberrechtshinweise und sonstigen Hinweise
auf gesetzlichen Schutz beibehalten werden. Sie dirfen dieses
Dokument nicht in irgendeiner Weise abé&ndern, noch dlrfen
Sie dieses Dokument fiir éffentliche oder kommerzielle Zwecke
vervielféltigen, offentlich ausstellen, auffiihren, vertreiben oder
anderweitig nutzen.

Mit der Verwendung dieses Dokuments erkennen Sie die
Nutzungsbedingungen an.

gesIs

Leibniz-Institut
fiir Sozialwissenschaften

Terms of use:

This document is made available under the "PEER Licence
Agreement ". For more Information regarding the PEER-project
see: http.//www.peerproject.eu This document is solely intended
for your personal, non-commercial use.All of the copies of
this documents must retain all copyright information and other
information regarding legal protection. You are not allowed to alter
this document in any way, to copy it for public or commercial
purposes, to exhibit the document in public, to perform, distribute
or otherwise use the document in public.

By using this particular document, you accept the above-stated
conditions of use.

Mitglied der

Leibniz-Gemeinschaft ;‘

Diese Version ist zitierbar unter / This version is citable under:
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-132084



http://www.ssoar.info
https://doi.org/10.1080/09500690600702454
http://www.peerproject.eu
http://www.peerproject.eu
https://nbn-resolving.org/urn:nbn:de:0168-ssoar-132084

International Journal of Science Education

International
Journal of
Science
Education

Scaffolded ProblemAl Solving in the Physics and Chemistry
Laboratory: Difficulties hindering students' assumption of
responsibility

Journal: | International Journal of Science Education

Manuscript ID: | TSED-2006-0009.R1

Manuscript Type: | Research Paper

discourse, practical work, laboratory, learning environment,

Keywords: | ¢ ffolding

Keywords (user):

& scholarone"

Manuscript Central

URL: http://mc.manuscriptcentral.com/tsed Email: editor_ijse@hotmail.co.uk




Page 1 of 33

©CoO~NOUTA,WNPE

International Journal of Science Education

prepare test
solution

knowledge as a tool
669 What is the use of
neutralization?

combine concepts &
equipment

675.1 What can we do

with NaOH, litmus p.?

concentration in
molarity

concentration
HCl (ag)?

usable idea
675.2 1mol NaOH
for 1 mol HCI

molecular mass
NaOH, HC1

to reduce unknowns
671 You can know the
NaOH concentration

mix acid & base
calculate HCI molarity
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Abstract

This case study examines the performances of 18 tenth-grade students (age 15 — 16 years) in
the process of performing problem—solving tasks in the physics and chemistry laboratory. The
study focuses on different types of problems arising in the process of transferring
responsibility to students in a context of teacher assistance to autonomous problem solving.
The students’ conversations were audio and videotaped and their productions collected.
Problems were found in relation to i) excessive task difficulty, ii) stereotyped school culture

reflecting procedural display rather than genuine problem solving, and iii) problems related to
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The situated cognition perspective (Brown, Collins & Duguid, 1989) considers knowledge
situated within the context, activity and culture in which it is used, and learning as a process
of enculturation achieved through progressive involvement in authentic activities; in other
words, as a cognitive apprenticeship (Collins, Brown & Newman, 1989). Learning as
legitimate peripheral participation in communities of practice (Lave and Wenger, 1991) is

conceived as the process by which a novice gradually adopts a more participative and central
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different people or groups in terms of their different capacities to access and to use those
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Leont’ev (1978) points out the role of collective work in the development of consciousness: a
person’s relationship with the physical world can be understood only if analyzed within its
social context. For Leont’ev the immediate result of an activity is related to the final result in
terms of the relations among the individual and other members of the collective, and true
practices of a culture are to be considered in collective terms. So it is important that the
cooperative dimensions of students’ work receive attention.

could in our opinion be favoured through open problem solving activities in a small-group

context, which helps promote the necessary teacher-student interaction (Reigosa & Jiménez-
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approach is practiced in such context. Students were presented with problems that were open

in terms of their solution or of the route by which it could be reached (Reigosa & Jiménez-
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In this paper, an autobiographical case study is presented, based on the analysis of the
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responsibility?
— Can continued practice with tasks designed as problems and requiring autonomy from

students improve their performances in relation to stereotyped school culture?

Methodology

Participants and Tasks

Data were collected during two consecutive school years in two state-run high schools, both in
urban settings. 18 tenth-grade students, two groups of five students and two groups of four

first year of the study, the students performed only tasks 4 and 5 during four sessions, while in
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the second year they performed all five along thirteen sessions. Since the students are
different, in some cases comparisons between cases are made (Shepardson, 1996; Kelly &

Crawford, 1997). Table 1 lists the tasks performed by each group, and the Appendix

- { Deleted: shows ]

[Insert table 1 about here ]
All tasks were designed by the authors, except # 3, which is an adaptation from the SEPIA
project (Duschl & Gitomer, 1991). Although the teacher expected the students to complete
them under his guidance, there were some cases when they did not reached complete

solutions, as discussed below.

Data Collection and Analysis

The methodology is qualitative; taking into account the relationships among language and
context (Lemke, 1998) that cannot be dissociated. The main sources of data are audio and
video recordings of the students’ verbal and physical actions, and student products, including

a report for each task. The study was conceived as action research (McKernan, 1996) designed
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between the ways in which individuals learn, and they are considered when relevant to the
problem under study.

The first research question, what difficulties arise in view of the goal of transferring
responsibility, means the need to assess whether scaffolding actually took place, evaluating
scaffolding not only implies task completion but also attainment of a higher level of
autonomous competence, we have considered that scaffolding takes place in those interactions
along a wrong path, and the teacher helps them to appropriate tools or to clarify ideas that
empower them to continue solving the task. But when, even with these interactions the
failed).

In the transcriptions, glosses are indicated in Courier and physical acts of the participants
in italics. They have been translated to English, though translation is often difficult; for

instance, in group 2, task 4 lines 213 - 214 a lay meaning of the Spanish word gcelerado,

,,,,,, v_

T ‘[ Deleted: °

are available from the authors.

The situations that were considered to manifest particular difficulties in scaffolding and
in the transfer of responsibility have been grouped into three categories (Table 2), derived
inductively and negotiated among authors.

[Insert table 2 about here ]

Results: Problems related to the Difficulty of the Task

- ‘[ Deleted: however,

achieve autonomy. This category can be illustrated with two types of situation: inability to use
a resource or a practice, so that the problem in question lacks meaning, and use of words with

inappropriate meaning.
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identify the best among several alternative methods for measuring mass:

Group 2, Task 5, Session 1

Maria We don’t know what we have to do!
Teacher ... he wants to measure the mass of... the stones that he finds. He can do it with the
scales, can’t he?
Juana OK, that’s it then.
| Teacher  But he doesn’t want to take the scales because... because it'll take up a lot of space. -
Juana So what does he want to take then? A spring? (looking incredulous)
Teacher So he wants to know if he should take a spring or a rubber band...
Juana What? What? What?
| ()
Teacher Can you measure masses with springs?
Juana No.
Teacher Why not?
Juana Because... Because you measure mass in... in... scales. [ don’t know, do 1?
Juana Because it’s not normal.

Our interpretation is that, for these students, the idea of measuring masses with

the teacher introduces Hooke’s Law as a conceptual tool for relating mass and the stretching
of springs, and he clarifies that not all springs act in accordance with this law, so there is a
need to confirm it for each case. The students then seek to verify accordance with Hooke’s
Law, though without connecting it with the written instructions. Our interpretation is that this
group transformed the task into another one, because of lack of familiarity with the relevant
social resources and practices. Social resources (Roth & Bowen, 1995) are the tools, facts,
phenomena or theories that are brought into play in the practices or common tasks of the
members of a culture. We consider that the activity of these participants was limited because

they did not have a good command of the practice consisting of indirectly determining a
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interpretation also appears to fit the start of an interaction in group 1:

Group 1, Task 5. Session |
Teacher Why are you measuring the mass of the ball?

Juan (Measuring the stretching of the spring after hanging an object weighing 126.7 g) See?
Now it says seventeen point three (cm), which is what it’s meant to say.

Session 3
Juan How much did we say it’d be with 120 (g)? Seventeen point two (cm)... With a hundred /-

,,,,,,,,,,,,,, e

-
77777777777777777777777777777777777777777777777 P

over, it went over a little bit. I mean, that’s right.
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3 Teacher So... how we can decide how much it should stretch with one hundred and twenty-six

4 | point seven (g), from these data? - [ Formatted

5 Juan A rule of three
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15 the possibility of quantitatively relating the mass and the stretching until he is assisted by the
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17 | teacher, at which point he introduces the idea of proportionality as an interpolation resource, - (Detetsa: anet72)

18 mathematically equivalent to the use of Hooke’s Law.

19

20 Not all the groups experience the same difficulties, nor do all have problems with the

21 practice of determining mass from stretching. Group 4 is not only able to explain why the
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24 discuss the relevance of the numeric values of the elastic constant for the task’s goals:
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29 Tomas Because that means the stretching is proportional to the weight.

Teo And because it’ll explain there’s an equation to say: if it stretches such-and-such
32 an amount, well that’s going to tell you exactly what weight you’ve got.
| (.)

32 Teo That the bigger k is, er, the less it stretches for more weight... If k is big, see,

33 there’ll be not much stretch for a lot of weight. If k is small, there’ll be a lot of

34 stretching with not much weight...

35 Tito That shows that it (the stretching) doesn’t vary much with large weights, so

36 that means it’s very precise...

37 Teo No, not very precise... The more precise, it’s more precise the more it stretches,

38 because the, the distances, the difference between distances is greater, so you can

39 measure with more precision... if this one varies a millimetre, it’s very difficult to

40 measure it, but what with this one varies a millimetre, perhaps with this one varies

a1 two centimetres. It’s much easier to measure and the error is smaller.
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49 interpretative resource for solving the problem. Group 3, for which transcriptions are not
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circumstances, the assistance supplied to groups 2 and 3 might have been more effective. As

rather is constructed interactively in each particular situation.

Inappropriate use of terms and concepts

In some situations it seems that difficulties in task completion arise from the ways in which
students use words with very different meanings from those assigned in the scientific
community. In Vygotskian terms (Vygotsky, 1986), some groups used scientific concepts
whereas others used daily concepts. Helping students to build appropriate meanings for
concepts is essential for empowering then to develop a greater level of responsibility. An
example is found in group 2, task 4, when students were asked to identify the type of
movement followed by a ball down a sloping rail. The transcriptions show that the students
did not view the concepts of speed, acceleration and force as quantitative magnitudes with a
specific meaning related to their definitions, but that they adopted a qualitative view of
movement as something either slow or fast:

Group 2, Task 4, Session 1

Dolores (standing up without moving from her place, lets the ball roll from as high up as
her arm stretches, but without registering the distance. She gives the ball an
appreciable push).

Maria Why are you doing that?

Dolores To see what speed it goes at.

Dolores Can you accelerate the ball?

Maria It depends on the force you use to set it going...

Juana And it depends on where in the track. (the slope in the rail)

Juana Is it accelerated?

Dolores Oh! It can’t be accelerated, because it’s going slowly. The ball’s going calmly.

Sonia Depends on how you set it rolling.

Maria The rail goes straight and it goes to a constant speed...

Dolores It goes down first at a slow speed, then...

In their qualitative understanding of movement these students use the terms speed, ,”
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~ { Deleted: inline 213

either large or small, but that is not analyzed quantitatively; for example, when Juana asks; ‘Js

- ‘[ Deleted: °
it accelerated?”, (also interpretable as “Js it excited?”), and Dolores replies that the ball is __ - { peleted
going “calmly”, (Spanish “jranquilo’). This conceptual confusion hinders the measurement of - | Deleted:

R {Deleted: ’

U JC U U U

|
J
)

the different variables, as illustrated by the following fragment, in which they measure the . \{Delete ”p
time that the ball takes to run down half of the rail after measuring the time it takes to run '\ \\{ Deleted: °
down the whole of it: I \\\{ Deleted: *
Y { Deleted: *
Group 2, Task 4. Session 1 \ "\ Deleted: Since they have a timer, at a
Juana (sets the ball rolling, giving it appreciable initial impetus) \ 1 | later stage in the session they measure the
Teacher And is it the same if you give the ball a push? 1\ time, but their
Juana Oh. No! | { Deleted: framework does not allow
Dolores You’ve got to set it going hard. \( them to
Juana No! It’s got to be the force that we set it going with from here. (She points to the ( Deleted: having measured
end of the ramp) o [ Deleted:
Maria But we can’t do that.
Teacher What’s the only way to do it so that it has the same force?
Mercedes Leave it alone.
Teacher That’s it. From both positions.
When the teacher realizes that the students are giving the ball a push as they set it
rolling, he intervenes with the aim of drawing to their attention the modification of the initial
.. S . . . _ -1 Deleted: (457)
conditions of the movement. Dolores’ reply js not the one that he is looking for, but Juana .- {
. . .. . . _ | Deleted: sa
grasps the teacher’s meaning, that the starting conditions should always be equal, jmplying .- { =
. . U . _ -1 Deleted: (458)
Jhat the ball should always be set going with the same initial impetus (we interpret her use of - { (
‘force’ with this meaning). They seem to realize at this point that it will be impossible to
. . . _ - Deleted: (460)
control it unless they modify their procedure, And prompted by the teacher, Mercedes _ - %D oted E463)
77777 w> sy T~~~ T/ == eleted:
proposes to leave italone, - { Deleted: (470)
The difficulties experienced by this group in the quantitative control of variables, which
. . . e .. L. P { Deleted: in which
seem associated with an inability to overcome an initial conceptual framework conceiving .-
o . . . . _ | Deleted: is analyzed
movement gualitatively, continue. In the second session dedicated to thi task, Dolores lets the -~ s
ball roll to time how long it takes to reach the end of the rail; but the ball has a small hole in it
(to allow it to be used, for instance, as a pendulum), surrounded by a slight depression so that
it does not roll smoothly when this area contacts the surface. Since she does not realize this,
and not placing the ball in such a way that the hole does not touch the rail, the ball’s
movement is appreciably slowed down.
Group 2, Task 4. Session2 - { Formatted

Dolores (drops the ball) I didn’t give it a push, eh!
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(The hole in the ball begins to hit the rail and to slow it down)

Maria But now it’s going slower, look.
Sonia Yeah.

Maria Fifteen (seconds)

Juana Fifteen. So fifteen in four meters.

attention to this, and record a value of 15 seconds for 4 meters. Later they let the ball roll from
halfway up the rail, and by chance the hole does not contact the rail surface and rolls freely.
They thus obtain the anomalous result that the ball takes twice as long to descend the whole
rail as to descend the first half of it (15 s for 4 m versus 7 s for 2 m). When they show these

results to the teacher, he points to the incoherence:

Teacher Fifteen seconds seems to me rather a lot for four meters.

Juana Alright then.

Teacher Let’s see, why don’t you do it again.

Juana Pf...

Teacher Because, look, the farther it rolls the faster it goes so it’s... it’s not normal that it

takes seven seconds to get here (points to the halfway point of the rail)... but yet
eight seconds from here to here (points from the middle to the bottom of the rail),
when here (the middle of the rail) it’s already going quite fast.

Maria Didn’t you notice that it went slower here?
(Dolores lets the ball go,and it rolls without problems)
Maria Now it’s nine! I don’t understand it at all.

that the ball was previously rolling more slowly than it should, she seems unable to explain
why. After repeating the experiment, they are surprised to obtain 9 seconds instead of 15. The

teacher requests another repetition, and this time the hole in the ball contacts the rail surface

again:

Group 2, Task 4. Session2 . .. .

Dolores (drops the ball, the hole hits the rail surface and slows its movement)

Teacher Look here. Look, Can’t you see that the ball has got a hole in it?

Maria Yes.

Teacher So you have to place it like this, so that the hole never hits it (he drops the ball).
That is when it goes fast.

Juana Come on then.

When the teacher sees the ball slowing, he realizes the cause of the anomalous data, -
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school laboratory, the hole problem, so readily noticed by the teacher, had not been perceived
by the group, pointing that we cannot take for granted that the students will overcome what to
working one for the teacher, requiring close observation of the group’s activity and continuous
interaction with the students. In addition, their progression is limited, since they develop little
autonomy, and are in the end unable to solve the problem. Scaffolding is truncated because it
has not been possible to fully transfer the responsibility for task resolution.

It seems that an effective scaffolding requires the task not being too difficult, in other
words, being within the students’ ZPD; although it may also be the case that the task is too
easy, which means that they are able to solve it on their own (in Vygotsky’s terms, the task is
at their current level of effective development). This type of situation is not well suited for

promoting students’ higher competence development, since it lags behind of what they already

separating a mixture of salt and sand:

Group 3, Task 1, Session 1

Santiago (reads the handout) Let’s see. What I think we have to do is to put this (the
mixture of salt and sand) in... water so that the salt dissolves...
Santiago and then we filter it and... the water that goes through with the dissolved salt which
is so... and the sand will stay in the fiter
Susana Okay.
Santiago Let’s go then.

P { Deleted: In this interaction, t

_ -| Deleted: the following interaction,
involving

_ - { Formatted

- [ Formatted

_ - [ Deleted: °

P { Deleted: suggests

777777777777777777 - { Deleted:

mixture, so that the salt dissolves, and then to filter the mixture to separate the sand.
Scaffolding is not necessary here, since the students are able to resolve the problem

themselves.

Results: Problems related to Stereotyped School Culture

Another difficulty interfering with scaffolding and development of autonomy arises as a result
of students’ sometimes holding stereotyped images about laboratory work. Stereotyped
performances deriving from these images relate to the notions of procedural display (Bloome

et al., 1989) or dramaturgical action (Habermas, 1984). Many situations of this type are
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{ Formatted
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the school laboratory (Table 3). We consider that these images are a consequence of years of N { Deleted: system

. . . . . . . . Deleted: situations
immersion in practical tasks that simply require the execution of a ‘cookbook recipe’ or { Deeted: stations
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prescribed series of steps. Such views hinder effective scaffolding, since students may be

reluctant to assume the assumption of responsibility and autonomy in the resolution of

problems.
_ | Deleted:
[Insert table 3 abouthere] Ve { ==
Laboratory Activities Requiring a Closed Unique Sequence of Steps for their Completion
This image can be illustrated by the following interactions in task 5:
- { Formatted
Maria We don’t know! What have we got to do?
Maria (To the teacher) Either you give us a hint or I resign!
Juana First we have to, to measure what the spring measures? Right? (She points to the spring)
Teacher Don’t ask me.
Juana (Shouting and gesticulating) Oh, sorry! So, let’s see!

_ { Deleted: (session 1)

P { Deleted: (session 2)

Viewing the Clarification of Concepts as Inappropriate or Not Useful.
Task 2 involved deciding which of different laboratory equipment will allow for the most

precise measurement of a volume:

Group 3, Task 2. Session2 - { Formatted
Simedn We put one hundred and fifty millilitres in. Total weight... (In reference to an - [ Formatted
Erlenmeyer flask)
Sergio Yeah, but we’re talking about volume, not weight.
Susana No, we’re talking about weight.
Sergio About volume and mass.
Simedn About weight.
Sergio About weight and mass.
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Simedn Weight is equal to mass.

Susana (inaudible) we're talking about weight, not volume.
Sergio Volume’s equal to the amount of the container that...

Sergio Well anyway, for the time being let’s put it down like this.

It seems that these students are not clear about which physical magnitude they should
be using, besides exhibiting some confusion among them. At the end Sergio suggests avoiding
the difficulty without resolving it, and continuing with data collection. This indicates that
Sergio is more concerned with continuing to accumulate data — or with not stopping work —
than with clarifying concepts that are essential to knowledge construction. The students’ lack
of interest in clarifying the meaning of these concepts and the relationships among them,
which could have been made clear asking the teacher, means that the teacher could not
attempt assistance for this issue. Clarification of these concepts would be relevant for the

progressive development of autonomy in this context.

Assuming each Piece of Equipment or Resource to Have Only a Single and Predefined Use

The idea that each resource or piece of equipment has only a single use is illustrated by the
following example from task 3, in which students had to determine the concentration of a
solution of hydrochloric acid. In session 1 the students have not yet decided that they should
prepare a test solution, and that they have to decide themselves about the NaOH

concentration:

Santiago Look... Well. We have to find... Let me see this nice little formula he has there, I
don’t know, molarity and its... Here! (reading in notebook)

Sergio Moles of solute...

Susana Right, by...

Sergio ... litres of solution

Santiago Good. We have to prepare a solution, find out the moles ...

Santiago ... then divide it among the litres, right?

Susana First to grab sodium hydroxide

Santiago Mixing it with the...

Susana No, no, putting it with the acid

Santiago With the acid eeeh Wherever is it, with zero five liter or whatever

Santiago Then... finding the... with the formula if hach ce el and en a o hach

Susana But: What are you going to find with this, if you don’t know the proportions?

Santiago To find the moles

We interpret this to mean that the students have an implicit idea deriving from

stereotyped school culture, the belief that formulae (a type of conceptual resource) play an
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unique role in the resolution of problems: entering the magnitudes in the formula the solution
is directly obtained. They talk as if the volume and the concentration of sodium hydroxide
were known, not something to be decided by them; and imply to attempt at a short-cut, mixing
directly the NaOH with the acid, perhaps prompted by the equation written in the handout, as
calculating the molecular mass. These views were also shown with equipment, as when
students in task 5 asked what was the use of being given scales (needed for weighing small
objects and so being able to relate mass and stretching of springs) if they couldn’t actually use

them to directly measure the masses,

Imitating Other Students’ Behaviour

It is worth noting that not all manifestations of stereotyped school culture are unfavourable for

the transfer of responsibility; some are neutral in this respect. An example can be seen in fask .-

procedure to separate a mixture of sand and salt. They had successfully applied their
procedure to a portion of the sample provided. However, when they saw other groups using
the whole sample, they decided to do the same:

Group 3, Task 1, Session 1

Sergio Okay. So we mix the (inaudible). I'm going to get some more water.
Santiago Go on then. Let’s use all (the mixture).

Sergio All of it?

Santiago Hey, if everyone’s putting it all in, ’'m going to as well.

For the students it is important to act in a way that is acceptable for the classroom
community, so on occasions they perform actions that only make sense as stereotypes.

Although they have already solved the problem — which required them to identify a method,
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possible criticism that they have worked less than the others. However, we consider this
behaviour as neutral with respect to scaffolding: it does not prevent them from resolving the

problem, or from acquiring autonomy.

Comparison of Results: Performances Related to Stereotyped School Culture and Experience
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For the second research question, the differences in performances among students who have
practiced with tasks designed as problems for a whole term and students who have worked
with them only twice, the performances for Task 5, measurement of mass with a spring, were
compared (Table 4). The results show that students who had previously completed a total of
four other tasks along 13 sessions (Groups 3 and 4) showed fewer stereotyped school culture
performances than those who had only completed one previous task (Groups 1 and 2). This
suggests that students who have had more opportunities of working with practical tasks
designed as problems are less likely to held these views and to show stereotyped

performances, including those interfering with assuming increasing responsibility.

[Insert table 4 about here] - { Deleted:

Results: Problems Related to Social Interactions and Group Roles

Sometimes, difficulties for developing greater autonomy are related to social interactions and
roles within the small groups. For instance, major differences in the ZPDs of the different
students may mean that only some students in the group benefit from a given intervention of
the teacher. These problems can be worsened in cases when the group’s social structure limits

the development of autonomy by some of its members. For example, in Task 5, one of the

- { Deleted: Group

_ { Deleted: to class

. J J J

| Group 1. Task 5. Session2 - { Formatted
Teacher What are you doing?

| Luis Weighing with... seeing how much it stretches (the spring) - [ Formatted
Teacher Why are you doing that?

‘ (Long pause) - [ Formatted
Luis Juan told me yesterday., (Pause) - [ Formatted
Luis I can’t remember.

It is worth noting that we have not found in the transcription of the first session any

_ { Deleted: that action mentioned by

explanation corresponding to Juan telling Luis about it, It seems likely that social interactions -
******************************************* - ‘[ Deleted: (367)

and roles limited the benefits of this task for Luis and the other members of the group, who do

not appear to have developed appreciable autonomy during this task. Juan’s individual ZPD

_ { Deleted: considerably

appears to be more advanced than those of his companions. This difference, and what -

Richmond & Striley (1996) term the alienating effects of Juan’s leadership style, means that
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the other participants do not share the knowledge constructed.
When there are major differences in student performances, it is sometimes observed

that students with a higher level prefer not to share their knowledge with those of lower level.

For example, in Task 5, on session 2 only one member from group 3 was attending (Susana,a .-~ { Deleted: Group
mudmnamﬂzexuﬂhntgﬁdew,beaﬂwetM30ﬂwn;“@nzpkwhﬁsabad«ﬁbﬂlnumﬂhfk>ﬂw4/f/$E:E::¥giimm
teacher created a new group with three students who were poorly integrated in their respective
original groups (Hilaria, Higinia and Herminia, none of whom achieved a pass grade at the
end of the year) and Susana. In this new group, Susana refused to share her knowledge;, 7 { 5,2‘;:2:; »asin the following
Group 3, Task 5. Session2 - { Formatted
Hilaria Susana, what can you calculate with these data?
Susana Lots of things.
Hilaria Lots of things, she says!

Susana yeplies to Hilaria’s question with an evasion. Throughout the session, Susana -~ (Dot
only deigns to help her new companions at the procedural level, without involving them jn .-~ { Deleted: atal
planning or interpretation, areas in which she chooses to do all the work. We would suggest
that there are situations in which advantaged students prefer a group structure in which they
do not share their knowledge, perhaps expecting that in this way the group’s performance will
be better than if they spend time trying to explain relevant aspects to their less able
companions. In the view of the more able student, this will optimize the required final
products as laboratory reports, which are what, in most cases, are going to be evaluated. This
kind of social interactions and roles makes difficult to provide scaffolding for less advantaged .-~ { Deleted: it more
ﬁudmns,Who\NﬂlmndJOﬁmLmeﬁcum&wmthepnﬂimalhvd,ﬂﬂk“antM3hmuumﬂnw<ﬁJ/*/$zZE:::?Z“S
the group leaders and remaining silent in interactions with the teacher, who cannot perform { Deleted: thus
actions oriented towards the ZPDs of the participants who most need it.

There are also instances of successful scaffolding in the ZPD of some students and, at
least initially, not of all. In the next excerpt, from Task 3, the layout of the transcription in
columns allows for an appreciation of the contributions of each student. The students call the
teacher for help, because they cannot progress in a problem perceived as having “fwo -~ { Deleted:
lmknowni;,ﬂ@,g@yﬁn@@yyx5@,@@,@@dt9@4}hatpfjhg,b%@Ll@@%ﬁ@J@@XJﬁd,mﬁJ/*/{Debmm’

- { Deleted: Authors, in press

2006).
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Group 3, Task 3, Session 1
Susana

646 Mmm. No, we
don’t understand it...

Sergio

648 It doesn’t say it or

650 But how do we
know it?

656 So, if one has thirty
six, you have to

(inaudible) the moles it
has, to find the molarity

661 Neutralizing, what
does it mean?

663 The sodium
hydroxide, you say?
665 Yes, so... the
sodium hydroxide and
the... hydrochloric acid
667 They cancel each
other, so we join them

674 Ah. And how much
do we put? How much
should be in?

18
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Teacher

649 This acid has a concentration.
Whatever, Zero one molar, zero five molar,
or whatever

651 That is... the objective of the lab. Ok?

657 Yes, but you couldn’t do it like that,
because you don’t know the moles[of
HC1] that are here

660 But what you... do have to get
information is that about the acid and the
sodium hydroxide neutralizing each other

662 It means that... mixing them, one is no
more an acid and the other no more a base.
That is, they lose... between them they lose

- [ Deleted: canceling

each other

669 Yes... but you have to think: what’s the
use of that... for our objective that is to
know the concentration of this? Ok?

671 You, the sodium hydroxide, we can
prepare it, eeh, put the amount that we want,
because is there in the jar. Ok? The sodium
hydroxide then, we can know the
concentration

675.1 Well, what you want. You have to
think: What can we do with the sodium
hydroxide, and with everything we have,
with the litmus paper, etcetera, to know the
concentration of this?

675.2 Taking into account that for each
mole of sodium hydroxide it consumes one
mole of hydrochloric acid and these two
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moles neutralize each other

The teacher’s scaffolding provides four elements of support represented in figure 1: two
of them are metacognitive suggestions, one about using the knowledge about neutralization as
the task purpose. He also advises them to reflect about how to use the equipment in order to
know the concentration (675.1). The other two ideas are a suggestion about how to reduce
what the students perceive as two unknowns, telling them that they could choose the amount
of NaOH (671), and the equivalence one mol / one mol, making part of the concept of
neutralization. This support from the teacher is interpreted as being in the ZPD because he
does not provide precise instructions, but suggests them to reflect and attempts at increasing
their autonomy. Our interpretation is that it is situated in Sergio’s and Susana’s ZPD because
it seems that the other two students do not benefit from it. The first inner circle in figure 1
represents what these students know from the beginning, the question about finding the
concentration of HCI, and the second what they have been able to do on their own, to relate
concentration to molarity and to determine the molecular masses. The outer circle is what they
will be able to do, as evidenced by the development of the task, with this scaffolding: the
amount of HCI to the amount of NaOH, which enables them to plan actions aimed to solve the
task. This transformation of meanings is interpreted as contextualization in Jiménez-

Aleixandre and Reigosa (2006)

Several turns later, after Sergio and Susana decide a testing value (0.5 M) for the NaOH
solution and the volume, 10 ml of solution, to be prepared, Santiago seems to realize for the
first time the meaning of their actions:

Group 3, Task 3, Session 1

Sergio So the deal is to calculate a molarity, that is the molarity of one

Santiago Listen, then: What happens? That beginning from the molarity that we want, what are
we doing? Tests, one, two, until we got it, one that we want?

Susana Yes (nods)

Santiago (...) so we are putting here variations everything until it gives what we want, shit. The
concentration that we want.

Susana Zero five

—_C -

- [ Deleted: tests
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group are different. We interpret that he has been supported in his ZPD by Sergio and
Susana’s discussion and decisions, pointing at the relevance of peer support even

unintentional, as in this case.

Discussion and Conclusions: the Assumption of Responsibility

This report discusses a case study about groups of students performing practical tasks
designed as problems. We have focused on the analysis of the assistance provided by the
teacher, with the notion of scaffolding and transferring of responsibility as our guiding
framework. By means of an inductive and iterative methodology, with negotiation of
application of scaffolding and in the development of autonomy in these groups.

In a number of the interactions analyzed, problems arose because task difficulty was
inappropriate. Excessive task difficulty can prevent a group of students from assuming

increasing responsibility (Cazden, 1988), and inadequate task difficulty fails to facilitate the

developmental level, beyond what the student is currently capable of achieving unaided, thus
promoting the learning of new skills, but without going beyond his or her competence level,
since this would impede the development of autonomy. Learning task design thus implies
evaluation not only of what students can do by themselves, but also of what they can do with
assistance (Brown & Ferrara, 1985). In the case of the school laboratory, this requires from the
teacher to evaluate, for each task, a) which symbolic or physical resources are necessary for
that task’s resolution, b) which of these resources can be assumed that the students have
already appropriated, and c) whether it could be reasonably expected that the remaining
resources can be appropriated during the performance of the task. This evaluation will be
useful for ensuring that a task can provide a context in which the assistance of the teacher can
be conceived as scaffolding and promoting the transfer of responsibility. Nevertheless, the
evaluation implies that the teacher has to predict whether the students currently have
appropriated resources, and whether they will be able to appropriate other: and of course

neither prediction can be made with absolute certainty. As is shown in this study, in a single
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task performed by students of the same educational level, transfer of responsibility was more
successful for some groups than for others, and some were able to solve the problem without
assistance. Faced with this diversity of situations, one possibility is to design tasks of
adjustable difficulty; tasks designed in such a way that makes possible to modify their

difficulty depending on how the participants’ activity develops. It is important to note here

ZPD is another factor that adds to the difficulty of predicting whether or not the students will
be able to solve the problem with assistance.

A second type of difficulty interfering with the efficacy of scaffolding and transfer of
described as procedural display (Bloome, Puro & Theodorou, 1989) or dramaturgical action
(Habermas, 1984), which prevent the students from effectively assuming responsibility. We

have developed a frame of categories for this type of situation in the school laboratory, and

stereotyped school culture. Laboratory tasks in which students follow a sequence of pre-
established and fixed steps are frequent in Spanish schools (Gil, Carrascosa, Furié, &
Martinez-Torregrosa, 1991), and in our view years of immersion in such educational systems
can cause insecurity among students when they are called upon to enter scenarios in which
behaviours that avoid the need to progressively assume this responsibility. We believe that
continued experience in open practical activities — consistent with scientific culture, that
require students to make procedural and epistemological decisions, and in which the
stereotyped performances inherent to school culture lack practical utility — may help students

to abandon such school culture. This hypothesis is supported, to a certain extent, by the data

showing that students who had greater experience practicing tasks of this type showed them

less frequently than students with less experience, although the small size of the sample

prevents generalisation.

Third, other situations that appear to impede effective developing of a higher level of

autonomous competence are related to social interactions between the members of the group,
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Appendix: Task instructions (excerpts)

Task 1 (Separation of substances): In a mine from which salt is extracted, it is
unfortunately obtained mixed with sand. In order to use the salt, it is necessary to
eliminate the sand; otherwise it can’t be packaged and sold in supermarkets, for example.
We’d like you to test a method in the laboratory for separating the salt from the sand. It’s
also important that you discuss what they should do in the mine to put your idea into
practice, bearing in mind that the mine is in the open air, that a river runs alongside it, and
that it is located in a hot sunny country.

Task 2 (Exact measurement of volume): 'A pharmaceutical company wants to sell vials
containing a specific amount of a recently invented liquid medicine which is an effective
cure for several rare diseases. But like other recently invented drugs, it’s very expensive,
because the pharmaceutical company wants to recover the money it has invested in the
years of research required to develop it and confirm its effectiveness. Since the medicine
is so expensive, the company’s managers want to know the most accurate way of
measuring volumes of liquids in the laboratory; they don’t want to put too much liquid in
the vials and so lose money, but at the same time they don’t want to supply too little. You
have to decide which laboratory equipment (beaker, Erlenmeyer flask, pipette, etc.) is the
most accurate for measuring volumes, and how to use it.'

Task 3 (Titration of an acid): 'Experiments were carried in a laboratory using acid and
base solutions, formed by acid and basic substances dissolved in water. After the
experiments were completed, the people carrying them were gone and they forgot to label
a big bottle with hydrochloric acid dissolved in water. We cannot dispose it directly
through the sink, because it could cause pollution, and we want to keep and use it in the
future. But before storing it away we need to know its concentration in molarity. Working
in groups you have to find a way of knowing the concentration of this solution. Each
group will be given a small amount of the acid solution to work with.'

Task 4 (Type of movement on a rail): 'In this practical we’re going to study the
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movement of a ball that rolls down a ramp, to see what type of movement it is (...). In
practice, what we’re aiming to do is find out whether the movement is uniform, uniformly

accelerated or of some other type.'
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Task 5 (Measurement of mass using a spring): 'An explorer wants to be able to measure
11 the mass of small stones (weighing less than 0.5 kg), but does not want to take scales in
13 his luggage because it would take up too much space. He needs to know if instead of
scales he could use a spring (or a rubber band, which takes up even less space) together
16 with a tape measure. He asks you to assess whether a spring or a rubber band would
18 work, and if so why. He’d like to know whether any spring or rubber band will work
20 effectively, and if not how he can tell whether a given spring or rubber band will work,

22 and with what accuracy.
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Tables
Table 1. Tasks performed by the students.

Task

Year 1
Group 1 (n=35)

Year 2
Group 3 (n=4)
Group 4 (n=4)

Separation of substances

Exact measurement of volume
Titration of an acid

Type of movement down a rail
Measurement of mass with a spring

Group2 (n=5)

+
+

+

+
+
+
+
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Table 2. Categories of difficulties arising in scaffolded ZPD-oriented interventions
DIFFICULTY DESCRIPTION

Excessive task difficulty The students are not able to complete the task even with

scaffolding; the teacher can at best supply instructions,
10 not transfer responsibility. The task lies outside the
11 students” ZPD.

©CoO~NOUTA,WNPE

12 Stereotyped school culture  The students’ expectations about their role in the school - - { Deleted: sitations in which

13 laboratory are incompatible with the progressive
14 assumption of responsibility.

15 Problems related to social Marked differences in the ZPDs of different group
16 interactions and group roles members, or marked inequalities in the group social
17 interactions, so that some members of the group derive
18 little benefit from the task.
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Table 3. Different dimensions of stereotyped school culture

1) Laboratory activities as a closed unique sequence of steps.

2) Viewing searching for a solution, collecting data, or clarifying concepts as
inappropriate or not useful.

3) Interpreting the teacher’s questions as criticisms.

4) Assuming each piece of equipment & resource to have only a single and predefined
use.

5) A tendency for confirmation bias.
6) Reluctance to challenge the teacher’s authority.
7) Imitating the behaviour of other students, even when it is not justified.
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Table 4. Comparison of manifestations of stereotyped school culture in Task 5.
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| Group Number of instances

10 (in brackets those hindering scaffolding)
11 1 (Year 1) 30 (22)

12 2 (Year 1) 46 (33)

13 3 (Year 2) 119

14 4 (Year 2) 6 (4)
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