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STUDENTS-EXHIBITS INTERATION AT A SCIENCE CENTER
Agostinho Botelho, Ana M. Morais
Department of Education, School of Science, Unityeos$ Lisbon, Portugal

Introduction

As new science museums are created and existingumssrenovated, the exhibits are
becoming increasingly interactive (Reid, 1997; §wli®97). To signal this change, many museums
are now known as Science Centers. We assume thathfmge to more participative exhibits has
implications for teaching and learning science. Hieaction and involvement power of these
exhibits has led to various studies to analyze theicational potential (e.g., Anderson & Lucas,
1997; Falket al, 1998; Feher, 1990; Henriksen, 1998; Serrel, 1997

These studies showed that, during interaction ittibits, specific characteristics influenced
visitor behavior. Fallet al (1985) identified three broad groups of charasties that affect visitor
behavior in a museum: visitor characteristics,irggtbr environmental characteristics, and exhibit
characteristics. In this exploratory study, wendtéo make these characteristics more specifi¢@nd
do a more detailed analysis, by using Bernstelm®ry of pedagogic discourse, as the theoretical

framework.

Literature review on students-exhibits interaction

Departing from earlier learning studies that shotired museums only occasionally facilitate
learning, recent studies support the premise daahing takes place in museums (Falk & Dierking,
2000). Museums offer opportunities to interact witlterials, objects and ideas, which may not
otherwise be readily available learners (Thier & Linn, 1976; Miles, 1987; Jamks® Hann, 1994,
Russell, 1995).

The level of interaction with exhibits varies adiog to different variables. Several studies
have focused on visitor characteristics and orrdlagion between these characteristics and learning
evidences. Gender is one of the most studied deasdics. Some authors (Tulley & Lucas, 1990;
Kubota & Olstad, 1991) found differences betweeystand girls. Tulley and Lucas (1990) observed
that boys revealed greater exploratory capacitiesdexterity than girls during the interaction with
the Lock and Key exhibit, in the Launch Pad of $lteence Museum in London. Kubota and Oldstad
(1991) studied the relation between novelty, exitoy behaviour and learning. They observed that



previous activities that promote the reduction@feity have distinct effects on boys and on girils —
the case of boys they promoted an exploratory hetiaand cognitive gains in relation to the
scientific knowledge transmitted by the exhibitiofhis evidenced the role of gender in the
exploratory trends of the exhibits.

Boisvert and Slez (1994) studied the relationskifwwben gender and social group and three
types of behaviour considered as important preiségsi for learning in museums: 1) attraction (an
exhibit's ability to grab a visitor's attention), l#lding power (how long an exhibit holds visitors
attention), and 3) engagement (the level of intemaavith the exhibit), in exhibits related to the
human body. The results showed the absence ofisagnidifferences in the relation between each
visitor's characteristic and the three types ofawebur. The authors justified these results with a
common interest of both boys and girls by the hurbady. Another study that showed the
unexistence of differences between boys and giteyast was carried out by Busque (1991). He
analysed the interest raised by interactive exbiistof the Ottawa Museum in visitors.

Despite the fact that research has been focusedramus students’ characteristics, no study
has been done on the socio-economic status of ttiergs’ families or on students’ school
achievement. However, many studies on schools faromexts (e.g., Morais & Neves, 2001) have
shown the importance of sociological variables fudents’ scientific learning. Exhibits
characteristics (attraction, holding power, andagegnent) have also been studied and related to
visitor characteristics (Boisvert & Slez, 1994).

Some other researchers point out to characterigias evidence the exhibits success in
arousing interest, allowing involvement, and traittamy the ideas entailed in them. Carlisle (1985)
observed students visiting the Arts, Science andhd@ogy Center (now Science World) in
Vancouver, Canada, and recorded the exhibits studbose, the length of time spent at the exhibit
and the level of involvement with the exhibit. Qtinesearchers have used these parameters - choice,
length of stay and level of involvement - as a measf the success of exhibits (Cone & Kendall,
1978). Carlisle used these results, however, tigaight into the learning behaviors of the stuislen
She found that most students orientate themselkiea they first arrive, involve in both solitary and
social experiences, but with sharing and cooperdtehaviors predominating, and most students
made repeated visits to some exhibits. She cortltitg the center as a learning environment
provided a context that “motivated, encouraged meéul behavior and social interaction, was
pleasurable, and held the potential for learnimgngific facts and principles” (Carlisle 1985: 32).



Other factors that could affect students-exhiloitsraction are related to previous knowledge,
the reading of labels and the exhibits’ design. igton and Boundy (1986) found that students may
bring a great deal of relevant knowledge to a musdut do not necessarily use it to direct attentio
or change their understanding as a result of vigulie displays, and conclude that this is partly
because the majority did not read the labels. Gth#rors (Falk, 1997; Gilbert & Stocklmayer, 2001)
demonstrated the influence of the exhibits desigrvisitors’ behaviors. Falk (1997) analysed the
effect of two exhibitions, one with and anotherhwitit explicit labelling and observed that, in tingt f
case, visitors not only learned more about theifsp@&tformation and general ideas but spent more
time in exploring the exhibition. Gilbert and Stbohyer (2001) included the idea of memory
retrieval in their analysis about how the experewnt the interaction with the exhibit elicit the
remembrance of former experiences, which constaatanalogy to the construction of the present

experience. These past experiences may includelsekueriences.

Literature review on the learning context

What is learned is inseparable from how it is ledrmvhich means that students respond
differently to an experience depending on the envirent that they encounter (Moratsal, 2000,
Botelho & Morais, 2003; 2004). They react diffeferib questions from a stranger or a peer, they
respond differently to environments that allow fieloration compared to a tightly structured
environment (Botelho, 2004). Other authors empbkatig idea that knowledge construction may be
influenced and aided by contexts and that thestexisn afford rich links with the students’ intérses
(Hein, 1991; Carr & Barker, 1994; Hein & Price, 299Fensham and Gunstone (1994:5) speak of
the“reflexive and interactive relationship between kigglge and actions” (p.5) - one feeding on the
other. Further, Lave and Wenger (1991) and othasteld cognitive educationalists see the context as
influencing not only what is learned but as beingrderent part of what is learned.

Driver and Asoko (1994) emphasize the importancd®icontext. They argue that learning
science involves both personal and social proceasessuggest that if knowledge construction is
seen as a purely individual process, this amounwdiscovery learning. Rather, they see science
learning as a process of enculturation, and desergocial constructivist view as one in whicheher
is interplay between personal experience, language, socialization in the process of learning
science. Also contributing to a social construstiwiew are the work of Lemke (1990), seeing

learning science as learning to ‘talk science’, barde and others’ ideas of cognitive apprenticeship



and situated cognition (Rogoff & Lave, 1984; Lav&\&nger, 1991).

At the level of the museums, Falk and Dierking 20&pand the importance of the context
and postulate a “contextual model of learning” ésaibe learning in museums, summarizing much
of the research findings in museum studies. Theeliadludes three interlinked contexts: personal,
socio-cultural and physical, with the intersectfrihese contexts describing the learning expegienc
of visiting a museum. The personal context inclydgsnotivation and expectations, (2) individual's
prior knowledge, interests, and beliefs, (3) chaiod control. The social context includes (4) wathi
group socio-cultural mediation and (5) facilitateddiation by others. The physical context includes
(6) advance organizers and orientation, (7) desigd,(8) reinforcing events and experiences outside
the museum.

Despite the importance of the context in creatohgpaate learning contexts to students, Escot
(1999) argues that to give students’ opportunttdsarn does not mean that students learn. We then
shoud ask: what do students need to learn withess@cWe believe that part of the answer can be
found in Bernstein’s theory of pedagogic discoBernstein, 1990; 2000). According to Bernstein,
the characteristics of the pedagogic context ang imgportant. However, to him, students must have
rules, which allow them to recognize these chariatitss, and rules, which allow them to produce the

text, expected in this context.

Theoretical Framework

Bernstein’'s theory of pedagogic discourse (Bernstei990, 2000) provided the
sociological concepts to characterize the intevactind to analyze the influence of specific
sociological characteristics on students’ scienidiarning, in the pedagogic context of a science
center. We use the expression “pedagogic contexti eontext where relations of transmission,
acquisition and evaluation of any form of knowledg&e a place. (e.g., family, school, and
museums, at diverse levels). Bernstein consideeg thnain categories in any pedagogic context,
subjects, spaces, and discourses.

Subjects are the persons (e.g., student, teaclshem friend, manager, designer, and
curator), discourses are forms of knowledge speoffia context (e.g., academic and non-academic
knowledges, various disciplines) and spaces areifgpsubjects’ space (e.g., teacher’s space and
students’ space).

In the specific pedagogic context of a scienceerente can consider various relations



between subjects (e.g., teacher-student, studeterst designers-student), spaces (e.g., various
exhibits’ spaces, Biology exhibits space and PByshibits space in a science museum), and
discourses (e.g., students ideas-exhibits ideas).

Pedagogic contexts are regulated by power andatoRower refers to relations between
categories and, consequently, it establishes aasgqoositions while control refers to
communication between categories.

Bernstein uses the sociological concept of clasdifin to characterize power relations and
the sociological concept of framing to charactecaetrol relations in pedagogic contexts, whether i
the school or in other sites. Classification (G¢reto the degree of maintenance between categorie
(subjects, spaces, and discourses) and expressgmwurer of a category over the others (power
relations). It is weak when boundaries are bluaed strong when boundaries are well marked
Framing (F) refers to the communicative outcomeshef relations between categories in the
pedagogic relation and expresses the control ofcategory over the other (control relations). It is
weak when lower categories have any form of controlthe relation and strong when higher
categories have the control on the rel&tiGinaming between subjects refers to the conteyl trave
over selection, sequence, pacing, and evaluatitemiat, that is, the discursive rules that regulate the
instructional pedagogic practice. It also refershi hierarchical rules, which regulate the norins o
social conduct, or the regulative pedagogic practariations in classification and framing at
various levels and in the coding orientation itsgdgtermine specific modalities of code. These
modalities of code regulate specific pedagogictimes, either in the school or in other agencias (e
families, museums). Classification values of pedagpractices create specific recognition rules
whereby students recognize the specificity of siquaar context. If classification values changenir
strong to weak, so do their contexts and recognitides. Framing values shape the form of
pedagogic communication and context managemetrierBxift framing values transmit different rules
for the creation of texts, whether these textsrateuctional or regulative. Figure 1 shows thatieh

between these concepts.
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To study the instructional and regulative textsdpied by students in specific contexts of
learning, we used a model (Figure 2) constructetlbyais and Neves (Morais & Neves, 2001)
which shows the relations between specific codingntation and socio-affective dispositions in
text production. The interrelation showed in thedelp between specific coding orientation and
socio-affective dispositions, intends to highligheir mutual influence. Although constituting
different realities within the subject, the possmssof a specific coding orientation may be
limited by socio-affective dispositions, which ame turn limited by coding orientation.
According to Bernstein (1990), text production igigen context depends on the possession of
the specific coding orientation to that contextisTmeans that subjects must have both the
recognition rules, that is, be able to recognize ¢hntext, and the realization rules, that is, be
able to produce a text adequate to that contexliZ¢ion rules concern both the selection and
the production of meanings. Subjects must selezg@ate meanings and produce texts according
to them, in this way showing correct performanceantext, demonstrating possession of both

recognition and realization rules.

SPECIFIC CODING ORIENTATION <€——>» SOCIO-AFFECTIVE DISPOSONS

RECOGNITION RULES REALISATION RULES
Selection of Textual
meanings production
(Passive (Active
realization) realization)

Student’s performance
L3 COGNITIVE AND SOCIO-AFFECTIVE = — |
COMPETENCES

Figure 2 - Cognitive and socio-affective competences as rgiby coding orientation and socio- affective
dispositions specific to the context (Morais & Ney2001).

Failure to show performance may indicate lack abgmition or realization rules or both.
Without realization rules, subjects may not be ablselect meanings or produce them or both. If
they are able to select meanings but are incapdlpeoducing the text, we say that they have a

passive realization. If the text is produced, tlagibit active realization. However, for text



production to be accomplished subjects must alssgss socio-affective dispositions specific to
the context, that is, they must have the apprapradpirations, motivations, and values.
According to Bernstein, recognition rules regulegalization rules. Both rules and the requisite
socio-affective dispositions are socially acquiraéad become part of the subjects’ internal
structures.

Exemplifying these relations among the cognitivenpetences required in specific learning
contexts, we would say that students receiving dagagic practice which requires, for instance,
problem solving competence succeed by (a) recamnittie specificity of the micro-context of
problem solving within their practice (recognitionles); (b) selecting meanings adequate to that
micro-context, that is, knowing how to proceeddtves problems correctly (passive realization); (c)
producing the text, that is, presenting a corretit®n to the problem (active realization); andl (d
possessing socio-affective dispositions favorabtédt realization (motivations, aspirations, vajue

Bernstein’s theory looks at both the macro levethaf educational system and the micro
level of the school and the classroom. However tlieretical concepts he developed, and which
constitute a powerful internal language of desiipthave allowed the development of an external
language of description to study a multiplicityaaintexts, from the school itself to the family and
teacher training. What we have done in the presterdiy was to extend it still further to the context

of science centers.

The Purpose of the Study

The study is part of the research that has beefedasut by the ESSA Grofimnd used
specific aspects of Bernstein’s theory of pedagaligcourse to compare students’ performance
during their interaction with exhibits. The appbday of this theory in the analysis of the leargi
that takes place in science centers is, theredppeciated.

Within the context of students-exhibit interactiove considered two micro-contexts of the
interaction: students’ procedures in exhibits ahedents’ understanding of scientific concepts
involved in exhibits. Concerning the micro-contektprocedures, we analyzed the extent to which
students could recognize the specific procedurethaif context, more specifically if they could
identify and characterize the exhibits with whitleyt interacted, and if they could produce them
correctly. Concerning the micro-context of conceptlerstanding, we analyzed the knowledge
students already had about the concepts involvéldeirexhibits and the extent to which they were



able to acquire these concepts and in which degree.

The following question guided our research:

- How are characteristics of students, exhibitg] stadents-exhibits interaction influencing
students’ learning in the student-exhibit intei@cti when this interaction is studied by using
Bernstein’ theory?

We analyzed the results in terms of students’ pemding orientation that is in terms of
recognition and realization rules that students tnpessess for learning. If students possess
recognition rules they can distinguish the varioastexts and if they possess realization rules they
can select (passive realization) and produce @ctalization) the text specific to each micro-
context. We also studied the relation betweendhelts and the characteristics of (1) studentsilffam
socio-economic status, gender, and achievemeitgx(bits (exhibits design, what happens when

students activate the exhibit and evaluation @itend (3) interaction on students’ learning.

Methodology
This section contains the description of the sttglérat participate in the study, the exhibits
with which the students interacted, the visit tecence center, and a sociological descriptiomef t
student-exhibit relationship. It also contains tlescription of the data collection and the analysis
processes. We used qualitative methods for dalteergag and a comprehensive-interpretative model
for the analysis of results, because we wantechdienstand the meaning of students’ performance

levels, as a result of the interaction with theilaith

Students

The study is the result of a one-year educatioestarch project and intended to be an
exploratory study yet containing some degree ofldepthe analysis of results. We selected eight
students who represented all possible combinatidrihiree variables with two variants each:
gender, achievement and parents’ education andpation, as indicators of socio-economic
status. These students are not a random sample, buetulbarselected group of participants to
represent pre-selected variables. They all cama tlee same school class of the seventh grade
(ages 12- 13). In order to determine the family’s socio-econostatus, we used a composite index
of the academic qualifications and occupationsefrhother (MAQ and MO, respectively) and the

father (FAQ and FO, respectively), according toftmeulaé



FO + FAQ + MO + MAQ
24

Based on the data obtained, we constructed a tgredescale in which | (17-50%)

x 100.

represents the lowest family’'s socio-economic statod Il (51%-100%) the highest family’s

socio-economic status. Both groups of boys and giohtained an equal number of low/medium
school achievers and high/very high school achgeevi@gure 5 shows the distribution of students
by gender, family’s socio-economic status and stclamtievement. Students are named by

pseudonyms.

The exhibits

We developed the study in the Knowledge ScienceteCen Live Science, in Lisbon,
Portugal. We selected two exhibits from the exiubg present at the time the study took place — The
Hot Air Balloon (figure 3) and the Hydrogen Rockisgure 4) — which were part of the exhibition
“Look, Do and Learn” conceived by Techniquest, @adiff Science Center. Both exhibits involved
only two manipulating activities: press two buttam¢he Hot Air Balloon and turn a handle and press
a button in the Hydrogen Rocket. The former invdltiee Charles Law and the latter the constitution

of the water molecule, the concept of combustiahthe electrolysis of the water.
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1- Name;

2- Count-up temperature;

3- Button to heat the air;

4- Button to release the balloon;
5- What to do;

6- What happens?

1 — Vertical wire;
2 - Balloon;
3 — Buttons and label.

Figure 3 —Hot Air Balloon (A - General view; B — Panel 3 dlifipd)

11



1- Vertical wire; 1- What to do;

2- Object (rocket); 2- Name;

3- Count-down sequence; 3- Level of fuel;

4- Water recipient; 4- Button to start the count-down sequence;
5- Electrodes; 5- What happens?

6- Label and buttons;

7- Handle

Figure 4—Hydrogen Rocket (A — General View; B — Panel kfied).

We based our selection on the information givertigy science center curators. The two
exhibits were the most visible and attractive meihibition so they were the most visited.

Intentionally, we used two exhibits with the sameislogical characteristics, that is with
the same values of classification and framing. Tallewed us to concentrate on these
characteristics. The analysis was centered onthemelations between the eight students and the
two selected exhibits. However, it is importantsteess that the exhibition as a whole showed a
marked boundary between the various exhibits,ighach exhibit was isolated in the exhibition
without any relation with other exhibits. This ajepl to both the message entailed in the various

exhibits and the spaces they were allocated, ajtmdbe former was particularly marked. The
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only criteria, which were used to display the exkiin the exhibition rooms, were the aesthetic
and the degree of attraction of the exhibits. Timeans that the exhibits were displayed
throughout the room according to the perceptionthefteam that organized the exhibition, and
who was concerned with the distribution of the bkkiwith lesser attraction power in strategic
places of the exhibition room and the exhibits wgtieater attraction power in more discrete
places. There was no concern for the establishimgny connection when any one visitor passed
from one exhibit to another — each exhibit was irgoat in itself. This means that, to the
organizers of the exhibition, it was indifferenétivay the visitor started and proceeded the visit.
Looking at the whole exhibition one could not fiady link between the various exhibits. The
scientific areas, the themes, the facts and/orctmeepts present in each exhibit had no pre-
conceived inter-relations. Classification was, ¢i@re, very strong between the various exhibits

that constituted the exhibition.

STUDENTS-EXHIBITS INTERACTION AT THE LEVEL OF PRCEDURES

COMPONENTS PROCEDURES
STUDENTS’ CHARACTERISTICS E%(l';'fE'T
DESIGNATION FUNCTION RR IDENTIFIES PERFORMS PRL | ARL

Ach. | FSEL | Name Exhibit N | C| 1 2| 3 4 L P B 4 5 a)| b)y| c)| d| a)| b) c) d)

Balloon | @ Vi ivI|v]|v]|v ]|V ViVl o | o | o |0 |0 ° 1] 1l
H 1l Sofia

Rocket Vv v v | o o | o |0 | o o] e 1] 1]

Balloon ° ViV ]|V x v I o o |0 0o 0 o o Il n
L | Raquel

Rocket [ V|V - V|V |V - x 1l o | oo |0 |0 |0 o 1] 1
H " Sara Balloon o VIV |V |V Vvl oo | o ° ° I |

Rocket | ® VvV ox - vV l e o | o e o | o 1] 1

Balloon ° Viivi|v|v|v ]|V Vvl vlm o | o | 0o |0 | o o] e 1] 1
L 1l Sonia

Rocket | ® -l vV V- - vV Y 1l o o | o |0 | o o] e@ 1] 1]
H | Miguel Balloon ) Vi ivI|v]|v]|v ]|V VvVl e | oo |0 |0 |0 o 1l 1]

Rocket o (v |V | VI v IV IV |Iv | IV ]|V 1] o o | o |0 | o o |e 1] 1]

Balloon | ® Vv x| v |V ]|V x | x | v I o | o | o |0 | o o] e@ 1] 1
L | Carlos

Rocket ViIiviIiviIiv|-|Y v ox 1l e o | o e | o | o 1] 1
H " Nuno Balloon ° Viivi|v|v|v ]|V Vvl vlm o o | @ o | o | @ 1] 1l

Rocket ViV Y x | vV | x 1l o o | @ o | o | @ 1] 1]

Balloon ° v v x v v v x v v m ° ° ° [ ] [ ] [ ] Il 1
L 1] Paulo

Rocket [ x | vV v Vv |V ]| «x - vl - 1l e o | o e (o | o 1] 1

Figure 5— Results in the three levels considered in ttegantion with exhibits at the level of procedused
respective degrees of recognition/ realization.
Notes
EXHIBIT TITLE:

Balloon: (N) Does not know; (1) Incomplete answer (e.glldmn); (C) Correct answer (e.g. Hot Air Ballooii®) Selected answer.
Hydrogen Rocket: (N) Does not know; (I) Incomplete answer (e.gcket); (C) Correct answer (e.g. Hydrogen rocke®); elected answer.

COMPONENTS:

Balloon: (1) Balloon’s going up vertical wire; (2) Balloo(8) Count-up temperature; (4) Button to start teatmg of the air; (5) Button to release the bailo@’) Answers correctly;
(-) Does not know; %) Answers incorrectly.

Hydrogen Rocket (1) Count-down sequence; (2) Handle; (3) Butmstart the count-down sequence; (4) Level of f(8l;0bject (rocket);{) Answers correctly;-§ Does not know;
(%) Answers incorrectly.
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PROCEDURES:
Balloon: (a) Read instructions; (b) Press red button\¥ajt until temperature reaches 90°C; (d) Pressngoeiéton; ®) Identifies/performs; (-) Does not identify/penfior
Hydrogen Rocket: (a) Read instructions; (b) Rotate white handleLmk at the level of fuel; (d) Press red butto®) (dentifies/performs; (-) Does not identify/penfior

Ach — Achievement; FSEL — Family socioeconomic IeRR — Recognition; PRL — Passive realization; ARRActive realization.; I, II, Il — Degrees of theles

The trip to the science center

The seventh grade teachers had programmed aovibie tscience center in order to increase
the interest for science, without having planneg specific tasks for students to do. Students could
explore freely the place. The visit took one haut half and involved the five classes of the school

Each one of the classes spent thirty minutes oaxhibition.

The sociological student-exhibit relation

Social interaction is usually seen as an interachetween persons. In the context of
museums, this interaction occurs mainly betweedesiis, students and explainers, and family
members. However, each exhibit present in a musentals a sociological message. Messages
transmitted by the exhibit may or may not be rezeilay the students, depending on their specific
coding orientation. When students interact withilgild) they interact with “invisible subjects whose
image is an exhibit”. In this study, we look atdsnts-exhibits relations as a social interaction
between students and those subjects, and we atiabgeerelations.

Science centers have a pedagogic function althdiggimct from that of schools. Likewise
the school context, the context of interactive kitioins entails a pedagogic practice, determining a
particular relationship between the subjects pteskrectly or indirectly, in that context. Distinc
modalities of pedagogic code underlie distinct gedée practices, which are more or less favorable
to the learning of socially differentiated studetsnodel based on Morais et al. (1993, 1996, 2001)
orientated the characterization of the pedagogictipe, in sociological terms. According to the
model, any pedagogic practice can be analyzedinstef classification (C) and framing (F). We
wanted to see if the same kind of analysis wasymtogt when applied in the context of science
centers.

We used a scale of values of classification agehifng from very weak to very strof@", C
, C", C"and F, F, F, F") in which the signs (++) indicate relative degreésvery strong
classification/framing and the signs (--) very wed#ssification/framing. The values (+) and (-)
indicate intermediate degrees. We focused the desization of the context on the relation of

communication between the students and the subjjdsethind the exhibit, that is the constructors of
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the exhibits, as this was the crucial aspect ofstidy. It was possible to infer the sociological
characteristics of the designers-students rel#ticough the ‘features’ chosen by the designerséo “
present in public” — the exhibit.

In spite of this communicational relation betwebea transmitter and the acquirer, this does
not necessarily lead to a teaching/learning tkautli perspective; rather the messages sent by the
transmitter (facts or other kind of data) may axtaabasis and orientation to the construction of

concepts by students.

Characterization of the micro context “Concept ursiending”. With respect to control
relations, particularly in the case of selectidre students do not have any participation in the
choice of the themes/contents, which are preserthénexhibits — the responsibility of the
selection lies totally with the team who planned #xhibits. Framing is therefore very strong
(F™). Students also cannot interfere in the sequehtigedacts and concepts present, which is a
consequence of the order chosen by designers. Howstudents have some control about
mental appropriation and integration of the varigostents. This means that a strong framing
regulates sequence’jFStudents controlled the time available for tinderstanding of concepts
which means that a very weak framing’) Eharacterizes pacing. For both exhibits, it i$ no
explicit for students what is expected from thenketrn, that is framing of the evaluation criteria
was very weak (B.

When we consider the power relations, it was thegders who determined, through the
characteristics of the exhibits, the control stislérad on the relation between exhibit and students

This means that a strong classificatiofi' j@egulated the designers-students power relations.

Characterization of the micro context ‘proceduréd’nen we look at power relations between
designers and students, we can see that are tighelesswho determine the relation student-
exhibit. It is the designers who define the behastadents should have in relation to each one of
the exhibits, through its general aspect, its dtarestics and the sequence of the manipulating
activities. This means that the designers-studentep relations are regulated by a strong
classification (C"). In other words, the designers determine thetitagte relations between
subjects, in the context of the student-exhibierattion. These relations are also determined by

the directors of the museum and by the princigias guide this kind of science museum.
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With regard to control relations, we analyzed tisewsive rules selection, sequence, pacing,
and evaluation criteria. The student does not laayechoice of the procedures, which are indicated
in the exhibits, this meaning that the procedumnesessary to the correct functioning of the exibit
are totally controlled by designers and therefaaming is very strong at this level' (I

We analyzed the sequence in terms of the taskstuident should do, when working with
each one of the exhibits. In the case of the HotBailloon, the designers of the exhibit previously
established the sequence, which is written dowthennformation panel. However, the student has
some control on that sequence because s/he cty firess the red button instead of the green
button. It is clear that such procedure will natdeo the expected result, but the student istérel®
that, thus altering the pre-established sequenceth&r aspect can also be changed by the student:
instead of waiting for the air inside the balloonréach 90°C to press the green button (number 4,
figure 3B), as indicated in the instructions, thedent can press the button before the temperature
reaches 90°C and the balloon goes up nevertheless.

Something similar happens with the Hydrogen RocKet. sequence of the tasks is also pre-
established, but the student can change this seguem instead of turning first the white handle
(number 7, figure 4A), can press the red buttormimer 4, figure 4B). Similarly, to what happens
with the Hot Air Balloon, this decision of the serd will not lead to the expected result. In this
exhibit, there is the possibility of changing amsthspect of the sequence of the tasks. The sfudent
instead of waiting for the red button to light @pptress it, can do it before lightening. In thisesaf
there is already enough combustible, the rockdtgeilup when the red button is pressed, with no
need to wait for the lightning sign, as indicatedhie third stage of the instructions. In this wig
student changed the sequence of the tasks, althioegontrol over this discursive rule is discrete,
this is not explicit to him/her. There is a strdraming (F), although not as strong as at the level of
the selection of scientific content.

We considered that pacing was regulated by a veakvraming, because students have total
control on the time they have to use and interattt exhibits. The trip had a closing time but
students could spend the total trip time with ahildk or two according to their own interests.
Evaluation criteria were explicit in both exhibéts it was clear to students what is expected llegt t
produce and what to do to achieve that productiois. quite explicit, in both exhibits, what one
should do to obtain a given result: to make thibaland the rocket going up. A very strong framing

therefore regulates this discursive rul&YF
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Table 1 shows the characteristics of the two maootexts concerning power and control

relations.

Table 1
Sociological characteristics of the micro-contex@sncept understanding’ and ‘Procedures’.

EXHIBIT-STUDENT RELATIONS

POWER
EXHIBITS MICRO-CONTEXTS RELATIONS (C) CONTROL RELATIONS (F)
DISCURSIVE RULES
SELECTION SEQUENCE PACING E\éARL#éEOAN
Concept understanding T F* F = E-
HOT AIR BALLOON
Procedures C F F F- F
Concept understanding e F F F- F
HYDROGEN ROCKECT
Procedures C F F F- F

Data collection and analysis

We collected the data using three types of instnisnguestionnaires, face-to-face interviews
and video recordings. We used these three dististuments to collect all data needed, to reduce
bias, and to triangulate the results. These ingnisrand their application are described as follows

QuestionnairesWe used various questionnaires. First, we congtduatquestionnaire to
gather data about personal and family charactesismame of the student, age, gender,
achievement’s level in science, parents’ qualifara and occupations, number of times s/he has
visited museums, when and where.

The students of the five school classes (120 stsdafi the seventh year of schooling
answered the questionnaire, in the science classes, months before the visit to the science cente
We then selected eight students, all from the sseheol class, who possessed the characteristics
needed for the study.

Second, we constructed a questionnaire to studyemssthat students would give to the

following questions:

What is a combustible?

Give four examples of materials that are comblastiand four of materials that are not combustibles

What are the elements that constitute the watev?d¢dn you separate these elements? Explain tbegsto

How does the balloon go up? How does the ballaodogvn? (The questionnaire presented a balloorofhdtthe hot air mechanism
was hidden).

PwNPE

In order to construct the categories of answerstarnthssify each one of them, in terms of its
sociological meaning, the four classes, which ditlaontain the eight students of the study,
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answered the questionnaire, two months before.déetified four distinct students’ conceptions:
common sense, wrong, incomplete and correct. T¢egsgories are used when we analysed the
results obtained in the students-exhibits inteoactt the level of concept understanding.

. We classified each category according to itsaogical meaning. Table 2 presents these
meanings. Afonso (1995) used this method with sscce

Table 2
Correspondence between students’ answers and teeegsion of recognition and
realization rules

ANSWERS RECOGNITION RULES REALI;:%(SJIRI/IIE?ULES REALIZ?A?’T(I)VNERULES
CS option
Wr option -+
| option +
C option + +
Correct justification + + +

Note. (+) — Possession of the rule; (-) — Abserfdb@rule; If students select a common sense @P8yn, this means that, they
do not possess recognition rules because they aaidentify the context. If they select a wrongiopt(Wr), they can
nor identify the context or know what text haveptoduce or they may recognize the context but ddnow what the
text they have to produce. This situation coulduod€ the students select an incomplete optiontt{Bt is, students
recognize the context and select incorrectly tietteat they have to produce. If students selestraect option (C), this
means that they recognize the context and theytselehe correct text (passive realization rul@le possession of
active realization rules is given by the correstification.

Third, we constructed a questionnaire with multgieice questions to gather data about
knowledge of the scientific concepts related todkibits. Students who participated in the visit t
the museum answered this questionnaire twice jiftdime, in the school, two days before the visit
to the museum and the second time, in a room aSdieaice center, immediately after the visit. This
allowed us to compare students’ knowledge befodeafter the visit.

With regard to the hot air balloon, and in ordefatdilitate the analysis, we considered two
stages: the going up of the balloon and the goowgndof the balloon. Four questions made up the
questionnaire, two respecting to the phenomenlaeofibing up of the balloon and two respecting to
the going down of the balloon. In both cases, st question was a multiple-choice question with
four options and the second question was a judiific of the option chosen:

Think of a balloon to take people up, like the anthe figure.

1.1. From the options that follow, indicate the ¢im&t explains why the balloon goes up:
The balloon goes up because it is pushed by theé win

The balloon goes up because has a working engine

The balloon goes up because there is hot air inside

The balloon goes up because the air inside istbiéa the air outside

1.2. Justify the option selected.

2.1 From the options that follow, indicate the ¢im&t explains why the balloon goes down:
» The balloon goes down because it lost air fromirkile.
» The balloon goes down because the engine stoppedgo
¢ The balloon goes down because is full of cold air.
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» The balloon goes down because the air inside clovis:

2.2. Justify the option selected.

The options of the first question allowed the asialpf the nature of the scientific concepts
possessed by the students and also the undergfamidithe sociological meaning, in terms of
recognition and passive realization (according abolet 2). In fact, to answer the questionnaire
correctly, students should recognize the contbat,is they should have recognition rules and shoul
select the adequate text, that is they should passive realization rules. The second questiorghwhi
asked the students to produce a text, would gfeenration about active realization.

We obtained the level of SCO by adding the specifiding orientation for each part (the
going up of the balloon and the going down of thkolon). We considered two degrees for each one
of the rules. When a student had recognition ridesealization rules) in only one of the two parts
we accorded him/her degree | and when s/he hadniiom rules (or realization rules) in the two
parts we accorded him/her degree Il. There wasfibrera two-point scale.

With regard to the hydrogen rocket, we questiohedstudents about the constitution of the
water molecule (a multiple-choice question with rfamptions). With regard to the concept of
electrolysis, we questioned them about ways ofraéipg water elements (the first question was a
multiple-choice question with four options and #szond question was a justification of the option
taken). In the justification, students should explaow the selected process would separate the
elements. With respect to the definition of comiblest we firstly asked students to choose among
four options. We also asked them for a justificatiehy these materials were combustibles. The

questions are the following:

1.1. From the options that follow, mark the one te@orrect:
* Only the petrol is a combustible
» Both hydrogen and petrol are combustibles
» Both water and carbon are combustibles
¢ Only the hydrogen is a combustible

1.2. Explain why is it that that substance is a loostible.

2.1. From the options that follow, mark the ond tietter indicates the elements that are parteofhter:
* Hydrogen
¢ Hydrogen and oxygen
» Carbon and helium
* Oxygen

3.1. From the options that follow, mark the ¢im&t better indicates the process used to sepheatdements
that are part of the water:
¢ Letting water boil
» Heating the water
¢ Transporting electric current into the water
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¢ Transporting electric current into and out the wate

3.2. Explain why the elements that constitute théwcan be separated through this process.

As we said above about the hot air balloon, the@pgtallowed the analysis of the nature of
the concepts possessed by the students and thestandeng of their sociological meaning
(according to table 2). We gave a point to eackasdn (the constitution of the water molecule, the
water electrolysis and the concept of combustitde)hich the student showed to possess a given
rule. Three would be the maximum of points.

To study the relation, between the results at ékellof concept understanding (Botelho &
Morais, 2004) and at the level of procedures (Bot& Morais, 2003), we determined the degree of

RR +RL
Total

specific coding orientation (SCO) by using the folae SCO= x 100, where recognition

rules (RR) is given by the total number of pointéamed in the situations which intend to test the
possession of recognition rules and realizatioasrgRL) is given by the total of points relative to
realization rules. The total of possible point8&sto the performance at the level of procedures an
15 to the performance at the level of concept stdieding. We converted the number of points
achieved by each student to a four-degree ‘scal25: degree I; 26-50: degree II; 51-75: degtee |
76-100: degree IV.

Fourth, we constructed a questionnaire to gather alaout students’ behaviors during the
interaction with exhibits. After the visit to thehebition, we expected that the students couldtiflen
and characterize some of the exhibits presentandtwe expected that they could recognize some of
the elements of that context. According to thiglg® perspective, we took this procedure as an
indicator of recognition rules. If the students evable to identify and characterize the exhiblitsyt
possessed recognition rules. If they were unabbiotthat, they did not possess these rules. Three
questions related to the hot balloon and threetecdldo the hydrogen rocket made up the

guestionnaire. The questions were the same forebdtibits:
What is the name of the exhibit?

Identify the numbered parts on the exhibit pictMvat is the function of each one of these parts?

When students had answered the questions, we lgawveet photo of the exhibit.
In order to determine the degree of recognition r@adization possessed by each one of the
students we used a numerical scale. In the caeeafame of the exhibit, there was a 0-2 points

scale: (0) does not answer; (1) incomplete ansegr, (Balloon); (2) correct answer (e.g., Hot Air
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Balloon). With respect to the exhibits components,gave one point to each correct designation or
function. Thus, there was a 0-5 scale for the designs and a 0-4 points scale for the functions.
These three aspects gave information about theggea of recognition rules and we constructed a
0-3 points scafeto indicate the degree of recognition: 0 — dog¢semgnize; [1 — 4] — Degree [; [5 —
8] — Degree II; [9 — 11] — Degree |Il.

We associated the identification of the procedwigls passive realization and used a four-
degree scale: 0 — does not realize; [1-2] - Delgi@e Degree 1l; 4 - Degree lll to indicate thegdee
of passive realization. We followed the same pracetbr students’ performance. Doing the required
procedures means the possession of active reatizatid a 0-3 points’ scale indicates the degree of
active realization: 0 — does not realize; [1-2fgiee |; 3 - Degree II; 4 - Degree .

Fifth, we constructed a questionnaire to gathera dabbout students’ socio-affective
dispositions related to the exhibits interactiohe uestionnaire was the same for both exhibits and
was made up of three questions. The questiongdiedlapinions about exhibits looking/design, time

spent with the interaction and students’ feelingsndy interaction:

1. | think the exhibit was:
1.1. (a)very pretty; (b) pretty; (c) normal; (d)lyge) very ugly
1.2. (a)very funny; (b) funny; (c) normal; (d) fahny; (e) not at all funny

2. From the moment | started working with the eithiintil it went up, | think it took
(a) too much time; (b) much time; (c) enough tifad;little time; (e) much little time

3. During the time that you interacted with theibkhyou
(a) enjoyed yourself; (b) had fun yourself; (c)ygld; (d) learned new things; (e) felt it was ussles
(f) felt it was annoying; (g) understood what wappening; (h) felt it was very complicated
(indicate yes or no; you may signal more than @mesice)

Face to face interviewd.0 assess students’ knowledge of the scientificepts present in the
exhibits, we used the questionnaire above-mentiamedface-to-face interviews. We used these
interviews to get a better understanding of thewans given to the entry and the exit
questionnaires. Both interviews took place in aostitlassroom, respectively one day after the
entry questionnaire and one day after the visihéoscience center.

We also gathered data about students’ behavionglthie interaction with exhibits by using
interviews. Both the entry and the exit interviesedsed on the following issues: exhibit aim; things
(facts/concepts) that the exhibit demonstratedcguiores necessary to the balloon and the rocket

going up; how these procedures cause the ballabtharrocket going up.

Video recordsOne of the behaviors expected from students, whating the exhibition, was

that they made correctly the procedures necessatiaet correct functioning of the exhibits.
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However, in order to do that, students should Heac access to the correct instructions. In the
case of the two exhibits under study, the studshtaild have read the instructions or watched
other classmates doing these procedures. If tliesticould identify the procedures, s/he would
possess passive realization rules that is s/hetifidsn the expected correct behaviors,
independently of those behaviors being or not beerdormed. If the student could not identify
the procedures, s/he would not possess these ffilése students performed correctly the
sequence of tasks necessary for the functioninghef exhibit, this would mean that they
possessed active realization rules. If the studgidtsiot have a correct performance, they would
not have these rules.

In order to obtain an answer to this, we obsentedesits’ behavior during the visit to the
science museum and we analyzed the level of iiena@legree of active realization) with the two
exhibits. To do this, we used a scale with theoueripossible expected behaviors, where the
classificatory principle was correct-incorrect baba We gathered the data through video recording
during 30 minutes. We placed four video camerastiategic places in the science center. At all
stages of the collection and analysis of the de¢sfollowed ethical principles and legal constrsint
We informed the parents, students and the schaooit @l objectives and procedures of the research
project and we obtained the consent of all of théfa.guaranteed the confidentiality of the data and

the family rights and privacy.

Results
We separated the results in two sections. Thesfstion presents the results of the students-
exhibits interactions at the level of the procedusad at the level of concept understanding. The
second section presents the results of the reldieiween students’ procedures and concept
understanding.

Students-exhibits interaction at the level of pchoes
In this section, we present the results for théobal and for the rocket, comparing them
before and after the interaction. After that, wenpare the two exhibits. Figure 5 shows the results

obtained and respective degree of recognition ealdzation.
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The hot air balloonThe results show that most students were unabteltcate the name
of the exhibit correctly, saying only that it wadalloon; only Paulo identified the exhibit as the
Hot Air Balloon. Most students easily indicate fihee parts, which constitute the exhibit; only
Carlos and Paulo gave an incorrect answer to parber three. Similarly, most students were
able to identify the function of each one of tharfparts. From a sociological point of view, this
means that the group showed, in general, to possesgnition rules at a high level (degree III).

With regard to procedures identification, there &ageneral absence of identification of the
part of the procedures concerning the readingefribtructions. Students easily identified the iothe
three procedures. The information about passidzaan given at this level of analysis showed tha
students had an intermediate degree of realizaties (degree Il).

Although, after the interaction with the balloonpsh students could identify correctly the
expected procedures with the exception of the ingaolf the instructions, we observed that, during
the interaction, they followed the procedures thay identified and read of instructions. Considgrin
that this level of analysis gives information abihgt active component of realization, we can sae th
the active realization attained, in general, intiate to high levels. It is important to note ttnest
students with low achievement (Raquel, Sonia, Gaaied Paulo) attained high levels of active
realization.

When we look at the family socio-economic statughef students, low and high, and to
students’ achievement, low and high, the resuicate that, both students from low family socio-
economic status and with low achievement simultasigoRaquel and Carlos) showed to possess
recognition rules at a level lower than other stisledid. We found no differences in passive
realization rules but with respect to active redian rules, students with a low socio-economitusta
and low achievement showed values higher than itsidéth a high socio-economic status origin
and high achievement (Sara and Nuno). Considenmgetiation between the gender of the students
and the possession of recognition and passivezagiah rules, we did not find any difference
between girls and boys. That difference was limitedctive realization rules, where boys, in gehera

showed better results.
The Hydrogen Rockerhe results concerning the identification of theneaof the exhibit

show that only two students (Miguel and Nuno) idesdt it correctly. Two students gave an

incomplete answer (Raquel and Paulo) and four amshiacorrectly. When naming the parts of
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the exhibit, only Miguel identified all of them gectly. Other students were either unable to
identify one or more names or gave the wrong ansasvene of the exhibit's parts. The exhibit’'s
parts, which showed to be more difficult to ideptiivere the “count down sequence” (number 3,
figure 4A) and the “object used to simulate thekett (number 2, figure 4A). It is interesting to
see that only three students (Raquel, Miguel andolPaould associate the object with a rocket.

Miguel again only made the identification of theadétion of all parts of the exhibit. Other
students showed difficulty in identifying the fuloct of the various parts. This difficulty was
particularly evident in the case of components Bn@ 4. In general, the whole group had an
intermediate degree of recognition (degree ).

With the exception of the reading of instructiostidents easily identified the procedures.
None of the students achieved the highest degrgxassive realization, degree Il being the level
achieved by the whole group. During the interactiaih students performed easily the expected
procedures, with the exception of Sara and Carlus did not read the instructions. This means that
only Sara and Carlos showed to possess an intaateediggree of active realization (degree 1),
whereas other students achieved a high degrees@gir

We found no differences between students in tefrtieed socio-economic status, gender and

achievement.

The two exhibitsThe graphs of figure 6 show the degree of recagmitind realization

for the two exhibits.
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Figure 6 — Comparison of degree of recognition, passivéiza#on and active realization for the Hot Air Bain

and the Hydrogen Rocket.

The analysis of the three graphs shows that, iergérthe students possessed an intermediate
to a high level of recognition rules in both cagbs, Hot Air Balloon and the Hydrogen Rocket.
There were no differences between the two exttbitgerning passive realization. Active realization
is, in general, slightly higher in the case oftiheket than in the case of the balloon.

The answers to the questionnaire to appreciatestsidsocio-affective dispositiohshowed
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varied results, but some interesting points canieSmeially advantaged students thought the exhibit
were annoying; they did not enjoy themselves, Aodght everything was very complicated. On the
contrary, socially disadvantaged students saicebits were funny, enjoyed themselves, and did
not find it too complicated. With regard to studgninderstanding of what happened during
interaction with exhibits, the majority of them ¢dhey had understood what happened with the
balloon but not with the rocket. Most students atgred that they had spent too much time with the

balloon but the time was enough in the case ofdbieet.

Students-exhibits interaction at the level of cphemderstanding

At the level of concept understanding, we analythedknowledge students possessed about
the concepts involved in the exhibits, before tisé,\and if they had acquired these concepts Hfter
visit and also their degree of acquisition.

The Hot Air BalloonFigure 7 shows the results obtained in termietategories of answers
chosen by students (common sense, wrong, incomguetecorrect), respective justification (wrong

or correct), and the sociological meaning in teofrspecific coding orientation.

HOT AIR BALLOON — STUDENT'S CONCEPTIONS AND SCO

BALLOON’S GOING UP BALLOON'S GOING DOWN Sco
STUDENTS CATEGORIES JUST. CATEGORIES JUST. RR PRL ARL
CSs w | (] Wr Cr CS W | C Wr Cr B A B A B A
Sofia o x| e Px ex|[e <[ [u [ [ |- |u
Raquel ® x| @ x ® x e x | | | | — _
Sara o x| 0@—Px o x| @ x Il Il Il 1l - |
Sénia o—Px|o x ° > x| o x | Il - 1l - -
Miguel o x| oe—TPx exloe—P»x| u | [un |n |- |
Carlos ® x ® x ® x ® x - - — - _ —
Nuno o —Ppx | 06—Ppx| O P x ® x | | - | - |
Paulo o —Px |0 x ® x|® x 1l Il Il - -

Figure 7— Student’s conceptions concerning the phenométtaecgoing up and going down of the balloon
and their sociological meaning in terms of SCO.

Notes
Conceptions when explaining the going up of the liaon:
CS - The balloon goes up because it is pusheteowind.
W - The balloon goes up because has a workingiengi
| - The balloon goes up because there is honsideé.
C - The balloon goes up because the air insitietter than the air outside.

Conceptions when explaining the going down of thiealloon
CS - The balloon goes down because lost air flamirtside.
W - The balloon goes down because the engine stbpprking.
| - The balloon goes down because is full of fd
C - The balloon goes down because the air insadésaown.

Conceptions:CS — Common sense; W — Wrong; | — Incomplete; Gorréet; Justification: Wr - Wrong; Cr - Correct{SCO) Specific coding orientation:

RR — Recognition rules; PRL — Passive realizatides; ARL — Active realization rule§ymbols (®) - Before the interactior(x) — After the interaction(—)
— Direction of evolution.
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Concerning the balloon’s going up, the analysistatlents’ conceptions shows that before
the visit to the science museum, students chosensptwhich involve conceptions of a school
character, that is, wrong, incomplete and cor@gts and high achievement students (Sofia, Sara
and Miguel) predominantly chose the options whisloive correct knowledge. When we look at the
justifications given by students, we can see thattudent gave a correct justification, that igy tthel
not know why the fact that the air inside was hdtian the outside air made the balloon going up.
These results suggest that, before the visit, stadowed more difficulties at the level of reatiian
than at the level of recognition.

After the interaction with exhibits, only three déuts (Sonia, Nuno and Paulo) changed their
concept option from incomplete to correct and fstudents (Sofia, Sara, Miguel and Nuno) gave a
correct justification to their option. These fotmdents were those with high achievement and they
showed to have a high degree of recognition ariagian. These were even the only students, who
had active realization after the visit.

Concerning the balloon’s going down, the resulisagtd that, before the interaction, four
students gave common sense answers (Raquel, Samias and Nuno) and the other four (Sofia,
Sara, Miguel and Paulo) gave correct answers. Wieelook at the justifications given by students,
we see that, before the interaction, no studerg gavorrect justification, that is they did not kno
why the fact that the air cooled inside the ballowde it going down.

After the interaction, four students showed knog&edhanges. Two changed their common
sense option, one (Sénia) to the correct conceptidnanother (Nuno) to the incomplete conception.
The other two (Sofia and Miguel) changed their wrjurstification to their correct choice to a cotrec
justification.

Globally, the results showed that only two studeltth from a low socio-economic status
and with low achievement (Raquel and Carlos) dicchange their conceptions.

The levels of recognition were the same beforeadtst the visit (levels Il and 1). After the
visit, the levels of passive and active realizatrmreased for some students. Sonia and Nuno, who
did not possess passive realization, were abledoir@ it and Paulo passed from degree | to degree
II. No student possessed active realization befogevisit; after the visit Sofia and Miguel attaine

degree Il and Sara and Nuno degree I.
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The Hydrogen Rockethe constitution of the water molecule, the watecteolysis and
the concept of combustible were the concepts iracbklwvhen working with the hydrogen rocket.
In order to obtain a global view of the results, sleow in figure 8 the comparison of the
categories of answers given by students and ragpedégree of specific coding orientation,
before and after the visit to the museum.

STUDENT'S CONCEPTIONS AND SCO

WACTEE'SST’?"T%'}%ELE COMBUSTIBLE EXAMPLES WATER ELECTROLYSIS sco

STUDENTS
CATEGORIES CATEGORIES JUST. CATEGORIES JUST. RR PRL ARL

cs | w | 1 c| cs| wi| 1 c| wl| cr| cs| w| c|l wi o 8 A B A B A
Sofia ox|e > le x|® x x BERERE !
Raquel ® x ® X ® X ® x x
Sara o x o x| @ x ® x ® x mnpnfn
Sénia ® x ® x o x ° x - - 1N
Miguel ox|eo > x|le—TPx|0 x ® x || I
Carlos x ° ® x ® x ® x ® x | |
Nuno o x|@x ® x ° x ® x T
Paulo ° » x| ® P x| @ x ® x ® x 1] 1]

Figure 8— Student’s conceptions concerning the constitutibthe water’s molecule, examples of combustible an

water's electrolysis process and their sociologisabning in terms of SCO.

Notes:

Conceptions about the water's molecule constitutian

CS - Oxygen

W - Carbon and Helium

| - Hydrogen

C - Hydrogen and Oxygen

Conceptions about combustible examples:

CS - Petrol

W — Water and Carbon Dioxide

H - Hydrogen

C - Hydrogen and Petrol

Conceptions about the process of water’'s electroligs

CS - Letting water boil

W — Heating it

| — Transporting electric current into the water

C -Transporting electric current into and out thetev

Conceptions:CS — Common sense; W — Wrong; | — Incomplete; Gorréet; Justification: Wr - Wrong; Cr - Correct{SCO) Specific coding orientation:

RR — Recognition rules; PRL — Passive realizatidas; ARL — Active realization rules; B — Beforeethisit to the science center; A — After the visitthe
science centeSymbols (®) - Before the interactior(x) — After the interaction(-) — Direction of evolution.

Students’ recognition was low before the visitite tmuseum (degree | for most students and
degree Il for only one). This means that commorss@onceptions were the most valued. With the
exception of Carlos, all students with high achmeest, that is Sofia, Sara, Miguel and Nuno
possessed passive realization although in a redieg@e (degree | and Il). This means that, these
students had the most correct conceptions. Thegeawtatal absence of active realization for all
students.
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The evolution was not great after the visit, coasidy that most changes occurred from
degree | to Il and that the highest degree (ddgjegas only present once. Sofia, Sonia, Migued an
Nuno stood out by increasing recognition after\ttst. For Sofia, Sonia and Nuno there was an
increase of one degree, from I to Il, and for Migare increase of two degrees, from | to lll. With
respect to passive realization, Sofia and Miguabdstout by increasing one degree, from | to Il.
These two students were the only ones who showé@dve active realization, although in a low
degree (degree I).

Carlos constituted a particular case in relatiothéwater molecule constitution. Although in
a low degree (degree I), he showed to have redcoigreind passive realization. After the visit,
however, it seems that he lost them. This fadtpalyh strange, is interesting because it may paoint
to the influence of the interaction with the extslio develop misconceptions.

When we analyzed the justifications given, we daat, tbefore the visit to the museum, none
of the students justified any of the options retatio the three scientific contents, which means
absence of active realization. The interaction wighrocket did not lead students much furtheryOnl
two students showed to be able to justify, but dolythe definition of combustible, therefore
showing to possess active realization.

With regard to the evolution, before and aftendis#, of students with distinct characteristics
(socio-economic status, achievement and genderjefults indicate that, with respect to recogmitio
rules and passive realization rules, both low secanomic statuand high socio-economic status
students showed some improvement. However, thex lattreased more than the former. In the case
of active realization rules, only two students {&@ind Miguel), from a low socio-economic status,
increased understanding. With regard to genderfana@ll rules, both boys and girls increased
understanding but boys increased more than girleenMve consider the achievement groups, we
observed that, for recognition rules and passiaizegion rules, both low and high achievers
increased, but the latter increased more thanaitmef. In the case of active realization rulesy onl
two students (Sofia and Miguel), both from low fimsocio-economic status and with high

achievement,showed an increase.
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Relation between procedures and concept understgnd
Figure 9 shows comparatively the degree of SCOrwtan the two micro contexts of the

study.

O Procedures
Concept Understanding

Degree
of
SCO

Sofia Raquel Sara Sénia Miguel Carlos Nuno Paulo

Students

Figure 9 — Comparison of performance (SCO) at the level otpdures and concept understanding.

The analysis of the graph shows that althoughsdare students, there seems to exist a direct
relation between procedures and concept understgrah is the case of Sofia, Sara and Miguel, this
relation is not present in general. This meanswimatt students do (procedures) seems not to have a
direct consequence on what they learn (conceptrstaghieling). Students obtained lower results at the
level of concept understanding than at the levero€edures. The graph also shows that there are no

cases in which the results obtained for scierigficning were higher than the results for proceslure

Discussion
Student-exhibit interaction at the level of procesu
The Hot Air BalloonAt the level of recognition, the high degree ofagmition obtained

suggests that students, in general, characterzexhibit easily. We considered recognition as the
identification of the exhibit title and the desigoa and function of the exhibit components. We
believe that the design of this exhibit allow stutdeto identify the context easily. This is a very
important condition to obtain good results, andficois the results of various authors (Falk &
Dierking, 2000; Gilbert & Stocklmayer, 2001), abdhé importance of the exhibit design to the

learning process.
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The fact that at the realization level, sociallgadivantaged students (Raquel and Carlos)
attained better results than socially advantagestksts (Sara and Nuno) may be explained by the fact
that, for socially advantaged students, the impaenvironmental novelty on learning in out-of-
school settings was possibly inexistent. It mayHag the museum is only one more context, among
those many contexts they have already had accemsddherefore they have little curiosity with the
interaction. On the contrary, for socially disadeged students, this context may be a unique
experience of their lives and consequently cugicsitd commitment may be greater. For them the
impact of environment novelty seems to enhancenilggr Many studies have demonstrated that a
considerable amount of the learning that occurfreéa-choice conditions is a result of novelty-
seeking behavior (Anderson & Lucas, 1997; Kubot®l&tad, 1991). The results obtained in the
study of students’ socio-affective dispositiongpsarts this explanatory hypothesis by showing that
socially advantaged students evidenced less faeothépositions towards the interaction, in both
cases, the balloon and the rocket. We can lookestet dispositions as the personal influence on
learning processes referred by Driwtral (1994) and Falk and Dierking (2000). Studentsicoc
affective dispositions seem to relate to theimegy success.

The fact that some students, who have a high degreeognition rules, did not revealed to
possess realization rules could be related to liseree of the rules that allow to produce the text
expected in this context, or they did have them emad not produce the text for some reason
unknown to us. We should note that, these arettlteists who had less favorable socio-affective’
dispositions, which may help to explain their resul'o Bernstein (1990, 2000) students need to
possess realization rules to produce the correctThis is important because the recognition ef th

context is not enough to produce the expected text.

The Hydrogen Rockethe fact that all students, with the exceptionnaf students (Sofia and
Miguel), showed to have an intermediate degreeadgnition may be mainly a consequence of the
fact that these students showed great difficultidentifying both the name of the exhibit and the
function of some of its parts. The design of thikileit was more complex than that of the Hot Air
Balloon. It was difficult to relate the exhibit # hydrogen rocket. First, the object simulating the
rocket (number 2, figure 4A) did not have physidadracteristics similar to a true rocket. It was a
small plastic piece without any decoration. Secdimel students could not relate the hydrogen to the

combustible, which move the object, because theoggth was not visible. Students simply saw a
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transparent liquid —water- (number 4, figure 4AJ dime bubbles, which came out of the water, but
these bubbles were not of easy perception. It exsery difficult for students to establish atiela
between the liquid and the combustible. Some offuhetions of the components are not of easy
identification. The glass of the water’s recipiesats partially misty and this did not allow an adsqu
visibility. Once again, the results evidenced thpartance of the design.

We could explain the intermediate degree of passakzation with the fact that, during the
interviews, when we asked students about the puoesdwhich were necessary to put the exhibit
working, they did not select the reading of theruetions as a necessary procedure. This reveals th
possibility of students having not attributed intpace to the reading of labels, as a procedure to
follow. Although there was an intermediate degréepassive realization, the degree of active

realization was in general high. We think this aspevery important.

The two exhibitsWhen we look at the interaction with both exhibite easier recognition
showed by students in the context of the ballodrermcompared with the recognition in the context
of the rocket, seems to be explained by both theifsp characteristics of each exhibit and theltesu
obtained at the level of students’ socio-affectiispositions in relation to the tasks required. $ée
of mechanisms inherent to the functioning of thiloba were visually simpler to the students than
the procedures of the rocket. The other charatitsrisf the rocket we have mentioned seem also to
justify the results. In the case of the balloom thechanisms, which permit the heating of the air,
were placed inside the exhibit, making difficult &tudents to understand how the air was heated. On
the other hand, the phenomena associated withding gp and down of the ballo@eem to be
simpler than those of the rocket. This may exptirdents better results in the case of the balloon.
The fact that most students, when answering thetiqneaire, said that they had understood what
happened during the interaction with the balloohtbay did not understand it in the case of the
rocket may also explain differential results.

With regard to the realization, the absence oethffices in the passive dimension may be the
result of the fact that all students select theessary procedures to the correct functioning of the
exhibits with the exception of the reading of thstiuctions. The high degree of passive and active
realization may be the result of one of the sogiclal characteristics of the two exhibit conteXtse
evaluation criteria were characterized by verymgjrivaming, that is it was explicit to students wha
are the procedures they should follow to put thelsts to work. As pointed out by Falk (1997), the
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reading of the label with the instructions seenfisndamental procedure in order that students know
what they are going to do. This study confirms thhels should specify the procedures and their
sequence.

Based on the results obtained in the case of aalezation, we could find two behaviors
related to the correct functioning of the ballo@ome students did not read the labels with the
instructions and did not wait until the temperatteached 90°C to press the button to release the
balloon. It was necessary to wait about six or sewutes for the temperature to reach that value.
Moreover, students should keep their finger onldh#on during that time. The fact that most
students considered, in the questionnaires rethtisthey had spent too much time with the balloon
and, that that time was enough in the case ofitleet, confirms our perception. This happened with
Sofia and to Sara who, in the case of the balld@hnot wait for the temperature to reach 90°C to
press the green button. The fact that some studiehtet read the instructions may explain the lowe
results with the balloon. There is the exceptioCaflos who showed a degree of active realization
higher in the case of the balloon than in the ch#iee rocket.

The fact that, in the case of the balloon, studastded to hold down a button for six or
seven minutes, shows a poor exhibit design. Itearahat few students will wait that long in the
context of a visit to an exhibition. Designers dddue aware that ‘details’ as these can prevent the
success of an exhibit. Teachers should also beeavairthey must be critical of the organizatiod an
structure of exhibitions to which they take théidents.

Student-exhibit interaction at the level of conagmpderstanding

The Hot Air BalloonA positive evolution from entry to exit, occurredhvthe six
students, for the three rules, and this could lze@ to the exhibit characteristics, particulady
the information given to students in label instioies, and the possession of SCO.

With respect to the exhibits characteristics, thst Step of instructions indicates “press the
red button to obtain hot air” and the second indgdwait until the air reaches 90°C”. These
instructions informed the students that the aitshédowever, only two options for the balloon going
up, incomplete and correct, used the ‘hot air’ egpion, leading us to think that this may explae t
results obtained. The four lowest achievement sitisd#id not understand the reason why the balloon
goes up. If the expression “inside the balloon” badn added to the first step of instructions gres

the red button to obtain hot air inside the baljJabese students might have achieved better results
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The difficulty that most students felt to understavhy the balloon goes down may be related to the
fact that nothing, in the instructions, point authis phenomenon.

The results evidenced the influence of studertisiexement and socio-economic status on
students’ performance. They may have developedzatah rules to the context of concept
understanding, in other situations, namely in t®el, to produce the expected text, in this cdntex

The Hydrogen RockeA positive evolution, from entry to exit in the ¢enexhibit,
occurred with five students, and that evolution eislent, especially at the level of recognition
and passive realization rules. This may be relaie¢le exhibit characteristics, in particular to
information given to students and that was preskiméhe instructions, and also to the presence
of SCO.

With regard to exhibits characteristics, the ingtans presented indicated “turn the handle
until you have enough rocket fuel (when the lighaggreen)” and the explanation given was “you are
producing electricity witch transforms the liquitto gases, hydrogen and oxygen. When you press
the button, the gases mix and have an ignitioniouartypes of space rockets use the hydrogen as
fuel”. We do not find any reference to liquid asnigewater. This should have been clarified by
designers. If students knew the water constitutrem think they have learned it out of the science
center, as revealed by the results. As Carlosltsepaint out, it is important to assure that shide
exhibit interaction does not contribute to confimecorrect students’ conceptions.

With respect to the combustible examples, thetFattonly three students have learned, after
the interaction, that the hydrogen is a combustidg mean that students did not read the label. The
“what happen?” label section indicated the “hydrogs fuel’. The only information present on the
label that helped to explain why the hydrogen waerabustible was “the gases mixed and have an
ignition”. This information is so vague that wertkithat does not help students to obtain the answer
They are only able to learn the example. The saappdned with the water electrolysis. The sentence
“you are producing electricity which transforms tigeiid into gases, hydrogen and oxygen” present
in the label does not explain why this happened.

The results evidenced the influence of studentsie’ement. Good achievers obtained the
best results. As with the balloon, it may be thalthave already acquired the realization ruléseo
context of concept understanding in other situatias in the school, which helped them to produce

the expected text in this context.
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The two exhibitsThe results of the answers to the two questions@eem to show (1) a
relation between the use of interactive exhibitd #ive understanding of scientific concepts, (2)
some influence of sociological characteristicsteglao the family (socio-economic status) and
related to the school (achievement) on that raefat{®) a relation between the possession of
recognition and realization rules and the undeditanof scientific concepts. These results point
in the direction of facing interactive exhibits pstential tools to use in the understanding of
scientific concepts and in decreasing the gap ketwgecially differentiated students.

Whereas socially disadvantaged students (RaquelCarids) revealed high socio-affective
dispositions at the level of procedures, consetyuehtaining good results at that level, we observe
that these students attained the worst resulthieatietvel of concept understanding. This is an
interesting point for analysis. It seems that thedabits have some limitations for disadvantaged
students, at the level of concept understandingrefbre, we need to think at both, what is it that
exhibits need to change to promote the understgrafirscientific concepts by these students and
what are these students needs to learn scientificepts, through science exhibits. They had socio-
affective dispositions to interact with exhibitstla¢ level of procedures but they revealed absehce
recognition and realization rules at the level oheaept understanding. We must ask why that
happens. Sociological characteristics of the etdibiay be a reason. At the level of concept
understanding, the evaluation criteria were notiekphat is it was not clear to students whagyth
were expected to understand and to learn.

Students’ procedures and concept understanding

We observed that what most students did (proceddm@shot have a direct consequence on
what they learned (concept understanding), thatlises obtained in the micro context of procedures
do not correspond to values obtained in the miordext of concept understanding. One reason for
this discrepancy may be found in the sociologidé&mnces of the exhibits at the level of procegur

and concept understanding. Whereas in the contexdnzept understanding, the evaluation criteria
were regulated by a weak framing{fin the context of procedures they were regulated strong

framing (F*). This means that the evaluation criteria are regicit to the students at the level of
procedures and this may facilitate the carryingauhe activity. The evaluation criteria were not

explicit at the level of concept understandingt tkait was not clear to students what they were
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expected to understand and to learn. It is thexaloderstandable that results at the level of gince
understanding were lower than at the level of pioces.

Another aspect to consider is that what studeniidcgee or do in the exhibit helps little to
understand the scientific concepts involved iWie think that it is important to define precisdmgt
exhibit aim. This would help science centers edusatnd teachers to concentrate on what and how

they must act to help students.

Conclusions

This study investigated the influence of some attarstics of students, exhibits and
students-exhibits interaction on students’ learnigen they interact with two exhibits at a science
center With respect to students’ characteristics, we werable to reach definitive conclusions,
although students’ family background and achieveérappear to influence students learning with
exhibits. Socially advantaged and disadvantagettsts react differently to each micro-context. We
need further studies to get a deeper understaodithgit influence and to help designers to conceive
exhibits that allow the reducing of learning diffiaces originated by these characteristics of staden

The study allowed us to identify the influence loé tspecific coding orientation (SCO) on
students’ performance. The possession of recogniti@ realization rules showed to be a crucial
factor on students’ performance. Such possessi@taied to some characteristics of the exhibits an
of the students, and to the learning context. Budtudies are also necessary to clarify thisioglat

Although the analyses revealed, in general, chaimgesncept understanding, from entry to
exit, a more detailed analysis revealed that gais mot evenly distributed across all eight students
Deeper studies are necessary to clarify our firdiagd help to understand how students with
different characteristics learn from exhibits, etisdly the most socially disadvantaged students.

We identified three exhibits’ characteristics, timdiluence students’ learning, that are related
to their design, the set of mechanisms inhererthéofunctioning of exhibits and the evaluation
criteria. These are characteristics that can bi/sethin future studies, as they may contribute to
science educators’ understanding of students’ behatudents’ learning, and students’ interactions
with the exhibits.

With regard to the exhibits design, the analysishefresults suggests that distinct parts of
exhibits, essentially those that are related tcktimvledge that is to be learned, must allow sttsden

to easily associate them with the objects theygapposed to represent. For example, if the designer
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want students to think that an object simulatexckat this object must have characteristics thgtyea
allow its association with a rocket, not leavingithe students’ imagination. Text in the exhialtel
must contain words or/and expressions that hetfests to construct the scientific concepts involved
in it.

The mechanisms and facts that students have tg leasrder to understand a given concept,
must be clear. This did not happen in the caséhefeihibits which were object of this study,
particularly in the case of the hydrogen rocketchers and science centers educational teams must
consider these aspects.

Evaluation criteria showed similar values for behibits but the values differed between the
two micro-contexts: students’ procedures and stigleancept understanding. These distinct values
seemed to explain the distinct performances obdenveach micro context. If the evaluation criteria
are not explicit, how can the principles that allmgognition of the context and production of the
expected text be acquired? We think this is an mapb point to be explored in the exhibits
conception. If we want to help students to undedstscientific concepts we need to construct
exhibits that offer explicitly that possibility. €evaluation criteria also affected the relatiotwken
what students do (procedures) and what studemis(lsancept understanding). We can conclude that
good performance in both micro contexts requirgdi@k evaluation criteria, that is students must
know what is expected from them in relation to wihaty need to do (procedures) and in relation to
the facts or concepts they are expected to leancépt understanding).

Another contribution of this study is its innovatiyorm of analysis of exhibits-students
interaction and students’ learning. Bernstein’sotiiemade possible to identify some important
sociological aspects of the students-exhibitsicglaaind relate them to students’ performance. This
theory has shown to have a strong potential toydeatning contexts and we suggest that this applie
to science centers. It makes possible the unddmstaof what students do and learn and how they do
that. According to Bernstein, the acquisition afagnition and realization rules is a function o th
classification and framing principles. In this studhe classification between contexts (between
common sense and school concepts at the microxtaitthe concept understanding and between
the various exhibits parts at the micro contextha&f procedures) made possible for students to
manifest easily recognition rules for both microtexts. With respect to framing, that is the natdre
the control upon selection, sequence, pacing aaldiaion criteria, we conclude that, its values for

both micro contexts, except in the case of theuawian criteria, made possible for students to show
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passive realization. This means that students adatdify the correct answer to school concepts (at
the micro context of concept understanding) andtifyethe correct behaviors (at the micro context
of the procedures). The critical point is relatecevaluation criteria as we discussed above. At the
micro context of concept understanding, a weak ifigmalue (F) did not seem adequate for the
acquisition by students of a correct understandingpncepts. We suggest that exhibits at a science
center make explicit the knowledge that is expettiatistudents learn.

This study contributes with some knowledge aboignse centers’ learning and provides
some paths for future research. The results amddiseussion suggest important aspects that exhibi
designers, and science centers educational teamsistaike into account when devising interactive
exhibits directed to visitors in general and talstus in particular. In this case, the role oftdeeher,
who might be considering incorporating the non-farfearning setting into school’s curriculum, is
also important. If teachers spend time and energgke students to science centers and expose them
to a set of exhibits, then what are the returnggheher might expect, in terms of students’ irsgda
understanding of scientific concepts? There areiaiplications for teachers action related to tet f
that students from lower socio economic status exggrience a novelty factor in visits to museums,
while other students may not.

From the findings emerged the idea that interastiaith exhibits may influence the
development of misconceptions. This may be usefabhsiderer in futures studies.

In conclusion we suggest that future efforts taestigate learning at science centers should
consider characteristics of students’ achievemedtfamily socio-economic status. Similarly, we
suggest that they should consider exhibits charstits, at least the set of mechanisms that staden

must learn in the interaction and the evaluatid@erta concerning the text to be learned.

NOTES

1. For example, some science centers are orgatozeave rooms for Physics and rooms for Biologythiis case,
there are strong boundaries between discoursesnie other science centers, there are rooms whelegi
and Physics are explored simultaneously. Here terdlurred boundaries between discourses.

2. For example, if we consider the exploring chapby students, teachers can control that exfarat leave to
students to do it by themselves. In the first cseframing is strong and in the second, the frgns weak.

3. Selection refers to knowledges and competermdm tlearned; sequence to the order in which legrtakes

place; pacing to the expected rate of acquisitind avaluation criteria to the correct/legitimatettéo be
acquired and produced.
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. The ESSA Group (Sociological Studies of the §€@sm) of the Department of Education of the Schafol
Science University of Lisbon carries out researohsoience education, within a fundamentally sogjaal
approach and its interface with other approaches.

. In this study, the socio-economic status shdé@dinderstood as nominal, descriptive, and notaanalytical
concept, used to make evident its role as a ragelaategory of the differential codes of familydaschool.

. We constructed a 1-6 scale for both mother atitef’'s occupation and academic qualification. M@imum of
points obtained would therefore be 24.

. We used a four-degree scale because we hacd®adl0e. According to Del Rincéet al (1995), the best way to
determine the number of degrees on a scale is ke itepoints equidistant.

. We used a three-degree scale because the aital was eleven. According to Del Rincéinal (1995), the best
way to determine the number of degrees on a ssdtemake its points equidistant. However, it ipassible to
make a scale of eleven points where points aredegant. Thus, we decided to create a three pairdate.

. The results obtained at the level of socio-diffecdispositions are shown in appendixes A, B &dSpace

limitations led us to take them out of the secti@sults’, where they could have been describedeitail. This
description can be found in Botelho, 2001
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Appendix A

During the time that you interacted with the exhibt, you

(a) enjoyed yourself; (b) had fun yourself; (c)y&éd; (d) learned new things; (e) felt it was uszl¢8 felt it was
annoying; (g) understood what was happening; (bjtfeas very complicated

(Indicate yes or no; you may signal more than omgesee

STUDENTS FEELINGS DURING INTERACTION

During the time that you interacted with the extigou | Sofia Raquel | Sara Sénia Migugl  Carlof  Nund Paulo

N Y N Y N Y N Y N Y N Y N Y Y
HoT AIR BALLOON

Enjoyed yourself ° e |0 ) ° o | e

Had fun yourself ° o | e ° ° o | 0 °

Played ° e |0 ) ° o | e °

Learned new things ° ) [ ° ° ° ° °

Felt it was useless ) ° ) ) ° ° °

Felt it was annoying ) ° ) ) ° ° °

Understood what was happening [ ] ) [ ° ° ° ° °

Felt it was very complicated [ [ e | e ° ° °

HYDROGEN ROCKET

Enjoyed yourself ° e |0 ) ° o | e

Had fun yourself ° [ 2 ° ° o | e °

Played ° o | 0 ° ° o | 0 °

Learned new things ) ) oo ° ° ° °

Felt it was useless ° [ ] ° ° ° ° )

Felt it was annoying o |0 ) ) ° ° °

Understood what was happening [ ° [ [ (] [] [ )

Felt it was very complicated [ [J o |0 ° ° °




Appendix B

Students’ opinions about Hot Air Balloon looking/design and time spent in interaction

1. I think the exhibit was:

(5) very pretty; (4) pretty; (3) normal; (2) uglit) very ugly
(5) very funny; (4) funny; (3) normal; (2) not fupi(1) not at all funny

2. From the moment | started working with the exhintil it went up, | think it took
(5) too much time; (4) much time; (3) enough tirg®); little time; (1) much little time .

Raquel Soénia Miguel Carlos Nuno Paulo
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Appendix C

Students’ opinions about Hydrogen Rocket looking/design and time spent in interaction
1. I think the exhibit was:

(5) very pretty; (4) pretty; (3) normal; (2) uglit) very ugly
(5) very funny; (4) funny; (3) normal; (2) not fuypi(1) not at all funny B

2. From the moment | started working with the exhintil it went up, | think it took
(5) too much time; (4) much time; (3) enough tig®; little time; (1) much little time .

0 RS BEY B By ‘5:5:5 ‘ = ‘ ‘
Sofia Raquel Sara Sénia Miguel Carlos Nuno Paulo
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Abstract

The paper describes a study which investigategistsidearning during interaction with two exhikdisa science
center. Particularly, it analyzes both studentgicpdures, when interacting with exhibits, and thdewstanding of
scientific concepts present in exhibits. Bernsgeithieory of pedagogic discourse (1990, 2000) ghgesbciological
concepts to characterize the students-exhibitsairtien and allowed the analysis of the influenicthe characteristics of
students, exhibits, and interactions on studergarning. Eight students (ages 12-13) with distisotiological
characteristics participated in the study.

Some evidences emerge from the results. Firsthtiacteristics of students, exhibits, and intemastappear to
influence student learning. Second, to most stsderttat they did (procedures) seems not to havelieest consequence
on what they learned (concept understanding). Tthigldata analysis suggests an important rolegigigers and teachers

in overcoming the limitations of the exhibit-stutieriieraction.

Key words: Science Center; Exhibits; Specific coding orieotat Student’s procedures; scientific concept
understanding
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