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Absuact

This paper rcports on a study in the arca of informal science education in the contexts of science

museums. Tire research focused upon two areas: first, perceived novelty and its effect on

cognitive lcaming in year eight studens visiting an interactive science museum; second, the links

between exhibits which werc most frequently recalled and exhibits which srudents later recalled

as being interesting and puzzling- Results on a post-test ofcognitive learning ofconcepts and
principles associared with the exhibits suggested that students who underwent novelty reducing
pre-o;entation to the physical environment and had prior visitation experience learned more than

their counterparts. Gender did not influence learning when perceived novelty level and prior

exposure werc considered. Furthennore, the most ftequently recalled exhibits shared a

combination of characteristics such as largc physical size, prominence in the exhibit galleries, and

the divenity of sensory modes that they employed. Finally, it appears that cognitive learning is
likely to occur for exhibits which are most memorable.

Millions of people throughout the world visit informal learning facilities such as zoos, aquariums,

botanical gardens, and science centres for the purpose ofrecreation or as participants in a school

field trip. Th"s" purposes may appear to be inconsistent, as pointed out by Rennie and McClafferty

(1996), entertain-"nt and education placing different demands on such facilities in relation to the

na6re of exhibits, context in which they are displayed, and thc role of members of staff. In

particular, as numerous researchers have noted (Lucas, 1983; Rennie & McClaffe*y, 1996;

tunnicliffe, 1996), hands-on engagement with an exhibit is no guarantee that an individual has

engaged intellectually or perceives the experience as one from which learning about a scientific

concept or principle could result.
Sor" *."-.hers have focuscd on the exhibis (e.g., Clarke & Miles, t980; Leary & Martin,

1992; Lucas, 1983; Peiffer & Lucy, 1995) while others have studied characteristics and behaviour

of visitors (Cox & McComas, 1997; Dierking & Falk, 1994; Griffen & Symington, 199'l;

McClafferry & Rennie, 1997; Rennie, 1994). Whichever focus is adopted, research may be set

within the frame of reference of "entertainment" or "education," although many would recognise

that having fun through involvement in multisensory, hands-on experiences is an important

componeniof the learning process (e.g., Johnston & Rennie. 1994; Paris, 1997: Ramey-Gassert,

Walberg, & Walberg,1994; Rennie, 1994).
A very important subset of visitors to interactive science centres comprises students from

primary anb seiondary schools who attend as members of class grouPs participating in school-

trganiscd excursions. Extensive research involving such students has been conducted, both within

iniormal learning facilities and in school classrooms prior to the excursion (Barman, Lessow,

Lessow, & Shcdd, 1996; Beien & McRobbie, !992; Burnett, Lucas, & Dooley, 1996; Griffen,

lgg4). One of the recurring themes emerging from such research is the role that novelty or

unfamiliarity of the exhibits and their settings plays in students' learning (Hofstein & Rosenfeld,
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1996; Kubota & Olstad, l99l). A related issue is the extent to which individuals are successful in

transferring knowledge from school to inforrnal setting or vice versa (Griffen & Symington, 1997;

McClafferty, 1995).
There is evidence to suggest that the level of perceived novelty that students experience

affecg the type of curiosity behaviours and ultimately the subsequent cognitive learning outcomes

derived from a visit to an informal learning cenre (Falk & Balling, 1982; Falk, Martin, & Balling,

1978; Kubota & Olstad, 1991; Martin, Falk, & Balling, l98l).In this study perceived novelty was

defined as a state of mind experienced by individuals when they are exposed to, or are in a context
where new or unusual sensory information is received. These aforementioned studies attested that
high levels of perceived novelty detrimentally affected intended cognitive learning in these settings,
particularly in the initial stages of a visit.

Drawing together the results of such studies, Falk (1983) suggested that there must be an
appropriate level of perceived novelty for optimum levels of learning to take place. He described
how task oriented learning varied as a function of the perceived novelty, based on Berlyne's (1960,

1967) original work on conflict, curiosity and arousal as determinants of exploration behaviour.
In this context, curiosity is a stimulus to explore, manipulate, and interact with the environment,
which is generated by the individual's feelings of perceived novelty. Low levels of perceived
novelty result in low levels of curiosity behaviour and low levels of on-task behaviour, which are
likely to result in potentially low levels of learning. Very high levels of perceived novelty result
in high levels of exploration and sening information gathering, which take precedence overon-task,
institutionally intended learning, and this is likely to result in low levels of learning. These
relationships are sununarised in Figure l.

Figure /. Relationships between perceived novelty, curiosity and learning outcome.

Given that science museums are, for most people, settings which induce high levels of
perceived novelty, and that high levels of perceived novelty have a delcterious effect on intended
cognitive learning, it would appear to be important to reduce novelty levels experienced by
students especially in the initial stages of a school excursion.

Studies by Maw and Maw (1968), Mendel (1965), Rabinowitz, Moley, Finkel, and McClinton
(1975), Schneider (1987) and a review by Voss and Keller (1983) suggest that there are gender
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differences in levels of curiosity. Most indicate that boys are inclined to be more curious than girls.

This finding was also affrrmed by Kubota and Olstad's (1991) study. However, other studies

reported no curiosity differences as a function of gender (Engelhard & Monsaas, 1988; Moch,

teaZ;, or that girls exhibit more curiosity behaviours than boys (Koran, Morrison, Lehman, Koran,

& Gandara, t91a;. Since there are contradictory findings about gender and curiosity behaviours,

gender was also considered as a variable in this present study'

Balling, Aronson, and Falk's (as cited in Falk, 1983) study into the effects of pre-orientation

prognms foi fourth grade students visiting a zoo found that advanced preparation yielded greater

"ognitiu" changes compared with those who were not exposed to such a program of orientation'

SJme other studies havl indicated, although not conclusively, that pre-orientation to the exhibits

and their context in the informal sening was beneficial in reducing novelty and improving

subsequent cognitive learning (Burnett, Lucas, & Dooley, 1996; Gennaro, l98l; Kubota & Olstad.

r99l ) .
If familiarity with a setting and its contents has the effect of moderating high levels of

perceived novelty, it seems plausible that pre-orientation to the physical environment may also

irave the same effect. No studies, however, have focused on pre-orienting visitors to the physical

environment of a science museum as a novelty reducing mechanism to improve subsequent

cognitive learning. The present research does so and seeks to clarify the relationship between

learning outcomes and the variables ofbackground, orientation and gender ofjunior secondary

students visiting an interactive science centre'

Outline of the Study

Setting

The eueensland Sciencentre, which is a government operated interactive science museum,

provided the setting for the study. The Sciencentre is located in a beautifully restored building

which was once the Government Printery in Brisbane. It comprises five large galleries, each

housing many separare exhibiS linked by a theme or themes. For example, one gallery features

exhibitirelating to electricity and magnetism, and light and colour. During the course of the visit

studens had free access to all exhibits in two of the galleries. The visit was a typical school

excursion to the Sciencentre. Studens spent almost two hours in the Sciencentre, with 30 minutes

allocated for each of the galleries, approximately 15 minutes during which they were free to visit

the Science Shop, and a 30 minute presentation by Sciencentre staffin the theatre. They were not

issued with work sheets, nor were they required to complete any set task during the visit.

Exhibits are free standing, interactive and range in size. For example, one of the smallest

Magnetism from Electricity) ii less than one square metre in area and comprises a solenoid and

nu--"rou. magnetic compasses which respond when the visitor presses a switch which enables

current to flow in the solenoid. The largest exhibit (Focused Sound) sPans an entire gallery and

consists of two huge parabolic reflectors and demonstrates the reflection of sound waves. Nineteen

exhibis having relevance to the year 8 science course were selected for particular attention in this

study-

Students

StudenS participating in this srudy attended a large metropolitan high school in Brisbane,

which conrained a divlrsityof racial and socio-economic backgrounds. They comprised three year
g classes at the school and, because of the school's policy of random assignment of students to
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classes at this year level, may be considered to be fairly representative of the year 8 population of
the school. The sample comprising 75 students, of whom 29 were girls, was stratified by gender
and students were randomly assigned to experimental and control groups.

Design and Procedure

The experimental design adopted for this study was a randomised control-group post-test only
(Isaac & Michael, 1987, p. 69) design. Although this design made it difficult to deternine the
degree of learning achieved during this particular visit to the Sciencentre, randomised assignment
provided strong control without the sensitising of students to the exhibits which would have
resulted from a Pre-test, especially as the post-test employed depended on students' recall of
particular exhibis in the Sciencentre.

Students in the experimental or "Pre-orientation" group (No, r - 38) underwent a forty minute
pre-orientation program designed to reduce the novelty of the Sciencentre for students. The
Education Officer from the Sciencentre conducted the pre-oricntation program at the school three
days before the visit. She described the physical location of the building, is history, and the nature
of interactive science museurns, illustrating her talk with slides and a floor plan of the Sciencentre.
She also outlined for the students the arrival procedures, schedule of activities and location and
types of merchandise available in the Science Shop. Students were shown slides of the galleries
that they would be visiting, but not details of individual exhibits.

Students in the conrol or'No orientation" group (Noio = 37) viewed a forty minute video
about the opening of the National Science and Technology Cenre in Canberra, which is not
directly related to the Sciencentre, but was judged to be both interesting and relevant to the
students. Thus, thc Orientation variable had trvo levels, namely: Pre-orientation (Ori l), which is
a program designed to familiarise students with the physical environment and exhibit context of
the Sciencentre, and No orientation (Ori 0), which was a progam that did not provide such
orientation. The Background variable also had two levels: "B@n before" (Nsro, = 38) and "Never

been" (Nssdo - 37). Those students who had previously visited the Sciencentre, some on numerous
occasions, had done so with class groups from their previous (primary) schools or privately with
family or friends.

I nstrument Deve lopment

Learning outcomes were detcrmined by a specially developed post-test relating to nineteen
of the exhibits in the Sciencenre. This test contained 2l questions, 19 of which had two parts, the
first of which sought to determine whether students had a coffect understanding of scientific
content porrayed by the exhibit (Part A), and the second to establish whether the science concept
illustrated by each exhibit was familiar to the student prior to the visit (Part B).

Pan A questions were of a multiple choice design. Each of thc 19 multiple choice questions
related to a different exhibit. A photograph of the exhibit was provided, and the quesrion was posed
in a form which enabled students to select from three or four responses. Questions lA and l0A are
reproduced below (without the photographs) to indicate the focus and level of the post-test.

Question lA
The "Rising Arc" exhibit, shown right, displayed electricity arcing between two long, high
voltage electrodes. The arc ofelectricity rose up the electrodes because:

L electricity naturally travels upwards;
2. the electrodes were spread outwards causing the electricity to move upwards;
3. the electricity heats the air which rises carrying the electrical arc upwards;
4. the Earth's magnetic field causes the electricity to be repelled upwards.
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Question l0A
At the "Heat Absorption" exhibit, shown right, you felt the temperature of three different
coloured metal surfaces set below a bright light. Which of the following statements is true?

l. Dark coloured paints absorb light strongly;
2. Dark coloured paints reflect light strongly;
3. Dark and light coloured paints reflect and absorb light equally

The Part B component of each question was included to investigate whether new learning may
have arisen as a result of the Sciencentre visit. Part B questions always took the form:

Was the information or content of this exhibit familiar to you before your field trip visit to the
Sciencentre? Tick either "Ycs," "No," or "l do not remember this exhibit" on the answer sheet.

Thus, an indication was obtained of the degree of familiarity that students had with the
underlying science illustrated by each exhibit. This is quite distinct from the students' background
(i.e., whether they had visited the Sciencentre previously), being exhibit specific. For this reason,
familiarity with particular exhibits was not included as a variable in the experimental design, but
it was relevant to the subsequent exploration of possible explanations of learning outcomes.

Establishment of the content and construct validity of the test was addressed by regular
consultation with Sciencentre staff, school science teachers, and university staff during test
consrruction. The input from the Sciencentre staff aided in identifying exhibits which may have
posed problems for students in terms of successful interaction. Science teaching staff suggested
modification to the wording of some questions and checked that each question related directly to
the scientific concept or principle embodicd in the specific exhibit cited- Furthermore, a pilot
version of the test was completed by a group of eight year 8 studens from a nearby high school.
These students visited the Sciencenue without any prc-orientation program of any kind, and were
post-tested one day after their visit. As a result of this pilot test, scveral questions were deleted
from the final version, and others were slightly modified to increase clarity. The remaining nineteen
questions enabled the students' knowledge of the scientific concepts and principles involved in a
comprchensive range of exhibis to be tested. An additional two questions were included in the test
in order to determine student opinions concerning the most interesting and puzzling exhibits.

Results

P re - o rie ntat io n, B ac k g ro und and C o gnit iv e I* a rnin g

Table t provides the results of the AI.IOVA performed on responses to Part A questions in
the post-test. Table 2 summarises students' post-test scores on these questions.

It is evident from these results that the orientation program employed was differentially
effective for students who had previously visited the Sciencentre. The interaction of background
and orientation indicates that students who had previously visited thc Sciencentre and had received
the novelty reducing orientation performed significantly better on the post-test than any other
group. Furthermore, the statistically significant main effects for background and orientation
demonstrate the importance of students knowing something about the location before they
commence the visit.

489
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Table I
Analysis of Variance (ANOVA)for Gender, Background, and Oientation on the

Post-test of Cognitive Learning

Sources of variation Sum of the squares df Mean square F

81.50 3 27.17 5.32

0.04 I 0.04 0.01

47.t5 1 47.15 9.24**

35.29 | 35,29 6.92*

}-Way interactions 47.94 3 15.98 3-13

Main effects

Gender

Background

Orientation

Gen X Bgd

Gen X Ori

Gen X Ori

3.03 I 3.03 0.s9

6.22 | 6.22 1.22

37.15 I 37.15 7.28**
* p<.05
{.{. p<.01

Effect sizes a little in excess of 0.5 for the main effects of background and orientation may

be considered medium, but their cducational significance lies in recognising how simply they were

realised: the students had either visited the Sciencentre prior to the occasion described here, or they

had participated in a brief pre-orientation to the physical aspects of the SciencenEe and the

schedule of activitics planned for them. Gender did not influence learning when prc-orientation and
prior visitation to the Sciencentre were considered.

Table 2
Group Size, Mean Scores and Standard Deviations for Post-test, by Sex,
Background, and Orientation

Group N Mean score Standard deviation

Male 46 9.28 2-54

Female 29 9.21 2-57

Background been before 38 10.03 2.67

Background never been 37 8.46 2.15

Prc-orientation 38 992 2.80

No orientation 37 8.57 2.05

Tentative Linlcs Between Exhibit Recall, Interest, and Puulement

From the analysis of student responses to Part B questions, summarised in Table 3, it appears
that the most memorable exhibits were those which students later nominated as being the most
interesting and puzzling of all exhibia encountered during the field trip. Here a memorable exhibit
is defined as one where the percentage of students who responded "Don't Recall" was low, that is,
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in the range of yvo to Zovo.The seven exhibis meeting this criterion are listed in Table 3, together

with the Gvitating Dish exhibit which was judged to be among the most interesting and puzzling

exhibits. In an efiort to find reasons for the apparent link between memorable exhibis and ones

which were later nominated by students as being interesting and puzzling, the eight exhibits

detailed in Table 3 and all othei exhibits in the gallery were investigated for commonalities. The

exhibits in Table 3, for the most Part, were physically large, held prominent positions in the

galleries, and employed multiple r"nroty modalities. Although the links between these physical

ittributes, ano extriuii recall, interest, and puzzlement cannot be fully substantiated from this study,

there are some consistencies with other studies in the area of exhibit recall. In particular' Cone and

Kendall's (197g) study in which it was found that large exhibits, in their case life-sized dioramas,

were the ,nort ,n"rnorable exhibits, and Peart's (1984) study where exhibits which employed

multiple sensory modalities had the greatest attracting and holding power, number of observed

interactions, and resulring knowledgi gain by the individuals involved in the study. Recently'

Ieffery and Wandersee (tfu6, p. l0) concluded that, for family grouPs visiting a public aquarium,
..1e1xhibis that involve multiple senses and strong emotions aPPear to bc more memorable-"

Table 3
The Most Interesting and Most Puzzling Exhibits Compared with Responses on Pans A and B of

the Post-test (Att Values are Expressed as Percentages for the Sample)
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% ofsnrdens that thought
the exhibits wcre:

Part (A)
questions

Part (B)
questions

Exhibit Interesting Puzzling Right Familiar Unfamiliar Don't recall

Lost colours

Rising arc

Levitating dish

Focussed sound

Thong-a-phone

Bucket radio

Magnet and TV

Hand battery

2 l

l 6

l 3

l 3

r2
8

7

I

50.0

28.0

54.7

72.0

77.3

60.0

34.7

32.0

37.3

r7.3

22.7

37.3

58.7

32.O

65.3

24.0

49.3

76.O

53.3

50.7

37.3

53.3

29.3

51.3

13.3

6.7

24.O

12.O

4.O

r4.7

5.3

t8.7

l 6

l 5

l 6

9

I

9

7

8

Tentative Links Beween Exhibit Recall and cognitive Learning

It seems likely that the combination of a correct answer on Part A and an indication that the

exhibit content was unfamiliar prior to the visit indicates that new cognitive learning has taken

place concerning that exhibit content. The probability thatthis combination of Part A and Part B

i"rponr", could be arrived at by chance is the product of the probability of selecting a correct

unr*". and the probability of selecting one of the three responses on Part B. Since there were both

four and three respon.. *uttipt" choice question, the probability of selecting a correct answer lies

between .25 and .33. Thus the chance of selecting a correct answer and nominating that exhibit

content as being unfamiliar, lies between .083 and .l l l. Those exhibits whose Percentage response

(say > 2OVo\ ias much greater than the chance probability were: Focused Sound (407o)' Lost

i:oiour,5 (337o),ttrong-a-ltr one (23vo),Making a Magnet (20Vo), Bucket Radio (29Vo), and Rising


	aa: 


