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Abstract

The role of science centres in complementing the school science curricula is well established in the literature. In this paper, we assess the use of the DIGISTAR system, a scientific visualization tool at the Singapore Science Centre, to teach science content.  It is shown that learning contexts provided by collaboration between the science centre and  schools foster not only pedagogical advantages for teachers but also  cognitive and affective gains for students in the learning of science. 

The DIGISTAR  Projection System uses computer graphics technology to create images and display them via a high-intensity cathode ray tube (CRT). A precision, high-resolution optical system then projects the image onto the theatre dome. The system displays a maximum of 60 pictures per second, creating the illusion of motion. This is fast enough for a scene to appear continuous rather than a series of still pictures. The system can be used to teach various subjects  such as astronomy, space science, life sciences, chemistry, mathematics, physics and physical geography under a dome screen setting. For example, in astronomy the DIGISTAR can simulate the sky at virtually any time in history from any part of planet Earth or from any location in our solar system.  

In this study, the use of DIGISTAR in teaching the topic of solar system using concepts such as constellations and movement of the Earth around the Sun is explored. The cognitive and affective outcomes of learning, based on visits by primary and secondary school students, attest to the fact that the learning climate, effectiveness of learning, and educational potential of the DIGISTAR provide a powerful learning-visualization tool for science education in the informal setting of the science centre. 
Introduction

Science Centres are here to stay. They have made a tremendous impact on the promotion and popularisation of science and technology (Falk et al. 1986; Lucas et al. 1986; Ramey-Gassert et al.1994; Rennie and McClafferty, 1996).The multi-dimensional and stimuli-rich settings of   science centres have allowed them to reach out to the masses without regard to age, gender, intellectual ability, social class or ethnic origin (Wright, 1980; Falk et al. 1986; Russell, 1990; Tan and Subramaniam, 1996). These centres are far more than just the exhibits they mount in their galleries; there are lecture-demonstrations, special events, outreach programs, hi-tech attractions and enrichment classes,  to name   a few of its other dimensions.

The utility of science centres as an informal adjunct to the formal education system has been capitalised to a good extent  by various communities.. Schools continue to show support to science centres around the world, evident from the rows of buses parked around these centres during school days  (Flexer and Borun, 1984; Price and Hein, 1991; Falk and Dierking, 1997; Gilbert and Priest, 1997). One reason for this is that  many science centres link their exhibitions  and programmes  to aspects  of the national science curriculum (Rennie and McClafferty, 1996). Such programs have been recognised to contribute to the cognitive learning area (Eason and Linn, 1976; Sneider et al. 1979; Flexer and Borun, 1984; Falk et al. 1986; Wellington 1990; Ramey-Gassert et al. 1994); the affective learning area (Kimche, 1978; Lam-Kan, 1985; Meredith et al. 1997; Pedretti, 2002; and  the psychomotor learning area (Ramey-Gassert et al. 1994; Rennie and McClafferty, 1996). But more importantly, teachers recognize that the science centre experience can stimulate an interest in learning science concepts in a manner that students find interesting and exciting.

In recent times, science centers have also started to use hi-tech attractions for the teaching of science. Immersive and interactive attractions such as the Cave Automated Virtual Environment (CAVE) have shown immense potential to be an effective teaching tool (Roussos and Gilllingham, 1998; and Tan, Subramaniam and Anthony, 2004). The use of virtual reality in science education is also fast becoming common place (Moher et al.1999). Students gain from an early introduction to such advanced visualization technologies, which are being used by fire fighters, medical emergency staff, police and architects (Michail and Oldrich, 1999). In the teaching of astronomy, the use of virtual environments (Bakas and Mikropoulos, 2003) and Planetariums with hi-tech projection systems have been especially useful (Bishop, 1992; and Maning, 1995), as there are a number of misconceptions harboured by  primary and secondary students in astronomy (Jones and Lynch, 1987; Percy J, 1995; Sneider and Ohadi, 1998; and Bakas and Mikropoulos, 2003).  

The present study conducted at the Singapore Science Centre seeks to explore the effectiveness of the DIGISTAR projection system as a technological tool to teach astronomy. In addition, the role of such hi-tech exhibits as cognitive agents for  promoting  collaborative  learning is explored. Most of the research in this area has been restricted to the conventional school and university classroom environment (Johnson et al. 1994; Stahl, 1996; Veenman et al. 1999; Huyser, 2002), and little research has been done on inserting a technological mediation in the teaching and learning process.  No previous work on the use of the DIGISTAR for such purposes has been reported in the literature. We also discuss the role that science centers can play in providing support to the formal education  system in implementing such learning. 
Singapore Science Centre
The Singapore Science Centre officially opened on 10 December 1977; it has been the pioneer in South-East Asia (Tan & Subramaniam, 2003a) in popularising science and technology. It started to operate in temporary premises from 1972, moving to bigger premises in 1977, expanding further in 1987 and again in 2000. It realises its mission objectives through five key programmes: science exhibitions, which popularise the relevance of science and technology in everyday life through the medium of interactive exhibitry; science enrichment programmes, which complement the school science syllabi; science promotional activities, which reach out to people through mass-based programmes; science publications, which reach out to people through a science magazine and a series of natural history guide books on the local flora and fauna; and the omni theatre, which uses the large screen format to promote science and technology. 

Each year, thousands of school children visit the Centre for learning opportunities not available in schools. Though the number of programmes offered and the number of participants were low in the initial years, it has grown in strength over the years (Figure 1).
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Source: Annual Reports of the Singapore Science Centre
Figure 1: Data on attendance statistics for science enrichment programmes conducted at the Singapore Science Centre
Currently, over 150 science enrichment programmes are offered to schools, and these include lecture demonstrations, laboratory courses, talks etc on a range of topics in physics, chemistry, mathematics and the life sciences. The Singapore Science Centre is reputed to have the most comprehensive range of structured science enrichment programmes among all the science centres in the world (Tan and Subramaniam, 2003a).

In a study in 1985, Lam-Kan used general tests to compare the science achievement  and interest of girls who visited the Singapore Science Centre and those  who went on other educational trips. The study showed that structured activities  carried out at the Centre, helped to improve understanding of selected science topics taught in schools as  well as promoted interest in the subject matter. In addition, attractions such as the DIGISTAR Projection System, Cave Automated Virtual Environment, motion simulators and   Robotics Learning laboratories make it obvious that technology plays an integral part in complementing role of the Centre as an informal source of science learning.
The Singapore Science Centre is acknowledged to constitute an important nexus in  the scientific and educational infrastructure of the country. Through the years, it has cemented relationships with the formal learning institutions not only in Singapore but also in  the region. 

DIGISTAR Projection System II 

The DIGISTAR Projection System II uses computer graphics technology to create images and displays these via a high-intensity cathode ray tube (CRT). A precision, high-resolution optical system then projects the image onto the theatre dome. Virtually any image consisting of lines and dots can be displayed. This offers great versatility in providing a complete range of graphic illustrations which are otherwise difficult to produce and project onto the dome screen. 

The  system displays a maximum of 60 pictures per second, thus creating the illusion of motion. This is fast enough for a scene to appear continuous rather than a series of still pictures. For example, the DIGISTAR can simulate the sky at virtually any time  in history, from any part of planet Earth or from any location in the solar system. It is an invaluable tool for teaching  subjects such as astronomy and space science, life sciences, chemistry, mathematics, physics and physical geography under a dome screen setting. 
Since most DIGISTAR installations are virtually identical, content databases created for one DIGISTAR system can be used on all the others. This interchangebility provides a unique opportunity for any individual system to expand its library at no more than the cost of a tape and postage (http://www.msu.edu/user/pon/dug/).   Complete programs, with special effects  can be downloaded over  the Internet. The simple command language with a graphical user interface allows modelling of 3D objects to be done outside of the DIGISTAR II software using commercially available ACAD packages. Once the models have been created, they are converted to a format useable by DIGISTAR. Table 1 shows the distribution of DIGISTAR systems across several countries. 

Table 1: Digistar units in use around the world

	Country
	Number of units (Digistar I,II,3)

	Australia
	1

	Canada
	1

	China
	3

	France
	4

	Germany
	2

	Greece
	1

	India
	1

	Japan
	8

	Mexico
	1

	Netherlands
	1

	Singapore
	1

	Spain
	4

	Sweden
	1

	United Kingdom
	3

	Venezuela
	1

	United States
	57


Source: Digistar Users Group (http://www.msu.edu/user/pon/dug/ )

The three primary components of Digistar II are as follows:  

Operator workstation
The workstation includes typical items such as CPU case, Monitor, Keyboard,  Mouse, Tape drive and Ethernet hub. The workstation performs a number of functions such as command parser, file server, show editor and file manager. 

Graphics processor

The workhorse of the system, the graphics processor produces successive images at a rate sufficient to provide smooth motion as the eye point or models change position and altitude. It further allows images to be defocused so as to simulate solid surfaces and bibulous objects.

Calligraphic Projector

The unique projector utilizes a fish eye lens with a 160-degree field of view and high power deflection amplifiers to draw precise images. It projects the image generated by the graphics processor over the entire surface of the dome with high resolution and brightness. A separate focus amplifier provides the ability to defocus images for model effects such as clouds. The Digistar II star projection system is located in the centre of the theatre. 

Figure 2 shows a schematic of the DIGISTAR set-up.

 Figure 2 Schematic of the DIGISTAR set-up
 [image: image2.png]To Show Control

Control
Dials

e

| Workstation
Monitor

Workstation

Serial

Serial

Button
Box

10 Base T

Digistar I
Projector

Graphics
Monitor

Graphics
Processor

Digistar II Block Diagram




Methodology

To asses the effectiveness of the DIGISTAR in the teaching of astronomy, the extent of content acquisition by students as well as general feedback on the learning environment produced by the DIGISTAR was considered  important. Suitable evaluation instruments which could provide quantitative data for analysis are therefore necessary. Quantitative data extracted from these instruments would help to provide information on the educational potential of the DIGISTAR.
Design of evaluation instruments 

To assess the efficacy of the Digistar as an educational tool, two evaluation instruments were developed:

a) Multiple Choice Question Test
The cognitive effects of the experience were evaluated with a short multiple-choice question test. A draft list of 12 multiple choice questions on the topic of constellations was first generated. The questions were edited for clarity, ambiguity and redundancy.  After obtaining feedback from a panel of three science educators, the 12 multiple choice questions were slightly refined and reduced to 10.  The multiple choice questions were used for the pre and post-tests (Table 2).

Table 2: Multiple Choice Question test

	Question
	

	1
	Select the statement that is true
a) day and night are caused by the rotation of the Earth around its 

    axis

b) clouds obstructing the light at night cause the sky to be dark

c) the night sky over Singapore is always the same

d) our sun is not a star

	2
	Constellations are ____________

a) normally associated with plants

b) never changing

c) programs developed by modern scientists

d) a way to help us identify groups of stars

	3
	How many constellations make up the zodiac?

a) 9

b) 10

c) 11

d) 12

	4
	Which of the following is not a constellation in the zodiac?

a) Gemini

b) Aquarius

c) Aries

d) Taurell

	5
	With regards to the night sky, Orion’s belt refers to _____________

a) three bright stars in a triangle

b) three bright stars in a circle

c) three bright stars in a row

d) three bright stars in an inverted triangle

	6
	Stars in a constellation are _________

a) actually located close to each other

b) at vast distances from each other

c) arranged in a straight line

d) arranged in a circle

	7
	Constellations play an important role in astronomy by _____

a) highlighting most stars

b) helping predict weather conditions

c) dividing the night sky into smaller segments

d) connecting star by lines

	8
	Study the diagram carefully and name the constellation represented by the group of stars. 
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a) Virgo

b) Leo

c) Scorpio

d) Gemini

	9
	Which of the following is true?

a) different constellations are visible at different times of the year and at different 

    times of the night

b) the same constellations are visible throughout the night

c) all the stars in a constellation are the same distance from us on Earth

d) constellations have not changed with time

	10
	The largest constellation of the Zodiac is

a) Virgo

b) Leo

c) Scorpio

d) Gemini


b) Survey Form
To gauge the effectiveness of the learning programme using the DIGISTAR, a survey form was used. A draft list of 16 statements was first generated, based on the authors’ experiences as well as by drawing ideas from the literature. These statements covered three categories: learning climate, effectiveness of learning, and educational potential. Each sub-scale was allocated five statements, with the exception of the educational potential which has six statements. After obtaining feedback from three validators (a staff  of the science centre, an amateur astronomer and former staff of the Centre, and a university Professor), the 16 statements were slightly refined.  For the purpose of this study, it was felt that the 16 statements were adequate. A longer evaluation instrument was not desirable for two reasons: the time that students spend at the science centre is limited because of various constraints and also a longer instrument could lead to respondent fatigue. For ease of administration, the scalability of the statements was set on a five point Likert-type scale, ranging from Strongly Disagree (SD) to Strongly Agree (SA). The corresponding numerical measures range from 1 for SD to 5 for SA. For the negatively worded statements, the numerical measures are reversed. 

Procedure

The study was carried out during the first quarter of the school term in 2004. All groups attended the afternoon sessions for the DIGISTAR experience (they would have attended regular classes at school in the morning). Arrangements were made directly with the class teachers of the groups, and logistics such as dispatching of  letters of permission and transportation were handled by them. 
a) Study Sample
Four randomly selected school groups which had made reservations for a group visit to the Singapore Science Centre were contacted by email in order to solicit their students’ participation in this study. One of the groups declined the invitation. The final three groups of students used were of mixed gender. The first group was a class of 18 students  (7 males and 11 females) studying in Secondary 4 (Express), the second group was a class of 38 students (21 males and 17 females) studying in Primary 6 (EM2), and the third group was a class of 33 students ( 27 males and 6 females) studying in Primary 5 (EM3). All groups were from different schools, and they were exposed to the DIGISTAR experience on separate days. 

b) Pre and post test
The pre-test was administered to the students by their respective teachers one week before the students attended the DIGISTAR experience at the Science Centre. The students were given no prior briefing about this project and received no indication that they would be given a post-test after the experience. Teachers were instructed not to discuss the test with their students. Following the DIGISTAR session, the post-test instrument was administered to the students. The test took 15 minutes for completion.

c) DIGISTAR experience
The school groups were met at the Centre by a staff member and brought to the DIGISTAR area. They were briefed on the technology used in the Digistar presentation and the environment they were about to experience. The 20-minute programme called “Zodiac and Constellations” offers an introduction to stars and the constellations. The guide facilitated the presentation by pointing out key features of the various common zodiacs and an explanation on how to locate the 12 constellations of the Zodiac in the night sky. The presentation also included some of the myths surrounding the zodiac. In addition, information was also presented on the interaction between the Earth, Moon and Sun. Using styrofoam models to represent these celestial bodies, the guide provided information about the rotation of the Earth on its axis,  the day and night cycle as well as the movement of the Earth and moon around the Sun, all in the context of the dome setting. Students were encouraged to ask questions along the way. The commentary was in English.
d) Survey 

The 16-question survey form was administered after the post-test. The students were briefed on the scoring used in the survey instrument, and also provided clarifications on terms such as immersive experience, etc. Prior to completion of the evaluation instrument, the groups were briefed about the purpose of the study. The instrument took about five minutes for completion.
Results

Informal feedback from teachers and school groups attending the DIGISTAR programs for such visits over a period of a year had been very positive. The evaluation instruments used in this study have further demonstrated the utility of the DIGISTAR as a cognitive delivery vehicle for teaching astronomy-related concepts.  

a) Multiple Choice Questions
91 students took the pre-test while 89 took the post-test. Using a paired sample t-test and a confidence level of 95%, the Express and the EM2 group of students showed a significant (p< 0.05) gain in test scores from the first to the second administration (pre to post). As can be seen from Table 3, the gain in test scores for the EM3 group was not significant, nevertheless, slightly better results for the post-test were noticeable. The highest mean scores (based on 1 mark for each correct answer) for both the pre and post-tests were seen in the Express (Secondary 4) group, followed by the EM2 (Primary 6) and then  the EM3 (Primary 5) group of students. 

Table 3 Results of the t-Test of the Pre and Post-test for the DIGISTAR experience

	Student level
	Pre test Mean
	Standard Deviation
	Post test Mean
	Standard Deviation
	t
	Significance†

	Express

(Secondary 4)
	5.56
	1.50
	8.83
	1.25
	-8.89
	.000

	EM2

(Primary 6)
	5.18
	1.14
	7.08
	1.10
	-7.12
	.000

	EM3

(Primary 5)
	3.09
	1.26
	3.27
	1.40
	-.52
	.60


Notes: † 95% Confidence Level Used
b) Survey Form
A survey form was handed out to the school groups at the end of the DIGISTAR experience. Additional information like gender was also requested. The student participants were very keen to fill out the instrument, and also added in some qualitative remarks. 

Table 4 presents descriptive statistics for each of the 16 statements in the survey evaluation instrument after analysis of the responses from the Express (Secondary 4) pupils. The means of the statements ranged from 3.67 to 4.61, with standard deviations ranging from 0.50 to 1.03. Internal consistency of the evaluation instrument was obtained by extracting the Cronbach Alpha coefficient (Cronbach, 1951);  the value of 0.92 is well above the norm of 0.70 recommended by Nunnaly (1978), and thus indicates good reliability of the instrument developed. In particular, this group of pupils showed the highest mean response for  the educational potential subscale (mean 4.26 and Cronbach Alpha coefficient of 0.89). 

Table 4 Descriptive statistics for Digistar experience with Secondary 4 (Express Stream) students 

	S/n 
	Item 
	Min 
	Max
	Mean 
	Standard deviation

	1
	Learning Climate

The DIGISTAR makes learning fun and interesting
	3
	5
	4.61
	0.61

	2
	I could understand most of the material used in the DIGISTAR presentation
	2
	5
	4.17
	0.92

	3
	I liked the immersive environment in which the topic was taught
	4
	5
	4.50
	0.51

	4
	I found the session too long (R)
	2
	5
	3.67
	1.03

	5
	The way in which information was presented in the DIGISTAR was         confusing (R)
	2
	5
	3.89
	0.68

	6
	Effectiveness of Learning 
The use of DIGISTAR technology helped in my understanding of the constellations
	3
	5
	4.50
	0.62

	7
	The DIGISTAR experience complements what I learnt  about astronomy in class
	3
	5
	3.72
	0.67

	8
	The DIGISTAR builds on my knowledge of astronomy learnt from text books and in the classroom 
	3
	5
	4.11
	0.76

	9
	The imersive environment in which the topic of constellations was explored in the DIGISTAR enhanced my learning


	4
	5
	4.39
	0.50

	10
	The guide who led the DIGISTAR presentation facilitated effectively my learning  
	3
	5
	4.33
	0.60

	11
	Educational Potential

The DIGISTAR is not a good teaching tool to learn science (R)
	2
	5
	4.22
	1.00

	12
	I would like to learn other science topics through the DIGISTAR
	3
	5
	4.28
	0.67

	13
	The DIGISTAR is an exciting media for learning
	3
	5
	4.55
	0.61

	14
	The use of technology in the DIGISTAR increased my motivation to learn
	3
	5
	4.17
	0.78

	15
	The DIGISTAR experience  helped me better understand about the Earth-moon and Sun interactions
	3
	5
	4.22
	0.55

	16
	After my DIGISTAR experience, I would like to find out more about the Constellations
	2
	5
	4.11
	0.76


Notes: Items 1-5 are on learning climate; items 6-10 are on effectiveness of learning; and items 11-16 are on educational potential. (R) indicates reverses score item. Cronbach Alpha = 0.92
Table 5 summarizes the descriptive statistics for the DIGISTAR experience with the EM2 (Primary 6) pupils. The means of the statements ranged from 3.92 to 4.87, with standard deviations ranging from 0.39 to 1.22. The Cronbach Alpha coefficient of  0.72 for this study further indicates good reliability of the evaluation instrument. This group of students had the highest mean for the subscale on educational potential (mean 4.65).

Table 5 Descriptive statistics for DIGISTAR experience with Primary 6 (EM2) students 

	S/n 
	Item 
	Min 
	Max
	Mean 
	Standard deviation

	1
	Learning Climate

The DIGISTAR makes learning fun and interesting
	4
	5
	4.69
	0.47

	2
	I could understand most of the material used in the DIGISTAR presentation
	1
	5
	4.0
	0.94

	3
	I liked the immersive environment in which the topic was taught
	2
	5
	4.71
	0.65

	4
	I found the session too long (R)
	3
	5
	4.76
	0.49

	5
	The way in which information was presented in the DIGISTAR was         confusing (R)
	2
	5
	4.50
	0.86

	6
	Effectiveness of Learning

The use of DIGISTAR technology helped in my understanding of the constellations
	3
	5
	4.47
	0.69

	7
	The DIGISTAR experience complements what I learnt about astronomy in class
	1
	5
	3.92
	1.22

	8
	The DIGISTAR builds on my knowledge of astronomy learnt from text books and in the classroom 
	1
	5
	4.39
	0.97

	9
	The imersive environment in which the topic of constellations was explored in the DIGISTAR enhanced my learning


	3
	5
	4.68
	0.62

	10
	The guide who led the DIGISTAR presentation facilitated effectively my learning 
	4
	5
	4.81
	0.39

	11
	Educational Potential

The DIGISTAR is not a good teaching tool to learn science (R)
	1
	5
	4.79
	0.74

	12
	I would like to learn other science topics through the DIGISTAR
	1
	5
	4.39
	1.13

	13
	The DIGISTAR is an exciting media for learning
	3
	5
	4.87
	0.41

	14
	The use of technology in the DIGISTAR increased my motivation to learn
	1
	5
	4.60
	0.94

	15
	The DIGISTAR experience helped me better understand about the Earth-moon and Sun interactions
	1
	5
	4.60
	0.75

	16
	After my DIGISTAR experience, I would like to find out more about the Constellations
	4
	5
	4.68
	0.47


Notes: Items 1-5 are on learning climate; items 6-10 are on effectiveness of learning; and items 11-16 are on educational potential. (R ) indicates reversed score item. Cronbach Alpha = 0.72

Table 6 summarizes the descriptive statistics for the DIGISTAR experience with the EM3 (Primary 5) pupils. The means of the statements ranged from 3.70 to 4.79, with standard deviations ranging from 0.58 to 1.24. The Cronbach Alpha coefficient of  0.78 for this study further indicates good reliability of the evaluation instrument. The pupils in this group had the highest mean for the subscale on effectiveness of learning (mean 4.36).

Table 6 Descriptive statistics for DIGISTAR experience with Primary 5 (EM3) students 

	S/n 
	Item 
	Min 
	Max
	Mean 
	Standard deviation

	1
	Learning Climate

The DIGISTAR makes learning fun and interesting
	3
	5
	4.63
	0.71

	2
	I could understand most of the material used in the DIGISTAR presentation
	1
	5
	3.87
	1.04

	3
	I liked the immersive environment in which the topic was taught
	3
	5
	4.79
	0.58

	4
	I found the session too long (R)
	1
	5
	3.91
	1.23

	5
	The way in which information was presented in the DIGISTAR was         confusing (R)
	1
	5
	3.70
	1.36

	6
	Effectiveness of Learning

The use of DIGISTAR technology helped in my understanding of the constellations
	2
	5
	4.55
	0.76

	7
	The DIGISTAR experience complements what I learnt  about astronomy in class
	2
	5
	4.08
	1.05

	8
	The DIGISTAR builds on my knowledge of astronomy learnt from text books and in the classroom 
	1
	5
	3.95
	1.23

	9
	The imersive environment in which the topic of constellations was explored in the DIGISTAR enhanced my learning


	3
	5
	4.60
	0.72

	10
	The guide who led the DIGISTAR presentation facilitated effectively my learning  
	1
	5
	4.60
	0.75

	11
	Educational Potential

The DIGISTAR is not a good teaching tool to learn science (R)
	2
	5
	3.91
	1.15

	12
	I would like to learn other science topics through the DIGISTAR
	1
	5
	4.26
	1.15

	13
	The DIGISTAR is an exciting media for learning
	1
	5
	4.39
	1.24

	14
	The use of technology in the DIGISTAR increased my motivation to learn
	1
	5
	4.34
	1.17

	15
	The DIGISTAR experience  helped me better understand about the Earth-moon and Sun interactions
	1
	5
	4.37
	0.94

	16
	After my DIGISTAR experience, I would like to find out more about the Constellations
	1
	5
	4.34
	1.07


Notes: Items 1-5 are on learning climate; items 6-10 are on effectiveness of learning; and items 11-16 are on educational potential. (R ) indicates reversed score item. Cronbach Alpha = 0.78
ANOVA analysis showed that there were no significant differences in the responses among the different genders. The results, however, do show that among the three different schools, the mean squares are significantly different (Table 7). 

Table 7: Results of ANOVA for the survey instrument 

	Source
	Df
	Mean Square
	F
	Significance

	Group
	2
	321.44
	6.72
	.002

	Gender
	1
	35.78
	0.75
	.390


The Post Hoc results (Table 8) showed a significant difference between the Express group of pupils and the EM3 group - an expected outcome. 

Table 8: Results of the Post Hoc test between schools

	School Group
	Mean difference
	Significance

	Express x  EM2


	-5.42*

	.02



	EM2      x  EM3


	4.60*

	.02

	EM3      x  Express
	.83
	1.00




*The mean difference is significant at the .05 level
The survey instrument also captured some feedback from the three groups. Typical comments are shown in Table 9. Clearly, the comments point to the utility of the DIGISTAR for achieving educational outcomes.  
Table 9: Qualitative feedback from the survey form

	School
	Comments

	Express
	Thanks for arousing my interest!



	EM2
	I thought our galaxy was small now I 

realize it is very big, thank you for the  

session 

Make the session longer and use it to teach   

other subjects

	EM3
	The Digistar is a very good programme

I would like to come again and learn more   

about Digistar and the zodiac


Discussion

Hi-tech attractions such as the DIGISTAR planetarium in science centres provide both an immersive instructional method for teaching astronomy as well as a memorable out-of school experience for students. The encompassing, omni-directional perspective of the sky presented by the Digistar cannot be reproduced in the classroom, by books, television or even on the computer screen. In addition, the ‘sky’ can be viewed at any time of the day and under all weather conditions. Sky motions can be illustrated in a fraction of the real time taken, and distance between objects can also be better illustrated in a near 3-dimensional manner.

Such programmes further provide opportunities for non-academic students who are under achievers, to get involved in and excited about learning science. From the test and survey results, it can be seen that although the EM3 (Primary 5) group did not show a significant change in the mean test score, they have rated the overall experience in the Digistar highly, especially on the effectiveness of learning subscale.

All three groups gave a mean rating of at least 4.28 for Item 14 (the use of technology in the Digistar increased my motivation to learn). This is of noteworthy significance as motivation has long been recognized as an important factor affecting student achievement (Karlsson, 1996). This is in line with the observations of Hofstein & Rosenfeld (1996) who suggest that in the teaching of science concepts, student’s motivational characteristics improve with a wide range of instructional strategies and a diverse range of out-of school environments.

It is clear that the different groups favored particular aspects of the Digistar experience. The older Express (Secondary 4) pupils rated Item 1 (The DIGISTAR makes learning fun and enjoyable) highly (mean 4.61), this is in line with the science center philosophy that learning has got to be fun and enjoyable. The younger EM2 (Primary 6) and EM3 (Primary 5) students particularly liked the immersive environment, rating Item 3 (I liked the immersive environment in which the topic was taught) high with means of 4.71 and 4.79 respectively. The EM2 (Primary 6) pupils in particular found the Digistar an exciting media and rated Item 1 (The DIGISTAR makes learning fun and enjoyable) the highest (mean 4.87). This outcome could be due to the lack of exposure to such immersive environments, thus rendering the experience as very novel for the younger group of students. When developing future applications for the Digistar, this fascination for elements of play by the younger group can be kept in mind. 

The DIGISTAR experience not only complements what students learn in school but it is also more than what they have learned from science textbooks. This trend is seen for the Express (Secondary 4) pupils and the EM2 (Primary 6) pupils (mean of 3.72 and 3.92 for Item 7, and 4.11 and 4.39 for Item 8 respectively). All this indicate that the DIGISTAR is a useful tool for supporting collaborative learning; the collaboration between the science centre and schools has allowed students to obtain a better understanding of the subject matter, thus contributing towards cognitive goals. However the EM3 (Primary 5) group had a lower mean for Item 8 (3.95) as compared to Item 7 (4.08). This could be due to the fact that EM3 pupils receive most of their astronomy knowledge from the class teacher and less from resources like textbooks. The younger pupils also rated the assistance from the guide higher than the older secondary students. The mean for Item 10 (The guide who led the DIGISTAR presentation facilitated effectively my learning) for the Express (Secondary 4) pupils was 4.33; for the EM2 (Primary 6) pupils, it was   4.81; and for the EM3 (Primary 5), it was 4.60. Again, this could be due to the preferred choice of receiving information among these groups.

Research has shown that visits to science centers can have an impact on career choice  (Tan & Subramaniam, 2002; Salmi, 2003). It remains to be seen if any of these students will eventually choose astronomy or related fields as a career. However, it is worth noting that all three groups rated Item 16 (After my DIGISTAR experience, I would like to find out more about the constellations) relatively high, with the mean for the Express (Secondary 4) pupils at  4.11, for the EM2 (Primary 6) pupils at 4.68, and  for the EM3 (Primary 5) pupils at 4.34. . 

Even in the context of informal cooperative learning (Johnson et al, 1994), there are a number of areas where the DIGISTAR can assist. In particular, it provides a very visual and varied learning opportunity for students which will, no doubt, create more topics for discussion. Besides being part of the school syllabus the astronomy program on constellations is a value-add with more information than needed to pass exams. Students are thus prompted to find out more about the constellations, and discussion is naturally free flowing across groups, further creating ad-hoc teams. This was visibly observed after the DIGISTAR experience.

The results of the study further indicate that school groups can capitalize on the available hi-tech exhibits at science centres to promote further learning. Often these exhibits are expensive and beyond the reach of schools. In addition, the equipment usually requires  regular maintenance and also a dedicated technician to troubleshoot. As can be seen from this study, teachers can take advantage of the informal learning environment where they are presented with more opportunities to build on their mutual relationship with students as well as promote informal cooperative learning groups among students. Students on the other hand have an opportunity to gather information from sources other than their teachers. 

The opportunities created for teachers to use the Digistar in work plans for cooperative learning is also tremendous. By preparing students ahead of time with specific tasks, teachers can ensure that the duties of each member is clear and noted. As a post activity, teachers could make use of opportunities to refer to the experience and activities carried out during the visit, even after some time has passed. Through this, they reinforce and extend the learning that has occurred (Morrell, 2003). Teachers thus play an important role in ensuring the success of students’ visit to science centres, in terms of cognitive, affective and cooperative learning. Teachers need to integrate such visits with their teaching program in ways that complement the learning activities in school (Price & Hein, 1991; Rennie and McClafferty, 1995; Tofield, et al, 2003). Therefore, they are key to the success of using science centres to promote collaborative and cooperative learning.
The potential for successful collaboration is immense as science centres are social settings that encourage group learning and stimulate interest in learning science concepts in a manner that students find interesting and exciting. On these visits, students often learn new ways of working together and develop new relationships among other students and with their teacher, a skill that may be lacking in traditional school settings (Falk et al. 1986).

Conclusion

Science centers play a multi-dimensional role in moulding the cognitive and affective psyche of students. This study has shown that hi-tech attractions such as the DIGISTAR can generate further enthusiasm for and interest in the learning of science, and thus serve as a valuable adjunct to the formal education system, besides promoting collaborative and cooperative learning. That the students improved from their baseline knowledge of constellations and the zodiac, regardless of their academic stream and level, demonstrates achievement of cognitive gains. Clearly, the learning climate,  effectiveness of learning and educational potential of the DIGISTAR are conducive for content acquisition.

Particularly in the field of astronomy, such tools are invaluable for teaching abstract concepts that are almost impossible to relate to with just chalk-and-board.  However, caution must be taken to ensure that the experience does not become too restricted and structured.  
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