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Abstract

The term “collaboration” is normally associated with small groups of individuals working together to accomplish certain goals. This paper takes collaboration in the macro-level by exploring the partnership between learning institutions, such as schools and non-formal learning centres, to promote learning with a broader base. Enrichment activities conducted by non-formal learning centres can be viewed as supplements and reinforcements to the learning that takes place inside the classroom.

This paper focuses on the potential of a cryogenics-based enrichment programme (CBEP) that is being offered by Snow City, a non-formal learning centre, to bolster classroom learning-- especially learning by collaboration among students. The CBEP is in lecture-demonstration format, which highlights the properties and uses of liquid oxygen. It involves high level of participation and sharing of insights by the heterogeneous participants, with the facilitator helping the students to make connections with their existing science knowledge. It also offers a less structured and less pressurizing, yet more enjoyable, environment for the students to learn as compared to traditional classrooms. The cognitive and affective gains from the CBEP experience can spill over to group and class discussions in schools. 

This paper presents the results of an experimental study involving the aforementioned CBEP, with students having organized school visits to Snow City as subjects. The results of the study indicated large learning gains and fair to moderate attitude gains of the students right after participating in CBEP. The students have improved their learning of science concepts that are also being tackled in schools but presented in the context of low temperature in CBEP. Such finding is an evidence of the broadening of the students’ knowledge base and effectiveness of CBEP in augmenting science learning in schools. The results of the study establishes the role of Snow City, the non-formal learning centre where CBEP takes place, as a legitimate collaborator or partner of schools in promoting science learning. 

Introduction

Recent developments in education do away with the concept of an isolated classroom or schools. Schools begin to form partnerships with other learning institutions, which could be formal (McLaughlan et al., 2001; Miller and Evans, 1997), non-formal and informal (King, 1998; Shields, 2001). At times, schools also venture into partnerships with corporations (Antelo and Henderson, 1992). One of the aims of such partnerships is to provide the learners an enriched repertoire of learning opportunities and to address learner’s diversity. The structure of such partnerships was described by King (1998, p. 7) as a continuum, with “institutional cooperation” at the lowest level (where minimal interaction occurs between the institutional partners that exist separately); “strategic alliance” or collaboration in the middle (where collaborating institutions design, develop and evaluate programs together); and “virtual corporation or co-creation” at the highest level (where the distinction between institutional partners becomes unrecognizable). Brown referred to the aforementioned levels of the partnership continuum as categories of institutional collaboration, with a corporate tone: the first level was termed as “ad hoc collaboration”; the second level was broken into “strategic alliances” and “strategic planning”; and the third level was called “mergers” (2001, p. 94). 

When schools and non-formal/informal institutions work as partners in education, learning can be enhanced in both realms. For instance, things learned from non-formal/informal learning institution (like a museum) can be used as an advance organizer or “pre-lesson cue” in the classroom (Flexer & Borun, 1984). Advance organizers mobilize “relevant existing concepts in the learner’s cognitive structure” and provide “anchoring foci for the reception of new material” (Ausubel, 1960, p.260) inside the schools. Also, the experience derived from non-formal or informal learning environments can serve as springboards for group discussion or collaborative learning activities in schools. Informal/nonformal learning can “flow over” to the classroom (Maarschalk, 1988, p.137) and affect the way students exchange ideas: those who have more to share will share more. On the affective side, the feelings imprinted in the learners during out-of-school learning experience “would later spill over into formal science education”(Druger, 1988, p. 17). Conversely, formal education is a strong predictor of a person’s involvement in non-formal/informal learning activities, specifically museum visits (Doering and Pekarik, 1996). Learners profit from experiences in informal learning environments when they are cognitively prepared by direct instruction (Linn, 1980). The knowledge learned in school can facilitate learning in informal environment (Lucas, 1983).  Learning will more likely take place if the learner has been acquainted with the features of the learning situation: it can be done through pre-visit instruction before any non-formal or informal learning activity. Pre-visit instruction from the classroom now “sets the scene” and prepares the learner to the learning task that is about to take place (Baker, 2002) inside non-formal/informal institutions. Collaborative activities can serve as pre-visit preparations before an out-of-school activity. The students can be grouped together, and discuss answers to intriguing questions (normally those covering misconceptions) about the topics that would be presented in non-formal/informal venues. Once they reach the said venues, they can check for their initial views and either maintain or modify them as a result.

To make the partnerships among educational institutions last and attain the aforementioned benefits, some important elements must be present. Such elements include shared goals, evaluation of endeavors in relation to such goals, commitment (Antelo and Henderson, 1992) and effective communication (Miller, 1997). With shared goals acting as the primary requirement for the partnership between schools and non-formal/informal learning institutions to succeed, it is important for them to review and modify their objectives. More efforts are expected from non-formal/informal learning institutions, as they are the more flexible ones. In the spirit of aligning their educational objectives with that of school curriculum, non-formal/informal learning institutions create enrichment programmes. The programmes have specific structures that are specifically designed to augment classroom-learning experiences. They expose the learner to numerous areas of study that may capture their interest; develop cognitive and affective processes that are helpful to formal learning; and cater to the learners’ special talents and skills (Renzulli, 1977).  In addition, they add variety and novelty to the learning experience inside the classroom. In science, they can play the role of a “gender equalizer”– providing compensation for the inadequacies of schools in leveling the field of learning for males and females (Stake and Mares, 2001; Gibson, 1998). They can greatly benefit the slow to average learners (Stakes  & Mares, 2001; Falk & Adelman, 2003); revive the dwindling interest of students in science (Moore, 2001; Phelps & Swindell, 1991; Fan, 1991; Kelly, 1986; Lam-Kan, 1984; Chang; 1974); and improve science learning (Moore, 2001; Lam-Kan, 1984; Chang; 1974). Borrowing words from Doering and Pekarik (1996), enrichment activities  “resonate with … experience [in school] and provide information in ways that confirm and enrich their [learners’] view of the world.” (p. 20).

In Singapore, several non-formal/informal learning institutions align themselves with formal education. One of them is the Singapore Science Centre, which was reported effective in enhancing science interest and achievement (Lam-Kan, 1985; Tan and Subra, 2003). Other places include the Botanic Gardens, Jurong Bird Park, Singapore Zoological Gardens, and Discovery Centre. Snow City has currently joined the institutions providing enrichment programs (Caleon and Subra, 2003). Working in close ties with the Science Centre, it offers various educational programmes that focus on low-temperature science or cryogenics. In its thrust of aligning its programmes with the formal school curriculum, it identified its learning objectives and asked some schoolteachers from different levels to determine how and where they fit in the school syllabus. In that case, the teachers would know which programmes cater to their students needs and when they could bring their students for educational programmes. The next move is communication with school educators to let them know of the existence of such programmes. Annually, all heads of science departments and principals are invited to Snow City for the presentation of the aforesaid programmes, along with other things that Snow City offers. 

One element that seems to be missing in the school-Snow City partnership is the evaluation of Snow City’s educational programmes in relation to the objectives shared by the collaborating institutions. For such reason, a study entitled “The Impact of Cryogenics-Based Enrichment Programmes on Learning of Science Concepts and Attitudes Towards Science” was conducted. It focused on two of the CBEPs that are being offered by Snow City. The first part of the study was centered on the effectiveness of a CBEP using liquid nitrogen (Caleon and Subramaniam, 2003). This paper presents the results of the second part of the study, which involves CBEP using liquid oxygen (CBEP-LOX). It aims to address the following questions:

(1) Does CBEP-LOX have significant main effect on learning of science concepts? Are the cognitive scores of the students who experienced CBEP significantly different from those who did not experience CBEP?

(2) Does CBEP-LOX have significant main effects on attitudes toward science, specifically enjoyment of science and preference for science careers? Are the attitude scores of those who experienced CBEP significantly different from those who did not attend CBEP?

(3) Do the effects of CBEP-LOX differ on students from opposite genders and on those with different academic abilities (or streams)?

The CBEP: Fantabulous Liquid Oxygen 

The programme, CBEP-LOX, is in lecture-demonstration format, with the researcher acting as the facilitator. It features high level of involvement and sharing of ideas among the heterogeneous participants -- one attribute which is also prominent in cooperative/collaborative learning. Volunteers are allowed to do some of the demonstrations. The students are asked to predict what will happen or explain things that have happened before or after each demonstration. To encourage students to participate even more, small tokens are given to those who volunteer and answer questions correctly. However, the students are not penalized for answering incorrectly, thus, making learning less pressurizing. 

The programme differs from school lessons because it presents science concepts, such as pressure, combustion, heat and volume-temperature relationship, in a dramatic, fun and novel way. It capitalizes on the extraordinary properties of liquid oxygen or LOX (existing at –1830C), which is not normally seen in schools. It involves demonstrations on the liquefaction of LOX and its properties (e.g., color, boiling point, density, and paramagnetism). The demonstration on combustion with LOX is one of the highlights of the programme. The properties of LOX and liquid nitrogen, an even colder chemical, are also compared. The applications of the concepts being demonstrated are also tackled in the programme. 

Sample

Upper primary students, from mixed (or co-educational) government schools in Singapore, were requested to participate in the study. The teachers-in-charge were contacted by telephone, informing them about the study and the objectives of CBEP-LOX. CBEP-LOX was offered for free and discounts were given to the participants’ who would like to enter the snow chamber. For this paper, a total of 137 fifth- and sixth-grade students (aged 10 to 12) from the 2003 and 2004 cohorts were included. The sample comprised of 62 males and 75 females, with 72 EM1 and 65 EM2 students, from 

In Singapore, there are three language streams: EM1, EM2 and EM3. The streaming is based on students’ attainments and abilities (Poon, 1979). EM1 students are considered as the best learners compared to the other streams. For this study, only EM1 and EM2 students were involved, since they follow the same science curriculum. Science is not an examinable subject for EM3 students.

Data Gathering Instruments

Test on Cryogenics-Related Concepts

The Test on Cryogenics-Related Concepts (TOC) is in multiple-choice format. It was content-validated by three science lecturers from National Institute of Education (Singapore) and two Primary 5 (or Grade 5) teachers. The instrument was found in good order. It was slightly modified based on the suggestions of the evaluators, before it was pilot-tested in two Primary 5 classes that were not included in the main study. At the time of piloting, Primary 6 (or Grade 6) students could not take part because they were preparing for a national examination. It was assumed that Primary 5 students and Primary 6 students were of comparable abilities and attitudes and the former served as the threshold of TOC applicability for the main sample. The 54 participants of the pilot study, which is a combination of EM1 and EM2 streams, comprised 23 males and 21 females. Based on the results of the pilot study, the test was further modified and reduced to form the final version, which is composed of 16 items. The coefficient of reliability, in terms of Cronbach alpha, obtained from the pilot study was 0.75. From the main study, Cronbach alpha values ranged from 0.50 to 0.70 (N=137). Such reliabilities are acceptable for short tests that concern comparison of group performance only (Remmers, Gage, and Rummel, 1967, p. 124). The Flesch–Kincaid readability level of the test is 5.4, indicating suitability for Primary 5 and 6 reading level. The distribution of the items in the final version of  TOC according to educational objectives is shown in Table 1.

Table 1

Table of Specifications for TOC

	Objectives

Tested
	Number of Items 
	
	Distribution of Items 

	
	
	Recall
	Comprehension
	Application
	Analysis

	Properties of LOX
	2.5
	1
	1.5
	
	

	Change of State
	4.3 
	2
	1
	0.5
	0.8

	Pressure, volume and temperature
	3 
	1
	1
	0.5
	0.5

	Properties of LN2 vs. LOX
	3.5
	
	1.5
	1
	1

	Application/Safety
	2.8
	
	
	2
	0.8

	Total Items
	16
	4
	5
	4
	3

	Percentage
	100%
	5%
	31%
	25%
	19%


Attitude to Science Instrument

The Attitude to Science Instrument or ASI (Foong and Lam, 1988) used in the study was a shortened version of the original instruments. It was composed of two 6-item subscales: namely, Enjoyment of Science (ES) and Career Preference for Science (CP). Responses for each item in the subscales were in five-point Likert scale format placed alongside Likert style  “Smiley face”, following the examples of researchers (Mortimore et al., 1988; Pell & Jarvis, 2001; West, Hailes & Sammons, 1997). Such move was meant to help Primary 5 and 6 students to discriminate among the choices. The posttest version of ASI was slightly modified (as shown in Table 2) to accurately reflect attitudes of students after the CBEP. The Flesch-Kincaid readability of the shortened ASI instrument is 3.9, making it more than suitable for the reading level of Primary 5 and 6 students. When ASI2 was pilot-tested to 48 Primary 5 students with equal number of boys and girls (17 EM1 and 31 EM2 students) not taking part in the main study, the coefficients of reliability (Cronbach alpha) calculated for each of the subscales were 0.77 (ES) and 0.88 (CP). Using the samples of the main study, the values of Cronbach alpha for ASI1 subscales were 0.82 (ES) and 0.91 (CP) and those for ASI2 are 0.87 (ES) and 0.92 (CP) for N= 137.

Table 2

Modifications Done on ASI

	Item No.
	ASI Pretest (ASI1)                                           
	ASI Posttest (ASI2)

	2
	I discuss science with friends after school.                
	I would like to discuss science with friends after school.                

	8
	I like reading newspaper articles about science.
	I would like to read newspaper articles about science.

	11
	I enjoy watching science programs on TV at home.
	I think I would enjoy watching science programs on TV at home.

	14
	 I like reading books about science 

during my holidays.
	I would like to read books about science during my holidays.


Student Feedback Form

The Student Feedback Form (SFF) involved five questions: the first one was close-ended on one part and open-ended on the second part. The rest of the questions were all open-ended. The questionnaire was content validated and pilot tested similar to the procedure and using the same sample for TOC. Responses to the questions were coded following the suggestions of Sonquist and Dunkelberg (1977) and the procedure used by Nash, Allsop and Woolnough (1984). Four general themes in the responses that are relevant to the objectives of this study were found: educational, entertainment, edutainment (mixed educational and entertainment) and others (miscellaneous responses outside of the first three themes). Using the responses of 14 students selected randomly from the main sample, intercoder reliability in terms of Krippendorf alpha was found in the acceptable range of 0.80 to 0.92, for each question treated as a variable (Krippendorf, 1980, p.139).

Procedures

Time 1: Pretest and Pre-visit Instruction

Three to seven days before the trip to Snow City, pretests were given to the students in their respective schools through the teachers-in-charge. Two instruments were used: Attitude to Science Instrument 1 (ASI1) for 10 minutes and Test on Cryogenics-Related Concepts (TOC) for 15 minutes. A day before the trip, the teachers delivered a pre-visit instruction (as suggested by Baker, 2002, Hartley and Davies, 1976, Ausubel, 1960, and Gennaro, 1981) to the subjects using two transparencies provided by the researcher. The first transparency showed the geographical location of Snow city and its main facilities: this was done to reduce the novelty space in relation to location. The second transparency included an overview of the concepts and principles that would be covered in the CBEP and a brief review of related topics: this was done to provide a cognitive link between the topics that would be covered in CBEP and the concepts that the students learned in school 

Using the pretest papers, the students from each class were blocked based on gender. Students from each block were randomly assigned to either experimental group (E) or control group (C). With the splitting of each class by blocked randomization, the aggregate E and C had half of each of the four classes (two EM1 and two EM2). E and C both had even representatives from both schools, thereby making E and C more like mirror images of each other. The aforementioned system of grouping guarantees statistical equality of E and C. The students were informed of their respective groups right before their trip Snow City

Time 2: CBEP and Immediate Posttest

When the students were already in Snow City, C was brought to the testing room for a 25-minute posttest, using ASI2 (10 minutes) and TOC (15 minutes), while E was asked to stay in the lobby area. When C was done with the posttest, the two groups were rejoined for their one-hour CBEP. After the CBEP, C was asked to go down and prepare to enter the snow chamber while students in E were asked to accomplish the posttest instruments in the following order: SFF (5-10 minutes), ASI2 (10 minutes) and TOC (15 minutes). 

Time 3: Delayed Posttest

At this phase, there is no more distinction between E and C, as both of them have already experienced CBEP. The delayed posttests (ASI2 and TOC) were given to all participants, 7 to 14 days after their CBEP experience. This was done to detect changes in attitude and learning that might have taken time to manifest (Falk and Dierking, 1997; Wellington, 1990, p. 250) and to know whether the affective and learning changes attributable to CBEP were stable.



Pretest-

ASI1 and TOC 

(3-7 days before)

Figure 1. The research design

Results and Discussion

Test on Cryogenics Results

Before the data was submitted to analysis of variance (ANOVA), four EM1 girls were eliminated to maintain comparability of samples in TOC and ASI analyses (see explanation under Attitudes to Science results section). A recurring outlier identified in all the three levels of TOC scores (pretest, posttest, and delayed posttest) was also eliminated. The cell distribution of the remaining sample is shown in Table 3. The TOC descriptive statistics that match with the samples in each cell of Table 3 are presented in Table 4.  The TOC scores formed approximately normal distributions. Levene’s Tests of Equality of Error Variances for all the levels of TOC scores were non-significant (p>0.05), thereby meeting the requirement for homogeneity of variance. Furthermore, Mauchly’s Test of Sphericity also revealed non-significant result (χ(2)2=2.317, p>0.05), satisfying a very crucial requirement that warrants the use of ANOVA with repeated measures (RANOVA).

Table 3. 

Distribution of Samples Across cells for TOC Analysis

	Stream
	Treatment Groups

	
	Control Group
	Experimental  Group

	
	Male 
	Female
	Total
	Male 
	Female
	Total

	EM1
	14
	20
	34
	13
	20
	33

	EM2
	17
	15
	32
	17
	16
	33

	Total
	31
	35
	66
	30
	36
	66


Table 4. 

Mean and Standard Deviations of TOC Scores Measured Over time for Treatment x Gender x Stream Groups

	Score
	Stream
	Treatment Groups

	
	
	Control
	Experimental

	
	
	Male
	Female
	Total
	Male
	Female
	Total

	Score1

(pretest)
	EM1
	5.07 a 

1.73b
	5.65  

1.63
	5.41

1.67
	6.15   

2.23
	5.00  

1.45
	5.45

1.86

	
	EM2
	5.41  

2.09
	5.87  

1.73
	5.63 

1.91
	5.18   

1.33
	4.75  

1.61
	4.97

1.47

	Total
	
	5.26

1.91
	5.74

1.65
	5.52

1.78
	5.60

1.81
	4.89

1.51
	5.21

1.68



	Score2

(posttest)
	EM1
	6.07  

2.17
	5.55  

1.47
	5.76

1.78
	12.31 

2.25
	9.80  

2.07
	10.79

2.47

	
	EM2
	5.00  

2.09
	5.67  

2.26
	5.31

2.16
	9.35   

2.62
	8.06 

2.79
	8.73

2.74



	Total
	
	5.48

2.16
	5.60

1.82
	5.55

1.97
	10.63

2.85
	9.03

2.54
	9.76

2.78

	Score3

(delayed posttest)
	EM1
	8.00  

2.63
	8.60  

2.64
	8.35

2.62
	9.46   

1.98
	9.00 

1.62
	9.18

1.76

	
	EM2
	6.82  

3.11
	7.27  

2.12
	7.03

2.66
	8.29   

2.42
	7.44  

2.07
	7.88

2.26

	Total
	
	7.35

2.92
	8.03

2.49
	7.71

2.70
	8.80

2.28
	8.31

1.97
	8.53

2.14


a Mean- upper entry, b Standard deviation-lower entry

To determine the entry knowledge on cryogenics-related concepts of the students, preliminary analysis of variance (ANOVA) with Treatment (no CBEP and with CBEP), Gender (Male vs. Female), and Stream (EM1 vs. EM2) as between subject factors was done on pretest scores (Score1). No significant result was detected at alpha level of 0.10 (p=0.05). The foregoing outcomes suggest the equality of the samples grouped by the between-subjects factors in relation to knowledge on cryogenics–related concepts before the CBEP experience.

RANOVA was then applied on TOC scores (Score) using the same between- subjects factors for ANOVA and Time (three levels: pretest- Time 1, posttest- Time 2, and delayed posttest- Time 3) as within-subjects factor. Regardless of Time, Treatment, (F(1,124)=41.61, MSE=6.36, η2 =0.251, P=1.00, p< 0.0001) and Stream (F(1,124)=14.15, MSE=6.36, η2 =0.102, P=0.962, p<0.0001) had significant main effects on mean test scores but no interaction between them was detected. The effect size attributable to Treatment was large: it corresponds to about 25% of the difference in Score of C and E. Ignoring Treatment, EM1 students had significantly higher mean score compared to EM2 students (see Figure 3). Moreover, Gender has no significant main effect on Score but its interaction with Treatment was found significant (F(1,124)=8.43, MSE=6.36, η2 =0.064, P=0.821, p<0.005), with moderate effect size. The overall mean score of the males and females in E have greater discrepancy than that for their counterparts in C (who have comparable mean scores).

Considering within-subject results, the main effects of Time (F(2, 248)=78.61, MSE=3.58, η2 = 0.388, P=1.00, p<0.0001) and its separate interactions with Treatment (F (2, 248)=50.58, MSE=3.58, η2 =0.290, P=1.00, p<0.0001) and Stream (F(2, 248)=1.99, MSE=3.58 η2 =0.034, P=.746, p<0.05) on Score were the only ones found significant at p=0.05.  Tests of within-subjects contrast (see Table 5) revealed that Score significantly changed over time for the students in general, both in linear and quadratic fashion. The same patterns of changes were found for Time x Treatment interaction. Using the descriptive statistics in Table 5 and 6, it can be noted that E ended up with higher subsequent mean scores compared to C, even if both groups started off with comparable scores. The quadratic trend in the scores over time is aptly represented in the plot curving downward for Figure 2, indicating an initial gain in posttest scores (Score 2) that eventually dropped to lower delayed posttest scores (Score 3). Such results are expected for E because knowledge gained is bound to decrease because of memory decline through time. The linear trend, which is evident for the mean scores of C, is almost a flat line between pretest and posttest and then sloping upward during the delayed posttest (the time when C has also experienced CBEP). The divergence of mean TOC scores of E and C during the immediate posttest, which then converged for the delayed posttest indicated that the CBEP has drawn a line between E and C, a line which has been erased when both groups experienced CBEP. All of these strongly suggest the effectiveness of CBEP in promoting learning.

Post-hoc tests on Time by Stream interaction revealed only a significant linear trend in the change of mean scores over time (p<0.05) with small effect size ((2= 0.044). As shown in Figure 3, commencing with similar pretest scores (Score1), the EM1 stream has generally higher subsequent mean scores compared to the EM2 stream. Examination of Figures 4 and 5 indicated that the EM1 and EM2 students in E experienced sharp gains in mean scores during the time of the immediate posttest, in contrast to the representatives of both streams in C who did not exhibit any substantial gains at all. As expected, scores for both streams in C picked up while those for E slightly dropped during the delayed posttest. The gap in the scores of the students from both streams that emerged during the immediate posttest was maintained up to the delayed posttest.

Table 5. 

Results of Within-Subjects Contrast Tests Among TOC Score Means Over Time 

	Source
	Effect Trend 
	SS
	df
	MS
	F
	p
	η2
	Power

	Time (pre/post/delayed)


	Linear

Quadratic
	480.02

82.53
	1

1
	480.02

24.05
	128.90

24.05
	0.000

0.000
	0.510

0.162
	1.000

.996

	Time x Treatment


	Linear

Quadratic
	19.75

342.23
	1

1
	19.75

342.23
	5.30

99.70
	0.023

0.000
	0.041

0.446
	.627

1.000

	Time x Stream


	Linear

Quadratic
	21.083

9.58
	1

1
	21.08

9.76
	5.66

2.84
	0.019

0.094
	0.044

0.022
	.656

.387

	Error 


	Linear

Quadratic
	461.78

425.62
	124
	
	
	
	
	


Analysis of TOC mean scores over time plotted by gender (Figures 6, 7, and 8) revealed that, regardless of treatment, boys and girls have similar patterns of scores through time. Even though the boys in E have higher mean scores in immediate posttest compared to the girls in E and the difference in the posttest mean scores of boys in E and C is higher than that of the girls (Figures 7 and 8), such differential effect of treatment disappeared during the delayed posttest: the scores of boys and girls in E and C approached equality.
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Figure 2. TOC mean score of E and C plotted over time 
             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 3. TOC mean scores of EM1 and EM2 streams plotted over time 

             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 4. TOC mean scores of C split by stream over time 
             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 5. TOC mean scores of E split by stream over time 

             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 6. TOC mean scores of Males and Females plotted over time 

*Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 7. TOC mean scores of C split by gender over time 

             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest
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Figure 8. TOC mean scores E split by gender over time 

             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest

Attitude to Science Results

Before the main analysis to assess group differences in attitudes towards science, two steps were undertaken. First, the major assumptions that must be met to warrant the use of multivariate analysis of variance with repeated measures (RMA) were evaluated for all the levels of ES and CP. To make the significance tests in RMA more robust, cell-sample sizes were equalized by randomly eliminating four girls from EM1 stream (since they form the largest cell size), making the ratio between largest cell size (LC) to smallest cell size (SC) less than 1.5 (Hair et al.,1996, p.275). Since cell-sample sizes are approximately equal, significant Levene’s Test (p<0.05) and Box’s M Test (p<0.005) results can be safely ignored. Bartlett’s Test of Sphericity yielded acceptable results: both between subjects (χ(2)2= 126.03, p<0.001) and within subjects (χ(2)2= 125.583, p<0.001) outcomes were significant. No recurring univariate and multivariate outliers were found (at p=0.001). Assumptions concerning multivariate normality of sampling distribution, linearity and multicollinearity were also met. Since all the important assumptions were satisfied, RMA was tenable to use on the given data. 

Second, simple multivariate analysis of variance (MANOVA) was conducted, using the pretest measures as dependent variables (ES1 and CP1) and the between-subject factors used for TOC analysis, to check for the baseline attitudes towards science of the samples before the CBEP (using the reduced sample in Table 6). MANOVA was done upon consideration of most of the assumptions included in RMA. No statistically significant main effect of treatment was found, F (2,124)<1, p>0.05, which means that the combined ES1 and CP1 scores of C and E were comparable before the treatment. There were statistically significant main effects of Gender (F(2,124) =5.08, (2= 0.076, P= 0.812, p<0.05) and Stream (F (2,124) = 0.18, (2= 0.154, P=0.992, p<0.001). The only statistically significant interaction was also due to the two aforementioned variables (F (2,124) =3.97, (2= 0.06, P=0.703, p<0.05). Post-hoc tests revealed statistically significant differences across Gender in both ES1 (F(1,125)=4.93, MSE=25.70, (2=0.028, P=0.596, p<0.05) and CP1 (F(1,125)=10.23, MSE=29.20, (2= 0.076, P=0.887, p<0.005). Similarly, univariate tests on Stream gave significant results for both ES1 (F(1,125)=16.90, MSE=25.70, (2= 0.119, P=0.983, p<0.001) and CP1 (F(1,125)=21.50, MSE=29.20, (2= 0.147, P=0.996, p<0.0001). The joint effect of Gender and Stream were statistically significant only on ES1 (F(1,125)=4.87, MSE=25.70, (2= 0.037, P=0.591, p<0.05). To sum up, no initial difference in attitudes towards science was detected between E and C. Initial attitude differences existed between boys and girls, and between EM1 and EM2 students: boys and EM1 students had significantly higher attitude scores than their counterparts (see Tables 7 and 8).

Table 6. 

Distribution of Samples Across Cells for ASI Analysis

	Stream
	Treatment Groups

	
	Control Group
	Experimental Group

	
	Male 
	Female
	Total
	Male 
	Female
	Total

	EM1
	14
	20
	34
	14
	20
	34

	EM2
	17
	15
	32
	17
	16
	33

	Total
	31
	35
	66
	31
	36
	67


RMA was then applied, with the same between-subjects factors and within-subjects factor used in TOC analysis, but this time, ES and CP were the dependent variables. Regardless of Time, the main effects of Gender (F(2,124)=6.42, (2=.094, P=0.897, p<0.05), Stream (F(2,124)= 16.31, (2= 0.208, P= 1.000, p< 0.001) and their interactions (F(2,124)=5.28, (2=.078, P=0.828, p<0.05) on combined ES and CP were again found significant. The main effect of Treatment and other interactions of the between-groups variables were all statistically non-significant. Post-hoc comparisons done in relation to the significant results revealed significant difference across Gender in ES (F(1,125)=8.30, MSE=70.33, (2=0.062, P=0.815, p<0.05) and CP (F(1,125)=996.65, MSE=77.01, (2= 0.094, P=0.946, p<0.001). The same holds true for Stream, which also produced significant results for both ES (F(1,125)=24.71, MSE=70.33, (2= 0.165, P=0.999, p<0.001) and CP (F(1,125)=32.38, MSE=70.33, (2= 0.206, P=1.000, p<0.001). Gender by Stream interaction failed to produce a statistically significant effect on any of the dependent variables. What appears is that the initial differences across gender and stream just persisted even after the CBEP, with boys and EM1 students having higher attitude scores than their counterparts.

Table 7. 

Mean and Standard Deviations of Enjoyment of Science Subscale Measured Over Time for Treatment x Gender x Stream groups

	ES


	Stream
	Treatment Groups

	
	
	Control
	Experimental

	
	
	Male
	Female
	Total
	Male
	Female
	Total

	ES1

(pretest)
	EM1
	22.64a
4.80b
	19.65

5.14
	20.88

5.15
	24.86

3.11
	20.00

5.71
	22.00

5.34

	
	EM2
	18.82

5.27
	18.33

4.32
	18.59

4.78
	17.47

5.71
	17.94

5.40
	17.70

5.48

	Total
	
	20.55

5.34
	19.09

4.79
	19.77

5.07
	20.81

5.96
	19.08

5.59
	19.88

5.79



	ES2

(posttest)
	EM1
	23.07

5.47
	20.10

5.61
	21.32

5.66
	26.93

2.65
	21.90

6.14
	23.97

5.55

	
	EM2
	18.94

5.68
	17.53

4.27
	18.28

5.04
	19.35

4.46
	18.81

4.52
	19.09

4.43

	Total
	
	20.81

5.87
	19.00

5.17
	19.85

5.55
	22.77

5.32
	20.53

5.62
	21.57

5.56



	ES3

(delayed posttest)
	EM1
	23.43

6.41
	20.55

7.00
	21.74

6.82
	26.00

3.42
	21.60

6.47
	23.41

5.79

	
	EM2
	18.94

4.64
	17.60

4.24
	18.31

4.44
	19.65

6.18
	16.81

5.13
	18.27

5.79

	Total
	
	20.97

5.87
	19.29

6.08
	20.08

6.00
	22.52

5.98
	19.47

6.31
	20.88

6.30


a Mean- top entry, b Standard deviation-lower entry

Note: N for each cell is given in Table 6

Turning to within-subject results, Time produced highly significant results (F(4,122)=2.68 at (=0.05, (2= .081), indicating significant variations on combined ES and CP attitude measures from pretest to delayed posttest. Time by Treatment interaction effects could be considered significant (F(4,122)=2.36 , (2= 0.072, P= 0.669, p=0.057) when critical ( level was raised to 0.12 (p=0.06). Such a move was justified by the relatively low power of the multivariate test (P=0.67) due to small cell-sample size (Hair et al., 1996, p.306). No other interaction with Time approached significance.

When tests on within-subjects contrasts for the significant results in the preliminary multivariate tests were carried out, it was found that the main effect of Time and its interaction with Treatment were both statistically significant only in ES with quadratic pattern of change, F(1,125)=5.67, (2= 0.043, P= 0.656, p<0.05; and F(1,125)=7.50, (2= 0.057, P=0.776, p<0.05, respectively. It can be noted from Figure 9 that there is sharp increase in the score for ES (Time 2) after the treatment/program for the experimental group while seemingly no significant change happened for the scores of the control group. The mean scores of E at Time 3 have dropped relative to those of Time 2, but still higher than those at Time 1. The students in C, who experienced the treatment after the posttest, slightly increased their scores (in the average) for the delayed posttest. In all the cases mentioned, the respective effect sizes of Time and Time x Treatment interaction on enjoyment of science were fair to moderate.

Table 8. 

Mean and standard deviations of Career Preference for Science Subscale Measured Over Time for Treatment x Gender x Stream Groups

	CP


	Stream
	Treatment Groups

	
	
	Control
	Experimental

	
	
	Male
	Female
	Total
	Male
	Female
	Total

	CP1

(pretest)
	EM1
	23.07 a
5.53 b
	21.70

5.09
	22.26

5.24
	25.86

3.57
	20.55

6.43
	22.74

5.99

	
	EM2
	18.94

5.97
	16.87

3.94
	17.97

5.15
	20.59

6.25
	17.25

5.15
	18.97

5.90

	Total
	
	20.81

6.05
	19.63

5.17
	20.18

5.59
	22.97

5.78
	19.08

6.04
	20.88

6.20



	CP2

(posttest)
	EM1
	22.71

6.41
	22.15

5.69
	22.38

5.91
	27.07

3.15
	21.95

5.94
	24.06

5.55

	
	EM2
	18.94

6.03
	15.20

3.53
	17.19

5.29
	20.82

5.32
	17.31

5.20
	19.12

5.48

	Total
	
	20.65

6.39
	19.17

5.95
	19.86

6.16
	23.65

5.42
	19.89

6.02
	21.63

6.01



	CP3

(delayed posttest)
	EM1
	23.50

6.39
	21.50

7.16
	22.32

6.83
	25.29

3.93
	22.40

6.56
	23.59

5.74

	
	EM2
	19.47

4.98
	15.60

3.16
	17.66

4.60
	20.35

6.54
	15.87

5.73
	18.18

6.47

	Total
	
	21.29

5.92
	18.97

6.45
	20.06

6.27
	22.58

5.98
	19.5

6.94
	20.93

6.65


a Mean- top entry, b Standard deviation-lower entry

Note: N for each cell is given in Table 6
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Figure 9. ES mean scores over time of E and C

             * Time 1= pretest, Time 2= posttest, Time 3= delayed posttest

Though non-significant results were yielded for CP measure, it is interesting to note from Figure 10 that, on the average, E increased its mean score in CP preference for science right after the CBEP. However, such gain was just temporary as the CP mean scores fell back to their original level. For students in C, the trend of decreasing CP was somehow opposed by CBEP (see Time 3), even just to keep CP scores at the pretest level. Perhaps, if the program was longer, more lasting results can be achieved. 
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Figure 10. CP mean scores over time of E and C

*Time 1= pretest, Time 2= posttest, Time 3= delayed posttest

Qualitative Results

The frequencies of responses of the students to Students Feedback Form are summarized in the table right below them. The first time the codes are mentioned, they are described completely. The next time they come out, only the first parts of the descriptions are written. Codes beginning with ED, EN, and M refer to those with educational, entertainment and edutainment tone respectively. The codes beginning with O are unclassified responses. Percentage responses for positive and negative comments are preceded by + and – signs respectively. Those without signs are neutral responses.

Based on the responses, a large majority of the students wanted to see another CBEP (84%) basically for entertainment reasons (Table 9, 37 %), but a significant number also mentioned educational reasons (Table 9, 29 %). Comparable number of students would like to share the educational and entertainment aspects of CBEP (Table 10, 31% and 30 % respectively) and encourage their friends to come as well (Table 10, 20%). The unclassified responses of the students’ for Q1 revealed how they appreciated being taken out of their classroom to learn something differently, particularly through demonstrations and experiments. 

Student 96: It allows me to understand concepts that are not in my textbooks.

Student 109: It increased my interest in science.

Student 110: I can see the actual process.

Student 115: Learning out of school is more fun.

Student 116: Science is interesting with experiments. I learned faster.

Table 9

Summary of Responses for Q1b 

Q1b. State your reasons (if you want to attend /do not want to attend another CBEP).    

	Codes
	Description
	Percentage 

(N=70)

	ED112
	Useful in learning about science/educational/informative

Learn(ed) new things/add knowledge about science/learn(ed) a lot or more
	+22%

	ED113
	Learn(ed) about liquid oxygen/liquid nitrogen and their properties 
	+7%

	ED101
	Cannot understand/unclear explanation/very complicated/confusing
	-3%

	EN211
	Fun /exciting/enjoyable
	+31%

	EN214
	Interesting/amazing/surprising/magical/shocking/never seen or experienced before
	+6%

	EN201
	Boring/not fun/not exciting
	-9%

	M311
	Delivery of lesson is good/It is nice or cool/I liked the lesson (very much)
	+6%

	M304
	Once is enough
	-3%

	O14
	Unclassified responses
	+7%


                      ED= +29%, -3%       EN= +37%, -9%        M= +9%, -3%

Table 10

Summary of Responses for Q2

Q2. If your friend asked you about this lesson, what would you tell him/her?

	Codes
	Description
	Percentage (N=70)

	ED112
	Useful in learning…
	+20%

	ED113
	Learn(ed) about liquid oxygen… 
	+11%

	EN214
	Interesting …
	+27%

	EN211
	Fun …
	+3%

	EN201
	Boring…
	-3%

	M313
	Others must see the program/ The public must be informed about it/You must attend.
	+20%

	M311
	Delivery of lesson is good…
	+16%

	000
	No response
	4%


                     ED= +31%
        EN= +30%, -3%           M= +36%   

Table11

Summary of Responses for Q3a

Q3a. What did you like most about the cryogenics-based program? 

	Codes
	Description
	Percentage (N=70)

	ED113
	Learn(ed) about liquid oxygen…
	+6%

	M411
	All (demos)/all cool/good/ok
	+33%

	M412

C to H
	Specific demos (burning, magnetic LOX, film can etc.)
	+55%

	M403
	I did not like any/none
	-3%



ED= +6%

   EN=0%

    M= +88%,  -3%

Table 12 

Summary of Responses for Q3b 

Q3b.Why do you like your choice for Q3a?

	Codes
	Description
	Percentage 

(N=70)

	EN214
	Interesting…
	+30%

	EN211
	Fun …
	+26%

	O14
	Unclassified responses
	4%

	000
	No response
	27%



           ED=0%

             EN= +56%                     M =0 %

Table 13

Summary of Responses for Q4a

Q4a.What did you like least about the cryogenics-based program?

	Codes
	Description
	Percentage

 (N=70)

	ED101
	Cannot understand/unclear explanation/very complicated/confusing
	-7 %

	ED102
	Don’t like asking of questions
	-3 %

	EN201B
	Talking/lecture/explanation is boring
	-13%

	M412

C to H
	Specific demos (burning, magnetic LOX, film can etc.)
	-24 %

	M413
	None (I like all the demos)
	+24%

	000
	No response
	16%



            ED= -10%

   EN= -13%

      M= +24%

Table 14

Summary of Responses for Q4b 

Q4b. Why do you not like your choice for Q4a?

	Codes
	Description
	Percentage (N=70)

	EN201
	Boring/not fun/not exciting
	-11%

	EN204
	Seen before/not interested/been here before
	-3%

	M215
	Dangerous/
	4%

	000
	No response
	53%



         ED= 0%

         EN=-14%

      M= 4%

Around 30% (Table 11) of the participants liked all the demos presented because they find the demos interesting and exciting. Furthermore, some 7% wanted to see more demonstrations and 6 % suggested to maintain the lesson or make it longer  (Table 15). Some (3%) wanted to go further than just seeing, they want to experience to do the demonstrations themselves (Table 15). Around 16% simply loved the way the lesson was delivered (Table 10).

However, 16 % of the students did not want to see another CBEP again. About 11% of the participants found the lesson boring (Table 9) or at least parts of it (Table 14), with 3% of the students hinting that they have seen such programmes before (Table 14), thereby removing the novelty of the lesson (which is its main strength). Even if the aforementioned students did not like the CBEP, they still acknowledged the educational value of the lesson.


Students 25, 35, and 39: I would tell him what I learned here.


Student 17: I would tell him that things burn in liquid oxygen.

Some who did not want to see another CBEP also recognized the value of the programme as they were still willing to recommend it to their friends.

Student 24: I would tell him about it.

Student 32: I would tell him that he should attend this lesson.

Student 36: I would tell him to go for it.

Student 40: It is fun.

About 7% found the lecture confusing and complicated while 13 % state that did not want to listen to any lecture as they find it boring. The former group is seemingly not cognitively prepared for the lesson; one possible explanation is their lack of cognitive structures needed to comprehend the new concepts presented to them. The latter group is seemingly not prepared to listen to a lecture; their minds are set that going out-of-school should be fun and need not involve studying (or learning). The foregoing scenarios emphasized the need to do effective pre-visit instructions before any out-of-school educational activity (Baker, 2002; Hartley & Davies, 1976; Ausubel, 1960; Gennaro, 1981; Kubota & Olstad, 1986). Though the pre-visit instruction seems to have worked well for most of the participants, more attention should be given to those who display signs of having “going-out-of-school-is-just-for-fun” attitude. Students who have seen the CBEP before should also be noted in planning the activity.

Table 15 

Summary of Responses for Q5 

Q5. Comments and suggestions.

	Codes
	Description
	Percentage 

(N=70)

	EN214
	Interesting…
	+6%

	EN211
	Fun …
	+4%

	EN222
	Allow more volunteers/must experience doing the demos/be fair in choosing volunteers/allow others to see closely the demos
	3%

	M313
	Others must see the program…
	+4%

	M321
	Keep up the good work/maintain the lesson/continue the lesson or working hard/longer lesson
	+6%

	M322
	Present more demos/experiments
	+7%

	M323
	Improve the demos
	+3%

	O14
	Unclassified responses
	3%

	O23
	Suggestions related to physical setting
	-4%

	000
	No response
	45 %



         ED= 0%

          EN=+10%, 3%
               M=+20%

Discussion

The results of the study indicated that a great deal of learning did take place right after the students experienced CBEP. Such learning waned slightly after two weeks. In terms of immediate learning gains, the boys seemingly have an edge over the girls. When the learning of boys and girls were analyzed over time, no overall difference was found between the opposite genders. The given finding suggests that both genders can derive comparable learning benefits from CBEP. Given the right stimulus, boys and girls can achieve equally well in science, even just in terms of learning-cryogenics related concepts. Moreover, both EM1 and EM2 students also learned considerably from the CBEP experience: the former gained higher scores than the latter. EM1 students, or the better learners, are the ones who were more benefited by the programme than the EM2 students. The minds of the better learners, perhaps, were more prepared to absorb new ideas compared to the other group. 

Responses to open-ended questions revealed that the students were aware that they have learned something from the CBEP experience. They recognized the educational value of the programme and indicated how different it was from the way they learned science in school. They welcomed the experiments that used something they have never seen before and mentioned how they could learn faster seeing the actual process involved in science concepts through such experiments. 
The attitude towards science data indicated a gender and stream gap among the participants. Boys and EM1 students view science as more enjoyable and prefer to take science careers than the girls and EM2 students respectively. Such difference persisted even after the CBEP. On the other hand, CBEP has significantly increased the enjoyment of science but not career preference for science of the participants, regardless of gender and stream. The moderate affective gain slightly waned after two weeks, but still higher compared to the mean pre-treatment attitude score. Student’s career preference for science was significantly enhanced right after CBEP, but the gains did not last long. 

It is not surprising that the students’ enjoyment of science was the one mainly enhanced by the programme. The programme has the elements that can make the learning of science enjoyable. Such elements include novelty of materials and environment, spectacular display of light and colors, dramatic occurrence of events, and high of involvement among participants. The students all noted such elements in their responses full of words like “fun”, “amazing”, “cool”, “magical” and “interesting”. Such responses even outnumbered those pertaining to educational aspects of the programme.

The findings on the cognitive aspect of CBEP are anchored on stronger grounds as compared to affective gains; the former is strengthened by the greater convergence of delayed posttest scores between E and C. For learning of cryogenics-related concepts, mean test scores started from convergence or equality; then diverged and differentiated those who experienced CBEP from those who did not experience CBEP for the immediate posttest; and finally converged for the delayed posttest (when the treatment and comparison groups both experienced CBEP). The large value of the effect size of CBEP on cryogenics-related test scores, given the small sample size and large power of the relevant statistical tests conducted, further reinforced the foregoing result and enhanced the practical significance of the findings on the cognitive area. For the affective findings, similar trend was obtained except that the mean attitude scores of the treatment and comparison groups only showed slight convergence when both groups were equally exposed to CBEP. Only a minor change in the delayed posttest score, compared to the pretest score, was exhibited by the control group. However, the significant gain on enjoyment of science due to CBEP was upheld by the qualitative responses of the students, as mentioned in the previous paragraph. In addition the moderate value of effect size for such attitude subscale, given the small sample size, suggests the practical importance of the results, which cannot be discounted.

The results of the study indicated that the students are more affected cognitively than affectively by CBEP. Such results are, perhaps, due to the moderately structured nature of CBEP that favors cognitive gains, just like what Stronck (1983) has reported. It is also a known fact that attitude, even if it can be modified by experience, may take time to change, as it has been developed and nurtured deep inside a person over the years (Sherif and Sherif, 1970). It is, however, interesting to note that an hour of non-formal learning experience was able to bring about significant learning and affective gains in the samples of the study.

The aforementioned findings have shown that the schools’ partnership with a non-formal learning institution, like Snow City, could bring about positive learning and affective outcomes that the students can bring into their schools. Such cognitive and affective gains may influence the way the students learn and perform their roles as collaborators in the classroom. For such reason, the partnership or collaboration between schools and non-formal learning institutions, which at the moment falls in between institutional cooperation to strategic alliance level, should be enhanced to further enrich the learning repertoire of the students.
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