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LEARNING BEYOND THE FOUR WALLS OF THE CLASSROOM: THE
POTENTIAL OF CRYOGENICS-BASED
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IN SCIENCE EDUCATION

Imelda Caleon and R. Subramaniam
National Institute of Education

Nanyang Technological University
Singapore

Though the bulk of students’ learning takes place in the classroom, it
should not be restricted in there. The rich experience from the bigger
classroom – the outside world, can complement and help to foster
learning inside the formal classroom. Such experiences are given
partial structure in the form of enrichment activities. In this paper, the
potential of cryogenics-based activities, that is, activities involving the
use of low temperature fluid such liquid nitrogen, in augmenting and
fostering learning among school students, is explored. The study was
based on a visit by a school group to Snow City for science enrichment
lessons. Results show that novelty is an effective stimulus for
promoting learning. Indeed, the field of cryogenics is a perfect
embodiment of novelty. The brain-based learning paradigm is used to
elaborate how novelty in the learning experience promotes outright
learning from the enrichment and how such learning can be utilized to
facilitate or reinforce formal learning. Aside from the cognitive gains,
cryogenics-based science enrichment programs are also shown to be
strong in the affective realm, an area that can resonate towards future
learning endeavors in the formal classroom and affect career decisions
of students.

Key words: science enrichment programs, cryogenics, learning outside the
classroom

Introduction

It is essential for learning to go beyond the four walls of the classroom (National
Academy of Sciences, 1996) and be applied to situations in the outside world to
position it in a broader perspective. Sharp suggested the need to situate learning in
the context where it could flourish, “That which can best be taught inside the
schoolrooms should there be taught, and that which can be learned through
experience …outside the school should there be learned” (quoted in Richardson &
Simmons, 2000, ¶11).  The rich experience from the outside world can compensate
for the inadequacy of formal learning (Stevens, 1969; Lucas, 1983, p.1).

Current trends in science education lean towards the departure from the traditional
style of teaching. As more and more educationists try to develop new teaching
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strategies and approaches in science instruction, the idea of augmenting in-school
learning by out-of-school enrichment experiences has come into view. Out-of-
school learning is becoming a necessity for today’s generation of learners. So many
changes have happened to the outside world in the advent of technology revolution.
There is just so much to see and learn out there. Learning will be rendered short of
relevance and completeness if it is confined within the classroom.

Another concern that emphasizes the need to focus on out-of-school learning is the
current findings on student’s attitude towards science-- a factor that is considered as
a very important predictor of learning and achievement. Studies indicate that there
is a decline in students’ attitude towards and curiosity about science as they
approach secondary school (Kelly, 1986; Speering & Rennie, 1996; Neathery,
1997; Farenga & Joyce, 1998; Jarvis & Pell, 2001). If this trend will continue, the
future generation will either shy away from science or it will not be able to cope
with the changes in the science-and-technology driven society. Farenga and Joyce
(1998) concluded based on an extensive review of literature and the results of their
study that there is a relationship between early life experiences, affective factors,
future interest in science and later career interests. “The process of enabling young
children to start a lifelong interest and understanding of science in the wider world
may be improved by the provision of out-of-school science experiences” (Jarvis and
Fell, 2002, p. 980).

Out-of-school learning experiences that are meant to complement formal learning
usually come in the guise of enrichment activities. They are programs that allow the
students to experience many phenomena and ideas that are new to them (Anderson,
Lucas & Ginns, 2000). Such experiences are predominantly multi-sensory and
enjoyable for the students, thereby enhancing retention of learning and promoting
positive affective gains. Using the constructivist point of view, such experiences
will affect their subsequent learning and knowledge construction. Adapting the
brain-based learning standpoint, the newness of the experience will stimulate brain
growth and activity (Jensen, 1998) thereby making it more predisposed to learning.
Enrichment activities then offer a great potential for utilization in the field of
education.

In Singapore, out-of-school learning has been emphasized as one of the means to
develop a “strong science culture that would help… [the] people to be more
receptive towards the potential of science and technology-driven socio-economic
development” (Teo, 2000, ¶ 2). To keep in step with the global developments in
science and technology, the learners should have a broader base of learning. For
such reason, science centers can be utilized to serve as adjuncts of the schools and
to help in enriching the school curriculum (Subramaniam, 2003; Tan &
Subramaniam, 2003). Formal classroom learning complemented by enrichment
activities can help the learners participate more in the scientific progress of the
nation (Lam-Kan, 1985, p. 5).
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Though out-of-school learning is deemed as significant in the current education
milieu, “it is one of the most neglected by teachers, curriculum developers, and
researchers” (Orion and Hofstein, 1994, p. 1097).  There is a limited knowledge and
understanding of out-of-school learning environment due to inadequacy of
assessment and evaluation techniques (Orion et al, 1997). The same holds true in
Singapore where only a handful of studies were devoted on out-of-school
enrichment programs (Chang, 1974). More studies are needed to fully define the
position that out-of-school learning takes in the field of education; this study
responds to the challenge. This study is conceived in the context of the need to
evaluate the cognitive and affective impact of out-of-school enrichment activities
on students. The potentials and effectiveness of enrichment activities is an area that
is still minimally investigated (by researches) and utilized (by science teachers)
both in the international and local milieu.

Snow City’s cryogenics-based enrichment program (CBEP) was chosen for the
study because of the unique experience that it offers for the learners: It involves fun
and exciting demonstrations. The suitability of demonstrations for enrichment
programs can be drawn from its capability to promote both affective and cognitive
learning. Studies suggested that demonstrations could stimulate attention and
promote participation of students in a wide range of age level (Beasley, 1982)
regardless of gender and color (Buncick, Betts & Horgan, 2001). They were also
found to promote positive attitude towards science and desire to pursue science
careers (Bogen, 1963). Moreover, the novelty of the experience that the program
offers (with the use of cryogenic chemicals) can capture the interest of learners
(Jensen, 2000). The fun and enjoyment that CBEP provides to the learners trigger
the release of chemicals essential for alertness and memory (Cornett, 1986; Jensen,
2000). The stated facts suggest that CBEP holds a great promise in stimulating the
students’ curiosity and enthusiasm in science thereby making them more
susceptible to learning.

There has been very minimal study on the effectiveness of CBEP in science
education. A few relevant studies done to date covered merely subjective
perceptions of the participants in enrichment programs that partly involved
cryogenics –based activities (Bruce, Weismann & Novak, 1997; Lopez-Garriga et
al., 1997; Lee and Schreiber, 1999).  No effort has been made so far to specifically
identify the distinct cognitive and affective impact of cryogenics-based enrichment
activities on learners using validated instruments. A more thorough evaluation of
cryogenics-based programs will help in identifying their strengths and weaknesses
for more effective utilization in science education.

The study serves as a follow-up to the studies done in Singapore by Chang (1974)
and Lam-kan (1984) who both indicated that relevant enrichment activities have
positive effect on science learning and interest towards science.

With its focus on the learners, the main goal of this study is to investigate whether
CBEP will
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(1) promote positive attitude toward science
(2) foster  learning of science concepts
(3) produce differential impact across gender and learning abilities

(streams).
A subsequent goal of the study is to determine the perceptions of the students
regarding the content, presentation and effectiveness of the enrichment program.

Sample

A total of 141 Primary 5 (or Grade 5) students (aged 10 to 11) from four classes of
a co-educational government school in Singapore were involved in the study. There
were 68 males and 73 females comprising the sample. One hundred and eight
students belong to EM2 stream and 33 students belong to EM1 stream.

The CBEP -Fun with Liquid Nitrogen

The program is a lecture-demonstration that involves the illustration of the different
properties of liquid nitrogen (LN2). Demonstrations involving the effect of LN2 on
the properties of materials (e.g. banana, balloon, rubber ball, flower) will be shown
dramatically to the students. Variation of pressure and volume with temperature
will also be demonstrated, with temperature range going from room temperature
down to the temperature of liquid nitrogen. Discussion and demonstration of snow
formation and liquefaction of air are also included. Application of the concepts
being demonstrated is also being tackled. Students are asked to volunteer in most
part of the program to encourage involvement. To encourage students to participate,
prizes are also given to students who volunteer and answer questions correctly.

Data Gathering Instruments

Three instruments were used in the study. Details of the instruments are
summarized in Table 1. The instruments are of moderate to high reliability (as indicated
by Cronbach alpha). The instruments were found suitable for the reading level of Primary 5
students.

Table 1
Instrument Reliability and Readability

Instrument Cronbach
alpha

Number of
items

Flesch-Kincaid
Readability Level

Attitude to Science Instrument (ASI)
 0.90
(N=68) 17 4.1

Test on Cryogenics (TOC)
0.58
(N=70) 16 5.4

Student Feedback From (SFF)
0.89
(N=134) 10 5.4

1 .  Attitude to Science Instrument or ASI (Foong and Lam, 1988) is a
shortened version of the original instrument. Each item calls for responses
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of students given in 5-point Likert scale format. The Likert style  “Smiley
face” was placed alongside the choices in each item following the examples
of researchers (Mortimore et al., 1988; Pell & Jarvis, 2001; West, Hailes &
Sammons, 1997) in order to help primary five students to discriminate
among the choices. The subscales included in this study are Enjoyment of
Science (ES), Career Preference for Science (CP) and Social Implications of
Science(SS). The pretest version (ASI1), which was directly lifted from the
original ASI, was slightly modified for the posttest version (ASI2). This was
done to ensure that the posttest reflects the present and future view of the
students about science in contrast to the pretest, which is about the past. The
differences in the two versions are shown in Table 2.

   Table 2
   Modifications Done on ASI1

Item
No.

ASI1 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 t
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.

ASI2 was pilot tested on 53 Primary 5 students (29 boys and 24 girls) from
EM1 and EM2 streams. The piloting was done to know whether the
instrument, which is originally designed for secondary students, could be
used in the study.

2. Test on Cryogenics-Related Concepts (TOC)- The content of the test was
validated by three science lecturers from National Institute of Education
(Singapore) and two primary five teachers. Based on the suggestions of the
instrument evaluators, the test was modified. Afterwards, the test was pilot
tested in 2 classes of Primary Five students not included in the study. The 54
participants of the pilot study, which is a mix of EM1 and EM2 streams,
comprised of 23 males and 21 females. Based from the results of the pilot
study, the test was further modified to form the final version of TOC for use
in this study.

3. Student Feedback Form (SFF) -It is composed of two parts. The first part
includes ten statements that use Likert scale placed alongside “Smiley face”
to determine the degree of agreement of the students to each statement. The
second part involves questions that require descriptive responses. The
instrument was also content validated and pilot tested similar to the
procedure done for TOC.
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Method and Results

The study is predominantly experimental in design with incorporation of
complementary qualitative method in smaller proportion for the purpose of
providing explanations and support for quantitative results. Quantitative results will
provide the aggregate or macro-level description while qualitative results will give
the micro-level perspective (Kelle, 2001).

For the first phase of the study, baseline information on knowledge and attitude
toward science was collected. Pretests using ASI1 and TOC were given to the
subjects three days before their trip to Snow City. In line with the suggestions of
researchers (Baker, 2002; Hartley & Davies, 1976; Ausubel, 1960; Gennaro, 1981),
one or two days before the trip, the geographical location of Snow City (as shown
by a map) and pictures of Snow City facilities were shown to the students using
transparencies. The teachers also presented an overview of the concepts and
principles that will be covered in the educational programs together with a brief
review of related topics. For the sake of uniformity, the researcher provided the
transparencies for the stated pre-visit instructions.

Using the information provided by the teachers, the students from each class were
blocked based on gender. Every student from each block was randomly assigned to
either experimental group E or control group C. Upon arrival to Snow City, students
were briefed on the procedure; C was escorted to the testing room for the 20-minute
posttests (ASI2 and TOC) while E group stayed in the waiting area. Afterwards, E
and C were rejoined for a 45- minute educational program. After the program, both
groups completed the SFF. The C group left the room and prepared for their Snow
Chamber experience while E group took the posttests (ASI2 and TOC).

The illustrated design of the study is given in Figure 1.

Figure 1. The research design

The given research design allows for assumption of equality for E and C as they
came from common classes (under the same group of teachers and with similar set
of school experience). The difference between the two groups is mainly due to

Pretest-
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chance. The design also controls for Hawthorne effect as all the students from both
groups were immersed in the same novel environment and experience.

For the succeeding discussion on the results of the study, the following symbol
convention on the significance of the results will be used.

Table 3
Symbol Convention for the Significance of Results

Symbol

Mean Scores Compared
 Significant at certain
acceptable levels

Not significant at any
acceptable level

Pretest vs. Pretest (counterpart groups)

^  (α= 0.1)
^^ (α= 0.05)
^^^ (α= 0.01)

   γ

Posttest vs. Posttest (counterpart groups)

^  (α= 0.1)
^^  (α= 0.05)
^^^ (α= 0.01)

  β

Pretest vs. Posttest (for a given group)

*  (α= 0.1)
** (α= 0.05)
*** (α= 0.01)

  #

Firstly, the pretest means of E and C were compared using a two-tailed t-test with
independent samples. Since p> 0.05 for ASI1 and TOC pretest scores (see Table 4),
it can be deduced that the pretest scores are not significantly different. Hence, it can
be assumed that E and C are equivalent in terms of attitude towards science and
knowledge on cryogenics before the CBEP. The stated finding supports the
assumption stated earlier regarding the equality of E and C.

Table 4
Pretest Scores of Experimental and Control Group

Instrument Experimental Group (E) Control Group (C) Pretest Comparison
E vs. C

Mean SDc Mean SD T df p
ASI1a 58.96

(N=68)
10.74 58.21

(N=71)
8.63 0.45 137 0.65 γ

TOCb 4.37
(N=70)

2.78 4.37
(N=71)

1.77 0.02 139 0.99 γ

   a maximum score is 85;   b maximum score is 16;
    c

 SD = Standard Deviation
    γ  

 
not significant at α=0.1 (independent samples, 2-tailed test)

Results: Attitude Toward Science

The students who experienced the CBEP before their posttests (E) were found to
have significantly higher attitudes towards science compared to those who took
their posttests before the CBEP (C). This was shown by the significantly higher
mean posttest scores of E students compared to C when a two-tailed t-test for
independent samples was done at 95% confidence interval or α=0.05 (see Table 5).
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Moreover, a two-tailed t-test for matched samples was done to compare the pretest
and posttest ASI scores of E and C separately.  It was found that the attitude to
science of E students has significantly improved after experiencing the CBEP (at
99% confidence interval, α=0.01 ). Their scores have mean gains of 3.441. The
foregoing results conform to the findings of many researchers on enrichment
programs (Gibson & Chase, 2002; Moore, 2001; Thomson & Brooks, 1996; Worch
& Gabel, 1994; Fan, 1991; Lam-Kan, 1985; Chang, 1974). It follows form the
given findings that experience (Martin, 1997) and physical environment (Power,
1981) can modify attitude.

In contrast, the C students did not show any noteworthy change in their attitude
toward science. The same trend is true for all the subscales of ASI involving
responses of the C group (see Table 6).

Table 5
Analysis of ASI Pretest-Posttest Scores of the Experimental Group and Control Group

Pretest a Posttest  a

Group
Mean SD Mean SD Mean difference

E
(N=68) 58.96 10.74 62.40^^*** 11.42 3.44

C
(N=71)

58.21 8.63 57.24^^ β 13.59 0.97

  
a   

 maximum score is 8
 ^^   p<0.025,  posttest mean comparison with  the counterpart group (independent samples, 2-tailed t-test)
 *** p<0.005, comparison  with associated  pretest mean score (matched samples, 2-tailed test)  β     p>0.05, comparison with associated pretest mean score (matched samples, 2-tailed test)

Table 6
Comparison of ASI Pretest-Posttest Subscale Scores of the Control Group (N= 71)

Pretest Posttest Pretest vs Posttest
Subscale Mean SD Mean SD Mean

difference
t (df=60) p

Enjoyment
of Science
(ES)a

19.41 3.57 19.96 4.11 0.55 1.376 0.173 β

Career
Preference
(CP)a

20.11 4.50 20.13 4.77 0.01 0.033 0.973 β

Social Implications
(SS)b

18.56 2.96 18.62 3.69 0.06 0.149 0.882 β

    a
 maximum score is 30;

     b
 maximum score is 25             

       β not significant at α=0.1 (2-tailed test)
   

 Looking more closely at the ASI scores of the students who experienced CBEP
before the posttest (E), it can be noted that the significant improvements (at α=0.01)
in the attitude towards science of the students were mainly on Enjoyment of Science
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(ES) and Career Preference (CP) subscales (see Table 7). The given findings imply
that experiencing CBEP can make the students enjoy science more and help entice
the students to pursue science careers. The aforementioned outcomes further
suggest that CBEP is indeed a very good option in addressing the current decline in
students’ attitude towards and interest in science as raised by researchers (Kelly,
1986; Speering & Rennie, 1996; Neathery, 1997; Jarvis & Pell, 2001).

On the other hand, CBEP was not able to affect the view of students altogether on
the social implication of science (SS subscale). When the students are divided into
streams (see Table 8), it was found that the better learners (EM1 stream) have
significantly increased in their score for SS subscale (at 95 % confidence interval,
α=0.05). The EM2 students did not show any improvement at all in the SS
subscale. The given results are in view of the fact that both groups started off with
statistically equivalent pretest scores. Perhaps the better learners were able to
appreciate more the benefits that science can give to the society during the part of
the CBEP when applications of the demonstrations were discussed. The rest may
have focused more on the enjoyment derived from the experience.

Table 7
Comparison of ASI Pretest-Posttest Subscale Scores for the Experimental Group (N= 68)

Pretest Posttest Pretest vs Posttest
Subscale

Mean SD Mean SD
Mean difference

t (df=67) p

Enjoyment
of Science
(ES) a

19.75 4.22 21.38 4.31 1.62 3.992 0.000***

Career
Preference
(CP) a

20.53 4.97 21.77 4.94 1.24 3.260 0.002***

Social Implications
(SS) b 18.68 3.39 19.27 3.73 0.59 1.610 0.112

    
a
 maximum score is 30;

    b
 maximum score is 25

    *** significant at α=0.01 (matched samples, 2-tailed t-test)

Overall, CBEP was found to have differential effect on the ASI scores of students
from opposite genders. Though no significant difference was found when the total
and subscale ASI posttest scores of males and females from the E group were
compared, only the females showed significant improvement in their overall ASI
scores (see Table 9). It is also worth noting that the mean attitude and mean gain in
attitude scores of female students for all the subscales, as well as in the total score,
is constantly higher than the males. The responses of female students are also more
homogeneous compared to the males as measured by the standard deviation.
Moreover, detailed analysis of the pretest and posttest scores of both genders
revealed that the females had significant improvements in all subscales (α =0.01 to
0.05) while the males acquired remarkable improvement only in ES  subscale
(α=0.01). The given findings suggests that CBEP can improve some aspects, if not
all aspects, of the attitude towards science of both genders; the improvement may
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not be the same for each gender, though. The aforementioned results are indications
that CBEP helps in narrowing the so-called gender gap in attitude toward science,
which normally favor boys (Lim, 1986; Power, 1981; Weinburgh, 1995; Martin,
1999). In agreement with Ryan (2000), CBEP as an enrichment program might be
one of the keys to encourage girls in the area of science and in helping them to
catch up with the males.

Table 8
ASI Pretest-Posttest Scores of the Experimental Group Analyzed by Stream

EM1 (N=17) EM2 (N=51)

Pretest Posttest Pretest PosttestType of Score

Mean SD Mean SD Mean SD Mean SD
Enjoyment
of Science

(ES)
19.76 4.27 22.35*** 3.71 19.75  β 4.24 21.04# ** 4.48

Career
Preference

(CP)
21.35 4.09 23.24** 4.09 20.26 β 5.08 21.28# * 5.14

Social
Implications

(SS)
20.06 3.15 21.88** 2.06 18.22 β 3.37 18.39^^^  β 3.77

Total 61.18 10.27 67.47** 7.47 58.22 β 10.89 60.71^ ** 12.06
     γ       p>0.05, comparison of  mean pretest scores for counterpart groups (independent samples, 2-tailed t-test)
       #     p>0.05, mean posttest scores comparison with EM1 students (independent sample , 2-tailed t-test)
     ^       p<0.05  mean posttest scores comparison with  EM1 students (independent sample , 2-tailed t-test)

^^     p<0.025  mean posttest scores comparison with  EM1 students (independent sample , 2-tailed t-test)
    ^^^   p<0.005 mean posttest scores comparison with  EM1 students (independent sample , 2-tailed t-test)

 β       p >0.1, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)
*       p < 0.05, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)

    **     p < 0.025, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)
    ***   p < 0.005, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)

Table 9
ASI Pretest-Posttest Scores of the Experimental Group Analyzed by Gender

Male (N=33) Female (N=35)
Pretest Posttest Pretest PosttestSubscale

Mean SD Mean SD Mean SD Mean SD
Enjoyment
of Science
(ES)

18.97 4.63 20.85** 4.76 20.49 3.71 21.86# ** 3.84

Career
Preference
(CP)

20.58 5.62 21.15 β 5.86 20.49 4.35 22.34# *** 3.74

Social
Implications
(SS)

18.59 3.70 18.61 β 4.30 18.77 3.13 19.89# ** 3.04

Total 58.12 12.21 60.61 β 13.74 59.74 9.25 64.09# *** 8.57
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    #    p>0.05, mean posttest scores comparison with Male students (independent sample , 2-tailed t-test)
      β      p >0.05, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)
   **    p < 0.025, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)
   ***   p < 0.005, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)

Results: Test on Cryogenics

When it comes to promoting learning of science concepts, CBEP seems to be very
effective. Comparison of TOC posttest results using 2-tailed t-test for independent
samples (α=0.01) revealed significantly higher scores of the E group relative to the
C group (see Table 10). When the TOC pretest and posttest scores were compared
for the E group, 3.471 mean gain in scores was obtained: the improvement in score
was found significant at α=0.01. The foregoing results match the findings of Lam-
Kan (1985), Chang (1974) and Moore (2001). In contrast, the C group did not show
any notable improvement in their knowledge of cryogenics and other low-
temperature related concepts.

Table 10
Analysis of TOC Pretest-Posttest Scores for the Experimental Group and Control Group

Pretest a Posttest a

Group
Mean SD Mean SD

Mean
difference

E(N=70) 4.37 2.77 7.84 ^^^*** 2.77 3.47

C(N=71) 4.37 1.77 4.41 ^^^ β 1.79 0.04

   
a  

   maximum score is 16
   β

     
p>0.05, comparison with associated mean pretest score  (matched sample, 2-tailed t-test)

   ^^^ p<0.005,  posttest mean  comparison with counterpart group (independent samples, 2-tailed t-test)
   *** p<0.005,  comparison with associated mean pretest score  (matched sample, 2-tailed t-test)

The effectiveness of CBEP in promoting learning can be attributed to many factors.
First is the novelty of the environment and the experience. The new setting
captivates the learners by appealing to the senses and promoting active engagement
(Resnick & Chi, 1988, p.30). Variation in the setting (Roth, 1994,p.199; Jensen,
2000, p.110) and activities promote learning. In addition, the concepts learned at
school, such as those related to heat and pressure, are presented in a different
context or perspective thereby creating planned redundancy--a phenomenon that
supports and reinforces learning (Rennie & McClafferty, 1996, p.87).

When the TOC scores were analyzed separately for males and females forming E,
both genders were found to have significantly increased in their posttest scores as
compared to their respective pretest scores (α=0.01). Comparison of posttest scores
and gain in scores for males and females indicated the absence of gender difference
in the learning of science concepts involved in the CBEP. The given findings again
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uphold the idea that CBEP can help in “leveling the field” for males and females in
science learning.

The trend is different when the TOC scores are analyzed according to stream.
Initially, both streams of students had no significant difference in the pretest scores.
After experiencing the CBEP, the students in EM1 stream have significantly higher
posttest scores compared to the EM2 students (at α=0.01). Though students in both
streams have improved their scores, the increase is higher for the EM1 group
(significant at α=0.01). It can be deduced from the given results that better-
equipped minds benefit more from the CBEP. Some students just have the better
mind to process new information and apply the concepts learned.

Table 11
TOC Scores of the Experimental Group Divided into Gender and Stream

Gender Stream
Male
(N=34)

Female
(N=36)

EM1
(N=17)

EM2
(N=53)

Type
of
Score

Mean SD Mean SD Mean SD Mean SD

Pre-test 4.32 2.04 4.42 γ 1.56 5.06 1.52 4.15 γ 1.83

Post-test 8.03*** 3.10 7.67# *** 2.45 10.29*** 1.93 7.06^^^ *** 2.54
Gain in
scores 3.71 3.44 3.25 # 2.49 5.24 1.89 2.91^^^ 3.05

       #    p>0.05,  comparison of  mean  posttest scores or gain in scores with Male group (independent sample t-test 2-tailed)
     γ      p>0.05, comparison of  mean pretest scores for counterpart groups (independent samples, 2-tailed t-test)
     ^^^  p<0.005 comparison of mean posttest or gain in  scores with EM1 group ( independent sample, 2-tailed t-test)
     ***  p<0.005, comparison with associated  mean Pretest score (matched sample, 2-tailed t-test)

Attitude to Science vs. Learning of Science Concepts (Related to Cryogenics)

As attitude goes with learning, it is then important to find the association between
ASI scores and TOC scores. Table 12 indicates that the only noteworthy association
among the stated variables is that between the ASI pretest and posttest scores. The
positive Pearson r correlation coefficient of 0.782 indicates a strong association
between ASI pretest and posttest scores. This means that those who score high in
the ASI pretest tend to score high in the posttest. This fact cannot be avoided as
attitude is attitude and it is a part of someone’s system. It can be improved or
worsened but a big bulk of it remains with the person.

The TOC pretest score has very weak association with TOC posttest score. The
association is given by the r value of 0.204, which is not significant. The nearly
zero value of the coefficient of determination r2 means that the TOC pretest scores
have negligible effect on the variations in the TOC posttest scores. The given results
permits the researcher to assume that testing effect (for TOC) is negligible in the
study.
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The ASI posttest score has a weak, negative and non-significant association with
TOC posttest scores. The correlation coefficient –0.054 means that those who have
high attitude towards science tend to score lower in the test of knowledge on
cryogenics. Though the association is not significant, the result is somewhat
surprising.

The next relationship can complete the picture. Those who tend to have higher
gains in ASI score tend to gain more in TOC score (as suggested by r=0.051,
p>0.05). It follows that what matters are both the starting point and the endpoint of
attitude and knowledge. Those who started high in attitude will have little room to
gain as there could be “ceiling effect” in their attitude. Smaller gains in TOC scores
will take place as parallel result. Those who started off at similar level of TOC
scores as mentioned previously, yet started off with lower attitude and ended up
with high attitude score, will end up having higher posttest score.

Table 12
Correlation Values Between ASI and TOC Scores for Experimental Group

Scores Compared r r2

ASI Pretest vs. ASI Posttest
(N= 68  )

0.782^^^ 0.611

TOC Pretest vs. TOC Posttest
(N= 70  )

0.204 β 0.041

ASI Posttest vs.TOC Posttest
(N=68)

-0.054 β 0.002

Gain in ASI vs Gain in TOC  0.051 β 0.102
   β      p>0.05 (2-tailed t-test)
   ^^^  p <0.005 (2-tailed test)

Results: Student Feedback

The students gave a favorable general rating of 43.59 out of 50 to the CBEP with
high variability in the their responses (see Table 13). The variability can be
attributed to the heterogeneity of the group, being composed of students with
different learning abilities and gender.

The students showed recognition of the positive attributes of the CBEP by giving
a mean item response of 4.34 (out of 5). Very high ratings can be noted for the
items in relation to the ability of the CBEP to promote learning and arouse interest
as indicated by mean responses for items 1 (4.62) and 4 (4.70) respectively. The
students’ agreement to items 2 and 3 uphold the potential of CBEP to enrich
science lessons in schools. Furthermore, the students seem to equally like the
content and presentation of the CBEP as evidenced by the comparable mean
subscale ratings for content (4.34) and presentation (4.33) subscales.

Responses to the open-ended questions in SFF (see Table 14) indicate that almost
all of the students (96%) want to attend another CBEP. Twenty four percent of the
students even suggested the development of more CBEPs in the future (item 5).
The main reason why the students like the CBEP is basically affective in nature.
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Around 49% of the students find the programs filled with entertainment value
(item 1). Around 23% also cited learning from CBEP as another reason (item 1).
It can be noted that, in the point of view of students, the entertainment or affective
value of the CBEP seems to outweigh its educational value when it comes to
making decision to attend another CBEP. Such result corroborates the student
responses in items 1 and  4 of  Table 13.

Table 13
Mean and SD of Students’ Feedback (N=134)

Subscale Item Mean SD

1. I learned a lot from the lesson. 4.62 0.66

2. My desire to learn about science
increased after attending the lesson. 4.01 0.88

3. The lesson helped me to better
understand some science concepts taught
at school. 4.05 0.90

4. The demonstrations included in the
lesson were interesting. 4.70 0.68

A. Content

                           Sub-scale Rating 4.34 0.85

5. The lesson was exciting. 4.60 0.81
6. The lesson was presented at the right

pacing (not so fast not so slow). 4.25 0.97
7. The lesson was well planned. 4.38 0.79

8. The explanations were clear. 4.10 0.98

B. Presentation

                           Sub-scale Rating 4.33 0.91

9. The lesson should continue to be offered. 4.34 1.00
10. Overall, the lesson was good. 4.54 0.79C. Overall

                           Sub-scale Rating 4.44 0.91
GENERAL RATING 43.59 6.07

On the contrary, the students seemingly prefer to relate the educational aspect of
CBEP as compared to its entertainment aspect when it comes to sharing their
experience to others (item 2). Perhaps they realize that what they learn from
CBEP is more important than the excitement and the thrill that the program
provides. However, the entertainment aspect that accompanies the demonstrations
is still the major reason why 32% of them like the CBEP (item3). The novelty
effect of liquid nitrogen is also a major factor that entices 18 % of the students to
the CBEP (item 3).

More than half of the students (64%) liked all aspects of the CBEP (items 3 and
4). Meanwhile, some students tend to contradict each other as to the aspect of
CBEP that they like most and those that they like least. The personal preference
of the students, and not the specific attributes of the CBEP, is seemingly the major
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factor that makes them like or dislike specific demonstrations. For instance,
fifteen students found the “banana hammer” demo as most appealing while six
other students found the same demo boring (with one of them saying that the
banana is “yukky”).

A handful of students (5 out of 134) found the CBEP boring. This is
understandable as they noted that they have attended the same CBEP before.
Seeing the same thing again removes all elements of novelty and thrill (which
serve as the main strength of the CBEP). In addition, the same group of students
mentioned their desire to play and not to have any lesson. It seems like their mind
was conditioned that an excursion is pure fun and no lesson at all. This finding
upholds the notion of preparing the minds of the students before an out-of-school
activity towards the educational aspects of the forthcoming experience (Baker,
2002; Hartley & Davies, 1976; Ausubel, 1960; Gennaro, 1981; Kubota & Olstad,
1986). Though the pre-visit instruction seems to have worked for the majority of
the students in this study, more attention should be given to those who show
indications of  “fun-focused” or “cognitively unprepared” minds. It is also
advisable to take note of the students who have attended the CBEP before
planning for an out-of-school enrichment activity to places like Snow City.
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Table 14
Summary of Responses to Open-Ended Questions (SFF Part II) - N=134

Items Educational/
Cognitive

Entertainment/
Affective

Others

Yes=96% Reason: Learning
new things /about
science (23%)

Reason: Lesson
is
a. interesting

(49%)
b. fun (37%)
c. enjoyable/

exciting
(16%)

Reason:
Lesson is very good. /
snow-play
(4 %)

1. Desire to
attend
another
lesson

No=4% Not fun, boring,
seen before (4%)

2. Message that the students
want to relay to others

a. Learned a lot
(37%)

b. Lesson good
for science
learning/
Enrichment

       (9%)

Lesson is
a. interesting

(16%)
b. fun (15%)
c. exciting and

enjoyable
(4%)

a. Attend the CBEP-
13%

b. Lesson is
good/great (4%)

c. Boring, not fun
(2%)

3. Attributes of CBEP that
the students liked most

Learning about/
seeing liquid
nitrogen (18%)

a. Lesson is
interesting
(5%)

b. Amazing
demos
(32%)

All (9%)

4. Attributes of CBEP that
the students liked least

Specific demos
they find boring
(20%)

None (55%)

5. Additional Comments a. More demos/
CBEP (24%)

b. Maintain the
quality of lesson
(4%)

c. More volunteers
(2.9%)

Conclusion

It is evident from the results of the study that cryogenics-based enrichment
programs can provide both affective and cognitive benefits to the learners. Those
who experienced the program showed significant improvements in some areas, if
not all, of their attitude toward science and in learning of cryogenics-related
concepts regardless of gender and learning abilities (as measured by streams).
These results support the previous findings of researchers (Moore, 2001; Lam-Kan,
1985; Chang, 1974) who also detected attitudinal and cognitive gains on students
who had enrichment experiences.
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The students, in general, viewed science as more enjoyable (Enjoyment of science
subscale) after experiencing the CBEP. Only the better learners significantly
improved their perception on the implications of science in the society (Social
Implications subscale) after the CBEP. The girls remarkably improved their
perception of science in terms of the three stated subscales while the boys improved
only on the Enjoyment of Science subscale. Gender difference in terms of attitude
gains has been detected on the participants of CBEP.

However, boys and girls did not differ in learning of cryogenics-related concepts.
They performed equally well in the posttest and had comparable gains in
knowledge after experiencing the CBEP. This finding helps support the idea that
both genders are equally capable of achieving academically given the right
stimulus.

As expected, the better learners (EM1) scored higher and gained more knowledge
after the CBEP even if they started at equal level of knowledge in relation to
cryogenics-related concepts with the average learners (EM2). This is probably
because the minds of the former are more equipped and prepared to absorb new
information than the latter group of learners.

When affective and cognitive variables were related, it was found that initial
attitude toward science is highly associated with resulting attitudes after the CBEP.
Though the attitude of the students was positively affected by the CBEP, the echo
of their initial attitudes resonates towards the post-experience attitude. In contrast,
no significant associations were found between pretest and posttest scores on
cryogenics-related learning; between attitude towards science posttest scores and
posttest score on cryogenics-related learning; and between gain in attitude toward
science scores and gain in cryogenics-related learning.

Feedback from the students indicated that they enjoyed the CBEP so much that they
want to attend another program again. They gave the program a favorable overall
rating of 43.59 (out of 50). The students perceived the CBEP with dual nature:
entertaining and educational.

It can be deduced from the results of the study that out-of-school enrichment
programs, like CBEP, help in extending the classroom by reinforcing concepts
learned at school, extending learning to new context, providing new information
and improving attitude toward science in a manner that is enjoyable and interesting.
Borrowing words from Wellington (1990), such cognitive and affective gains can
have a “rubbing off” effect in the classroom and future science endeavors of the
students.
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Appendix 1

Example of ASI Items

Statements

1. I would enjoy being a scientist.  SD         D          N          A         SA

2. I would like to discuss science with
friends after school.  SD         D          N          A         SA

3. People should study science.  SD         D          N          A         SA

Appendix 2

Example of TOC Questions

(1) Mr. Tan is in charge of creating a “foggy” effect for a school play. He
poured liquid nitrogen onto the stage to form fog. The fog is due to the
_________.

A. condensation of air                    C. condensation of water vapor
B. deposition of liquid nitrogen     D. deposition of oxygen

(2) During very cold weather, water vapor changes directly to snow without
turning into water first. What process is involved in snow formation?

A. sublimation   C. deposition
B. condensation   D. freezing

Appendix 3

Example of SFF Items

Statements

(1) I learned a lot from the lesson.

(2) My desire to learn about science
increased after attending the lesson.

(3) The lesson helped me to better
understand some science concepts
taught at school.

 SD         D         N         A          SA

 SD         D         N         A          SA

 SD         D         N         A         SA
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