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The traditional elementary science education setting in the Philippines mainly focuses on using mac-
ro-organisms as a biological model. To introduce the fundamental environmental concepts of microbial 
predation and other related environmental concepts such as decomposition, nutrient cycling and species 
interaction to the young elementary Filipino students, an initial pilot study was conducted in a small class-
sized setting of one international school in the Philippines. Our goal was to (i) design an activity-based 
teaching program utilizing the constructivist 5E (engage, explore, explain, elaborate and evaluate) 
method using solely slime moulds as an example organism and (ii) obtain the impression of the students 
regarding the activity-based teaching program. A purposive sampling size with a total of 45 number of 
students aging from 10-12 years old were divided into control (16) and experimental (29) groups. Likert 
scale survey was also given to the student experimental group to assess their overall impression about the 
newly developed teaching program. Significant differences on test scores between the control and exper-
imental group and the high priority mean scores given by the experimental group points out the effective 
facilitation of the program. Hence, innovations in teaching pedagogies for difficult science concepts such 
as the development of the Slimy Business teaching program improves not only the learning quality of the 
young learners but as well as their environmental appreciation. Applying such novel teaching approach in 
the conservative Philippine elementary schools is recommended. 
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 INTRODUCTION
 

 
Today, the interdisciplinary teaching approach is a key 

concept to the advancement of school curriculum at all 
levels. Currently, debates are still ongoing on whether it is 
the best approach for elementary school curriculum. The 
approach has advantages such as stimulating student’s 
appreciation of the different disciplines and enriching 
communication skills especially among the young gen-
eration (Jones, 2010). The present young generation 
now branded as Generation-Z can be the most effective 
disseminators of the beneficial uses of environmentally 
important organisms. Children are more pliant and 
open-minded since they are devoid of prejudices and 

biases and can easily absorb new ideas (Bowles, 2005). To 
be effective disseminators, the creative skills of these chil-
dren, who are more imaginative, showing inventiveness 
and originality of thought, should be initially developed 
by exposing them to different learning environments 
(Longshaw, 2009).

Longshaw (2009) advocated that more educational 
strategies must be developed through creative lessons 
that encourage students to ‘think outside the box’ and 
come up with off the wall ideas. In an earlier report of 
Dale and Newman, (2005) they discussed that merging 
sustainability and development requires a complex 
interdisciplinary approach beyond what can be found 
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in some areas of traditional way of educating students 
about the environment. Interdisciplinary approach in 
science education systems in many parts of the world is 
the theme called “environmental education”. According 
to UNESCO (2008), Environmental education (EE) is a 
lifelong process with the objective of imparting to its 
target groups in the formal and non-formal education 
sectors environmental awareness, ecological knowledge, 
attitudes, values, commitments for actions, and ethical 
responsibilities for the rational use of resources and for 
sound and sustainable development. Moreover, it is in the 
early childhood period that children develop their basic 
values, skills, attitudes and behaviours which may be long 
lasting. Indeed, helping young learners understand the 
importance of any organism and their roles they portrays 
in the environment is a big initial step in building an en-
vironmentally aware young ecowarriors. However, these 
methods in environmental education require children 
first to be familiarized with foundational concepts i.e. the 
unique world of many underappreciated but highly signif-
icant environmental model organisms. Thus, developing 
educational programs and/or laboratory protocols that 
aid in understanding the complexities of environmentally 
important biological organisms for learners is essential. In 
particular, the neglected organisms are the myxomycetes 
or the so called plasmodial slime moulds.

Slime moulds (Myxomycetes) are enigmatic eukaryotic 
microorganisms (Schnittler et al., 2017) with very intricate 
and complicated fructifications as compared to the com-
mon fungi such as mushrooms and yeasts (Stephenson, 
2011; Dagamac et al., 2017). Unlike other microbes, slime 
moulds provide an opportunity to work with live spec-
imens without posting any risk factors to students or 
teachers since they are non-pathogenic, non-toxic and 
hypoallergenic (Winsett et al., 2017). Slime moulds are 
also one of the well documented biological organisms in 
Western biological textbooks because of its complex life 
cycle that makes them ideal organisms to explain cell to 
cell interactions (Keller & Everhart, 2010).Their complex 
life cycle involves shifting from a brainless blob predator 
to fungus-like fructification (Keller et al., 2008). Similarly, 
besides being used as models for local conservation 
(Almadrones-Reyes & Dagamac, 2018), they also serves as 
beneficial components of the soil ecosystems (Dagamac 
et al. 2011). The peculiarity of slime molds as predators of 
many microorganisms thus limit their population density 
(Schnittler et al., 2012). The environmental roles of move-
ment and ingestion without any nervous system make 
slime moulds the flagship model of primitive intelligence 
(Nakagaki et al., 2000; Beekman & Latty, 2015). In fact, 
controlled laboratory experiments prove their ability to 
navigate over complex mazes through external spatial 

memory system (Nakagaki, 2001; Reid et al., 2012). 
Furthermore, slime moulds are easily recognizable in 

terrestrial ecosystems with suitable habitat conditions 
(Novozhilov et al., 2018). This is well-appreciated by stu-
dents doing outdoor field excursions. If not found in the 
field, they may serve as an alternative laboratory compo-
nent which is an effective teaching strategy (Winsett et 
al., 2017) since  slime moulds can be cultured easily using 
the practical moist chamber technique (Bernardo et al., 
2018; Dagamac et al. 2015). These attributes prompt sci-
entists, enthusiast and non-experts fascinated with slime 
moulds. In spite of the beneficial uses and the significant 
environmental roles of slime moulds as a model organism 
for science teaching, unfortunately, Filipino students are 
still unexposed to them (Macabago & dela Cruz, 2012). 

Interestingly, schools in the country concentrated 
only on topics like common plants and animals, ignoring 
a very valuable component of natural biodiversity, which 
are the terrestrial protists, particularly the slime moulds. 
Therefore, using them as a model organism to impart an 
environmental concept such as predation and nutrient 
cycling to Filipino elementary students is indeed a prom-
ising feat. Hence, necessity for a constructive teaching 
approach in introducing new environmental concepts to 
young Filipino elementary students using slime mould 
models.

MATERIALS & METHOD
For the purpose of this study, this section was divided 

into two (2) subdivisions: content and creative teaching 
program development based on 5Es model, and evaluat-
ing students’ impression. To introduce the fundamental 
environmental concepts of microbial predation and other 
related environmental concepts such as decomposition, 
nutrient cycling and species interaction to the young ele-
mentary Filipino students, this pilot study was conducted 
at The Learning Place International in Los Baños, Laguna 
a progressive school in the Philippines that uses LifePACS 
curriculum by AlphaOmega Publications. The LifePACS/
learning modules are progressively designed to develop 
student’s critical and analytical thinking skills which are 
why the school allowed the researchers to subject its 
students to the creative teaching program. A purposive 
sampling size with a total of 45 number of students 
aging from 10-12 years old were used for this study; the 
students were randomly grouped into control (16) and 
experimental (29). Initially, both groups were subsequent-
ly given a pre-test examination that would be covered in 
the program. With the exception of the control group, the 
experimental group was then subjected to the program 
for a span of two weeks. The programs were given to 
them gradually with around 60 minutes of the time given 
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for every session. Afterwards, a post-test evaluation was 
given to both groups. To test the null hypothesis that the 
test scores for both study groups (control and experimen-
tal) has no significant difference, a parametric t-test was 
evaluated between test scores of each group. 

The goal was to design an activity-based teaching pro-
gram utilizing the constructivist 5Es (engage, explore, ex-
plain, elaborate and evaluate) method with slime moulds 
as an example organism. The study further focuses on ob-
taining the impression of the students that participated in 
the activity-based teaching program. 

Content and Creative Teaching Program Development 
Based on 5E Model

Several literatures regarding slime moulds were used 
to create the teaching program. Initially, the major con-
cepts that the young learners should learn were identified. 
Then, from these concepts, various engaging and interac-
tive activities were designed to be included in the teach-
ing program. Afterwards, the final design of the teaching 
program was validated with regards to its contents by 
myxomycete experts in the University of Greifswald and 
all the elementary science teachers of The Learning Place 
international before it was presented to the students of 
the school. All of the 10 elementary science teachers an-
swered a 15–items survey to get their impression about 
the teaching program. They rated the teaching program 
based on four categories namely appeal as a teaching 
strategy, format, instructions, and materials. For this 
study, a two weeks long teaching program entitled “The 
Slimy Business” was newly developed wherein students 
were expected to synthesize their new understanding 
from some prior knowledge and new information. Hence, 
the 5E constructivist model was adapted for the construc-
tion of the teaching program. The motivation to use the 
model was because this approach claims for students’ 
redefinition and reorganization of their initial concepts 
through interaction with their environment (Duran & 
Duran, 2004). In fact, over the past decades, this model 
has been used by other studies to explain other science 
concepts like buoyancy (Cepni & Sahin, 2012) and circula-
tory system (Cardak et al., 2008) among elementary stu-
dents. These reports have subjected students into several 
teaching methods that proved many students may have 
more than one learning style (Riener & Willingham, 2010) 
which lead into difficulties in learning new knowledge in 
the classroom. As a result, science teachers continuously 
strive to improve the methods in which they instruct to 
enhance student learning (Ramsden & Moses, 1992). 

Each of the 5Es are divided into different learning 
and teaching phases. The first phase (engagement 
phase) involves connection of lessons the learners have 

previously learned in the past and their present learning 
experience. The phase helps learners to mentally and ac-
tively engage in the new concepts that will be introduced 
to them since there is connection between the past and 
present knowledge. In this phase, a story reading activity 
using a comic book with fictional myxomycete characters 
was conducted. An interactive card-picking game was 
designed so that the young learners could review some 
previous and current knowledge about microorganisms. 
At the exploration phase of the program, two parallel 
activities were introduced. Firstly, a nature trail activity 
was performed by the students wherein they were able 
to go outside the classroom and explore a real forest 
environment where slime moulds are abundantly occur-
ring when the conditions are favourable i.e. having more 
moisture but less sunlight. Secondly, a hands-on activity 
made the students view real slime moulds using simple 
light microscopes. Live specimens of slime moulds were 
obtained by one of the authors and stored in herbarium 
boxes for further use. However, during the explanation 
phase of the program, students were given opportunities 
to verbalize their understanding and to demonstrate the 
acquired skills and behaviours. This phase provided the 
teachers opportunities to introduce formal terms, defini-
tions, and explanations for concepts, processes, skills and 
behaviours. During this phase, a short animation entitled 
“Myxo Maestro” customized by one of the authors about 
slime moulds’ life cycle and environmental significance 
of slime moulds was viewed by the students. The process 
helped the students to learn the concepts of decompo-
sition, nutrient cycling and microbial predation of the 
organism. Contents such as the life cycle and their role in 
nature were included in this visual animation. Thereafter, 
an interactive discussion about the animation was en-
tertained by the facilitators to determine how much the 
students had learned from the animation. In the fourth 
phase (elaborate phase), the young learners were encour-
aged to use different art activities such as puppetry, role 
playing/comic-making, dancing, and singing to showcase 
not only their creativity but also to intensify their environ-
mental appreciation using slime moulds as their biological 
model. Lastly, in the evaluation phase, – two responses 
were elicited from the young learners. The first type of re-
sponse was the typical written examination with 20-items 
multiple choices test. The test questions were then sub-
jected to analysis to measure the level of difficulty of each 
question. For the second type of response a Likert scale 
questions that measured the students’ satisfaction and 
impression about the activity-based teaching program 
was accomplished.
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Evaluating Students’ Impression
To be able to measure the impressions of the stu-

dent respondents, the Likert-scale type of tests were 
used in this study which is patterned from the works of 
Evangelista et al. (2015) that also used the Likert tests to 
evaluate the bio-kit manual guide. The report emphasized 
the importance of knowing how the children thought of 
their facilitators and how this can determine the success 
of the entire program (Rogoff, 1994). This was influenced 
by several other studies and sources of information that 
encourage the students to have positive attitudes all 
throughout the program so as to better comprehend and 
have deeper understanding of the subject matter (Kals 
et al., 1999). In terms of students’ impression about the 
teaching program, only the experimental group (students) 
was given additional questionnaire during the Evaluation 
phase of the program. A 20-item survey was developed 
to seek the subjective and relative impressions of the 
experimental group about the program. The acceptability 
level was measured using a 5-point system gauging the 
degree of agreement of the young student respondents 
on the three categories presented in the questionnaire. 
The three categories that were used in the survey were 
divided into (i) student’s impression about the facili-
tator who conducted the program which included the 
facilitator’s skills to give clear instructions, engagement, 

creativity, to be enthusiasm in discussing new concepts, 
friendliness and approachability to the students, help-
fulness to student’s inquiries, organization in classroom 
management and mastery in planning and subjecting the 
activities, (ii) the level of difficulty of the evaluation test 
that was given to them and (iii) their overall impression 
about the activity-based program subject that included 
the program’s comprehensibility, effectiveness, environ-
mental appreciation, entertainment value, practicality, 
suitability to learn new environmental concepts, and their 
overall satisfaction about the whole program. The Likert 
scores given by each student respondents were then tab-
ulated in an MS Excel 2010. The spread sheets scores were 
then translated into an input file that was subjected in the 
software Tableau Public v. 10.5 to visualize all the Likert 
responses in the surveys. The agreement and disagree-
ment level for each category was measured based on the 
calculated mean scores. Mean scores from 1.00 – 3.00 is 
considered low priority (disagreed by the respondents) 
while those from 3.01 – 5.00 is considered high priority 
(agreed by the respondents).

RESULTS
A creative teaching program entitled The Slimy 

Business (Figure 1) was develop and was subjected to 
small class sized progressive school of The Learning Place 

 

          
Figure 1. The creative teaching program that was develop to introduce slime moulds using the 5E constructivist model
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International in Los Baños, Laguna to understand the envi-
ronmental concepts of nutrient cycling, predation and de-
composition using slime moulds as the model organism. 
In terms of the perception of the science teachers from 
the Learning Place about the program itself, the results 
showed (Figure 2) that they were all in strong agreement 
with its appeal as a teaching strategy with a score ranging 
from 4.58 – 4.83. With regards to the instruction manual 
provided in the teaching program, the teachers were in 
strong agreement with its clarity, comprehensibility and 
organization with a score ranging from 4.50 – 4.75. The 

descriptive statistical analysis in this study shows that the 
pre- and post-test scores of the control and experimental 
group followed a goodness of fit model and a bell shaped 
curve histogram plots (Figure 3). 

Moreover, to further test the normality of the test 
scores, the Shapiro-Wilk Test was calculated and the 
results were: Experimental = (0.90) and (0.94) for the pre- 
and post-test, respectively. The control group = (0.95) and 
(0.89) for the pre- and post-test, respectively. With these 
results, the pre- and post-test results for both of the stu-
dent groups passed the normality tests and are inferred 

              
Figure 2. Teacher’s perception displayed from the Likert scale responses of selected teachers from The Learning  Place Interna-
tional. The grey circles display the average score per category

Figure 3. Normality plots and histograms of Pre- and Post- Tests of both Control and Experimental groups
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as normally distributed data. Hence, no data transforma-
tion was necessary and for further inferential statistical 
analysis, parametric tests were used. The results (Figure  
4) shows that, there was no significant difference between 
the pre- and post-test scores of the control group because 
p> .01 (i.e. p = .56, α = .01). On the other hand, a clear sig-
nificant difference (p< .01) existed between the pre- and 
post-test scores of the experimental group (refer Figure 4).

Results on students’ (experimental groups) impression 
about the facilitator of the program are shown in Figure  
5. Through the Slimy Business activity-based teaching 
program the students’ (experimental group) impression 
shows a clear strong liking among the participants (Figure  
5). The mean scores of the Likert responses range from 
3.87 – 4.39. From the figure (Figure 5), students agreed 
that they are satisfied with how the facilitator presented 
the program to them (mean score = 4.39). They also find a 

high agreement that the facilitator was not only effective 
(mean score = 4.32) but also has a very fun and entertain-
ing (mean score = 4.32) way of delivering the concepts to 
them. Through the teaching tool used by the facilitator, 
the students also agreed that learning about the new 
concepts made them appreciate the environment even 
more (mean score = 4.23). Furthermore, in terms of the 
students’ perception about the facilitator of the program, 
the result shows that the respondents were satisfied with 
the way they were facilitated. The mean scores obtained 
as regards this ranged from 4.03 – 4.58. Similarly, results 
on clarity of the activities shows mean score of 4.26. This 
translates agreement among the students’ respondents 
that the activities’ instructions were clear and under-
stood. Students were very satisfied (mean scores = 4.58) 
with the engagement skills of the facilitator. In addition, 
the students acquiesce that the entire program (mean 

Figure 4. Box plots of Pre- and Post – Tests of both Control and Experimental groups

Figure 5. Student’s perception about the facilitators. The grey cilesin the graph indicate the average score of the students per 
question
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score = 4.26) was creative. On overall management and 
planning of the program, it was concurred (mean scores 
= 4.19) among the students that the facilitator had good 
skill. 

DISCUSSION
Development of an Activity Based Teaching Program 
Based on 5E Instructional Method

The high satisfaction and approval (4.58 – 4.83) about 
the appeal of the program to children, the clarity of the 
instruction manual and the availability of the required 
materials of the elementary science teachers (Figure 6) 
affirmed not only the new concepts that will be intro-
duced to the young learners but also the validation of 
the method and how it will be delivered to the students. 
Consequently, it was safe to assume that the adaptation 
of the 5E constructivist method to the teaching program 
engaged the variety of young Filipino students and po-
tentially gave them new knowledge about the unpopular 
biological organisms like the slime moulds. Moreover, 
similar studies have shown that teachers like using the 5E 
methods in science (Fazelian & Soraghi, 2010; Ergin, 2012) 
and even in a math classroom (Tural et al., 2010; Tuna & 
Kacar, 2013). Hence, the constructivist nature of this inno-
vative teaching program agrees to the educational princi-
ple that the sustained use of an effective, research-based 
instructional model can help students learn fundamental 
concepts in science and other domains (Halpern, 1998). 
As evident in the box plots (Figure  4), there is significance 
difference in the evaluation test scores of experimental 
groups (students who participated in the teaching pro-
gram) while among the control groups there is no signif-
icance different. These differences identified amongst 
the experimental groups can be attributed to different 
possible factors. The factors can be partly due to the use 

of a visual aid in the form of comic book reading and a per-
sonally developed animation about myxomycetes’ role 
on the environment was involved in both the engage and 
explains phases. This is in accordance with the findings of 
Barrett et al. (2015) that proved that there is a 16% impact 
on the rate pupils learn because they are more focused 
when the lessons are taught in a visual or creative manner. 
Our result seems to be supported by several other studies 
that have used the same approach in teaching complex 
biology concepts where students significantly perform 
better in their examinations after being taught using visu-
al aids (Mayer & Moreno, 2002; Klees & Piepenbring, 2018). 

Secondly, activities conducted in the explore phase, 
such as the nature trail study wherein students had the 
opportunity to know where slime moulds are located 
in the environment and the microscope activity that al-
lowed them to see different species of myxomycetes in all 
its life stages were pointed out by earlier similar studies 
like the one by Vaske and Kobrin (2001) that used nature 
trail studies and various related activities outside the 
classroom. In agreement with the studies by Uitto et al., 
(2006) and Boyes and Stanisstreet (2012), the exposure of 
the experimental group in the outside classroom activity 
may have encourage students’ learning about their sur-
rounding environment. Another factor that influenced the 
success of the program was the fourth phase’s Elaborate 
that extended the students’ conceptual understanding 
and allowed them to practice skills and behaviors. The 
students had the freedom to choose from puppetry, role 
playing, comic making, singing or dancing to showcase 
not only their creativity but also to guarantee their envi-
ronmental appreciation. Evidently, the mean score (4.36) 
of the students impression on the program being fun and 
entertaining (see Figure  6) showed that the students were 
encouraged to express their creativity through performing 

 
Figure 6. Student perceptions about the whole creative teaching program. The grey circles in the graph indicate the average score 
obtained per topic
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their individual presentations or artworks. This claim is 
supported by other related studies (see Csikszentmihalyi, 
1996; Amabile, 1996; Auh, 1997) that developed teaching 
strategies that enhance student’s creativity. Similar to 
the findings of Humston and Ortiz-Barney (2007) and 
Alexander and Poyyamoli (2014), the teaching program 
developed and subjected to the students in this study 
enhanced the students’ prior knowledge about slime 
moulds and its role in the ecosystem.

Impression of the Teaching Program 
With a mean score of 4.32, the children agreed their 

facilitators were effective and have indeed given them a 
fun learning experience (refer Figure 5). Consequently, the 
engaging material will give the students a good overall 
impression about the material itself. Moreover, the Likert 
responses ranging from 3.87 – 4.39, regarding the overall 
impression of the children towards the entire activity 
based teaching program showed a clear fondness and 
could perhaps be the main reason for the success of the 
Slimy Business program shown in Figure 6.

Moreover, the experimental group of students is in 
strong agreement that learning about the new concepts 
from the creative teaching program made them appreci-
ate the environment even more (see Figure 6). There are 
several teaching tools that help children to appreciate 
lesson taught in or outside the class corridor. One of these 
tools is visual aids which are vital tool for teaching children 
some concepts (Cuban, 1986). Dalacosta et al. (2009) as 
well as Klees and Piepenbring (2018) were of the view that 
children are more inclined, can easily relate and appreci-
ate animations they watch or sees by themselves as the 
characters in a film or taught through practical than those 
taught abstractly. Therefore, the animation developed by 
the researcher in this study for example, provided a story 
line personifying slime moulds, providing admirable char-
acters and showing what they do in the forest as if they 
were actual human beings. 

Like a study conducted by Samuelsson and Kaga 
(2008), students used in the current study were more pro-
active and inclined to shaping their communities because 
as early as possible they were able to feel and valued their 
environment. 

CONCLUSION
Studies have found that the methods and styles that 

teachers have used in the previous generations can no 
longer be applied to this present generation because 
learning styles are continuously evolving. This is because 
of the alarming fact that the new generations of students 
are less engaged in the traditional teaching styles of 
present day STEM teachers. Students become bored and 

inattentive in class, do poorly on tests, and get discouraged 
about the courses and the curriculum (Felder & Silverman, 
1988). Our teaching program is unique in a way that it 
integrates creativity, critical thinking, and environmental 
appreciation in a holistic manner for young elementary 
students and at the same time introduces important 
biological concepts using an unpopular model organism 
which eventually heightens the curiosity of the children 
on the diversity of life forms in the planet. Moreover, it is 
very interesting to highlight that innovations in teaching 
pedagogies improves the learning quality not only by the 
young learners but as well as different types of students. 

LIMITATIONS OF THE STUDY
The main challenge of utilizing slime moulds as a 

biological model was looking for similar researches that 
have used the organism in their teaching tool for young 
elementary learners. This study being the first of its kind, 
found it challenging to make a program that could guar-
antee children the ability to comprehend such complex 
microorganism let alone animate it and make it look 
appealing. Moreover, the conservative nature of most 
elementary schools in the Philippines that are strictly 
conformed to structured blackboard teaching instruction 
makes it difficult to convince them to deviate from their 
traditional teaching strategies and try an alternative 
method of discussing new environmental concepts in 
their schools. 

RECOMMENDATIONS
Teachers should be more engaging and should become 

more creative in introducing concepts in their lessons to 
facilitate effective classroom learning. Although plants 
or animals as biological models have been the trend for 
many decades in the Philippines, this study presents 
slime moulds as an alternative model that would be used 
as an example to explain important scientific concepts 
like species interactions (predation), nutrient cycling and 
decomposition. These biological concepts are important 
environmental ideas that when introduced to young 
Filipino students early on may enhance their under-
standing about nature conservation and sustainability. 
The results of this pilot study suggest that the teaching 
strategy that was developed creates positive impression 
to young learners. Hence, employing the constructivism 
teaching approach that employs fascinating biological 
model is recommended to be incorporated in other pro-
gressive schools’ science curricula in other provinces of 
the Philippines.
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