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Abstract

The aim of this study was to examine the effectiveness of science-technology-
society (STS) approach based worksheets on improving Indonesian students'
scientific literacy of ‘environmental pollution’ topic. Through quasi-experimental
research method (nonequivalent pre-post control group design), the sample of the
study comprised of 64 junior high school students in Lampung Province,
Indonesia. The sample was assigned to two groups, namely experimental and
control classes. An independent samples t-test and ANCOVA were rectruited to
reveal any difference between the experimental and control groups’ learning
effectiveness and effect sizes. The results showed that the STS approach-based
worksheets increased the students’ scientific literacy levels. Given the values of n-
Gain for the experimental (0.66) and control classes (0.48), the experimental class
performed a higher value than the control one. The experimental group’s eta square
value was found to be p.n? = 0.767.

Keywords: scientific literacy, STS, worksheets

Introduction

Rapid development of science and technology, which calls for the 21st century
skills, challenges various fields of life. Therefore, a good learning process needs to
equip students with scientific literacy, which enhances their capabilities of science
and technology in comprehensively solving the real-life problems (Inzanah, et al.,
2014). Scientific literacy is very important for reflecting many national conditions.
If the number of qualified people is increased, the national quality also enhances.
In other words, the better people have scientific literacy levels, the better science
and technology determine the societal issues or quality of a society (Fensham,
2008).

The results of the 2015 PISA (Program for International Student
Assessment) indicated that 40 out of 70 countries gained lower scores in science
achievement than international average ones (493) (OECD, 2016). The 2011
TIMSS (Trends in International Mathematics and Science Study) revealed that the
Indonesian students' scientific literacy levels was on the 40th of 42 countries.
That is, Indonesia’s average score was 406, which was lower than the international
avarege score (500) (IEA, 2012). This means that Indonesia has failed in the
International Assessments even though many national efforts have been carried out
so far (Suprapto, 2016). Phrased differently, the results of the PISA and TIMMS
have pointed that the Indonesian students' abilities of science learning have still
been very low. This discrepancy seems to have stemmed from instructional
materials and the depth of science topic (Rahayuni, 2016).
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Although the TIMMS and PISA require high-order thinking skills and scientific
literacy, the Indonesian science education or science learning process has still
included conventional learning processes. That is, teachers have grinnovative
learning strategies and integrating scientific literacy in science classes. As a matter
of fact, Sumarti et al. (2015), who studied with 10 Indonesian teachers at a Junior
High School in Lampung, reported that most of the teachers lacked of innovative
teaching ways to develop scientific literacy levels in the school. They also
addressed why many Indonesian students were very good at memorizing science
content/ knowledge and possessed very limited skills in transferring their
knowledge to novel issues (Sumarti, et al., 2015). Indeed, it is not suprising that
teachers tend to apply conventional learning process or teacher-centered instruction
(Lau, 2013) rather than inquiry-based learning and conceptual understanding
(Cheung, 2000). Because achieving scientific literacy emphasizes science content
knowledge (Chiappetta & Koballa, 2006), teachers need to look for effective
learning approaches in teaching science.

Student worksheets

Teaching materials can be classified under four categories: printing materials (i.e.,
handouts, books, modules, student worksheets, brochures, leaflets, wallcharts,
photos or pictures, and models), listening (audio) materials (e.g., cassettes, radio,
phonograph recordings, and compact discs), audio visual teaching materials (i.e.,
video compact discs, and movies) and interactive multimedia teaching materials
(e.g., computer Assisted Instruction (CAIl), interactive multimedia compact disks,
web-based materials) (Prastowo, 2015).
Prastowo (2015) explains that worksheet, as a learning activity, has at least four
functions: (1) minimizing the role of an educator; (2) enabling students to
understand the provided instructional material; (3) engaging students in rich
practical duties; and (4) facilitating the instructional implementation.
Nyamupangedengu and Lelliot (2012) reveals that the worksheet, which focuses on
the topic, learning objectives, contains learning tasks/activities.

Science, Technology and Society (STS) Approach

The goal of STS approach is to give students with the opportunity to compare
science, technology and society with each other and to appreciate how science and
technology contribute to the latest knowledge/information construction (Yager,
1996). The National Science Teachers Association (2003) reveals that teachers and
educators are responsible for their educational outcomes. The STS approach has
emerged as a major movement in science education since the 1970s and remained
as a worldwide science education reform (Pedretti & Nazir, 2011). The STS
generally refers to discuss the relationships and cycles among science, technology,
society and the environment (Yager & Akcay, 2008). In contrast to the traditional
curriculum emphasizing mastery knowledge, the STS approach has a major role in
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developing social responsibility for decision making procedure on socio-scientific
issues or science and technology-related issues (Lau, 2013).

The STS approach has recently been used for technology-centered and problem-
based instructional designs. Yet, conventional learning process or traditional
science employs teaching, demonstration and direct experimentation. In contrast,
the STS approach includes such various interactive learning activities as role
playing, discussion, simulation, game, decision making, debate and problem
solving (Lau, 2013). In view of Yager (1996), the STS approach has five domains:
concept, process, application, creativity and attitude (see Figure 1).
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Figure 1. Five domains of the STS approach

Scientific Literacy

Scientific Literacy, which is the ultimate goal of science education (Lau, 2013), is
defined by the PISA. Namely, each student should acquire four domains of
scientific literacy: scientific knowledge (identifying and acquiring new knowledge,
explaining scientific phenomena, and drawing evidence-based conclusions),
understanding science as a form of human knowledge and investigation, awaring
of how science and technology shape materials, intellectual, and cultural
environments; and willingness to engage science-related issues and integrate
science in daily-life issues.
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Knowledge domain of scientific literacy reflects three indicators: the processes of
knowledge, attitudes toward science and awareness of the science-technology-
society cycle. This means that the PISA assessing scientific literacy focuses on
three competencies of science: content, process, and context.

Science literacy defined by the PISA emphasizes the real-life issues (OECD,
2013). This current research raises environmental pollution, which plays an
important role in increasing scientific literacy. Because environmental pollution
has become a natural phenomenon that we faced, students with good scientific
literacy skills may reduce any environmental pollution. Therefore, there is a need
for measuring the effect of the STS approach-based worksheets on improving the
Indonesian students' scientific literacy levels of ‘environmental pollution’ topic.

Methodology

Within a quasi-experimental research design, two grade 7 classes were
purposefully selected from junior high schools in Lampung, Indonesia. The same
topic (environmental pollution) was taught to both classes. The control group (n =
32 students) was exposed to the conventional instruction, whilst the experimental
group (n = 32 students) was instructed with the worksheets. Then, the experimental
and control groups’ scientific literacy levels were assessed and compared. Later,
independent samples t-test was employed to determine the effects of the teaching
interventions on their scientific literacy levels. The data were obtained through the
‘scientific literacy’ questionnaire. The indicators of scientific literacy were
classified into 3 domains: content, process, and scientific context.

Table 1. The indicators of scientific literacy

Content

Presenting facts, concepts, principles, and laws.
Presenting hypotheses

Theories, and models

Asking students to remember knowledge or information
Process

The essence of science and a way of scientific thinking
Context

The interaction amongst science, technology, and society

(Chiapetta & Koballa,2006).

To assess grade 7 students' conceptual understanding of the ‘environmental
pollution’ topic, the researchers created 15 a questionnaire on the relationship(s),
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understanding, and application(s) of the ‘environmental pollution’ topic. These
questions were suitable for Bloom's taxonomy (C3-C6) and the foregoing three
domains of scientific literacy. The researchers pilot-tested the ‘environment
pollution’ questionnaire with 32 students, who had previously taken the same
topic. Two groups firstly took a pre-test before the teaching intervention. Then,
they were treated and immediately given apost-test (see Table 2). Afterwards, their
results were compared (Sugiyono, 2010).

Table 2. The Procedure of a Quasi-Experimental Research Design

Pre-test Treatment Post-test
Groups
Experimental group | O;  Worksheets-Oriented Instruction O,
Control group 0; Conventional Instruction o)
Note )
O1 = Experimental group’s pre- test scores,
O3= Control group’s pre-test scores,
X = Treatment,
O, = Experimental group’s post-test scores,

O4 = Control group’s post-test scores (Sugiyono, 2010)

After the results of pre-test and post-test are gained, it is obvious that students'
scientific literacy levels increase from pre-test to post-test. The normalized gain (n-
Gain) is calculated using the following formula:

Spost — S pre

B — Lot = Smaks — Spre

Note : Spost = post-test value, Spre = pre-test value, Smaks = ideally maximum value (Hake, 2002)
The normalized gain values of three classifications are presented in Table 3.

Table 3.Three Classifications of the Normalized Gain Value

Average Gain Normalized Classification Level of Effectiveness
<g>>0.70 High Effective
0.30 <<g><0.70 Medium Effective enough
<g><0.30 Low Less effective

(Hake, 2002)
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Independent samples t-test was used determine the effectiveness of the worksheets-
oriented instruction via IBM SPSS Statistics 21 program. Then, percentages of
the controls and experimental groups were counted on domains of scientific
literacy. Both of the groups took the same test after the teaching intervention.
Then, analysis of covariance (ANCOVA) was run for adjusting their learning
scores to compare the experimental and control groups with one another.

Result

Scientific literacy consists of content (science as knowledge), process (science as a
process of investigation and a way of thinking) and context (the interaction(s)
amongst science, technology, and society). The results of the normalized gain
scores (n-Gain) for each domain of the grade 7 students' scientific literacy levels
are displayed in Table 4.

Table 4. The results of n-Gain and independent samples t-test

Mean B .

= - . Uji-t n-Gain

Group Pretest | Posttest = n-Gain | Criteria Sig. (2- tailed)
(kxsd) | (x+sd) | (X*sd)
_ 67.6 £ 0.48 £ . Significantly different
Control (n=32) 44,4 +8.41 6.62 013 Medium (DPretes=0,017,
Experiment 77.3 % 0.66 - = -
49.4 £7.95 Medium | PPost tes=0,000, pn

(n=32) 7.28 0.14 Gain=0,000)

As seen in Table 4, n-Gain value of the experimental group was found to be 0.66,
meaning a significant improvement of grade 7 students' scientific literacy levels
from pretest to posttest, whilst that for the control group was calculated to be 0.48,
meaning an improvement for low rank students in scientific literacy level.
Therefore, improvements significantly occurred in the experimental group. Based
The value of Sig. (2-tailed) <0.05 rejected to a significant difference between the
experimental and control groups’ n-Gain scientific literacy levels. An increase in
each student’s n-Gainis shown in Figure 2. N-Gain scores of grade 7 students'
scientific literacy levels on domains of the content, process, and context of science
illuminates that the experimental group had a higher n-Gain average, which fell
into the moderate category.
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Figure 2.N-Gain scores of grade 7 students' scientific literacy levels

Finally, a power analysis to determine the minimum effect size of the quasi-
experimental research design was conducted. For analysis of grade 7 students’
skills in pre-test and post-test, a total of the sample of the study was assumed to be
N= 64. That is, there were two groups and two assessment times (i.e., pre-test and
post-test). Effect size of the least analyse fort he experimental group was found to
be p.n2 =0.767.

Discussion

The results of pre-test and post-test revealed that post-test scores were higher than
pre-test ones (see Table 4). This means that the worksheets-oriented instruction
was quite effective in assisting grade 7 students in learning activities, as well as
addressing and encouraging them to solve the problems and deliver their new
generated learning experiences. This in line with Peruche’s (2007) idea addressing
the spirit of learning to influence to the learning process. Hillman (2003) points out
that teachers need to foster students easyly find and/or apply their own ideas. As a
matter of fact, the ability of the medium category indicated a n-Gain for grade 7
students’ scientific literacy levels.

An improvement in n-Gain influences their abilities and interests of learning
(Prastowo, 2015). In other words, any material (both information, tools, and texts)
systematically arranges and displays students’ overall competencies as well as
planning and implementing learning activities through the learning processes. The
effectiveness of the worksheets-oriented instruction supported group work
activities (cooperative learning) helping teachers to lead their students to discover
and apply their own creative knowledge. This is also consistent with Liliasari and
Tawil (2014) statement implying that teaching is not just to transfer knowledge
but also to do analysis, experimentation, conclusions, and reasoning.

Copyright (C) 2018 EQUHK APFSLT. Volume 19, Issue 2, Article 10 (Dec., 2018). All Rights Reserved.



Understanding science for all countries and state schools is seen as a major part of
achieving scientific literacy (Millar & Osborne, 1998; Norris & Phillips, 2003;
Toharudin, et al., 2011).

Worksheets also affect students’ emotional thinking, mental development levels,
and abilities to make decisions. Effective learning activities emphasize learning
scenarios to make learning meaningful and easier for students to understand.
Abdulrob and Daniel (2015) states that the teaching and learning processes
improve scienctific literacy. Akcay and Akcay (2015) depicts that using the STS
approach-based worksheets makes learning easier for students to understand the
presented material and to enable their progresses in decision-making for their lives
and communities. The use of worksheets including content, process, and context of
science may help students understand the materials taught in science classrooms.
Karsli and Sahin (2009) state that teachers’ worksheets facilitate students’ science
process skills to discover or prove the concept(s) of science.

A higher score in the experimental group than the control one (see Table 4)
denoted that the students in the experimental group were more active than those in
the control one. For example, the experimental group, who spoke more than the
control one in every learning activity, used language more effectively than the
control one. This advocates Noer’s (2016) statement on communicationrelated-
socialization. The language will lead to inaccuracy and uncertainty of the gained
messages. A lack of language skills may result in errors in translating the delivered
materials (misconceptions). In view of Hudson (2002), reading science text(s) is
more effective than recognizing all words and locates specific impormation.
Further, it also involves the ability to infer meaning(s) from the text.

Given science context, the experimental and control groups had the lowest scores
for n-Gain on the content and the process of science. Understanding science is
important for students as the successor of the nation's generation, who will face a
competition environment through the development of science and technology. The
STS approach-based worksheets seems to have made the students more active.
This may stem from the features of the worksheets (e.g., contextual learning) that
encourage students to easily understanding concepts/scientific knowledge. The
STS approach-based worksheets facilitated the students’ life applications to
naturally comprehend science learning processes (Lee, 2014).

Then, Liliasari and Tawil (2014) stress that the interaction amongst science,
technology, and society enhances technological development for human being.
Similarly, Yager and Akcay (2008) address that emphasizing the concepts of
science and technology in human life emerges a sense of students' social
responsibilities towards the roles of science and technology in society. In addition,
the STS approach improves students' learning outcomes and interests of science
learning in all educational levels (Yoruk, et al., 2009).
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As seen in Figure 3, the grade 7 students with a high n-Gain score showed the
detailed pictural explanations, verbal arguments, and reasoning skills.

—OL%M‘R“N“ :
“ o “aﬂa
AR ol A

\gahtu
4 ko \earun
W A8 'Pany oif

(ora  Meriancony -

LoMasuean  keeuvei bedmam leoten Miouman | 4009  ter\ecn davrane
ao\u\oaﬂﬁ‘ aasnuye | &un o\ &um? dengun k:mn ko un \gon &\ wear d,
lcagyan iy beter,

1. Masuean Posic, fencend \ow  arang.

3 kemudan  SO6i0G air eeas  mencucs mokil dan Menasunnyo
& Wadon Renawpws aic,

Figure 3.A sample response from the grade 7 students with a high n-Gain score

As can be seen from Figure 4, the grade 7 students with a medium n-Gain score did
not provide the detailed pictural explanations, verbal arguments, and reasoning
skills.
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Figure 4. A sample response from the grade 7 students with a medium n-gain
score

As seen from Figure 5, the grade 7 students with a low n-Gain score revealed
transcription and verbal argumentation.

Copyright (C) 2018 EQUHK APFSLT. Volume 19, Issue 2, Article 10 (Dec., 2018). All Rights Reserved.



4) Sowan:HOL HEHONKAA, TAN kAN, Yot %IaNg, RISIE, arang

Figure 5. A sample response from the grade 7 students with a low n-Gain score

Three students with different n-Gain scores had various ways to answer the same
questions. This means that the grade 7 students with a low n-Gain score had
difficulty in comprehending and depicting the process of science. The results of the
scientific investigation process indicated that the grade 7 student were able to
conduct an investigation alike a scientist. Rustaman (2009) states that the process
of science refers to the mental processes involving in answering a question or
problem-solving (e.g., identifying and interpreting evidence) and explaining the
conclusions of the scientific investigations. That is, the results pointed that the STS
approach was even better in facilitating student learning of scientific knowledge
than the traditional teaching. A STS approach of this study is feasible overtly
exam-driven context of Hong Kong in light of its superiority in conceptual
understanding over traditional teaching (Lau, 2013).

Conclusion

In brief, this study showed the collaborative connections between the STS
approach and worksheets to improve the grade 7 students’ scientific literacy skills
of science learning outcomes. The current study found that the collaborative
connections highly influenced the grade 7 students’ learning of the content of
science as compared with the other domains of scientific literacy.This means that
the STS approach-oriented worksheets, which supportedcollaboratively to make
sense of scientific literacy, were efficient in increasing scientific literacy levels.
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