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ABSTRACT

In today’s global era, thinking skills are essential to be mastered by students. This research intended to develop
and implement PBL-based worksheets integrated with green chemistry and ethnoscience to improve thinking
skills, which included generic science skills and critical thinking skills. These skills were observed through learn-
ing outcomes, which were divided into three domains, i.e., cognitive, psychomotor, and affective. The cognitive
aspect was assessed through pre- and post-test results, the psychomotor domain was valued through an essay test
and observational sheets, and the affective domain was evaluated using questionnaires and observational sheets.
This research was conducted with XI graders of MAN I Semarang and SMA Pekalongan. There were three
rounds implemented; first, preliminary research which has observed the problems in chemistry learning, particu-
larly on the hydrolysis topic and continued to the development of worksheets, then validated. The next round was
the implementation of the worksheets. The N-gain test was used to see the influence of the developed worksheets
on the increase in critical thinking skills and generic science skills. The critical thinking scored 0.58 (moderate),
while the generic science, which covered scale awareness and logical inference, scored 0.63 (moderate) and 0.73
(high), respectively. A paired t-test results revealed that there was a remarkable increase in the logical inference
and awareness of scale. Moreover, the results of the study found that the applied worksheets were practical for
cognitive, affective, psychomotor seen from the learning outcomes.
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INTRODUCTION ans must prepare themselves by growing and

developing many competencies (Suardana et al.,

In the 21st century, the development of
science, technology, and information takes pla-
ce very quickly and is full of competition. To
anticipate and win this competition, Indonesi-
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2018). Thus, it brings the impact of a tight race
in all areas of life. National education graduates
must have competitive and comparative advan-
tages according to national quality standards to
win job opportunities in this global era. In line
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with the rapid development of IT and dynamic
social change, it is necessary to prepare Indonesi-
an science teachers who can compete freely and
have the toughness in thinking, and act scientifi-
cally to solve problems encountered (Yokhobed et
al., 2012). Educational institutions such as Uni-
versitas Negeri Semarang (UNNES) as the host
of science and civilization developers have an
essential role in improving the quality of human
resources in the effort to educate the life of the
nation and civilization (LPPM UNNES, 2015).

A preliminary study was conducted in two
high schools, i.e., SMA 1 Pekalongan and MAN
1 Pekalongan, prior to the worksheets’ develop-
ment. The results of field observations, data re-
views, and interviews of chemistry teachers at
MAN 1 Semarang and High School (SMA) I Pe-
kalongan. It was found that the students had dif-
ficulties in understanding chemistry subjects rela-
ted to the hydrolysis process, acidity degree, and
acid-base demanding high-level thinking skills.
This low understanding was inversely proportio-
nal to the students’ low thinking skills, problem-
solving skills, generic science skills, and critical
thinking skills.

Generic science skills are the ability to
act and think based on the scientific knowledge
owned by the scientific frame of mind (Ramlawa-
tiet al., 2014). Generic Science skills are learners’
fundamental skills in comprehending scientific
concepts and solve science problems; also, a pro-
vision to develop high-order thinking skills (Mu-
lyani et al., 2016; Sumarni, 2018). The nine indi-
cators of generic science skills include (1) direct
and indirect observation; (2) sense of scale; (3)
symbolic language; (4) logical self-consistency;
(5) logical inference; (6) causality; (7) Mathema-
tical modeling; (8) concept formation; and (9)
spatial thinking skills/abstraction (Brotosiswoyo,
2000). On the other hand, Costa & Kallick (2014)
studied what critical thinking is, and the research
unveiled that critical thinking is a mental process.
At this point, people require to skillfully and ac-
tively conceptualize, apply, analyze, synthesize,
and evaluate information to obtain an answer or
conclusion

Learning activities will be more optimal
if the used worksheets are associated with ap-
propriate learning models and adjust to the de-
manded targets. Indonesia’s 2013 curriculum
requires Problem-Based Learning (PBL) to be
implemented in the teaching and learning pro-
cess. As argued by the Ministry of Education and
Culture of Indonesia, Problem-Based Learning
provides contextual problems stimulating stu-
dents to learn. In the PBL situation, students in-
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tegrate knowledge and skills simultaneously and
apply them in a relevant context. Febriani et al.
(2017) developed problem-based worksheets and
successfully improved students’ creative thinking
skills. Similarly, Ragilia et al. (2018) established
problem-based worksheets by referring to beha-
viorism, cognitive, and constructivism theory.
Further, it was proven that the students’ critical
thinking enhanced after using them.

Meanwhile, today’s chemistry learning in
Indonesia has not met the demands of the indust-
rial revolution 4.0, which emphasize the 21st-
century skills, especially problem-solving skills.
These skills could be developed through problem-
based learning and STEM (Science, Technolo-
gy, Engineering, and Mathematics) approach
(Redhana, 2013). Moreover, chemistry learning
in Indonesia has not been able to raise students’
conservation awareness. Rosita et al. (2014) and
Zahro et al. (2013) explained that students are
less concerned about the environment, especially
when conducting chemical practicum activities.
In line with this, the students in both schools
were observed to be careless when it comes to
the measurements while weighing and making
solutions, disposal of substances, and the arran-
gement of practicum tools. Similarly, Nuswowati
et al. (2017) also found that chemistry learning
students lacked environmental conservation
traits. Departing from these findings, the resear-
chers intended to establish worksheets based on
problems that could raise students’ environmen-
tal conservation awareness by adopting the green
chemistry and ethnoscience approach.

The green chemistry is an approach that
emphasizes environmentally-friendly activities
during learning either in the use of chemical
substances or the sequence of activities. This ap-
proach has been applied in UNNES’s chemistry
learning activities as an effort to cultivate conser-
vation values, which become one of UNNES’
vision. Referring to Hardati et al. (2016), there
are ten conservation character values, including
religious, honest, intelligent, impartial, respon-
sible, care, tolerant, democratic, patriotic, tough,
and polite. These values, as could be seen, are ex-
tracted from both social and spiritual values. De-
parting from this point, the two schools, SMA 1
Pekalongan and MAN 1 Semarang, were selected
due to their distinct backgrounds. The first one is
a public school, while the second one is Islamic-
based school. Therefore, the researchers gathered
different values living in these schools to be integ-
rated into the developed worksheets.

In addition to Green Chemistry, Ethnos-
cience was chosen as an approach integrated
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into the development of the worksheets. Ethnos-
cience was selected as it investigates indigenous
knowledge of the people and transforms it into a
scientific one. The conservation knowledge lives
in the community were dug up to be translated
into conservation materials and included in the
worksheets. The examples of indigenous know-
ledge included the ferasering technique applied by
Balinese people (Suardana et al., 2018) or preser-
vation of Mangrove and National Park by Kari-
munjawa residents (Dewi et al., 2019). Moreover,
the use of the ethnoscience approach has been
proven to be able to develop thinking skills (Setia-
wan et al., 2017). With this in mind, this research
objected to develop PBL-based worksheets integ-
rated with green chemistry and ethnoscience and
their influence on thinking skills. The developed
worksheets discussed the hydrolysis topic, which
is taught at the high school level.

The worksheets on the hydrolysis topic
were employed to ameliorate the students’ thin-
king skills. The assessed thinking skills were divi-
ded into two; critical thinking skills and generic
science skills in which the later covered two out
of ten indicators, namely logical inferences and
awareness of scale. These skills were evaluated af-
ter the worksheets were implemented in the lear-
ning process. Moreover, these skills were mapped
into three different domains of thinking; cogni-
tive, affective, and psychomotor. The cognitive
aspect revealed the enhancement of the students’
grade after learning using the developed work-
sheets. The affective aspect, on the other hand,
measured the students’ conservation character
values. At last, the psychomotor aspect calculated
the students’ generic science and critical thinking
skills. The authors wish that this research could
be referred to as one of the solutions to the prob-
lems related to the students’ low thinking skills
conservation characters as part of the principles
of green chemistry and ethnoscience.

METHODS

This research was carried out in three
rounds. First, a preliminary study that took pla-
ce in two research sites; SMA 1 Pekalongan and
MAN 1 Semarang. This prior study observed the
learning obstacles faced by the students and the
need for proper worksheets. Moreover, the lear-
ning outcomes of hydrolysis required improve-
ments. The instruments of this study included
the questionnaires of needs analysis, material
and media expert’s validation sheets, and pretest-
posttest questions and questionnaires of the con-
servation characters.

The second round was the development
of the worksheets. At this stage, a Research and
Development design was applied. The validation
of the worksheets was done by three experts, na-
mely education, green chemistry, and chemistry
expert. An early design of the worksheets was te-
sted in a small-scale trial to 12 students of XI IPA
4 MAN I Semarang to obtain readability data.
The worksheets were revised based on the evalua-
tion of the small group trial results. The next lar-
ge group trial was conducted to 38 students of XI
IPA 5 MAN I Semarang. Based on the trial, the
worksheets did not need any revision and were
ready to be applied to high school students.

The fixed worksheets were applied to 68
students of XI IPA 6 and IPA 7 in SMA I Peka-
longan, who became the sample of this research,
using pre- and post-test research design to deter-
mine the effect of student worksheets in impro-
ving the students’ concept mastery (cognitive)
using the t-test. Moreover, observational sheets
were used to see the improvement of thinking
skills (psychomotor) before and after using the
developed worksheets. Then, the obtained data
were analyzed using the N-gain test, according to
Hake (1999), to see the enhancement. Moreover,
the students were asked to fill in the questionnai-
res to reveal the students’ conservation characters
(affective). The researchers also assessed the con-
servational characters during the lab work using
the observational results. These instruments have
been validated and declared valid.

RESULTS AND DISCUSSION

This section discusses the developmental
results and the worksheets’ impacts on the stu-
dents’ thinking skills based on three domains.

Development Results of the PBL-based
Worksheets Integrated with Green Chemistry
and Ethnoscience

The validation was done by three experts,
namely education, green chemistry, and che-
mistry expert. The assessment results from the
three experts were then quantized and calculated
with Aiken’s V formula. The quality of the stu-
dent worksheets assessed included the feasibility
of content, language, and graph. The average va-
lidation scores are presented in Table 1.

Table 1 shows that all aspects belonged to
the ‘very good’ category, which means that the
worksheets are valid. The data provided in Table
1 were the results obtained after the researchers
revised some parts of the worksheets, as sugge-
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sted by the validators. The revisions included co-
ver design, image display, font, and the contents
of the student worksheets. This is consistent with
Arsyad’s (2005) statement that choosing the ap-
propriate font size is significantly essential. The
letter size is usually expressed in points per inch;
the right font size for the text is 12 points. The
size factor is relative for every person, but for the
healthy eyes, it has been confirmed appropriate.
This means that the font does not need to be en-
larged or reduced. The image resolution should
be augmented to avoid pixelation. Images, accor-
ding to Suleiman (1998), are a crucial tool to give
a concrete visual representation of the problem
it describes. Images allow people to capture the
idea or information contained within them brigh-
ter than words written or spoken expression.

Table 1. The Average Validation Results

Validation Average
No. Aspects score Category
Feasibility of
Content 0.87 very good
. Language 0.88 very good
3. Graph 0.87 very good

Moreover, the worksheets’ legibility data
were obtained from interviews with students in
MAN I Semarang, and the observation of lear-
ning activities when doing the small-scale tes-
ting. The legibility results were used to improve
the worksheets before being used in a large-scale
trial and field trial. The interview results with the
students about the worksheets’ legality indicated
that the developed worksheets have been feasible
to use.

In terms of language, not all students
thought that the language of the Student Work-
sheet is easy to understand. It is a reasonable con-
dition because the speed of reading comprehen-
sion depends on the speed of the students’ ability
to grasp. It appears that the students’ ability was
relatively different in understanding the language
in the worksheets. However, some terms should
be given a more lucid explanation. Diction and
compilation of sentence, are exceedingly essen-
tial for printed learning media as they pay a big
credit to the communicativeness.

The established worksheets are equipped
with observation and discussion sheets for the
students. This is following Arsyad’s (2005) state-
ment, in providing printed learning media inclu-
ding student worksheets, it is necessary to consi-
der the results of student response analysis, how
students answer questions or do the exercises,
and provide opportunities for additional exerci-
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ses. However, not all students thought the work-
sheets have accessible materials when using them
in groups. This is a natural thing because there
are times when some students find it difficult to
interact and work with other students. This also
might be caused by the number of members. Ac-
cording to Chiriac (2014), an ideal study group
should not be too large, i.e., between four to eight
people. Students are individual beings, different
from each other. Differences in nature between
students can sometimes lead to irritation and
misunderstandings so that cooperation among
group members is a little challenging to do. On
the other hand, most students considered the ob-
servation and discussion sheets useful.

The Influence of PBL-based Worksheets
Integrated with Green Chemistry and
Ethnoscience on Thinking Skills

The thinking skills, as seen from the stu-
dents’ learning results after using the problem-
based worksheets integrated with green chemistry
and ethnoscience, are divided into three domains;
cognitive, psychomotor, and affective. The dis-
cussion of the results is presented as follows.

Cognitive Domain

The students’ understanding of the concept
of instructional materials was measured using in-
tegrated cognitive test questions on the hydrolysis
topic. The fixed problem-based worksheets integ-
rated with green chemistry and ethnoscience on
hydrolysis topis were applied to 68 students of XI
IPA 6 and IPA 7 at SMA 1 Pekalongan using pre-
and post-test. The completeness of individual stu-
dy can be seen from the post-test results. The lear-
ners are said to achieve mastery learning if the
post-test result scores > 75 or more by using the
left-sided t-test. The His accepted if thet >t
-0.95. the results obtained tcount = 4.252 and
ttable = -1.996, which means that tcount>ttable.
In other words, the students have reached the de-
manded mastery learning with 85.29% of classi-
cal completeness. This rate is favorable as it has
passed the minimum classical mastery, 75%. This
proved that the problem-based worksheets are ap-
propriately implemented to chemistry learning as
they involved the students to actively participate
in connecting the students’ knowledge to produ-
ce a robust conceptual understanding. This is in
accordance with the constructivism philosophy,
which is adapted to the problem-based learning
concepts. It enables learners to build their know-
ledge through the learning experience they have
undertaken and reflected it on each step carried
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out in solving the provided problem (Ackay,
2009). Besides, there is a positive and significant
relationship between chemistry and self-efficacy
for everyday applications and critical thinking
(Uzuntiryaki-Kondakci & Capa-Aydin, 2013;
Weaver et al., 2016).

Psychomotor Domain

This study investigated the influence of
problem-based worksheets on thinking skills,
which included generic science skills and criti-
cal thinking skills. The assessed skills of generic
science covered two out of ten indicators, i.e., the

Table 2. The Score of N-Gain for Thinking Skills

logical inferences and awareness of scale.

The increase in skills was observed du-
ring the lab works before and after using the
problem-based worksheets integrated with green
chemistry and ethnoscience. Generic science and
critical thinking skills were assessed using obser-
vational sheets by the researchers. The data were
analyzed using the normality test, N-gain, and t-
test on SPSS 16 program. The results showed that
the pretest and post-test data were typically distri-
buted. The N-gain calculation was performed on
each generic science skill indicator and critical
thinking skills, while the results are presented in
Table 2.

No Thinking Skills The S(c}oar;:l of N- ACh]ij;:Ilent
Generic Science Skills
1 Awareness of scale 0.63 moderate
2 Logical Inferences 0.73 high
Critical Thinking Skills 0.58 moderate

The obtained N-gain scores were 0.63,
0.78, and 0.58, respectively, for the awareness of
scale, logical inferences, and critical thinking. The
improvement of students’ scale awareness was
seen from their neatness in weighing and taking
substances or solutions when doing chemical lab
works. Moreover, the high logical inferences in-
dicated their ability to conclude the hydrolysis
practicum. The worksheets gave a task for the stu-
dents to experiment on fertilizing peanut and spi-
nach plants. They must provide a mixture of urea
and compost with various compositions. For two
weeks, the students were required to pay attenti-
on to their growth on which variants of fertilizer
grow faster and why, as well as the conclusion.

Meanwhile, the significance test of generic
science skills improvement showed that -tcount
<-ttable. The tcount for logical inference was
-50,176 and t count for awareness of scale was
-41,367 while the ttable (o = 0,05; df = 67) was
-1,966. This means that the t-count was in the
rejection area of HO; in other words, there is a
significant difference or improvement on generic
science skills before and after learning using the
problem-based worksheets integrated with green
chemistry and ethnoscience. The improvement
of generic science skills in this research is in line
with Dibyantini et al.’s (2018) research results that
learning with a problem-based learning model
could improve generic skills of logic consistency,
abstraction, symbolic language, modeling, logical
inference, cause-effect, and scale understanding.

The logical inference in this study was de-
veloped when the students could draw a logical
conclusion from given data or experimental data
based on the salt hydrolysis theory/concept. On
the other hand, the scale awareness was develo-
ped when the students calculating the salt mass
or volume of water required in making a saline
solution and measure the concentration of [H +]
ions or hydrolyzed salt pH associated with the
nature of the salt. Also, when the students made
different dosages of fertilizer and organic fertili-
zer. The students having low awareness of scale
considered the activities as a new knowledge that
should be linked to relevant concepts. For examp-
le, to be able to calculate how much water volume
is needed in making a saline solution with pH 4,
the students must know the unit volume (dL, L,
cm?, dm?).

The enhancement of generic science skills,
indeed, cannot be separated from the applied
worksheets. The problem is used as a starting
point to direct the students to find the concepts,
understand the contextual materials, and perceive
the materials associated with the application of
the green chemistry principle. The students had to
observe the effect of ammonium sulfate fertilizer
with manure on plant growth and soil pH change
directly, find alternative solutions to the problems
provided, and invite the students to identify the
salt properties using materials commonly found
in everyday life. These learning activities made it
easier for the students to understand and learn the
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topic as they simply associated new knowledge
with their existing knowledge. This is in line with
the results of Baharom & Palaniandy’s (2013)
research which succeeded in improving the ge-
neric skills of direct observational science, logic
inference, mathematical modeling, and concept-
building ability by applying problem-based lear-
ning because the problem-based learning model
emphasizes critical thinking and analytical thin-
king to find out answers to the proposed problem.
In other words, learners could study the materials
systematically.

Critical thinking skills are parts of analy-
tical skills or higher-order thinking skills. These
skills include the skills of analyzing arguments,
making inferences using inductive or deductive
reasoning, judging or evaluating, and making de-
cisions or solving problems (Lai, 2011). The criti-
cal thinking skills examined in this study focused
on the use of conceptual and procedural know-
ledge to solve hydrolysis problems, acid-base so-
lutions, and acidity (pH) levels. The improvement
of the problem-solving ability of students cannot
be separated from the teaching aid uses, which
in this study, was the problem-based worksheets
integrated with green chemistry and ethnoscien-
ce — referring to Trianto (2010) learners, who
try to solve their problems, experience more va-
luable knowledge. The results of this study are in
line with research conducted by Redhana (2013),
which stated that applying problem based lear-
ning in addition to improving problem-solving
skills could also improve critical thinking skills
since it has an impact on the thinking process.
The students acquired inductive/deductive reaso-
ning skills, analyzed, synthesized, rated informa-
tion, and interpreted during the problem-solving
process. In line with this, Valdez et al. (2015)
also concluded in his research that learning by
constructing previous knowledge experiences,
exploratively, and interactively could develop stu-
dents’ critical thinking skills.

Affective Domain

The students’ conservation characters
were evaluated using questionnaires (filled by
the students) and observational sheets during the
lab works on the hydrolysis topic. The assessed
values included religious, honest, intelligent,
impartial, responsible, care, tolerant, democ-
ratic, patriotic, sturdy, and polite. A student is
said to complete the mastery learning if the s/
he scores in either excellent or excellent catego-
ry. The completeness at the first meeting reached
97.06%, the second and third meetings reached
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98.53%, and the last meeting reached 100%. The
materials used included products containing salt
compounds, which could be encountered easily
by the students in everyday life. They also used
colored plants to be used as natural indicators.
Practicum activities with green chemistry prin-
ciples are in line with the research of Sudarmin
(2013), which involved prospective chemistry
teachers in using conventional materials in the
lab activities. This made the students more ent-
husiastic and be more active in doing laboratory
works.

The democratic was the most salient con-
servation character value compared to other
characters, which could be observed through the
students’ teamwork while working in their res-
pective groups. This happened due to problem-
based learning fused in the worksheets, which
is very useful in conducting good cooperation
among students. Similarly, Ackay (2009) revea-
led that problem-based learning could escalate
cooperation in groups and communication skills,
both written and oral. Further, environmental
care gained the second-highest percentage after
the democratic. Environmental care is the at-
titude and action to prevent the destruction of
the surrounding natural environment. Problem-
based learning with green chemistry has a posi-
tive effect on environmental care. There are six
principles that students learn about materials
that avoid chemicals derivates, and they are (1)
waste prevention; (2) designing safer chemicals;
(3) safer solvent and auxiliaries; (4) designing
degradable products; (5) use of renewable feed-
stocks; and (6) atom economy.

CONCLUSION

This study concluded that the established
problem-based worksheets integrated with green
chemistry and ethnoscience are useful to enhan-
ce students’ thinking skills in three domains of
thinking; cognitive, psychomotor, and affective.
The incorporation of problem-based learning,
green chemistry, and ethnoscience has been pro-
ven effective in assisting the students to be active-
ly involved in the learning process, cultivate con-
servational characters, and increase the students’
conceptual mastery on the hydrolysis topic. The
researchers wish that high school chemistry te-
achers could employ the developed worksheets
as a teaching-learning aid on the hydrolysis to-
pic. Nonetheless, not all of the generic science
skills indicators and conservation characters ap-
peared on students.
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