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Abstract. Chemistry learning online during the Covid-19 pandemic still has to achieve
HOTS. To enhance the achievement, chemistry learning online should be integrated with
generic science skills through some simple chemistry practices based on daily life. The
generic science skills are further encouraging to develop pro-environmental behaviors
(PEBs). This study discusses two indicators of generic science skills, then analyzes the
relationship between those two indicators with PEBs. Samples are purposively selected;
they are the students of inorganic and general chemistry class. Data is statistically analyzed
to determine the relationship between students' generic science skills with pro-
environmental behaviors. The results show that there is no relationship between students’
generic science skills with PEBs using the logical consistency and causality indicators.
However, further research using other indicators is still needed to support the students
developing pro-environmental behaviors so they can actively participate in environmental
protection through chemistry learning experiences.
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1 Introduction

Chemistry learning aims to understand the nature and changes of matter in nature so it can
pursue a human to imitate nature in producing natural products. Further, chemistry learning can
lead humans to occupy their knowledge to apply various synthetic materials, such as plastics
and semiconductors, as well as control natural processes to benefit and increase their benefit for
humans, such as pollution prevention, supply of drinking water, and corrosion prevention
technology ([22]; [11]). Chemistry learning becomes part of education for sustainable
development (ESD) as the students’ autonomy encouragement in developing pro-environmental
behaviors (PEBS) ([27]; [19]) which lead to the active participation in protecting and preserving
the environment ([25]; [28]).

Chemistry learning should be fundamental for students to apply their chemical knowledge
in practicing to perform the main intent of analyzing, synthesizing, and transforming the matter
for defined practical purposes through the reasoning on six basic questions [30]. The question
is: (1) What is this material made of? (The question of Chemical Identity); (2) How do a
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material’s properties relate to its composition and structure? (the question of Structure-Property
Relationship); (3) Why does a material undergo changes? (the question of Causality); (4) How
do those changes happen? (the question of Mechanism); (5) How can those changes be
controlled? (the question of Control); and (6) What is the impact of chemical actions? (the
question of Benefits-Costs-Risks).

Chemistry learning can achieve sustainable chemistry if it provides a set of topics related
to the selection of chemicals, reactions, and processes that are sustainable and green at the same
time as the preferences of design and innovation to create some resources, including energy, at
a rate at which they can be replaced naturally, and the generation of waste cannot be faster than
the rate of their remediation [17]. Chemistry learning should be able to attract students' interest
so it can develop philosophy [10] and its learning experiences provide history and ethics that
encourage their action in PEBs [26].

The scenario of ESD requires environmental and social issues to become a common
discussion during chemistry learning [5]. Moreover, for In-depth study, chemistry learning
should be embedded into environmental and sustainability education through Didaktik models
related to chemistry contents and teaching by designing, analyzing, reflecting, and developing
[15] to manifest students’ perception of PEBs [1].

Since the Covid-19 pandemic, chemistry learning has met its biggest obstacle that is a wider
distance between teachers and students, so the interaction becomes more limited by online
learning. Periodically, online learning causes learning loss [3] that threatens to target chemistry
learning that encourages students' general science skills, especially when the students do not
have enough internet quota and bad signal during the chemistry online learning. Learning loss
worsens chemistry anxiety [23] in students characterized by feeling bored, afraid, and insecure
during the learning process, anxious [24]. It can be seen in students comprehension when they
present their project which is a lack of proper execution [9].

The chemistry online learning then chooses daily-life-based learning to help students find
some chemicals, reactions, and processes related to the topic of inorganic chemistry and general
chemistry. The daily-life-based learning ([4]; [29]) approach is expected to encourage students'
general science skills which leads to PEBs ([7]; [21]). Generic science skills involve direct and
indirect observation, symbolic language, logical framework, awareness of scale, logical
consistency, causality, mathematical modeling, and concept building ([13]; [18]). Generic
science skills are important for chemistry learning to drive students' successful participation in
individuals’ practices [15] and the ability to rationalize their logical consistency and causality
[14]. Generic science skills will improve learning experiences whilst the process engages the
students to do direct and indirect observation broadly through their surroundings phenomenon
([81; [20D).

Environmental knowledge merged in chemistry learning accelerates the students’ generic
science skills [12], especially in selecting the proper chemicals, reactions, and processes used
in chemistry practices or projects related to learning topics, so the students can decide the best
attitude to handle the effect and know to control the risk to the environment [6], as well as, able
to define a good opportunity of each process they investigate [2]. This study discusses two
indicators of generic science skills they are logical consistency and causality. The objective of
the research is to analyze the relationship.

2 Research Methods

The research is a quasi-experimental study with a post-test-only design. The topics are
essential and non-essential metals in inorganic chemistry for students of chemistry education



study program, and basic chemistry for students of biology education study program. Each
student does one project as chemistry experimental based on their daily-life activities at home,
then they present the analysis of their findings using logical consistency and causality. Each
student also fills the questionnaire to describe the PEBs according to their learning experiences.

2.1 Samples

The research uses purposive samples, they are 27 students of chemistry education study
program and 40 students of biology education study programs. Each student followed the course
for 16 weeks and actively participated during the course.

2.2 Data Analyze

Data is post-test scores for two indicators, logical consistency and causality, and
questionnaire scores for PEBs. Post-test scores are collected by scoring rubric from students’
presentations related to the analysis of their findings of essential and non-essential metals topics.
Questionnaire scores are counted as the total scores for each student. Data analysis uses statistics
by SPSS application to determine the correlation between logical consistency and causality
indicators with PEBs, after the normality test for generic science skills and PEBs variables.

3 Results and Discussion

Generally, the situation of students during chemistry online learning is similar. Lack of
internet quota and poor connection cause students difficulty to follow the learning flow and
direction. They cannot properly accept the teacher’s overall explanation and directions.
However, the teacher continuously motivates students to finish the project with their best
practices, so they can do the presentations well, though sound worried and anxious. The online
learning flow was executed slowly and fun to make students stay calm and enjoy.

The chemistry online learning achievement is shown in Table 1 to describe the scores
descriptively, then data analysis to determine the relationship between generic science skills
with PEBs as shown in Table 2.

Table 1. Descriptive statistics

N Minimum Maximum Mean Std. Skewness Kurtosis
Dev
Statistic  Statistic ~ Statistic  Statistic Statistic Statistic Std. Statistic Std.
Err Err
Causality 67 74 88 80,76 4,049 423,293 -939 578
Logical 67 75 88 7987 3529 556 293 -454 578
Consistency
PEBs 67 42 48 4448 1,491 -,054 293 -671 578

Table 1 shows that overall students attain good scores, both for logical consistency and
causality, but they achieve an average score for PEBs. Skewness and kurtosis score, according
to Table 1, are smaller than 1,96 at significancy level 0,05.

Table 2. Relationship between causality and logical consistency with PEBs

Causality Logical Consistency PEBs
Causality Pearson Correlation 1 -,214 ,125




Sig. (2-tailed) ,082 315

N 67 67 67

Pearson Correlation -,214 1 -051
Logical Consistency Sig. (2-tailed) ,082 ,682

N 67 67 67

Pearson Correlation 125 -,051 1
PEBs Sig. (2-tailed) 315 ,682

N 67 67 67

Table 2 shows that pearson correlation score between causality and logical consistency with
PEBs is smaller than table correlation score for degree of freedom (N-2) and the significancy
level is higher than 0,05.

Discussion

Skewness and kurtosis score shown in Table 1 means there is no normality distribution,
and data analysis shown in Table 2 states that there is no relationship between generic science
skills with PEBs by logical consistency and causality indicators. Still, by the highest obstacle
during the chemistry online learning, the students are able to attain good scores logical
consistency and causality indicators. The student's achievements are supported by chemistry
learning embedded into environmental and sustainability education through designing,
analyzing, reflecting, and developing contents and teaching ([5]; [15]) based on daily-life
activities ([4]; [29]; [13]; [18]; [15]; [14]) so the students harvest learning experiences whilst
doing the direct and indirect observation broadly on their surroundings phenomenon ([8]; [21]).

Unfortunately, the students cannot define the connection between their surroundings
phenomenon as the topic for chemistry learning with the environment protection and
preservation which are described as PEBs. Most of them are too focused on achieving a good
score so they hardly realize that the project they did relate to environmental protection and
preservation. This situation inspires teachers to merge environmental knowledge in chemistry
learning [12] such as choosing the proper chemicals, reactions, and processes used in students’
projects related to learning topics, so the students can decide the best attitude to handle the effect
and know to control the risk to the environment [6], as well as, able to define a good opportunity
of each process they investigate [2].

The chemistry online learning needs to be planned and prepared dynamically following the
students’ reactions and expressions. It can drive maximum the students to understand the nature
and changes of matter in nature so they are pursued to imitate nature in producing natural
products, and occupy their knowledge in controlling natural processes to benefit and increase
their benefit, such as pollution prevention ([22]; [11]). Gradually, the chemistry online learning
will accelerate the generic science skills as the students’ autonomy encouragement in
developing PEBs ([27]; [19]) which leads to active participation in protecting and preserving
the environment ([25]; [28]).

4 Conclusion

Data analysis states that there is no relationship between generic science skills with PEBs
by logical consistency and causality indicators. Somehow, according to the literature review,
there is a connection between generic science skills and PEBs to achieve environmental
protection and preservation as the chemistry learning outcome as shown in Figure 1.
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Fig.1. The connection between chemistry online learning with environmental protection and
preservation

The discussion states that intervention can be explained by the chemistry online learning is
planned and prepared dynamically following the students’ reactions and expressions. The
motivation aims to control the chemistry anxiety so the students can express the chemistry
learning without feeling bored and stay calm to realize the PEBs during the learning process.
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