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validity with a value of 0.81 which is categorized as very valid. The
practical results with the percentage value of the questionnaire
responses and observations of students are 88% and 80.66% in the
very good category. The effectivity results in the value of N-Gain
cognitive and science process skills of 0.67 and 0.68 with the
medium category. And the results of the questionnaire and
observation of collaboration skills are 94% and 89% in the very good
category. So, it can be concluded that e-worksheet assisted by
liveworksheets can improve students' science process skills and
collaboration on chemical equilibrium.
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1. Introduction

One of the science subjects is chemistry which has often taught in a mixture of theory and
scientific activities (Nainggolan & Mutiah, 2020). Chemistry learning, which is a part of the
Natural, should be able to improve scientific literacy ability to think critically, creatively,
communicatively, and collaboratively (Sugiyarti et al., 2018). Chemistry learning should
emphasize hands-on learning experiences through the development and implementation of
scientific process skills and scientific attitudes (Wulandari et al., 2019). One of the high school
chemistry subjects for class XI is chemical equilibrium. This chapter requires students to be able
to understand the concept well. Students are required to work together to improve their
motivation and a proactive role in the involvement of the learning process.
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Currently, most schools in Indonesia adhere to the 2013 curriculum for their learning process.
The 2013 curriculum requires schools to change the learning approach that was initially teacher-
centered to student-centered (Astuti et al., 2018). The 2013 curriculum also requires students to
be active, able to learn independently, and not be fixated on information from the teacher
(Ameliawati et al., 2021). The 21* century requires students to have the four skills (4C),
communication, collaboration, critical thinking and problem-solving, and creativity and
immnovation (Pratiwi et al., 2020; Rusilowati, 2017; Malik & Ubaidillah, 2020). The 2013
curriculum employs a range of scientific approaches, including observing, questioning,
experimentation, association, and communication, balancing the development of attitudes,
knowledge, and skills (Mahjatia et al., 2021) so that this proves that both science process skills
and collaboration skills are essential to be trained for students.

Science Process Skills (SPS) can be defined as the ability to understand or master student
concepts with direct involvement in the learning process. SPS comprises basic skills and
integrated skills (Nur, 2011). Through the SPS approach, a series of activities could be created to
improve the mastery of concepts for students (Yanti et al., 2020). Research from Agustina &
Agustini (2020) supports this statement, pointing out that most students have difficulty learning
chemistry because the concepts are difficult to understand and that various activities created
through SPS can help to improve students' understanding of concepts. There an effort that could
be made to enhance students' performance is to implement interactive learning media. That will,
allow for the creation of fun learning activities and enhance students' mastery of concepts in
chemistry lessons. In addition, collaboration skills are needed to increase motivation, take a
proactive role, and increase mastery of concepts.

Collaboration Skills (CS) can be defined as the ability to participate in every activity to build
relationships with others, respect each other's relationships and work as a team to achieve the
same goal (Le et al., 2017; Malik et al., 2021). Collaboration is related to relationships with
others, a way to respect differences, share power, and gather knowledge from others. Therefore,
cooperation means more than just cooperation (Woofolk, 2007). Nurjanah et al. (2020) found
that students have not yet shown an active attitude to contribute, work productively, be flexible,
take responsibility, and respect others. Therefore, to overcome these problems, an effort is made
to use learning media in the form of worksheets that stimulate students to actively collaborate
and improve their mastery of concepts.

Student Worksheet has an important function so the learning process can be carried out
properly. Using student worksheets can support mastery of concepts and practice a sense of
working together in teams to solve problems through discussion to obtain conclusions
(Rahmatillah et al., 2017; Husna et al., 2020). The development of science and technology is
growing rapidly (Asry, 2020; Fahmi et al., 2020). This resulted in a change in learning methods
from conventional in the form of printed worksheets to electronic versions, namely e-worksheet.
The electronic worksheet could be created using the liveworksheets application. The
liveworksheets is a platform provided free by Google. This application converts the printed
worksheet into an interactive online worksheet, can grade students' work automatically, and can
send answers to the author. Students could work on and submit worksheets online. The
advantages of this application are that it saves paper and time, is interactive, and motivates
students.

Based on the results of interviews with chemistry teachers in class XI Science at one of the
senior high schools in Surabaya in February 2022, it is known that the learning media used in the
school are still conventional, such as books and printed worksheets. The school never uses e-
worksheet with components of SPS and collaboration to support student learning activities in
chemical equilibrium material. This is supported by the results of the pre-research questionnaire
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given to 30 students of class XI Science 1 showed that 93.3% of the student never used an e-
worksheet with an SPS component and 90% of the student never used an e-worksheet with a
collaborative component. This can be associated with the student's situation who have difficulties
in mastering the concept and lack an attitude of cooperation with one another. Research
conducted by Saidaturrahmi et al. (2019) states that the developed student worksheet can
improve SPS with a series of activities contained in the student worksheet. Octaviana et al. (2022)
observed that the development of e-worksheet can improve CS in students.

Based on the earlier description, a learning media could be developed as an e-worksheet
assisted by liveworksheets to improve science process skills and collaboration on chemical
equilibrium material. Typically, the components of SPS comprise observing, classifying, making
hypotheses, identifying variables, analyzing data, and drawing conclusions. Meanwhile, typical
CS indicators are contributed actively, showing flexibility, showing an attitude of responsibility,
and showing an attitude of respect. This study aimed to determine the feasibility of e-worksheet
in terms of validity, practicality, and effectivity.

2. Method

The type of research used is research and development (R&D). The research model used in
this study was adapted from Lee & Ownes (2004), namely ADDIE (Analysis, Design,
Development, Implementation, and Evaluation) (Eliana et al., 2021). Analysis was conducted to
collect information in the form of material analysis, curriculum analysis, and needs analysis. The
design was carried out to make the design of the e-worksheet that will be developed and also
includes the instrument's preparation. Development was performed to test the validity of two
lecturers in the department of chemistry and one chemistry teacher at a high school in Surabaya.
Implementation was piloted to test the e-worksheet practicality and effectiveness for class XI
Science students as our participants in the limited trial. Meanwhile, evaluation provides an
assessment and analysis of the data obtained from the trial phase.

The target of this research is the feasibility of e-worksheet with three aspects: validity,
practicality, and effectivity. The data sources in this study were three chemists and 30 students of
class XI Science 1 at ITP Senior High School in Surabaya. The research design used in the
limited trial was the One Group Pretest-Posttest Design (Creswell & Creswell, 2017).

The methods used to collect data were interviews, questionnaires, observations, and tests. The
interview method followed an interview guide instrument given to the chemistry teacherin class
XI Science 1. The questionnaire used a validation sheet instrument, a pre-research questionnaire
sheet, a student response questionnaire sheet, and a CS questionnaire sheet. The validation sheet
assessment guidelines use a Likert scale adapted from Riduwan (2015), as shown in Table 1.
Table 1. Likert scale.

Score Criteria
1 Very poor
2 Poor
3 Enough
4 Good
5 Very good

Guidelines for scoring the questionnaire using the Guttman scale as shown in table 2.
Table 2. Guttman scale

Answer Positive Statement Negative Statement
Yes 1 0
No 0 1
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The observation method used the instrument of student activity observation sheets and CS.
Guidelines for scoring the questionnaire using the Guttman scale adapted from Munawaroh and
Yonata (2021) as shown in table 2. The test method uses a pretest-posttest test sheet for cognitive
and SPS.

This study uses an analysis technique combined with both elements, qualitative and
quantitative. Qualitative elements were obtained from interview guidelines and pre-research
questionnaire sheets; the acquired qualitative data were then analyzed descriptively. Meanwhile,
Quantitatively elements were obtained from validation sheets, student response questionnaire
sheets, student activity observation sheets, cognitive pretest-posttest question sheets, SPS pretest-
posttest question sheets, CS questionnaire sheets, and CS observation sheets.

Validity Analysis
Validation data were calculated using Aiken's V validity with the following formula (Dewi et
al., 2020; Aiken, 1985):
_ 38
- n(c-1)
Subsequently, the results of the validation data are converted based on the categories adapted
from Aiken (1985) in table 3.
Table 3. Result of validation category

Value Category
0.00<V <0.20 Very Invalid
0.20<V <040 Invalid
0.40 <V <0.60 Sufficiently
0.60 <V <0.80 Valid
0.80 <V <1.00 Very valid

Researchers determined a standard value > 0.60 as a valid category so that the developed e-
worksheet can be said to be valid.

Practicality Analysis

Data obtained from questionnaires and observations of student activities were converted based
on categories adapted from Riduwan (2015) in table 4.
Table 4. Result of questionnaire and observation category

Percentage (%) Category
0-20 Very poor
21-40 Poor
41-60 Enough
61-80 Good
81-100 Very good

The developed e-worksheet can be said to be practical if the average response questionnaire and
student activity observation are >61% with a good category.

Effectivity Analysis

Data from the pretest-posttest results of cognitive and SPS were analyzed quantitatively using
the normality test (Shapiro-Wilk Test) to test if the obtained data were normal or abnormal.
Paired Sample T-Test was carried out to examine the difference in the mean scores of pretest and
post-test students. The N-gain analysis was performed to determine the improvement in cognitive
knowledge and SPS based on the pretest-posttest. The N-gain was calculated using the following
formula below (Munawaroh & Yonata, 2021; Hake, 2022):
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_ posttest score — pretest score

N-gain =

maximal score — pretest score

The interpretation of the N-gain value into different categories was based on Hake (2002), as
shown in Table 5.

Table 5. N-gain value category

N-gain Category
N-gain > 0,7 High
0,3 < N-gain <0,7 Medium
N-gain < 0,3 Low

The effectivity was analyzed from the data from the questionnaire, and the observation of the CS
of students was converted into different categories adapted from Riduwan (2015) in table 4. The
developed e-worksheet can be said to be effective if N-gain is >0.3, which is categorized as
medium. Meanwhile, the developed e-worksheet can be said to be effectiveifthe obtained data
from the questionnaire and observation of CS is > 61%, which is categorized as good.

3. Result and Discussion

This research on the development of e-worksheet assisted by liveworksheets to improve SPS
and CS using the ADDIE model comprises the Analysis stage, Design stage, Development stage,
Implementation stage, and Evaluation stage (Eliana et al., 2021). The results of the study can be
described as follows:

The analysis stage consists of material analysis, curriculum analysis, and analysis of needs.
This stage was conducted by interviews with chemistry teachers and the distribution of pre-
research questionnaires to 30 students of class XI Science 1 at the ITP Senior High School.
Regarding the material analysis, the material used was chemical equilibrium, especially on
chemical equilibrium factors. The material was chosen because the questionnaire result stated
that the students have difficulty in understanding the concepts of factors shifting the direction of
chemical equilibrium correctly. This difficulty may be due to the characteristics of the material
that require an understanding of the concept so that it must be sought through observations,
conjectures or hypotheses, data analysis, discussions, and conclusions (Rohmah et al., 2019).
Regarding the curriculum analysis, the 2013 curriculum (K-13) was used as most schools in
Indonesia currently use that curriculum. Curriculum analysis typically encompasses Basic
Competency analysis that is in according with the material to determine indicators and learning
objectives that must be achieved by students. The results of the curriculum analysis are using
Basic Competency 3.9 to analyze the factors that influence the shift in the direction of the
equilibrium and its application in industry and 4.9 to design, carry out, conclude and present the
experimental results of the factors that influence the shift in the direction of the equilibrium.
Regarding the analysis of needs, during the interview and distribution of questionnaires obtained
information that: 1) teachers still often use conventional methods or are teacher-centered; 2)
students are less active in the involvement of the learning process; 3) the learning media used are
limited to books and printed worksheets from schools; 4) never use electronic learning media; 5)
have never used learning media to increase comprehension of concepts; 6) students still have a
low collaboration attitude. The results of the analysis it is used as the basis for the development of
the e-worksheet to be made.

The design stage consists of making the e-worksheet design and compiling an assessment
instrument. The making of the e-worksheet design is adjusted to the results of the analysis stage.
This can be associated with the product obtained in the form of 3 pieces of chemical equilibrium
factors e-worksheet (concentration, temperature, and volume and pressure) and the e-worksheet
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filling procedure assisted by the liveworksheets application. Each e-worksheet contains
components of SPS and CS. The components of SPS include observing, classifying, making a
hypothesis, identifying variables, analyzing data, and drawing a conclusion. Components of CS
include actively contributing; showing flexibility; showing an attitude of responsibility; showing
respect. After compiling the e-worksheet, the expert will review it first before validating it. Next,
develop an assessment instrument to get a valid assessment.

The development stage tested the validity of two lecturers in the department of chemistry and
one chemistry teacher at ITP Senior High School in Surabaya. Perform a validity test by filling
out a product validation sheet. The validation sheet consists of statements covering the criteria for
content, language, presentation, and graphics (BSNP, 2006). The validator will provide an
assessment score for the e-worksheet covering the aspects of the validation sheet. The product can
be valid if the value obtained has reached the minimum value of 61% with a valid category.

Implementation stage, the e-worksheet, which the validator has validated, is then tested on
students in class learning. The revised e-worksheet states that it is valid and can be an object of
study. In this stage, practicality and effectiveness tests are carried out for students of class XI
Science 1 as participants in a limited trial. The practicality test was carried out by giving response
questionnaire sheets to students and student activity observation sheets filled out by the observer.
Fill in the students' cognitive pretest-posttest questions and SPS to test the effectivity. In the first
step, students are given pretest questions to determine students' cognitive knowledge and SPS
before using the e-worksheet assisted by liveworksheets. In the second step, students are given an
e-worksheet assisted by liveworksheets to improve cognitive knowledge and SPS that are done
collaboratively. Last, students are given post-test questions to determine the improvement in
cognitive knowledge and SPS after using the e-worksheet assisted by liveworksheets. In addition,
CS questionnaire sheets were also given to students and CS observation sheets to observers.

Evaluation stage, the last stage which aims to provide an assessment of the e-worksheet
assisted by liveworksheets and analyze the data that has been obtained. Evaluation in this study
was carried out based on the results of data analysis of validity, practicality, and effectivity.

Results of validity analysis
The validity of the e-worksheet is obtained from the results of the validation data. The display
image of the validated e-worksheet is shown in Figure 1.
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Figure 1. Cover (left) and content of e-worksheet (right)
Improvements for the e-worksheet after the validation process, improving the cover by
providing attractive images and improving the content by adding guidelines for using the e-
worksheet. And then, analyze the data from the validation results using quantitative analysis
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techniques (Aiken, 1985). The total score obtained from the validator is then on average. The
recapitulation of the e-worksheet validation results assisted by liveworksheets is shown in Figure
2.

0.82

© 0.80
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0.76 ‘ ‘ ‘

Content  Language Presentation Graphics
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Figure 2. Value of e-worksheet validation results

Figure 2 shows the value results for each criterion. The content criteria in the e-worksheet are
very valid categories, including the suitability of the title with the material; conformity of the
material with core competencies and basic competencies; conformity with SPS; suitability of CS;
conformity with learning objectives; as well as the accuracy of the facts, the truth of the concept,
and the suitability of the theory in the presentation. The language criteria in the e-worksheet are
very valid categories, including language that is easy to understand; accuracy of sentence
structure; the rigidity of the term; conformity of grammar and spelling with Indonesian language
rules; as well as the consistency of writing scientific names or foreign languages. The presentation
criteria in the e-worksheet are very valid categories, including the suitability of presenting
material with a learning approach, concept stage, the inclusion of references, completeness of
identity, and accuracy of numbering in the presentation of text, and tables, images, and
attachments. The graphic criteria in the e-worksheet are valid categories, including the type and
size of letters that make it easier to understand, read and attract; compatibility of appearance
design; illustrations that clarify and facilitate understanding; ease of opening websites and
operating e-worksheet. The final average score of the validation results was 0.81, which means
that the e-worksheet assisted by liveworksheets got a very valid category. This can be associated
with the e-worksheet can be used as a learning medium because the value results in more than >
0.60. This is according to Nieveen (1999), the product developed can be said to be valid if the
material components are based on existing needs, up-to-date knowledge, have an element of
novelty (content validity), and use grammar, good layout formats, and all components must be
consistently linked (construct validation). The validation criteria used in this study were also used
by Enistoneisya et al. (2019), who got the percentage of a final score for the student worksheet
validation of 81.79%, which was categorized as very valid.

Results of practicality analysis

The practicality of e-worksheet can be obtained from the results of student response
questionnaire data and observations of student activities. Then, analyze the data from the
questionnaire responses and observations of student activities using quantitative analysis
techniques (Sudjana, 2005). The results of data analysis on student responses to e-worksheet
assisted by liveworksheets obtained an average score which was then converted into percentages.

The recapitulation of the results of the student response questionnaire analysis is shown in Figure
3.
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Figure 3. Percentage of student response questionnaire results

Figure 3 shows that the final average score of the student response questionnaire results
obtained is 88%, which means that the e-worksheet assisted by liveworksheets is in the very good
category. So, the e-worksheet with the help of a liveworksheets can be said to be practical because
it gets results > 61%. The use of student response questionnaires in this study was also used by
Rahmawati & Yonata (2019) get the percentage results from each criteri > 61% and get a positive
response from students.

Analysis of student activity observation data supports the results of the response questionnaire
to determine learning activities while using the e-worksheet assisted by liveworksheets. The
activities of students assessed include all activities contained in the e-worksheet: observing,
asking, collecting data, associating, and concluding. The five activities contain components of
SPS and collaboration. Student activities are adjusted to the number of e-worksheet developed.
The results of the analysis of student activity observations obtained an average score which was
then converted into a percentage. The recapitulation of the results of the analysis of student
activity observations is shown in Figure 4.

o 150%
&100%
§ 50%
8 0%
1 2 3
E-Worksheet

Figure 4. Percentage of student activity observations results

Figure 4 shows that the final average score of the student activity observation results was
obtained 90%, which indicates that the e-worksheet assisted by liveworksheets is a very good
category. So, the e-worksheet assisted by liveworksheets can be said to be practical because it gets
a value > 61%. This is relevant to Nieveen (1999), who states if the use of the developed product
can be used easily and can be used in accordance with the designed learning plan, then the
product developed is considered practical. Yanni et al. (2018) also analyzed student activity
observations in this study which got a percentage of 80.66%, with a very good interpretation.

Results of effectivity analysis

The effectiveness of the e-worksheet was obtained from the results of the pretest-posttest scores
of cognitive and SPS, the results of the CS questionnaire, and the results of the observation of CS.
The results of the pretest-posttest scores of cognitive and SPS were analyzed quantitatively using
the normality test using, Shapiro-Wilk Test, Paired Sample T-Test, and N-gain analysis. This test
was carried out with the help of the SPSS version 20. The results of the questionnaire and
observation of CS were analyzed using quantitative analysis techniques (Sudjana, 2005).
According to Nieveen (1999), a product developed can be said to be effective if it can describe the
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experience and learning outcomes to students. The results of students' pretest-posttest questions
on SPS are shown in Figure 5.
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Figure 5. Results of cognitive (left) and SPS (right)
After getting the results of the pretest-posttest scores of cognitive and SPS, then analyzed using
the normality test, are shown in Tables 6 and 7.
Table 6. Cognitive normality test

Shapiro-Wilk

Statistic df Sig.
Pretest .943 30 .109
Posttest .943 30 .109

Table 7. SPS normality test

Shapiro-Wilk

Statistic df Sig.
Pretest SPS 941 30 .097
Posttest SPS .950 30 .169

Table 6 shows a cognitive significance value of 0.109 which means that the data is normally
distributed because of the sig value. > 0.05. Table 7. shows an SPS significance value of 0.097
and 0.169, which means the data is normally distributed because of the sig value > 0.05. Next,
test the data using the Paired Sample T-Test as shown in Tables 8 and 9.

Table 8. Paired Sample T-Test of cognitive
t df Sig. (2-tailed)
Pretest-Posttest -52.143 29 .000

Table 9. Paired Sample T-Test test of SPS
t df Sig. (2-tailed)
Pretest-Posttest -41.356 29 .000

Table 8 and 9 shows the value of sig. (2-tailed) cognitive and SPS are 0.00, meaning there are
differences in the average pretest-posttest scores of cognitive and SPS because of the value of sig.
(2-tailed) < 0.05. Finally, the N-Gain analysis was carried out, and the N-Gain values were
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interpreted according to the category (Hake, 2002). The N-Gain score for cognitive knowledge is
0.67 in the medium category and 0.68 for SPS in the medium category. So, e-worksheet assisted
by liveworksheets can be said to be effective. The N-gain values for each aspect of SPS are
presented in table 10.

Table 10. N-Gain value for each aspect of SPS

Rated Aspect N-Gain
Observing 0.93
Classifying 0.86

Making a hypothesis 0.79
Identifying variables 0.78

Analyzing data 0.69
Drawing a conclusion 0.65

Table 10 shows the N-gain value for each aspect of SPS ranges in the medium-high category.
Analyzing data and concluding is classified as a medium category because of the lack of variation
in the question-answer model in the form of essay answers. The high category involves observing,
classifying, making hypotheses and identifying variables. This is because, in the e-worksheet,
there are varied activities in the form of watching practicum videos and variations of the
question-answer model. These activities provide learning by Piaget's cognitive learning theory.
Piaget's cognitive learning theory emphasizes a person's learning process that goes well if the new
subject matter can be compatible with the student's cognitive structure (Arvyaty et al., 2015).
Research from Aydin (2013) shows that the aspect of observing in science process skills is a high
category. Abungu et al. (2014) also follow this study by showing that training SPS to students
effectively improves chemistry learning. The research conducted by Wati & Suliyanah (2018) got
an average N-Gain value of 0.7 with a medium category, which means that the student
worksheet developed can be said to be effective be used in teaching and learning process.

The results of the CS questionnaire analysis obtained an average score which is converted into
a percentage. This is also supported by the results of the CS observation of the students. The
recapitulation of the results of the questionnaire and observation of CS is shown in Figure 6.

120%
EP 100‘;A; B Questionnaire
‘é 2802 J 00% 7% Observation
g 40% - 7%
A~ 20% A
0% - w \ ‘
Contribute Show Showan  Show respect
actively flexibility attitude of
responsibility
Aspects

Figure 6. Percentage questionnaire and observation of CS
Figure 6 shows the average of each aspect of CS obtained from questionnaires and
observations. The aspects of contributing actively get very good categories, including the attitude
of expressing and expressing ideas, suggestions, or solutions in discussions. The aspects of
showing flexibility get very good categories, including the attitude of accepting joint decisions,
awards, criticisms, suggestions, and always compromising with the team to solve problems. The
aspect of showing an attitude of responsibility gets a very good category and good category
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including the attitude of following orders which are their duties and not depending on others. The
difference in scores was obtained because the observer still sees some students who do not carry
out orders according to their duties and still depend on others to complete their tasks in groups.
The aspects of showing respect get very good categories, including showing politeness, listening,
and respecting friends' opinions. The final average score of the questionnaire results was 94%,
and the observation results were 89% in the very good category. So, the e-worksheet assisted by
liveworksheets can be said to be effective because it gets a percentage value >61%. The existence
of activities in e-worksheets that involve students playing an active role in learning by discussing
to answering all questions results in an improvement in every aspect of CS. This activity,
according to Vygotsky's social constructivism learning theory. Vygotsky's theory of social
constructivism explains that cognitive development was carried out through social interaction
and learning as a result of collaborative interactions between individuals (Erbil, 2020). Research
from Antonio (2014) stated that the use of collaborative skills in students showed good or positive
results. It also shows that students already have a very high consciousness of the importance of
CS in the learning process. In line with 21*-century skills, which require students to have four
skills, one of which is a collaboration (Pratiwi et al., 2020; Malik & Ubaidillah, 2021;
Maryuningsih et al., 2020). The aspect of CS used in this study was also used by Rahmawati et
al. (2019), who got the percentage value for CS in the aspect of actively contributing is 68.88% in
the good category. The aspect shows the flexibility of 80.73% with a very good category. Aspects
show an attitude of responsibility of 86.65% with a very good category. And the aspect of
showing respect is 89.17% in the very good category. The results of this study are expected to be
used as a source of inspiration for further research activities to improve SPS as the basis for skills
and CS as 21%-century skills that must be mastered by every student.

4. Conclusion

Based on the results and discussion, it can be concluded that the e-worksheet assisted by
liveworksheets to improve science process skills and collaboration on chemical equilibrium
material is feasible to use in terms of three aspects: validity with a very valid category; practicality
with a very good category; and effectiveness with the value of N-Gain cognitive and SPS of in the
medium category. The results of the questionnaire and observation of collaboration skills are
categorized as very good categories. The results of the N-gain value show that the use of e-
worksheet assisted by liveworksheets can improve the cognitive knowledge and science process
skills of the student. Based on the result of this research, it is essential to develop an e-worksheet
assisted by liveworksheets for different chemistry materials and skills.
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