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Abstract

Students need to be proficient in the 4C skills of the twenty-first century (critical thinking, creative thinking, collaboration
and communication). However, field conditions are out of step with 21st-century advancements. It is well known that high
school biology teachers in Kerinci Regency have never particularly established programs to help students understand the
4C skills. The objective of this study is to develop instruments for measuring 4C abilities in biology learning to help
biology teachers apply 4C skills-oriented learning in the class. The instruments developed are: 1) an instrument for
evaluating critical thinking abilities in the form of essay questions with a grading rubric. 2) An instrument to evaluate
creative thinking skills in the form of questionnaires and essay questions with grading rubrics. 3) An instrument for
evaluating collaboration skills in the form of questionnaires and observation sheets. 4) An instrument for evaluating
communication skills in the form of questionnaires and observation sheets. Assessment instrument experts, biology
education practitioners and high school students from Kerinci Regency, Indonesia were included in the study. Empirical
and content validationsare used to validate instruments. Instrument reliability also covers the consistency of the validators
in filling out the validation form as well as the empirical reliability of the instrument. The research findings indicate that the
4C skills assessment instrument is both valid and reliable. The 4C skills assessment instrument can be used to examine
students'4C skills in biology subject.
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1. Introduction

Twenty-first-century students need a variety of skills in order to succeed and compete. Students can use these skills
both within and outside of the classroom (in daily life). Students today require critical thinking, creative thinking,
collaboration and communication skills [1-3] also known as the 4C skills of the twenty-first century. Thinking is essential
for humans since the quality of life and what is generated, constructed or made are determined by the quality of their
thoughts. Students require critical thinking abilities to examine, draw conclusions through reasoning, assess or evaluate
and make decisions or solve problems [4]. Bloom's Taxonomy divides critical thinking skills as analysing (C4),
evaluating (C5) and creating (C6) [5, 6]. Critical thinking skills are consistent with educational goals. The objective of
education is to be able to use information not just for memorization butalso for problem-solving and decision-making [7].
This demonstrates the significance of critical thinking skills in biology education.

Creative thinking is widely recognised as an important aspect of learning. The need for modern problem-solving
solutions emphasises the relevance of creative thinking skills [8]. The primary provision for innovation is creative
thinking skills [9-11]. Students' essential capital for dealing with complex environmental difficulties is effective creative
thinking abilities [12, 13]. People's survival and growth in the twenty-first century will require creative thinking skills
[14].

Collaboration skills can impact students' innovative thinking [15]. Collaborative problem-solving frequently
outperformsthe performance of those working by themselves [16]. Collaboration skills are important not just for learning
but also for solving real difficulties [17]. Working with others is a talent that will make life simpler. Collaboration is a
valuable skill for students [2].

Communication abilities are most typically associated with collaborative skills [18-21]. Communication is the
foundation for enhancing students' collaborative abilities [21]. Communication abilities are related to creative thinking
and collaborative skills in students [22]. Communication is the most important instrument that humans use to adapt to
their surroundings. Instructionalstrategies emphasising mastery of a number of abilities particularly communication skills
are amongthe twenty-first century reforms [1, 2]. Communication skills allow people to communicate and evaluate ideas
[23]. Itis the most vital aspect of human life.

Researchers attempted to distribute questionnaires and conduct interviews with biology teachersin 14 high schools in
Kerinci Regency (14 biology teachers) in preparation for the adoption of 4C skills-oriented learning in January 2022.
According to the findings of the study, teachers were aware of 4C skills but had never designed learning specifically for
them. The teacher highlighted how numerous activities at school had resulted in the 4C skill indicators. This suggests that
teachers use 4C skills implicitly in the classroom but there are no instruments that teachers use to assess students' 4C
skills.

Teachers must have assessment instruments as their major teaching tools. However, the creation of assessment
instruments is still not perfect in some circumstances. Several evaluation forms or scoring rubrics still contain double-
meaning terms such as some, enough, some of and so on. The phrases "maybe," "usually” and "sometimes" in
Greenstein's [24] creativity grading rubric are one example. These terms muddy the scoring metric, lowering data
accuracy orstudy bias. Itis critical to use suitable and appropriate language to describe the student's situation.

A variety of instruments such as the Self-Assessed Collaboration Skills (SACS) [25], the Interpersonal
Communication Competence Scale (ICCS) [26] etc. have been created by professionals. However, it should be
highlighted that numerous criteria determine whether or not the instrument is appropriate for use in the classroom by
teachers. Cultural bias is a common issue when using foreign or international instruments [27] particularly in Indonesia
which hasa varied culture. Some foreign evaluation measures may not perform properly in the Indonesian learning setting
[28]. As a result, the objective of this study is to create a valid and reliable instrument for measuring students' 4C skills in
biology learning for Indonesian high school students especially those in Kerinci Regency.

2. Literature Review
2.1. Critical Thinking Skills

Critical thinking skills highlight assertions or viewpoints with compelling arguments. Students use critical thinking
when they examine other people's perspectives and interpretations [7]. Critical thinking includes actions beyond basic
learning such as analyzing, evaluating and creating [5]. Critical thinking is associated with the actions of asking essential
questions, analyzing evidence for ideas, reasoning about difficulties both logically and objectively and clearly and
precisely expressing ideas and conclusions [29].

According to the Department for Education and Skills UK [6], critical thinking skills are defined by Bloom's
Taxonomy at the levels of analyzing, evaluating and creating. According to Anderson and Krathwohl [30], thinking
critically abouta topic necessitatessome conceptualknowledge atthe level of analyzing, evaluatingand creating. Table 1
explains Bloom's taxonomy in detailat the levels of analyzing, evaluatingand creating. Hariyanto, etal. [31]; Mubhlisin, et
al. [32]; Nuraini [33] and Rahmatika, et al. [34] created a critical thinking skills instrument in Indonesia in the form of
essay questions with various indicators of critical thinking skills, materialsand application locations.
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Table 1.

Bloom's taxonomy at the analyzing, evaluating and creating levels.

Bloom'staxonomy levels Description

1. Creating (C6) Organizing elements to make a cohesive or functioning whole and
rearranging elements into a new pattern or structure.

2. Evaluating (C5) Making judgmentsbased on criteria and standards.

3. Analyzing (C4) Partitioning materials or elements and identifying how the componentsrelate
to oneanotherasa whole.

Source: Anderson and Krathwohl [30].

2.2. Creative Thinking Skills

The metacognitive process of making new associations that improve problem-solving, formulate plans or create
distinct patterns, structures or products may be characterized as creative thinking [35]. Thinking creatively entails and
results in something original or novel [36]. Combining or extending prior knowledge and abilities is creative thinking
[15]. Associating and combining ideas is the process of creative thinking. Mumford, et al. [9] found that encouraging
people to use associational knowledge increased both the quantity and quality of ideas produced. The development of
creative thinking is a social and cooperative phenomenon that results from interpersonal interactions [36-38]. The
instrument for developing creative thinking skills in this research refers to the indicators of Greenstein [24]. According to
Greenstein [24], there are eight indicators of creative thinking abilities. Table 2 provides a detailed explanation of each
indicator.

A creative thinking skills instrument was developed in Indonesia by Iwan, et al. [39]; Syamsiara, et al. [40] and Putri,
etal.[41] in the form of essay questionswith different indicators of creative thinking skills, materials and application locations.
These differences can causebiasif they are applied orused in different places with different cultures. Specific creative thinking
instruments are needed related to field conditions and regional culture, in this case, the studentsituationand culture of Kerinci
Regency High School students as research subjects.

Table 2.
Indicators of creative thinking skills.
Indicators of creative Details
thinking skills
1. Curiosity Interest in specific aspects or materials, new ideas and an active search for new
concepts.
2. Fluency Ability to observe things from many perspectives, explain diverse objectives and
convey varied goals to others.
3. Originality Ability to generate several ideas, create new products and properly convey them.
4. Elaboration Capacity to improve something by addingdetails to it.
5. Flexibility Ability to adapt easily to new situations and perceive various possibilities in
everyday life.
6. Divergent Ability to integrate, modify,adaptand reorganize previously thought-of ideas.
7. Messiness and risk- The excitement of attempting new things and not being concerned about making
taking mistakes.
8. With others The excitement of attempting new things and not being concerned about making
mistakes.

Source:  Greenstein [24].

2.3. Collaboration Skills

All human service techniques and systemsare built on collaboration [42]. Collaboration allows for the exploration of
varied ideas and experiences through discussion [43]. Collaborative problem-solving frequently outperforms the
performance of those working alone [16]. Collaboration presumes partnership and acknowledgment of all team members'
talents and competencies [42]. The instrument for developing collaboration skills in this research refers to the indicators
of Hinyard, et al. [25]. Hinyard, et al. [25] proposed a number of collaboration skill indicators which are shown in Table
3. A collaboration skills instrument was developed in Indonesia by Agustin, et al. [44] and lIma, et al. [45] in the form of
questionnaires and observation sheets with differentindicators of collaboration skillsandapplication locations.

Table 3.

Collaboration skills indicators.

Collaboration skills indicators | Details

1. Contribution Regarding the ability to exchange resources (ldeas, resources and information)
amongpeople.

2. Team support Openly supportsteam performance.

3. Teamdynamics Capable of measuringone's effect on the team and understandingteam dynamics.

4. Interactionswith others Regarding knowledge of team interactionsand appreciation forthe contributions
of other team members.

5. Role flexibility Capable of positioning oneself asa team memberor team leader.
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Collaboration skills indicators | Details

6. Motivationand
participation

7. Quality of work

8. Time management

9. Preparedness

10. Reflection

11. Team learning
Source: Hinyard, et al. [25].

Relating to how much participation is there in the team.

Always reflect on your best efforts.

Ability to use time well.

Readinessto starta job.

Conduct self-reflection following team activities regularly.
Seek feedback from team members.

2.4. Communication Skills

Communication skills emphasize empathy and helping relationships [46]. Communication consists of two processes:
listening and speaking. The listening process is seen asa collection of interconnected componentsthat may be recognized,
evaluated and improved. The second phase is speaking which results from successful listening. People listen to others and
then respond by comprehending, analyzing, interpreting and assessing their perspective [47]. The instrument for
developing communication skKills in this research refers to the indicators of Rubin and Martin [26]. Rubin and Martin [26]
proposed communication skills indicators which are included in Table 4. A communication skills instrument was
developed in Indonesia by Agustin, et al. [44] and Hikamah, et al. [48] in the form of observation sheets with different
indicators of communicationskillsand application locations.

Table 4.
Communication skills indicators.

Communication skills .

- Details

indicators

1. Self-disclosure Ability to communicate with others and reveal or open oneself.

2. Empathy An aspect of identification thatinvolves understanding other people's feelings.

3. Social relaxation A lack of fearor anxiety in regular dealings with others.

4. Assertiveness Ability to uphold one's rights without rejecting those of others.

5. Altercentrism Demonstratesinterest in others and a focuson what they havetosay.

6. Interaction management | The ability of a person to organize the phases of dialogue in routine conversations.

7. Expressiveness Capacity to express feelings non-verbally through appropriate speech
modulations, expressive gestures, posture corrections and distinct facial
expressions.

8. Supportiveness Descriptive (Ratherthan evaluative)affirmationsabout oneself orothers.

9. Immediacy Demonstrate that they are approachable and open to conversation.

10. Environmental control The ability of a person to attain set goals.

Source:  Rubin and Martin [26].

3. Methodology

This type of study is classified as development research focusing on validity and reliability studies of product
development. Development takes place between January 2022 and January 2023. The instruments developed are: 1)
instrument for evaluating critical thinking abilities in the form of essay questions with a grading rubric. 2) An instrument
to assess creative thinking skills in the form of questionnaires and essay questions with grading rubrics. 3) An instrument
for assessing collaboration skills in the form of questionnaires and observation sheets. 4) An instrument for evaluating
communication skills in the form of questionnaires and observation sheets. Table 5 shows the developed product
specifications.

Table5.
Developed productspecifications.
No Variables The form of the instrument Validation type
1 Critical thinking Essay questions are accompanied by a scoring rubric based on Bloom's | Content and empirical
skills Taxonomy as revised by Andersonand Krathwohl [30]. validation
2 Creative thinking Creative thinking skills questionnaire referring to Greenstein [24]. Empirical validation
skills Essay questions are equipped with a scoring rubric based on Greenstein | Content and empirical
[24]. validation
3 Collaboration skills | The collaboration skills questionnaire refers to Hinyard, et al. [25]. Empirical validation
The collaboration skills observation sheet refers to Hinyard, et al. [25]. | Content validation
4 Communication The communication skills questionnaire refers to Rubin and Martin | Empirical validation
skills [26].
The communication skills observation sheet by Rubin and Martin [26]. | Content validation

This research uses both content and empirical validity to support its conclusions. Two assessment instrument experts
(minimum criteria for Ph.D. graduates in education) and two biology education practitioners (Biology teachers at Senior
High School 3 Kerinci and Senior High School 11 Kerinci) validated the contents of the assessment instrument and
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students from Senior High School 3, 11, Islamic Senior High School 1, 2 and 3 Kerinci participated in empirical
validation. A validation sheet is used for content validation. The validation sheet for the contents of the 4C skills
assessment instrument contains several assessment aspects which are presented in Table 6.

Table 6.

Assessment aspects in the development of 4C skills assessment instruments.

No Validation instrument Rated aspect

1. Instrument forevaluatingcritical and . Each learning objective was represented by the test.

. There are clear instructions on how to take the test.

. The question sentencesare well-structured and clear.

. The question words and directives are notall the same.

. The test hasbeen properly designed.
The test hasbeen designed with communicative sentences.

. Tables, images, graphs, maps and other similar items are
presented in a clear, legible and effective manner.

creative thinking skills in the form of
essay questions.

Q-0 o0 oo

2. Instrument forevaluating a. Contentrelevanceand appropriateness.
collaboration and communication b. Language.
skills in the form of an observation c. Method of presentation.
sheet.

Source:  Latisma[49] and Siburian, et al. [50].

There were more than two validators verifying the 4C assessment instrument. Aiken validity is used for validators
ranging from 2 to 25 [51]. If the estimated validation value equalsthe minimal value needed in the Aiken table (the Aiken
coefficient value), the product is considered to be valid. A reliability test is conducted after the validity test to assess the
validator's consistency in verifying the product because there are more than two validators, the reliability test (consistency
of validatorevaluations) uses the Fleiss' Kappatest[52]. Table 7 shows the Fleiss' Kappa test reliability criteria.

Table7.

Reliability criteria for the Fleiss' Kappatest.

Kappa score Interpretation
08<k<=<1 Almost perfect agreement
0.6<k<0.8 Substantialagreement
04<k<0.6 Moderate agreement
02<k<04 Fair agreement
0<k<0.2 Slight agreement

k<0 Less thana chance

agreement

Source:  Zuehlke, et al. [52].

The only 4C evaluation instruments that undertake empirical validity testing are questionnaires and essay questions.
Direct testing was done on questionnaires and essay questions. Critical and creative thinking skills tests in the form of
essays were distributed to students in class XI at Senior High School 3 and 11 Kerinci who had taken the material that
was being tested. We assessed the validity and reliability values of the questionnaire items and essay questions using the
SPSS application. The Pearson Product Moment test is used to assess validity whereas the Cronbach's alpha test is used
to measure reliability. The validity of the question item is determined by comparing its estimated R-value with the R
table. Table 8 shows reliability.

Table 8.
Reliability interpretation criteria for criticaland creative skills essay guestions in essay form.
Reliability coefficient Reliability level
>0.90 Very high
0.80-0.90 High
0.70-0.79 Enough
0.60-0.69 Low
<0.60 Very low

Source: Cohen,etal. [53].

The research process begins with 1) planning (analyzing problems and development objectives). 2) Product design
activities. 3) Expert validation and product testing. 4) Data analysis.5) Conclusion. The complete research process canbe
depicted in Figure 1.
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Figure 1.
Research process chart.

4. Result
4.1. Instrument for Evaluating Critical Thinking Skills

The critical thinking skills evaluation instrument developed throughout this research is a set of essay questions that
measure critical thinking skills. Essay questions are accompanied by a scoring rubric based on Bloom's taxonomy as
revised by Anderson and Krathwohl [30]. Two learning instrument experts and two biology education practitioner experts
verified the essay questions on critical thinking skills using a validation sheet. The essay questions focused on plantae,
animalia, ecosystems and environmental change. Empirical validity was tested on Senior High School 3 Kerinci class Xl
students. Table 9 shows the outcomesof the critical skills evaluation instrument'scontentand empirical validation aswell
asits reliability.

Table 9.

Content validation results, validator evaluation consistency, empirical validation and reliability of critical thinking skills evaluation
instrumentsin theform ofessay questions.

Validator Empirical Test
Form of instrument Content validity evaIL_Jatlon validity reliability N“'T”b.er of
(Category) consistency (Category) | (Category) valid items
(Category) gory gory
Critical thinking skills ik 0.280 (Fair 0.580 .
essay questions 0.880 (Valid) agreement) (Valid)** 0.897 (High) 18

Note: *Content validity: Aiken coefficient value =0.870, Raters (n) = 4, and number of rating categories (c) = 5.
**Empirical validity: R table =0.514 with n = 15.

Table 9 explains that the critical thinking skills essay questions developed are in the content valid category because
the Aiken validity value (0.880) > Aiken coefficient (0.870) and empirically valid because the calculated R value (0.580) >
R table (0.514). The consistency of the validator assessment is in the fair agreement category (0.280) and the test
reliability is in the high category (0.897).

4.2. Instrument for Evaluating Creative Thinking Skills

The instrument developed in this study for measuring creative thinking skills is a questionnaire based on Greenstein's
[24] indicators. The questionnaire on creative thinking skills was also empirically validated. Empirical validity was
evaluated on Xl Islamic Senior High School 1, 2 and 3 Kerinci students. Table 10 shows the empirical validation and
reliability outcomes of the creative skills evaluation instrument.

Table 10.
Results of empirical validation and reliability ofthe creative thinking skills evaluation instrument in the formof acreative thinking
skills questionnaire.

. Empirical validity Questionnaire Number of valid
Form of instrument (Category) reliability (Category) items
Creative thinking skills . .
questionnaire 0.397 (Valid)* 0.890 (High) 46

Note:  *Empirical validity: R table =0.190 with n =107.
According to Table 10, the questionnaire items are classified as valid (0.397) since R value (0.397) >R table (0.190)

and reliability is in the high category (0.890). The total number of valid items is 46. A comprehensive list of questions
related to creative thinking skills is provided in Table 11.
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Table11.

Creative thinking skills guestionnaire items.
Indicators of creative
thinking skills

Statement items

I am interested in new ideas (+).

| feel overwhelmed by new things (-).

Curiosity | actively seek references that will help me learn (+).

I canonly acceptteacherrecommendations forlearning resources (-).
| actively ask questions when there is something. | don'tunderstand (+).
| afraid to ask questions while learning (-).

| can explain diverse problem-solving objectivesto others (+).

I canonly explain one objective for issue solutions to other people (-).
| can provide answers based on different viewpoints (+).

I canonly provide one perspective on how to solve a problem (-).

| can help friends view various objectives in a problem (+).

I canfocuson justone goalata time to deal with a problem (-).

| can create something new to make products (+).

| canonly imitate existing products (-).

Originality | can convey new ideas clearly (+).

Itis challenging for me to convey new ideas to others (-).

I am ableto explain ideas simply and easily understood by friends (+).
Itis challenging for me to put new ideas into words (-).

I can improve things by adding details (+).

I find it difficult to add detail to things (-).

Elaboration | like to add details to things (+).

| feel burdened to provide furtherinformation (-).

| can improve an existing product's appeal (+).

Itis difficult for me to make established things more attractive (-).

| am adaptable to new circumstances (+).

| have difficulty adaptingto new situations (-).

| am capable of analyzingthe problems that surround me (+).
Flexibility | canonly examine problemsin the textbook (-).

| can offera variety of solutions to daily challenges (+).

I only believe in solutions provided by other people to overcome problems in
everyday life (-).

I can combine variousideas to get new ones (+).

Itis difficult for me to combine multiple ideas to generate new ones (-).
I am capable of modifyingexisting ideas (+).

Itis difficult for me to change previous ideas (-).

| canrearrange current ideas to generate new ones (+).

I canonly convey pre-existing ideas (-).

I can experimentto generate ideas (+).

Messiness/Risk taking I'm afraid of treating somethingsince it could fail (-).

I am inspired to try new things despite the high failure rate (+).

I simply enjoy doing things that othershave done before (-).

When | collaborate or work with others, | can be more creative (+).

I find it difficult to think freely while 1 am working with others (-).
When | collaborate with others, | can produce betterideas (+).

With others When | work with other people, | find it challenging to focus on developing ideas
().

| enjoy discussing my opinions with my friends (+).

| feel uneasy when talking with friends (-).

Note: (+): positive statement, (-): negative statement.

Fluency

Divergent

This study also established essay questions based on Greenstein's [24]indicators as the instrument to assess creative
thinking abilities. Two learning instrument experts and two biology education practitioners' content evaluated the
creative thinking skills essay questions using a validation sheet. The essay questions focused on plantae, animalia,
ecosystems, and environmental change. Empirical validity was tested on senior high school 3 and 11 Kerinci class Xl
students. Table 12 shows the findings of the content and empirical validation of the creative skills evaluation instrument,
aswell asits dependability.
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Table 12.
Results of content validation, consistency of validator evaluation, empirical validation and reliability of instruments for evaluation of creative
thinkingskills in theformofessay questions.

Content validit Validator evaluation | Empirical Test Number of
Form of instrument (Cate orv) Ity consistency validity reliability V:Iiditems
gory (Category) (Category) (Category)
Creative thinking skills N 0.220 (Fair N .
essay questions 0.880 (Valid) agreement) 0.693 (Valid) 0.840 (High) 8

Note:  *Content validity: Aiken coefficientvalue =0.870, raters (n) =4 and number of rating categories (c) =5
**Empirical validity: R table =0.374 with n = 28

According to Table 12, the developed creative thinking skills essay questions are content-valid since the Aiken
validity value is 0.880 > Aiken coefficient (0.870) and empirically valid because the computed R value (0.693) >R table
(0.374). The consistency of the validator's evaluation is in the fair agreement category (0.220) and the item dependability
is in the high category (0.840).

4.3. Instrument for Evaluating Collaboration Skills

The collaboration skills evaluation instrument developed in this study is a questionnaire based on indicators from
Hinyard, et al. [25]. The questionnaire on collaborative skills was verified empirically. Empirical validity was evaluated
on Xl Islamic Senior High School) 1, 2 and 3 Kerinci students. Table 13 shows the empirical validation and reliability
outcomes of the collaboration skills assessment instrument.

Table 13.
Results of empirical validation and reliability ofthe collaboration skills evaluation instrument in the form of the collaboration skill s
guestionnaire.

. Empirical validity Questionnaire .
Form of instrument (Category) reliability (Category) Number of valid items
Collaboration skills s .
questionnaire 0.527 (Valid) 0.940 (Very high) 44

Note: *Empirical validity: R table =0.190 with n =107.

According to Table 13, the questionnaire items are classified as valid (0.527) since R value (0.527) >R table (0.190)
and the reliability is very high (0.940). The total number of valid items is 44. Table 14 details the items of the
collaborative skills questionnaire.

Table 14.
Collaboration skills questionnaire items.

Collaboration skills indicator | Statement items

I directly convey ideasto friends.

I express ideas to friends simply and straightforwardly.

I logically present ideas.

I explainideas in the context of everyday issues.

| openly support my team.

I discuss how to solve difficulties.

I consider other people's perspectives.

I believe in making collaborative decisions.

I enjoy being socialized in groups.

I engage in every group activity.

| participate in accordance with the tasksassigned to me.

I take onroles based on my abilities.

I listen to my team members'perspectives.

I recognize my team members'efforts.

I appreciate group members' efforts.

If there are any shortcomings in the group's performance, I try to improve them.
I can quickly switch between duties as a leader and a memberof a group, knowing
thatboth roles are needed to achieve the work.

Role flexibility I work equally when | am the group leader.

I encourage group members to participate in decision-making.

I don't mind switching between positions as a leader and a group member.

I enjoy working in groups.

I engage in decision-making.

I helped to improve the group's inadequacies.

I helped to propose alternate ideasbased on the outcomes of group discussions.
Quality of work | pay attention to every detail.

Contribution

Team support

Team dynamics

Interactions with others

Motivation/ Participation
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Collaboration skills indicator

Statement items

I'm excited to give the group my best effort.

I work enthusiastically.

I completed the task according to the assignment objectives stated at the beginning
of the learning process.

Time management

I make good use of my time to ensure thateverything is completed on time.

I commita significant amount of time to certain tasks.

I take the time to do the work properly so that the project may be completed on
time.

I savetime during class discussions.

I bring the references | need to do the job.

| prepare something before work.

Preparedness I bring the assignment that the teacherassigned to me.

| brought a textbook.

I evaluate myself to enhance my performance in future meetings.
Reflection I reflect on improving myself.

I reflect to evaluate myself at the next meeting.

I reflect to instill optimism in myself.

Team learning

I offer my perspectives on the team project even if they differ from the team's
perspectives to engage the team in open discussion.

I encourage other team members to participate in decisions that may benefit the
team.

I convey my ideas on how the team could work better together.

I encourage others to share their opinions.

A collaboration skills observation sheet was also created as a collaborative skills evaluation instrument. Table 15
shows the outcomes of the collaboration skills evaluation instrument's content validation and reliability.

Table 15.

Results of content validation and reliability of the collaboration skills evaluation instrument in the form of the collaboration skills observation sheet.

Form of instrument

Content validity (Category) | Validator evaluation consistency (Category)

Collaboration skills observation

sheet

0.900 (Valid)* 0.430 (Moderate agreement)

Note: *Content validity: Aiken coefficientvalue =0.870, raters (n) =4 and number of rating categories (c) = 5.

According to Table 15, the collaboration skills observation sheet has been classified as valid in content due to the
Aiken validity score (0.900) > Aiken coefficient (0.870) and the consistency of the validator's evaluation being in the
moderate agreement category (0.430). The observation sheet is equipped with an assessment rubric modified from

Hinyard, et al. [25].

4 4. Instruments for Evaluating Communication Skills

The communication skills evaluation instrument developed throughout this research is a questionnaire based on
Rubin and Martin's [26] indicators. The questionnaire on communication skills was empirically validated. Empirical
validity was evaluated on Xl Islamic Senior High School 1, 2 and 3 Kerinci students. Table 16 shows the findings of the
empirical validation of the communication skills evaluation instrumentaswell as its de pendability.

Table 16.

Results of empirical validation and reliability of the communication skills evaluation instrumentin the form ofa communication skills questionnaire.

Form of Instrument

Empirical validity | Questionnaire reliability

(Category) (Category ) Number of valid items

Communication skills questionnaire 0.500 (Valid)* 0.930 (Very high) 40

Note: *Empirical validity: R table =0.190 with n =107.

According to Table 16, the questionnaire items are classified as valid (0.500) since R value (0.500) >R table (0.190)
and the reliability is in the very high category (0.930). The total number of eligible items is 44. Table 17 details the
items of the collaborative skills questionnaire.
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Table 17.
Communication skills questionnaire items.

Communication skills
instrument

Statement items

| revealed my true self to my friends.

| respond positively to other people's opinions.

| openly communicate my ideas.

| am open to hearing otherpeople's perspectives.

| am sensitive to or attentive to other people's problems.

| offeropportunities to friends who are less involved in the group.
Empathy | acceptcriticism or input from others.

| portray myself as someone who is equal to or has the same role and rights as everyone else
in the group.

I am atease in small group meetings.

| enjoy sharing information with friends.

I am flexible in making decisions.

| feel confident in expressing my ideas, views etc.

| present logical arguments.

I am willing to reject other people's arguments for logical reasons.
I do not make decisions unilaterally.

I use language that does not harm others.

| let others know that I understand what they are saying.

I listen to friends who express their points of view.

Self-disclosure

Social relaxation

Assertiveness

Altercentrism I ask and answer questions during the discussion.
I give suggestions for group discussions.
| lead the conversation in which | am participating by negotiating the subjects that need to be
. discussed.
Interaction | clearly explain the material or my opinions
Management '

| restrict the discussion if the topic deviatesfrom the content.

| organize and manage each activity in detail.

I express myself well verbally.

I emphasize physical movements, voice or facial expressions in proportion to their use and
Expressiveness context.

| avoid using negative emotions with other people.

| avoid displaying anger or rage.

| communicate by describing something.

| interactin a polite manner.

Supportiveness I discuss topics in neutralwords or do not discuss sensitive or private subjects.
| communicate without encroachingon the person I'm speaking with or being evaluative.
| am a good listener.

Immediacy | am engaged in sharing information.

| interactcasually.

| careabout my friends.

| met my communication objectives.

| persuade othersthat my position in the group is necessary.

| communicate to exchange ideas.

I value the work of each group memberand do not undervalue their performance.

Environmental Control

A collaboration skills evaluation sheet was also created as an instrument to evaluate communication skills. Table 18
shows the outcomes of the communication skills evaluation instrument's content validity and reliability.

Table 18.
Results of content validation and reliability of the communication skills evaluation instrument in the form ofa communication skills observation
sheet.

. - Validator evaluation consistency
Form of instrument Content validity (Category) (Category)
Communication skills observationsheet | 0.900 (Valid)* 0.430 (Moderate agreement)

Note: *Content validity: Aiken coefficientvalue =0.870, raters (n) =4 and number of rating categories (c) =5

According to Table 18, the communication skills observation sheet has been classified as content valid due to the
Aiken value (0.900) > Aiken coefficient (0.870) and the consistency of the validator's evaluation being in the moderate
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agreement category (0.430). The observation sheet is equipped with an assessment rubric modified from Rubin and
Martin [26].

5. Discussion
5.1. Instrumentfor Evaluating Critical Thinking Skills

Critical thinking skills instruments in the form of essay questions were developed based onthe research findings. An 18-
item critical thinkingskills instrumentin the form of essay questions on plantae, animalia, ecosystems and environmental change
was developed with anaverage contentvalidity of 0.880 (valid), validator assessmentconsistency of 0.280 (fair agreement),
empiricalvalidity of 0.580 (valid) and testreliability of 0.897 (high).

Essay questions can be used moreeffectively to measure certain complex learning outcomes such as organization, synthesis
and analysis [54]. The benefits of using essay questionsare: 1) They can be used to evaluate higher-order or critical thinking
skills. 2) Evaluate students'thinkingand reasoning. 3) Provide authentic experiences[55]. The question items take the form ofan
open question. Open questions encourage students to participate in more cognitive tasks thanclosed questions [56].

The form of critical thinking skills essay questions comprises three components: problems (in article form), questionsandan
assessmentrubric (see Figure 2). The purpose of cases or problems presented in the form ofarticles on questionsis to stimulate
students'thinking processes. Students who are unfamiliar with critical thinkingcanbe trained by being presented them with
contentious situations [5]. Contentious subjects relate to problems in students daily lives.

Tiger terror in Lempur Kerinci, prey for cows and appears on residents’ farms

Tiger conflict with the community has occurred again in Kerinci. If previously the residents of Renah Kayu Embun, Sungai Penuh City were
terrorized by tigers. this time the residents of Lempur, Gunung Raya District. Kerinci were shocked by the appearance of a tiger in the residents'
fields. It is known that a few days earlier, residents of Pulau Tengah, Keliling Danau District were shocked by two dead dogs which were Probelms (In
thought to have been eaten by a tiger. On Saturday (9/7/2022) a tiger preyed on the livestock of residents in Lempur, Gunung Raya District,
Kerinci Regency. A cow belonging to a Lempur resident died and the back of its tail was allegedly eaten by a tiger. Residents are also asked to
be careful because the tiger is wandering in the forest. Residents said it was very likely that the tiger that preyed on the cow was a tiger from
Tengah Island that preyed on two dogs. Residents added that the forests in Kerinci and Sungai Penuh City have all become production forests, It
1s known that some time ago the BKSDA released two tigers in the TNKS Forest in the Kerinci area. Tigers named Surya Manggala and Citra
Kartini are suspected of roaming in residents' fields. Source: hups:/jambitribunnews.com/2022/07/10/giliran-warga-
lempurkerinciditerorharimau? _ga=2.28128892.1352670062.1658487022106826233.1652283608

article form)

Question:
1. Give your argument for the problem above! (C5)
2. Give your argument who is wrong and give reasons! (C5)
Scoring rubric:
Answerkey | Criteria g [Score
Answer to question 1: Able to fulfill all principles 5
The arguments for the problem will vary, at least fulfilling the following | Only able to fulfill three principles 14
principles: Only able to fulfill two principles 3
(1) Logical argument Only able to fulfill one principle 2
(2) Arguments related to the problem in the article Able to write the answer but it's still not correct 1
(3) Arguments are accompanied by facts
(4) Argumentation related to the material that has been studied | |
Answer to question 2: | Able to fulfill all principles S
The arguments for the problem will vary, at least fulfilling the following | Only able to fulfill three principles |4
principles: Only able to fulfill two principles 3
(1) Logical argument Only able to fulfill one principle 2
(2) Arguments related to the problem in the article Able to write the answer but it's still not correct 1
(3) Arguments are accompanied by facts
(4) Argumentation related to the material that has been studied
Figure 2.

Critical thinking skills essay question components.

Evaluations and other higher-level thinking generally involve stimuliin the form of cases. Stimulican encourage studentsto
relate their knowledge to currentreal-world problem scenarios suchas informationtechnology, science, economics, health,
education, character and infrastructure [57]. The stimuli or situations raised in the critical thinking skills essay questions involve
cases thatexist in the students' surroundings namely difficulties in KerinciRegency, Indonesia.

Metacognitionis one of the supporting elements that make up critical thinking skills [58]. Metacognitioninvolves analytical
activities. The types of questions that can be asked to enhance analytical skills (C4) can be done by 1) looking for the primary idea
in the paragraphbutnotovertly statingit in the text asa whole. 2) Analyzingarguments or conclusions [57]. Questions that might
be presentedto improve students' analytical skills include: 1) Explain your reasoning for makingtheclaim.2) Whatare the pros
and consof the arguments regarding the reading? 3) Whatassumptions mustwe make toacceptthe conclusion? 4) Whatisyour
justification for saying that? [59].

In addition, thereare numerous sorts of questions that may be used to evaluate students' capacity to evaluate skills (C5), such
as 1) determining the reliability of a source of information. 2) Identifying assumptions implicit in the information and 3)
identifying rhetorical and persuasive methods [57]. Examples of questionsthatcan be askedto hone students' evaluation skills
include 1) How credible isthe claim? 2) Why do you think this person's claims are credible? 3) How strong are thearguments? 4)
Avre the factsthatwe havecorrect?5) How confidentare we in our conclusions, given what we know now? [59].

Furthermore, in the Revised Bloom's Taxonomy, creating (C6) is defined as theaction of putting pieces together to make a
cohesive or functional whole rearranging elements intoa new pattern or structure [30]. Questionsatthecreative level need the

711



International Journal of Innovative Research and Scientific Studies, 7(2) 2024, pages: 701-717

capacity toaddress problems by devising solutions, planning, developing procedures toreach certain objectives or producing
somethingnew [57].

5.2. Instrumentfor Evaluating Creative Thinking Skills

Instruments for creative thinking skills in the form of questionnaires and essay questions were developed based on the
research findings. Thereare 46 valid creative thinking skills questionnaire items with an empirical validity of 0.397 (valid) and a
reliability of 0.890 (high). The average contentvalidity of essay questions is 0.880 (valid), validatorevaluation consistency is
0.220 (fairagreement), empirical validity is 0.693 (valid) and testreliability is 0.840 (high). According to Greenstein [24], creative
thinking skills indicators were used to design the questionnaire and essay questions as wellasthe rubric for assessing creative
thinkingskills. Greenstein's [24] indicators of creative thinking skills include curiosity, fluency, originality, elaboration, flexibility,
divergence, messiness and risk-takingamong others.

Creative thinking can lead to behaviours or activities that show a student is applying their creative thinking skills.
Questionnaires are useful for assessing knowledge, attitudes, beliefs, intentions, cognition,emotions and behavior [60]. The
evaluationinstrumentfor creative thinking skills was created in the form ofa creativethinking skills questionnaire. This study's
creative thinking skills questionnaire is divided into four components: filling out instructions, statement items, identity and
answer sheet (see Figure 3). Aquestionnaire is a set of formal questions designed toelicit informationfrom respondents [61].
Questionnaires are used in a variety of circumstancesto gather information about individuals'opinions and behaviors. When
creatinga questionnaire, the more intricatea statement, the less likely it will be answered by therespondent [62].

Creative thinking skills questionnaire

A. Filling instructions
Please fill in your biodata completely. Then choose the alternative answer that best w
suits your opinion on the questionnaire answer sheet, by circling the available answer
choices. The available alternative answers are as follows soed
Filling
SA = Strongly agree >
A = Agree
U = Undecided
D =  Disagree
SD =  Swongly disagree J

B. Butir pernyataan

Statement Statement items
items 1. Idirectly convey ideas to friends 19. Tencourage group members to participate
in decision-making

2. Texpress ideas to friends simply and 20. Idon't mind swirching berween positions

Answer sheet
Creative thinking skills questionnaire

NBIE.  Dicsmmsussmomimsssarposss
Gender Example of filling:
T e e e e
School
1 SA A U D SD 24 SA A U D SD
2 SA A U D SD 25 SA A U D SD

Figure 3.
Creative thinking skills questionnaire component.

A creative thinking skills questionnaire is used to measure creative thinking skills and students only pickor tick responses
that represent their circumstances. Theresponses are written on a Likertscale 5. Aclosed statement form was usedto create the
creative thinking skills questionnaire. Closed statements were chosen because they save time [27]. Ifassessments take too long,
teachers'timein the classroom is restricted. The number of questionnaire items canbe decided by theteacher based on theamount
of time necessary for evaluation. It is essential to highlight that the items chosen must represent each indicator of creative thinking
skills.

Creative thinking instruments were also developed in the form of essay questions. Creative thinkingskills essay questions
also include four components: problems (in the form of articles), questions, answer columns to lead students to think
systematically, and an assessment rubric (see Figure 4). The issues stated in the questionare issuesthatstudentsface in Kerinci
Regency, Indonesia. The issues presented are intended to provoke students tothinkaboutand provide solutions to the issues.
Creative thinking is described as themetacognitive process of establishing newassociations that are beneficial for improved
problem-solving, plan generation orthe production of clear patterns, structures orgoods [35]. Creativity is the synthesis or
expansionof existing knowledge andskills [15].
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Diversity of community medicinal plants in the Talang Rencong forest, Pulam Sangkar viTlage, Kerinci regency, Jambi

Indonesia has around 30,000 types of medicinal plants. Based on the richness of this flora, Indonesia
certainly has the potential to develop herbal products whose quality is equivalent to modem medicine. Modern |
medicine in Indonesian society cannot yet be reached by all levels of society, only around 25% have reached it |8
and the rest have not been reached. The role of traditional medicine recipes is very helpful, especially for
people who live in remote areas with minimal access. The research was carried out in April-May 2019 in the
Talang Rencong Traditional Forest, Pulau Sangkar Village, Kerinci Regency. Jambi. The research area taken
was 1 Ha or 5% of the total area.

The research results found that the family that is widely used by the public is the Asteraceae family
with six types, followed by the Euphorbiaceae family with four types. According to smart people/shamans in
Pulau Sangkar Village. this plant from the Asteraceae family has many benefits, such as Agerarum conyzoides
(L.) (Figure 1) which is usually used to treat bloating. but can also be used to treat wounds. Source: Adriadi
A., Nursanti, N., & Puspitasari, R. (2020). Keanekaragaman Tumbuhan Obat Masvarakat di Hutan Talang
Rencong Desa Pulau Sangkar, Kabupaten Kerinci, Jambi. Media Konservasi, 25(2), 134-139

Probelms (In

article form)

Gambar 1. Ageratum conyzoides (L.)

JQuestion:
1. Based on Article: a) explain the interesting idea of the article, about the plant Agerarum conyzoides (L.)!: b) connect interesting ideas with
the material that has been studied!: ¢) criticize an interesting idea by asking several questions: d) try to answer these critical questions with

answers that are relevant to the material! (Curiosity).

Answer:
[a) Interestingideasinthe  |b) Therelationshipbetween |c) Criticize ideas (ask questions |d) Relevant answers fo the
article the ideas found and the related to the ideas proposed) questionsasked
—
Creative thinking skills t rubric:
Indicators Descriptor Criteria Scoring indicators Score
Curiosity | Interest in specific aspects or 1. Studentsare interested in new Students are able to meet all criteria 5
materials, new ideas. and an elements or materials Students are only able to fulfill 3 4
active search for new concepts. 2. Studentsconnect ideas with criteria
material Students are only able to fulfill 2 3 Assessment rubric
3. Studentsask aboutideas or criteria
material Students are only able to fulfill 1 2
4. Studentsactively look for new criterion
ideas The student has tried to answer, but 1
the answer is still not correct
Figure 4.

Creativethinking skills essay question components.

Students may havetheinnate ability tobe creative butnothave theresources or opportunity toexpress it freely [63]. Itis
hoped that the instrument developed will be able to motivateand becomea referencefor teachers especially high schoolteachers
in KerinciRegency to carry outlearning oriented towards creative thinking skills.

5.3. Instrumentfor Evaluating Collaboration Skills

Collaboration instruments were developed in the form of questionnairesand observation sheets based onthe findings of the
research. Thereare44 valid collaborationskills questionnaire items with anempirical validity of 0.527 (valid) and a reliability of
0.940 (very high). The collaboration skills observation sheet hasalso been classifiedas valid in content (0.900) and consistent in
the validity assessor's evaluation 0f 0.430 (moderateagreement). Hinyard, et al.'s [25] collaboration skills indicators were used to
create collaboration skills questionnairesand observation sheets. Collaborationskills indicators from Hinyard, etal. [25] include
contribution, team support, team dynamics, interactions with others, role flexibility, motivation and participation, quality of work,
time management, preparedness, reflection andteam learning.

The collaboration skills assessment instrument in this research was developed in the form of a colla boration skills
questionnaire. Questionnaires are a tool that canbe used for interventionand improvement [64]. The questionnaire developed in
this research was used to assess behavior in terms of student collaboration skills. The skills instrument in the form of a
collaboration skills questionnaire consists of four components: filling out instructions, statement items, identity and answer sheet.

The statements in the questionnaire are in closed form. Closed statements restrict respondents responsesto a defined set of
options [65]. Using closed statements has the benefit of being easier to code, verify and complete [62]. This satisfies the
evaluationprocess's requirementsfortimeefficiency. The cooperationskills questionnaire usesa5-Likert scale for response
options. The Likertscale has various advantages including the following: 1) Itiseasyforresearchersto create and use. 2) It is
easy forrespondents to understand [61]. The linguistic componentmust be taken intoaccountwhile creatinga questionnaire. The
questionnaire's language must beacceptable for thestudent's level of comprehension. It is critical to organizequestions in a way
that participants cancomprehendand thatis acceptable for their educationaland cultural levels [27].

An observationsheetwas also designed as aninstrument for measuring collaboration skills. Observation sheets are primarily
intendedfor field observations and tabulation phases where they provide direction for correctly recordinginformation and ea se
coding, dataentry andanalysis in the field [61]. There are two typesof observations thatteachers could carry out in the classroom
namely: 1) intentional observations occur throughoutcontinuous teachingand learning activities aswellas interactions between
teachersandstudents. In other words, unforeseen chances happenwhen the teacher considers a certain aspect of individual
studentlearningin the contextof classroom activities. 2) Planned observation which is the purposeful preparation of chances for
teachersto observe certain learning outcomes. These planned opportunitiesmight occuras part of regular classroom activities or
through thesetting of evaluationtasks(such as practical exercises or performances) [66].

The observationsheetfor student collaborationskills is composed of four components: identity, assessment instructions,
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assessmentsheet andassessmentrubric (see Figure 5). The assessment rubric wascreated using Hinyard, etal.'s[25] indicators.
Teacherobservations are useless withoutplanning [66]. It is critical to examine the quantity of items in the observation instrument
in relation tothe observer's duration and concentration [67]. Ifthe teacherisunabletoobserve individual performance, it is
strongly advised thatobservations be conductedin groups.

Collaboration skills observation sheet
Class :
Identity Material YR ROy
Assessment \ [Jinstruction
Z s 1. Give a score (1-5) in the columm provided for student collaboration skills
instruction 2, The assessiment criteria can be seen in the student collaboration skills rubric
= N Indicator score Total -
o] ke 1 2 3 J4a [s [6 [7 8 [9 [10 11 score hote
1 Scoring
£ column
3
4
Note:
Jindicators are assessed.
1. Contribution 7. Quality of work
2. Team support 8. Time management
3. Team dynamics 9. Preparedness
4. Interactions with others 10. Reflection
5. Role flexibility 11. Team learming
S Motivanon Paricipanion
Collaboration skills rubric:
Indicator Descriptor Indicators are assessed Score
Contribution Regarding the If students (1) explain ideas to friends conrectly: (2) explain ideas to friends in a clear voice: 5
ability to exchange | (3) explain ideas to friends briefly. without being complicated; (4) explain ideas logically: (5) Assessment
resources (Ideas. | explain ideas contextually 2
resources, and If only four indicators are camed out 4 rubric
information) If only three indicators are camied out 3
among people If only two indicators are camied out 2
If only one indicator is camied out 1

Figure5.
Collaboration skills observation sheet component.

5.4. Instrumentfor Evaluating Communication Skills

Communication skills instrumentssuch as questionnaires and observation sheets were developed based on the research
findings. There are 40valid communicationskills questionnaire items with anaverageempirical validity of 0.500 (valid) and
questionnaire reliability 0f0.930 (very high). The produced communicationskills observation sheetwas also evaluatedas valid in
terms of content (0.900) and consistency ofthevalidator's evaluation of 0.430 (moderate agreement). Rubin and Martin's [26]
communication skills indicators were used to create communication skills questionnairesand observation sheets. Rubin and
Martin's [26] communication sKills indicators include self-disclosure, empathy, social relaxation, assertiveness, alternation,
interaction management, expressiveness, supportiveness, immediacy and environmental mental control.

Communication activitiesare often carried outverbally becauseevery lesson mustinclude communication activities. Oral
communication skills might be considered the "heart" of learning. Oralcommunication's role in learning includes: 1) instructive
activity thatnecessitates oral communicationto transmit knowledge and 2) the heuristic function that needsverbal contactto leam
by askingquestions or seekinganswers [48].

The communicationskills instrumentin this research wasdevelopedin the form of a questionnaire. Questionnaires are the
primary means of gatheringinformation from respondents [27]. Questionnaires enable thecollection of quantitative data in a
standardized manner resulting in standardized data that is internally consistent and coherent foranalysis [61]. In this instance, the
datais on the students' communication skills and ability scores. A Likert scale is used in the communication skills questionnaire.
Subjects are asked torate how muchthey agree or disagree with a statementusinga Likert scale [62]. Thecommunication skills
questionnaire canbe answered ona 5-pointscale.

A communication skills observation sheetwas also created asa com municationskills evaluation instrument. The most
appropriate approach foranalyzing the application of authentic evaluation is believed to be observation [68]. The ability of teacher
observation to promote assessmentvalidity isa compelling reason touse it in assessment [66]. The observationsheet for student
communication skills is composed of four sections: identity, assessment instructions, scoring column andassessment rubric as
they were on the prior collaboration skills observation sheet.

6. Conclusion

The conclusion of this research and development are as follows: 1) an instrument for evaluating critical thinking
skills in the form of valid and reliable essay questions. 2) Instruments for testing creative thinking skills such as valid and
reliable questionnaires and essay questions. 3) Instruments for evaluating collaboration skills such as valid and reliable
questionnaires and observation sheets. 4) Instruments for evaluating communication skills such as valid and reliable
questionnaires and observation sheets.
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7. Implications and Limitations

The implications of this research are thatthe 4C skills evaluation instrument that hasbeen developed may beused in
biology learning by Indonesian high school biology teachers particularly biology teachers at high schools throughout
Kerinci Regency. This 4C skills research instrument has been tailored to the abilities of high school students as well as to
local culture, particularly Kerinci Regency. This 4C skills instrument is intended to assist instructors in deve loping and
empowering 4C skills in the classroom.

Limitations of this research: The essay questions on critical and creative thinking skills are still confined to plantae,
animalia, ecosystems and environmental change. Future studies will hopefully be able to broaden the scope of this 4C
skills instrument particularly in terms of materials, evaluation formsand research samples.
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