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Abstract—This study aims to produce a teaching material in 

the form of guided inquiry based worksheet and to evaluate its 

validity, practicality, and effectiveness. The research was 

conducted using Research and Development (R&D) model. 

Development model that is used in this research is a 4-D model 

(define, design, develop, and disseminate). Validity analysis result 

showed that moment kappa value is 0.91, which can be 

categorized as very high. Practicality analysis result based on 

teachers response and students showed that practicality value is 

0.82, which can be categorized as very high. From effectiveness 

test, the gain score of student’s learning outcome before and after 

using worksheet in learning is 0.54, which can be categorized as 

intermediate and mean of students activity presentation in each 

meeting is 81%, which can be categorized as very effective. Based 

on the data, it can be concluded that guided inquiry based 

worksheet on colligative properties solution are valid, practical, 

and effective. 
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I.  INTRODUCTION  

Chemistry is the study of matter and the changes it 
undergoes [1].

 
Learning chemistry is basically learning that 

most of the discussion topics are abstract and need an 
understanding in terms of the molecular or sub microscopic 
concept [2]. One of the chemical material whose 
characteristics are abstract and need an understanding at the 
level of sub microscopic is colligative properties solution [3]. 

The results of interviews with chemistry teachers and 
students of senior high school revealed that students have 
difficulties in understanding and analyzing the concepts in 
colligative properties solution, and students are more likely to 
memorize, compared to understand the concept. It can be 

concluded that in learning the material of colligative 
properties solution, students are still not able to maximize 
their ability to learn on their own and  the students are lack of 
involvement in the learning process.  

Teaching materials have several functions: (1) to reach the 
competencies to be achieved in learning, (2) to improve 
student learning outcomes, and (3) to help teachers to manage 
classes [4]. One of the instructional materials is worksheet. 
Worksheet contains a set of activities that must be carried out 
by the students to maximize their understanding of a concept 
[5]. Worksheet shows advanced phenomenon that are 
concrete, simple, and related to the concept that will be 
studied. Based on further observations, students are invited to 
construct the knowledge gained [6].  

In this research, the worksheet on colligative properties 
was developed follows a guided inquiry learning model that is 
called as guided inquiry based worksheet. This worksheet was 
created using guided inquiry cycle, consists of orientation, 
exploration, concept formation or concept invention, 
application, and closure. Additionally, the worksheet was 
developed using the three levels of chemical phenomena that 
is macroscopic, microscopic, and symbolic. Based on the 
results of previous research conducted by Bilgin [7], Myers 
[8] and Parappiliy et al [9] concluded that students who learn 
to use guided inquiry more easily mastered the concept. 
Additionally, it can improve students' thinking skills and 
student learning outcomes, and provide meaningful learning. 
Based on this, the authors conducted a study to develop a 
guided inquiry based worksheet on colligative properties 
solution for chemistry learning. The product was tested for 
validity, practicality and effectiveness. 
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According to Abidin (2014: 149) model of inquiry learning 
is a learning model that requires students to be able not only to 
answer questions or get the right answers but also required to 
conduct a series of investigations, exploration, searching, 
experiment, search, and research [10]. Based on these 
explanations, it can be concluded that the inquiry learning puts 
the teacher not as a source of learning, but rather as a 
facilitator and motivator of student learning. Therefore, the 
ability of teachers in questioning technique is the main 
requirement in the inquiry process. Buck et al states that 
inquiry learning is the most effective is guided inquiry [11]. 
Based on this we can conclude that the most suitable level of 
inquiry on the process of learning for high school students are 
guided inquiry.  

The guided inquiry learning cycle simplest triggered by 
Lawson and Abraham (1979) consist of the exploration,  
concept formation, and application [12]. However, Hanson 
develops a guided inquiry learning cycle into five stage: 
orientation, exploration, concept formation or concept 
invention, application, and closure) [13].  

Critical thinking questions are used in guided inqury 
process to guide students’ exploration of the models. In broad 
terms, there are three types of questions that are used, each of 
them has a different purpose. When students explore from 
model or information and answer key questions, it means 
students have already entered the stage of concept formation 
[14].  

According Trianto, worksheet contains a set of activities 
that must be performed to maximize student understanding in 
efforts to establish the basic capabilities corresponding 
indicators of achievement of learning outcomes [15]. The use 
of worksheets in the learning process is to change the learning 
pattern of teacher-centered to the student-centered. According 
to the Ministry of National Education, the structure of the 
content of worksheet at least include: (1) the title/ identity, (2) 
the instructions for learning, (3) the competence to be 
achieved, (4) learning materials, (5) the task or work step, and 
(6) evaluate [16]. 

Therefore, the research aimed at producing a quided 
inquiry based worksheet designed by using all stages of 
guided inquiry learning cycle. The worksheet is also packed 
with chemical phenomena involving three levels, namely 
symbolic, macroscopic and sub-microscopic, or molecular).  

II. RESEARCH METHOD 

A. Research Design 

The type of research is Research and Development (R&D), 
i.e. research used to produce a specific product and test the 
effectiveness of these products [17]. The development model 
used in this study model 4-D as developed by Thiagarajan, and 
Semmel Semmel in 1974. The 4-D model consists of four 
main stages, namely: (1) define, (2) design, (3) develop and 
(4) disseminate [18].Guided inquiry based worksheet is 
validated by 4 validators (chemistry lecturers and chemistry 
teachers) and tested to 4 chemistry teachers and 30 students of 
class XII SMA 8 Padang. 

The research starts from define. Define includes front-end 
analysis, learner analysis, task analysis, concept analysis and 
specifying instructional objectives. The second steps is the 
design. At the stage of design is designing guided inquiry 
based worksheet on colligative properties solution. Third steps 
is develop. This phase consists of three steps: expert appraisal, 
revise, and developmental testing (practicality test). The fourth 
steps is the disseminate. This phase consists of three steps: 
validation testing, packaging, diffusion and adoption. The 
validation testing is used to test its effectiveness. The 
effectiveness of guided inquiry based worksheet in this study 
shows the learning outcomes and student learning activities. 
The last step of the disseminate is packaging, diffusion and 
adoption. This phase is carried out so that the product can be 
used by others. However, at this stage the researchers 
restricted only to the step of dissemination of worksheet 
through the distribution of a limited number of teachers. This 
distribution is intended to obtain feedback on the response and 
worksheets developed. If the target response, the worksheet is 
good, then the newly performed printing in large quantities 
and marketing of worksheet so it can be used by a broader 
target. However, researchers did not do the printing in large 
quantities and marketing due to time and cost. 

B. Instrument 

The instruments used in this study are validation sheet (to 
chemistry lecturers and chemistry teachers), questionnaire 
(consisting of the questionnaire responses of teachers and 
students), and the instrument of effectiveness test (comprising 
of tests of learning outcomes and student learning activity 
observation sheet). Validation sheet is used to assess the 
components of worksheet in terms of content, construct, 
linguistic, and graphic. The questionnaire aims to determine 
the practicalities level of guided inquiry based worksheet 
during the learning process (ease of use worksheet, 
presentation or contruct of worksheet, and ease of 
interpretation worksheet). Instrument of effectiveness test is 
used to know the results of study and observation sheet was 
used to observe the activity of students and  observe the 
overall learning during use guided inquiry based worksheet. 
The coverage observed are (1) to observe and analyze the 
model, (2) to discuss with the group to determine the answers 
key questions, (3) to ask the teacher, (4) to respond to 
questions / statements of teachers, and (5) to do the exercise.  

C. Analysis of Validity and Practicality Techniques 

Technical analysis of the data used for the analysis of 
validity and practicality (questionnaire responses of teachers 
and students) is by using the kappa moment (k) [19].  

D. Effectiveness Analysis Techniques 

1) Analysis Test Student Results 
Learning is said to be effective if the students after 

learning are scored above the Minimum Completeness Criteria 
(MCC) of more than or equal to 60% [20]. In the learning 
process by using worksheet said to be effective if it is more or 
equal to 60% of students scored > 80 (MCC of chemistry 
lessons at school where trial conducted). Analysis of the 
students' understanding of student learning outcomes can be 
searched by using the approach proposed by Kunandar 
percentage [21]. To measure the effectiveness of guided 
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inquiry based worksheed to improve cognitive ability can also 
be analyzed using N-gain formula proposed by Hake [22].  

2) Analysis of Student Activities 
Analysis of student activity can be found by using the 

percentage of the approach proposed by Kunandar [21].  
Criteria student activity according to Riduwan [16]. 

III. RESULT AND DISCUSSION 

A. Result 

1) Define 
 Based on interviews with teachers and students, it can be 
concluded that the main problem that occurs in school related 
to teaching materials used during this less actively involve 
students in the learning process in understanding the 
colligative properties solution. In addition, materials used have 
typically involved two levels of the chemical representation is 
macroscopic and symbolic that cause students to assume that 
the material colligative properties solution are abstract and 
difficult to understand. In this study students that will be 
served as a research subject is class XII high school students 
aged between 15-17 years. According to Piaget's theory of 
learning the way of thinking-age children in the formal 
operational stage of development (intellectual) that children 
are able to think logically, draw conclusions and interpret. 

 To analyze the basic competencies and do the translation 
of the learning indicators. In the task analysis performed basic 
comptencies analysis. Basic comptencies is based on the 
analysis contained in the curriculum syllabus 2013.  

2) Design 
Having defined the concepts, indicators of learning and the 

learning objectives formulated, the next step is to design 
worksheets based guided inquiry. At this stage the resulting 
initial draft worksheets based guided inquiry that the authoring 
format is based on manual development of teaching materials, 
as follows: (1) title / identity of the material, (2) guide student 
learning, (3) core competence, basic competency, indicator 
and learning objective, (4) information, (5) models and critical 
thinking question (key questions), and (6) exercise.  

3) Develop 
Worksheet based guided inquiry that has been created is 

validated by expert appraisal (validator). The results of expert 
appraisal was conducted to reveal the components of contents, 
construct, linguistic and graphic of worksheets that have been 
designed. The results of the validation of the validators of the 
worksheet based guided inquiry that has been developed as 
shown in Table I. The following analysis of the questionnaire 
responses of  teachers and students can be seen in Table II. 
Based on assessment practicalities of worksheet based guided 
inquiry is obtained very high. From the results of these 
practicality, the guided inquiry based worksheet can be 
applied to the learning process in schools. 

In validation testing, the product has been revised in the 
development stage and then implemented on the real target. At 
the stage of validation testing to test its effectiveness. The 
effectiveness guided inquiry based worksheet in this study can 
be seen from learning outcomes (Table III) and student 
learning activities  (Table IV). 

TABLE I.  THE AVERAGE RESULT OF VALIDITY TEST 

No Validity test The average of k value 

1. Contents components 0.92 

2. Construct components 0.89 

3. Linguistic and graphic components 0.92 

k (moment kappa) 0.91 

Category Very high 

TABLE II.  THE DATA PRACTICALITY OF WORKSHEET 

No. Data Moment Kappa (k) Category 
1. Teachers 0.82 Very high 

2. Students 0.82 Very high 

TABLE III.  THE DATA OF STUDENTS LEARNING OUTCOME 

Test % The number of students who 

completed 

Average 

Pre test 16,67% 5 people 62,8 

Post test 70% 21 people 82,8 

 
In the context of the development of teaching materials, 

researchers restricted only to the step of dissemination of 
worksheet through the distribution of a limited number of 
teachers. Based on the results of the response to the five 
teachers, we can conclude that this worksheet has been good, 
complete, and can motivate students to learn, and can guide 
the students to learn the concept of colligative properties 
solution so that the students' understanding of the material will 
increase. In addition, some teachers suggested worksheets for 
students tested in several schools of different inputs (school 
with a superior category, medium, low) so they will know how 
much the effectiveness of the worksheet is able to enhance 
students' learning activity can be measured. 

TABLE IV.  RECAPITULATION VALUE OBSERVATION SHEET STUDENTS 

ACTIVITIES 

No Activities 
Percentage (%) 

I II III 
1. Observing and analyzing models 83 93 100 

2. 
Discuss with the group to determine the 

answer key questions 
80 83 90 

3. Asking to the teacher 63.3 66 86.7 

4. 
Responding to a question / statement of 

teacher 
76.7 80 83 

5. Doing exercise 66 70 86.7 

Average 73.8 78.4 89.2 

Category 81 (Very Efective) 

 

B. Discussion 

1) Validation 
Validation data of guided inquiry based worksheet 

obtained from 2 chemistry lectures and 2 chemistry teachers. 
The selection of four experts is based on the opinion of 
Sugiyono states that to test the validity of instruments, can be 
used on expert opinion (judgment experts) that the amount of 
at least three people. [17]. 

Based on the Table I, the results of the validation have the 
validity of the very high category. So, the results of the 
assessment worksheets that are developed are valid. As 
presented Arikunto that a product is said to be valid if the 
product can indicate a condition that is in conformity with the 
content and construct [24]. Van den Akker also states that the 
validity refers to the level of a design based on knowledge 
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(content validity) and various components related to each 
other (construct validity) [25]. In other words, a product is 
said to be valid if the contents of the product in accordance 
with the theory and the material studied and the components 
or the product must be consistent and interconnected with each 
other. 

Although the validity of guided inquiry based worksheet 
on colligative properties solution was produced with very high 
category, but still there are some components that must be 
corrected in accordance with the advice given by the validator, 
are as follows: improve writing sentences on the learning 
objectives, improve the layout of the worksheet, each sub 
chapter title material made though more clearly, correct the 
errors writing CH3COO

+
 ions into CH3COO

-
. In accordance 

with the advice given by the validator, the revision of the 
worksheets on colligative properties that will be developed for 
further tested product. 

2) Analysis of Questionnaire Responses Teacher 

Practicality 
From the results of teacher assessment questionnaire 

responses obtained an average of 0.82 with a very high 
category. Based on this, it is known that worksheet is practice. 
As Sukardi and Neli et al considered the practicalities can be 
seen from the aspects of ease of use, aspects of the 
presentation, and the easiness of interpreting [26]. From the 
aspect of the presentation that the content of the material at 
worksheet competence achieved is appropriate and  the 
aspects of ease in interpreting that guided inquiry based 
worksheet is easily interpreted by teachers.  

 

3) Analysis of Questionnaire Responses Student 

Practicality 
Based on the practicalities of assessment instruments 

student questionnaire responses, it is obtained an average 
kappa moment value of 0.82 (Table II). It is revealed that the 
worksheet having practicalities of very high category to be 
used in the learning process. Based on the above it can be 
concluded that the guided inquiry based worksheet on 
colligative properties solution can guide students to discover 
concepts and help students understand the material colligative 
properties solution. 

4) Effectiveness Test Analysis 

a) Analysis of Student Results 

Based on the data in Table III, it can be concluded that 
more than 60% of students who study got results above the 
MCC is as much as 70% of the students that as many as 21 
people. Based on this, guided inquiry based worksheet 
effectively used in the learning process. Budimah states that 
learning is said to be effective if the students after learning 
scoring above the MCC of more than or equal to 60% [20]. To 
measure the effectiveness of teaching materials to improved 
cognitive ability, test instruments can be used and analyzed by 
using the formula N-gain [22]. The calculation result obtained 
N-gain average gained an average gain score of 0.54. Based 
on the criteria Hake showed that the effectiveness of teaching 
materials to increase cognitive abilities fall into the category 
of the effectiveness of the "intermediate". These results 

indicate that the guided inquiry based worksheet effectively 
used in the learning process with the intermediate category. 
However, it is seen that the results of student learning has 
increased significantly. Changes in student learning outcomes 
before and after using guided inqury based worksheet showed 
visible differences in student learning outcomes at the time of 
the pre-test and post-test are shown in Table III. Based on the 
test results of the pre-test, there are only 5 students with study 
results completed with the average value of grade 62.8. At 
post test after using guided inquiry based worksheet occurs the 
increasing grades of 21 students with an average increase in 
grade to 82.8. This is consistent with prior works reported that 
students who learn to use guided inquiry more easily 
understand the concept, can enhance critical thinking skills 
(high order thingking) and improve student learning outcomes, 
as well as providing meaningful learning [7-9]. 

In terms of the learning experience by using guided inquiry 
based worksheets, the students gained knowledge on their own 
construction. In accordance with the theory that describes the 
knowledge, the students acquired on the construction itself 
will last longer in the memory of the students, especially when 
students are given the opportunity to construct their own, 
meaning many senses are active in receiving information.  

b) Analysis of Student Activities 

Based on the observations, it can be concluded that when 
the learning process is run by using guided inquiry based 
worksheet, students were enthusiastic and active. When using 
worksheets, students seem to start first by reading the brief 
information, observing and analyzing the model, discuss the 
answer of the critical thinking question (key questions), and 
do the exercise as well as the matter of applications. In the 
practicum or doing experiment, students start first by reading 
the brief information, answered pre-lab questions, doing 
experiment according to the procedure given, observe and 
construct understanding by analyzing the data they collect, 
then answer post the lab question, and then the students also 
observed macroscopic, microscopic, and symbolic to assist 
their understanding. The results of observations of learning 
activities at the first meeting to the third meeting were 77.3%, 
78.4% and 89.2%. The average results of the analysis of 
student activity obtained when using the percentage of student 
activity guided inquiry based worksheet is 81%, which means 
that the effectiveness of the guided inquiry based worksheet, 
namely the category of "very effective" (Table IV). 

According to The College Board (2012: 21) students are 
often confused when the process of guided inquiry that was 
first implemented if previously guided inquiry learning was 
never been implemented [12]. But with the effort and 
encouragement of teachers, students will be familiar and able 
to overcome the confusion. Activity is highest at the third 
meeting. The third meeting was learning activities conducted 
in the laboratory. The high activity of the students at this 
meeting was because students were very enthusiastic about 
doing practical work. According Parappily et al high interest 
enhances students' thinking skills and better understand what 
and why students do lab work [9].  
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IV. CONCLUSION 

Based on the research that has been done, it can be 
concluded that the development of guided inquiry based 
worksheet on colligative properties solution has very high 
validity, very high practicality and effectively used in the 
learning process. 
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