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Abstract

This study generally aims to produce learning devices based on the guided discovery that can improve students’
mathematical reasoning ability and self-esteem. Specifically, this study aims to: 1) analyze the validity of learning
devices developed based on guided discovery, 2) analyze the practicality of learning devices developed based on
guided discovery, 3) analyze the effectiveness of learning devices developed based on guided discovery, 4) analyze
the increase in students' mathematical reasoning ability who learn with learning devices developed based on guided
discovery, and 5) analyze the increase in students' self-esteem who learn with learning devices developed based
on guided discovery. The type of research is development research using a 4-D Model. The results showed that:
(1) learning devices developed based on guided discovery met valid criteria based on expert judgment; (2) learning
devices developed based on guided discovery met practical criteria, in terms of a) expert judgment and b) the
results of observations of the learning device implementation; (3) learning devices developed based on guided
discovery met effective criteria, in terms of a) the student learning completeness classically has been achieved in
the trial II by 91,43% and the disseminated stage by 94,29%, b) the achievement of learning purpose has been
achieved for each item, c) the learning time used does not exceed or equals the normal learning time, and d) the
student responses positive to learning devices; (4) the students' mathematical reasoning ability increased with an
average of N-Gain by 0,53 in the medium category; and (5) the students' self-esteem increased with an average N-
Gain by 0,49 in the medium category.
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1. Introduction
Education is one of the factors of change because humans can make various changes in every area of life through
the education they have enjoyed. Humans as a creature that is endowed with reason to think should use it well, one
of which is with reasoning. Reasoning aspect is the ability which has been had by the learners as a standard which
enables a person can master the concept generally and specifically in depth (Dewi & Harahap, 2016: 68). With the
ability to reason someone can make various changes.

Apart from being a factor of change, education is also closely related to the progress of science and technology.
One of the lessons that support the advancement of science and technology in mathematics. As stated by Achera,
Belecina & Garvida (2015: 331), "mathematics has a great influence in all areas of studies". Mathematics is one
of the disciplines that support other sciences, such as natural and social sciences. Because of its important role,
mathematics is taught in every education unit and every class with more teaching hours when compared to other
subjects (Sunismi, 2015: 334). With its huge role in the world of education and the progress of science and
technology in the future, mathematics learning must take place effectively. The implementation of effective
learning is inseparable from the role of the teacher, especially in designing and preparing learning in the classroom.
Teachers as educators are expected to have the ability to design and manage teaching and learning activities that
can attract students to actively participate in it with the aim of improving students' mathematical reasoning abilities.

Safitri & Arnawa (2019: 131) suggested that "Mathematical reasoning skill is an individual ability to think
logically based on the existed evidence". The importance of mathematical reasoning ability is no doubt. Rafiqoh,
Syahputra & Surya (2015: 110) argues that reasoning is important for every student, especially students who study
mathematics related to the ability to form logical thinking, mastering concepts correctly and correctly, and drawing
conclusions that are authentic where all of these factors are steps and strategies to solve mathematical problems.

The success of students in reasoning is influenced by many factors, one of which is self-esteem. With self-
esteem, students will not hesitate to reason even students' confidence in their abilities will emerge. Prihadi & Chua
(2012: 2) say that students who have positive self-esteem are people who feel confident about their self-worth ('I
am good and deserve to get the attention and respect of my friends and teachers') and a sense of competence -
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themselves ('T am able to face the challenges I face in the present and future that I face in life'). So with self-esteem,
students will feel able to do something and deserve to be appreciated.

However, based on the results of observations that have been made, it is found that the learning devices used
in the learning process, whether learning implementation plans, teacher books, student books, and student
worksheets are inadequate and do not facilitate teachers and students to carry out learning. Of course, this is an
obstacle from the teacher's side which will have an impact on student success in learning mathematics. In learning,
students will encounter other obstacles such as often feeling that learning mathematics is very difficult and boring
and assumes that learning mathematics is only about calculation problems and is not something important to be
applied in daily life. Such assumptions are based on the lack of student knowledge about the application of
mathematics and the lack of student understanding of the concepts of the material taught by the teacher (Siregar
& Jaya, 2016: 134). So this makes students tend to be passive in learning in class.

In order to be able to change the situation and conditions above, a learning model is needed that can increase
the activeness of students to participate in the teaching and learning process, so students are expected to not only
depend on the teacher as a source of learning but bring out independence to express ideas, creative ideas and able
to overcome challenges skillfully in accordance with students' high reasoning abilities and self-esteem. In addition,
teachers need to make sure that mathematics learning can be followed by students with good interest and activeness
by making an appropriate learning device and in accordance with the material being taught and the objectives to
be achieved. Learning that is felt to be appropriate and has never been developed by teachers until now is guided
discovery-based learning. For this reason, the model chosen to be applied in the development of learning devices
in this study is guided discovery-based learning.

With a guided discovery-based learning device, students can learn to find concepts or principles (theorems,
formulas, characteristics) in materials that they learn themselves (Sunismi, 2015: 335). Sifanu (2018: 78) suggests
that "Constructivists like Bruner emphasize that discovery learning enhances meaningful learning because a
learner is able to relate new information to the information on the cognitive structure".

Based on this fact, it is necessary to develop a learning device. The development of a product in the form of
a learning device can be said to be of quality if the device meets valid, practical, and effective criteria. For this
reason, in this study, the learning devices that will be developed are the learning implementation plans (RPP),
teacher books (BG), student books (BS), and student activity sheets (LKS). Based on this description, it is expected
that the development of guided discovery-based learning devices can improve students' mathematical reasoning
abilities and self-esteem.

2. Research Methods

This research is a research development that refers to the modification of the Thiagarajan model. This model
consists of 4 stages of development, namely define, design, develop, and disseminate. The subjects in this study
were eighth-grade students of SMP Negeri 24 Medan. While the object in this study is a guided discovery-based
learning device on the materials of Straight Line Equations which includes Learning Implementation Plan (RPP),
Teacher's Book (BG), Student's Book (BS), and Student Activity Sheet (LKS), and test instruments consisting of
the Mathematical Reasoning Ability Test (TKPM) and self-esteem questionnaire. Instruments and data collection
techniques were compiled to measure the validity, practicality, and effectiveness of the guided discovery-based
learning device developed. The instruments used in this study were in the form of validation sheets, tests,
questionnaires, and observation sheets.

The validity of the learning device is obtained based on the data of the validity assessment of learning devices
oriented to the discovery-based learning guided by several competent experts in the field of mathematics learning
device development, namely three UNIMED lecturers, and practitioners, namely two junior high school
mathematics teachers determined the average value of indicators and grades aspects for each expert and
practitioner. Data analysis of the learning device validation results is done by looking at the average of each
category and the average of each aspect in the validation sheet until the average total number of validators are
obtained against each learning device. Based on the Va value or the total average value obtained from a device,
the category of validity is specified and the device is referred to in the determination of the validity intervals of
the learning devices developed based on the guided discovery in the following Table 1:

Table 1. Validity Level Criteria

Index Total Average Value Category
1<Va<2 Invalid
2<Va<3 Less Valid
3<Va<4 Fairly Valid
4<Va<5 Valid
Va=5 Very Valid

(Modified from Tanjung & Nababan, 2018: 64)
Furthermore, the test instrument in the form of a mathematical reasoning ability test and a student's self-
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esteem questionnaire was tested on other students who were not sampled who had the same abilities as the students
that will be researched, then the results of the instrument trial were analyzed using the validity and reliability test
to find out to what extent valid and feasible test instruments. The construct validity can be measured using the
product-moment correlation technique formula (Arnita, 2013: 87), as follows:

_ NEXY)-ENEY)
VINZX2—EXHNEY?2 - (E1)?)

Where,
Tyy : The correlation coefficient of product-moment
X :Score of each question/item
Y : Total Score
N : Number of respondents
In search of the reliability of instruments whose scores are not 1 and 0 such as a poll or a form test, Arikunto
(2013: 239) suggests the following Alpha formula:

=) ()

Ty

Description: 1q4 : Reliability of the instrument
k : A number of question points or many problems
Y. 82 :number of grain variances
8%  :Total Variance

Practicality analysis of learning devices developed based on guided discovery can be seen from 2 (two)
aspects, namely: 1) expert assessment of learning devices developed based on guided discoveries which state that
these devices can be used with little revision or without revisions and 2) the results of observations of the
implementation of learning devices developed based on guided discoveries are in the minimum Good category.
The practicality of learning devices is observed based on validator assessments. The five criteria for the general
assessment of learning devices with value codes (Adibah, 2013: 11) are as follows:

Table 2. Expert Assessment Criteria
Code Value Description

A Can be used without revision

B Can be used with a slight revision
C Can be used with many revisions
D Cannot be used

Further data from the observation sheet is analyzed by calculating the percentage of observation score using
the formula (Mujahidah & Suhendar, 2018: 61):

number of score earned
P= - X 100%
maximum score

Remarks P = Percentage of observation score
After that, this learning device's implementation value is referred to at the time-determination interval of
guided discovery-based learning devices that are categorized in the following Table 3:
Table 3. Implementation Level Criteria
Implementation Percentage Index Category

P=>90 Very Good
80<P<90 Good
70 <P <80 Enough
60<P<70 Less

P <60 Very Less

(Modified from Sudjana (2005) (in Purnamasari & Lestari, 2017: 25))

Then the learning devices developed in this study are said to be effective if they meet the following
effectiveness indicators: 1) completeness of student learning in a classical manner, i.e. a minimum of 85% students
score 75; 2) achievement of learning objectives, namely at least 75% learning objectives for each item of
mathematical reasoning ability test items achieved; 3) achieving ideal time, is at least the same learning time as
regular learning; and 4) student responses, i.e. at least 80% of students respond in a positive category to the learning
component based on guided discoveries that are developed.

Meanwhile, in evaluating self-esteem one can use RSES with 10 items and a four-point response scale (1 =
strongly agree; 2 = agree; 3 = disagree; and 4 = strongly disagree). All item scores are added up and divided by
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the number of valid responses. Greater total scores indicate higher self-esteem (Switaj et al., 2017: 2473). Data
obtained based on students' self-esteem questionnaires were analyzed to classify the results of self-esteem
questionnaires which can be done using descriptive statistical formulas as follows:

e Highest score = 108

e Lowest score =27

e  Number of classes = 3 range = highest score

e range = highest score - lowest score = 108 - 2 7 =81

e Interval = range/(number of class) = 81/3 =27

After that, the overall level of students' self-esteem is obtained by descriptive analysis of the percentage of

self-esteem based on the following formula (Julia, 2017: 3):

actual score
=—x100%
ideal score

Note: SE = percentage «
Ideal score = maximum score per item X the number of items X the number of respondents
Table 4. Descriptive Data Categories of Self-Esteem

Score Interval Category SE (%)

81 <STSE <108 High 75 <SE <100
54 <STSE < 81 Medium 50<SE<75
27 <STSE< 54 Low 25 <SE <50

Note: STSE = total score of self-esteem
The amount of improvement in students' mathematical reasoning abilities and self-esteem can be calculated
with the normalized N-Gain formula developed by Hake (in Barus, 2018: 17) as follows:

Post — test Score — Pretest Score

gan = Maximum Ideal Score — Pretest Score
With the following criter
Table 5. N-Gain Criteria
Improvement index Category
gain £0,3 Low
0,3 <gain<0,7 Medium
gain > 0,7 High

(Modified from Simanungkalit, 2016: 47)
3. Research Result
The development stage of learning devices uses a 4-D model consisting of 4 stages, namely the define, design,
develop, and disseminate. The results of each of these stages are described as follows:

3.1 Define

Based on the results of observations made at SMP Negeri 24 that the curriculum used is the 2013 curriculum. Then
an analysis of the learning devices at SMP Negeri 24 Medan shows that teachers do not have good learning devices,
developing mathematical learning devices that are appropriate to the situations and conditions of students have
never been done, and the teacher has not applied learning models that are relevant to the characteristics and
objectives of mathematics learning just as the teacher has never applied guided discovery learning.

The Learning Implementation Plan (RPP) available does not describe the learning activities to be carried out
by the teacher and students, other than that the question exercises are not adjusted to the indicators and learning
objectives contained in the RPP. The textbook used does not contain mathematical reasoning questions or
contextual questions. The unavailability of worksheets that are relevant to learning implementation plans and
textbooks because the worksheets that are used tend to be ready-made worksheets that are widely traded, the
contents of which are more directed to routine questions rather than student activities in finding knowledge. As in
the matter of straight-line equations, students are not given the opportunity to discover the concept of straight-line
equations themselves but instead are directly given concepts in finished form accompanied by formulas and
examples of problems that are equipped with how to solve them. So this results in learning devices not in
accordance with the objectives to be achieved. In addition, teacher-centered learning so that students do not have
the opportunity to find knowledge or concepts from the material being studied. This is thought to be the cause of
students' mathematical reasoning abilities and self-esteem is low.

3.2 Design
At this stage, the initial draft (Draft I) was prepared to design learning devices based on guided discoveries on the
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materials of Straight Line Equations so that a prototype (sample learning device) is obtained. The resulting learning
devices are the Learning Implementation Plan (RPP), Teacher's Book (BG), Student's Book (BS), and Student
Activity Sheet (LKS). The research instrument is a test of mathematical reasoning ability and student self-esteem
questionnaire.

3.3 Develop

The first stage in the development stage is to validate the Draft I to the experts and then do a field trial. The
validation of the experts focused on the format, language, illustrations, and content on the learning devices and
research instruments developed. The results of expert validation in the form of validation values, corrections,
criticisms, and suggestions are used as a basis for revising and refining the learning devices and research
instruments developed. The revised learning devices and research instruments are learning devices and research
instruments that have met the valid criteria and hereinafter referred to as Draft II.

3.3.1 Validation Results of Learning Devices and Research Instruments

Based on the results of expert validation, it is found that all learning devices developed to meet the validity criteria
with an average total validity of RPP by 4,51 in the valid category, a teacher's book by 4,58 in the valid category,
a student book by 4,60 in the valid category, and LKS by 4,49 in the valid category. While the research instruments
validated by experts are test items (pretest and post-test) mathematical reasoning abilities are in the valid category
and are quite valid and self-esteem questionnaire statements are in the valid category. Likewise, the results of the
validity test of research instrument items in the form of tests (pretest and post-test) mathematical reasoning abilities
and self-esteem questionnaires, respectively, are in the valid and reliable categories. Instrument reliability is used
to determine the determination of test results. After calculating the reliability of the pretest mathematical reasoning
ability by 0,724 (high category), the post-test mathematical reasoning ability by 0,732 (high category), and the
self-esteem questionnaire by 0,944 (very high category).

3.3.2 Field Trial Results

Trial I

After the guided discovery-based learning device developed has met the validity criteria according to experts and
the results of limited trials. Then the next learning device in the form of Draft I was tested in the field of research,
namely students of class VIII-E SMP Negeri 24 Medan with 35 students. This field trial is called the trial 1
conducted as many as 4 meetings in accordance with the learning implementation plan (RPP) that has been
developed. Trial I was conducted to measure the practicality and effectiveness of the learning devices developed
based on the guided discovery in the form of Draft II.

1) The Practicality Results of Learning Devices in Trial I

From the results of the practicality analysis of learning devices developed based on guided discoveries, it is found
that the learning devices developed have met the practicality criteria, in terms of (1) expert assessment of learning
devices developed based on guided discoveries which states that these devices can be used with little revision or
without revision; and (2) The results of observations of the feasibility of learning devices in class with a total
average in trial I by 86,43% are in the good category.

2) The Effectiveness Results of Learning Devices in Trial 1

From the results of the analysis of trial I data, it is known that the learning devices developed have not met the
effectiveness criteria, because there are still indicators that have not yet been met, namely classical student learning
completeness and achievement of learning objectives. In the trial I completeness of student learning classically of
the results of the post-test mathematical reasoning ability was 62,86%. If referred to the classical students'
completeness criteria that are determined, this means that the results of the students' mathematical reasoning post-
test results have not met the classical completeness criteria. The level of mastery learning students classically in
the trial I can be seen in Figure 1 below:

100

M Completeness of Student
Learning Classically

Percentage (%o)

Not Complete Complete

Figure 1. The Percentage of Mastery Learning Students Classically in Trial I
Furthermore, the achievement of learning objectives in the trial I have not yet been reached for each item. Of
the five items tested in the trial I, only three items were achieved the learning objective criteria, namely item 1, 2,
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and 3, while the other two items namely item 4 and 5 criteria of learning objectives were not achieved. The level
of achievement of learning objectives in the trial I can be seen in Figure 2 below:
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Figure 2. The Percentage of Achievement of Learning Objectives in Trial I

The effectiveness indicators that have been met in the trial I is the achievement of an ideal time and student
response. In the trial I, the time used in the implementation of learning was 10 hours of learning divided into four
meetings or 10 x 40 minutes. When compared with the usual learning done so far, the overall time spent in
implementing learning using the developed device is appropriate or does not exceed a predetermined time limit.
In accordance with the criteria for achieving ideal time, which is at least the same learning time as ordinary learning,
then the ideal time in the trial I have been reached. Then positive student responses to the components of learning
devices developed based on guided discovery. Student responses for each aspect are in a positive category.
Furthermore, overall student responses were in the positive category with a total average by 82,34%.
Trial IT
After conducting trial I in Draft II, further improvements were made to produce an effective learning device. The
revised results in Draft II resulted in Draft III, which was then tested on students of class VIII-C of SMP Negeri
24 Medan with 35 students. Trial II was conducted to measure Draft III as a guided discovery-based learning
device that met all the established effectiveness criteria.
1) The Practicality Results of Learning Devices in Trial II
From the results of the practicality analysis of the developed learning devices based on guided findings, it was
found that the learning device developed had fulfilled the practicality criteria. The practicality of the learning
device in trial II refers to the results of observations of its implementation in the classroom, with a total average
by 91,19% in the very good category.
2) The Effectiveness Results of Learning Devices in Trial 11
From the results of the analysis of the trial II data, it is known that the learning devices developed have met all the
effectiveness criteria. In the trial II completeness of student learning classically of the results of the post-test
mathematical reasoning ability was 91,43%. If referred to the classical students' completeness criteria for learning,
this means that the students' mathematical reasoning post-test results meet the classical completeness criteria. The
level of mastery learning students classically in trial II can be seen in Figure 3 below:
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Figure 3. The Percentage of Mastery Learning Students Classically in Trial II
Furthermore, the criteria for the achievement of learning objectives in trial II have been achieved for each
item. The level of achievement of learning objectives in trial II can be seen in Figure 4 below:
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Figure 4. The Percentage of Achievement of Learning Objectives in Trial II
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Meanwhile, achieving the ideal time in trial II has been achieved, namely as many as 10 hours of lessons
divided into four meetings or 10 x 40 minutes. When compared with the usual learning done so far, the overall
time spent in implementing learning using the developed device is appropriate or does not exceed a predetermined
time limit. In accordance with the criteria for achieving ideal time, that is, the minimum learning time is the same
as ordinary learning, the achievement of ideal time in trial II has been achieved. Then positive student responses
to the components of learning devices developed based on guided discovery. Student responses for each aspect are

in a positive category. Furthermore, overall student responses were in the positive category with a total average
by 85,66%.

3.4 Disseminate

After the learning devices developed are in the form of Final Devices or have met the criteria of validity,
practicality, and effectiveness through trials, then the disseminate is carried out by retrying the device at the
research site namely SMP Negeri 24 Medan in class VIII-A with 35 students. The disseminate stage is carried out
to measure the quality determination of the learning devices developed based on guided discoveries and determine
the contribution of the Final Device to improve students' mathematical reasoning abilities and self-esteem.

1) The Practicality Results of Learning Devices at The Disseminate Stage

From the results of the practicality analysis of the developed learning devices based on guided discoveries, it was
found that the learning device developed had fulfilled the practicality criteria. The practicality of the learning
device at the disseminate stage refers to the results of observations of its implementation in the classroom, with a
total average by 94,29% in the excellent category.

2) The Effectiveness Results of Learning Devices at The Disseminate Stage

From the results of the data analysis of the disseminate stage, it was found that the learning devices developed had
met all the effectiveness criteria. At the disseminated stage of completeness of student learning classically of the
results of the post-test mathematical reasoning ability was 94,29%. If referred to the classical students'
completeness criteria for learning, this means that the students' mathematical reasoning post-test results meet the
classical completeness criteria. The level of mastery learning students classically at the disseminate stage can be
seen in Figure 5 below:
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Figure 5. The Percentage of Mastery Learning Students Classically at The Disseminate Stage
Furthermore, the criteria for the achievement of learning objectives at the disseminate stage have been
reached for each item. The level of achievement of learning objectives at the disseminate stage can be seen in the
following Figure 6:
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Figure 6. The Percentage of Achievement of Learning Objectives at The Disseminate Stage

Meanwhile, achieving the ideal time at the disseminate stage has been reached, namely 10 learning hours
divided into four meetings or 10 x 40 minutes. When compared with the usual learning done so far, the overall
time spent in implementing learning using the developed device is appropriate or does not exceed a predetermined
time limit. In accordance with the criteria for achieving ideal time, which is at least the same learning time as
ordinary learning, the ideal time achievement at the disseminate stage has been reached. Then positive student
responses to the components of learning devices developed based on guided discovery. Student responses for each
aspect are in a positive category. Furthermore, overall student responses were in the positive category with a total
average by 87,26%.
3) Improvement of Students' Mathematical Reasoning Abilities at The Disseminate Stage
Based on the results of the disseminate stage, the results of students' mathematical reasoning ability tests were
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obtained. This test is given at the beginning and end of the study which aims to look at students' mathematical
reasoning abilities. Data obtained from the results of the student disseminate test were analyzed to determine the
increase in students' mathematical reasoning abilities. This increase was seen through N-Gain. The results of N-
Gain calculation tests of mathematical reasoning ability at the disseminate stage consist of N-Gain for indicators
of mathematical reasoning and N-Gain for students.

From the results of N-Gain data analysis of mathematical reasoning indicators, it is found that the ability of
mathematical reasoning for indicators of presenting allegations has increased by 0,62 with a medium category,
indicators, drawing conclusions, compiling evidence, giving reasons or evidence for the truth of solutions
experiencing has increased by 0,51 with the medium category, and the indicator checking the validity of an
argument has increased by 0,53 with the medium category. This means that the highest improvement in
mathematical reasoning indicators after using the learning devices developed at the disseminate stage is the
indicator submitting a guess followed by the indicator checking the validity of an argument and finally the indicator
drawing conclusions, compiling evidence, giving reasons or proof of the correctness of the solution.

Furthermore, based on the N-Gain for the students it was found that there were no students (0%) who
experienced an increase in mathematical reasoning abilities with a lower category, 31 students (88,57%) had an
increase in mathematical reasoning abilities in the medium category, and 4 students (11, 43%) have increased
mathematical reasoning abilities with a high category. So, the average N-Gain of students' mathematical reasoning
abilities at the disseminated stage is 0,53 in the medium category.

4) Improvement of Student's Self-Esteem at The Disseminate Stage

Data obtained from the results of self-esteem questionnaires at the disseminate stage were analyzed to determine
the increase in students' self-esteem. This increase was seen through N-Gain. The results of the calculation of the
N-Gain self-esteem questionnaire at the disseminate stage consisted of N-Gain for self-esteem aspects and N-Gain
for students.

From the results of the analysis of N-Gain data for the aspect of self-esteem, it was found that the self-esteem
for the aspect of the sense of security increased by 0,50 in the medium category, the aspect of the sense of identity
increased by 0,47 in the medium category, the aspect of sense belonging increased by 0,45 in the medium category,
the aspect of the sense of purpose increased by 0,57 in the medium category, and the aspect of the sense of
competence increased by 0,51 in the medium category. This means that the highest increase in the aspect of self-
esteem after using learning devices developed at the disseminate stage is the aspect of the sense of purpose
followed by the aspect of a sense of competence, then the aspect of sense of security, then the aspect of sense of
identity, and finally the aspect of sense of belonging.

Furthermore, based on N-Gain for the students it was found that there were 5 students (14,29%) who
experienced an increase in self-esteem in the low category, 21 students (60,00%) experienced an increase in self-
esteem in the medium category, and 9 students (35,71%) experienced an increase in self-esteem with a higher
category. So, the average N-Gain self-esteem of students at the disseminated stage is 0.49 in the medium category.

4. Discussion of Research Results
4.1 The Validity of Learning Devices Developed Based on Guided Discovery
Based on the results of the validation of the learning devices developed, it was found that the components contained
in the learning implementation plan (RPP), teacher's book (BG), student book (BS), and student activity sheet
(LKS) were declared valid. Likewise, the research instrument which is a mathematical reasoning ability test and
self-esteem questionnaire were also declared valid based on expert validation and instrument trials. This shows
that the learning devices developed in Draft I have been suitable for use in learning. Validity criteria are obtained
based on experts' assessment of learning devices developed based on guided discovery. A valid learning device is
obtained because the learning device developed based on guided discovery meets the content and construct validity.
This is in accordance with the statement of Rahmiati, Musdi & Fauzi (2017: 270) which states that the validity
of the learning method must meet the content validity and construct validity. Content validity means the suitability
of the product produced with the syllabus of the subject, the suitability of the current curriculum content, and the
suitability of the learning devices that will be developed with the student learning experience. The construct
validity is the conformity between the product produced and the determined development elements.

4.2 The Practicality of Learning Devices Developed Based on Guided Discovery
Based on the results of the practicality analysis of learning devices that are developed based on guided discoveries
seen from 2 (two) aspects, namely: 1) expert assessment of learning devices developed based on guided discoveries
which state that these devices can be used with little revision or without revisions have been fulfilled and 2) the
results of observations of the implementation of learning devices developed based on guided discoveries are in the
minimal category Good has also been fulfilled.

This shows that the device is practical in the sense that the learning device developed based on guided
discovery is easy to understand and easy to use by teachers and students in the implementation of learning in the
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classroom. In accordance with the statement of Rahmiati, Musdi & Fauzi (2017: 270) which states that learning
devices that are said to be practical are if teachers and students can use these learning devices easily in the learning
process.

4.3 The Effectiveness of Learning Devices Developed Based on Guided Discovery

Based on the results of the post-test analysis in the trial I and the disseminate stage, it was found that the students
'mathematical reasoning abilities had met the students' classical learning completeness criteria. This is influenced
by the application of learning devices developed based on guided discovery. Dewi & Harahap (2016: 68) states
that learning devices are one of the learning devices that can help students in learning. Then Roza, Arnawa &
Yerizon (2018: 236) suggested that discovery learning is a learning model that is in accordance with the
characteristics of mathematics learning. In this learning activity learning centered on students, where students are
required to learn actively and be given the opportunity to discover their own knowledge and concepts from the
material they are learning so that the knowledge obtained by students in learning can be more meaningful and last
for a long period of time.

Markaban (2006) (in Burais, Ikhsan & Duskri, 2016: 80) states that the guided discovery model involves an
interaction between students and teachers. Interaction can occur between the teacher and certain students, with
several students, or simultaneously with all students in the class. The aim is to influence each other's way of
thinking, the teacher provokes students' way of thinking with focused questions so as to enable students to
understand and construct certain concepts, build rules and learn to find something to solve problems.

Therefore, the existence of student interaction can also affect the achievement of student learning
completeness. The use of learning devices developed based on guided discovery has provided space for students
to interact with each other, especially in group discussion activities to understand the material and solve contextual
problems that exist in student books and worksheets.

The material and contextual problems have been adjusted to the characteristics of students and arranged with
attention to students' minddevices. This has become one of the factors that can affect student learning completeness.
By studying the material and solving contextual problems using learning devices that are developed based on
guided discovery, student success in learning will be better. This is reinforced by the research results of Trinofita,
Susanta & Hanifah (2019: 1), namely the average value of student learning outcomes taught using the guided
discovery learning model is higher than the average value of student learning outcomes taught by expository
learning strategies.

Furthermore, based on the results of the analysis of the attainment of the post-test learning objectives students'
mathematical reasoning abilities in trial II and the disseminate stage were reached for each item. This shows that
the learning objectives that have been device are achieved.

The achievement of learning objectives is influenced by the learning process by using learning devices that
are developed based on guided discovery. With the use of these devices, students are actively involved to construct
their own knowledge by following the stages of discovery that have been designed in the device. This is supported
by Burais, Ikhsan & Duskri (2016: 79) state that the discovery learning model is one of the learning models that
invites students to be actively involved in building their knowledge.

This is also because in the learning devices developed based on guided discoveries, the material students learn
is not presented in the final form so students must try to discover their own mathematical concepts. Thus, when
given a problem students are able to solve it optimally and have a positive impact on the achievement of learning
objectives device. Correspondingly, Burais, Ikhsan & Duskri (2016: 79-80) stated that "Discovery learning can
lead to the formation of the ability to make free discoveries in the future. In this learning, the teacher presents the
lesson material not in its final form, such as an instant formula but students have the opportunity to find and find
their own core of learning to be achieved ".

Based on the achievement of learning time carried out during trial I, trial IT and the disseminate stage obtained
the length of learning time using learning devices that are developed based on guided discovery is the same as the
normal learning time carried out so far, which is as much as 10 hours of learning divided into four meeting or 10
x 40 minutes. This is in accordance with the criteria for achieving the ideal time, which is at least the same learning
time as regular learning. So that the ideal time achievement using learning devices developed based on guided
discovery has been achieved. Thus it can be concluded that the ideal time achievement in trial I, trial II and the
disseminate stage have been reached.

The achievement of ideal time is inseparable from the teacher's ability to design and manage learning time
based on the application of models and learning devices used during the learning process. Especially on guided
discovery-based learning that makes learning more meaningful because it links subject matter and contextual
issues that are appropriate to the characteristics of students so students are active in participating in learning
activities and teachers can use time as effectively as possible. This is in accordance with the opinion of Moreno
(2018: 1405-1406), that the knowledge obtained by learning discovery will last longer because it produces
knowledge that is truly meaningful, besides the learning outcomes obtained have a better transfer effect than other
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learning outcomes.

As for the results of the analysis of the questionnaire responses of students in the trial I, the trial II and the
disseminate stage, it was found that the average percentage of total student responses in each trial was in a positive
category. This means that students respond positively to the components of learning devices developed based on
guided discovery. In addition, student responses given to each aspect have reached predetermined criteria that are
> 80%. This shows that overall students feel helped by the application of the learning device that was developed.
Thus it can be concluded that the response of students in trial I, trial II and the disseminate stage was positive.

Positive responses of students are inseparable from the teacher's ability to determine models and design
components of learning devices that will be applied in teaching and learning activities. This is in line with the
statement of Rahmawati, Mardiyana & Subanti (2014: 381) that the role of the teacher in determining the model
and compiling learning instruments is very necessary. The model applied is guided discovery-based learning. In
the application of guided discovery-based learning, students actively participate in the process of discovering their
own knowledge and mathematical concepts during learning, especially in group discussion activities using student
books and activity sheets that are developed. Bahri, Musmuliadi & Palennari (2017: 74) argued that student activity
sheets (LKS) based on guided discovery can help students in finding material concepts and can be a solution to
overcome boredom in the learning process, can foster student curiosity and activeness (finding). Furthermore, with
active learning carried out and curiosity will emerge student interest in the learning component that is developed.
In addition, learning devices also need to be designed and arranged with attention to grammar and overall content.
So that students' intent in the developed device can be clearly understood.

Furthermore, the learning process carried out using learning devices that are developed based on guided
discoveries become new things for students. Likewise, the atmosphere of learning in the classroom and the way
the teacher teaches is certainly different from the learning normally followed by students. This is consistent with
what was stated by Shaffat (2009) (in Rahmawati, Mardiyana & Subanti, 2014: 381) that the success of learning
is also determined by the learning method or method used. Every human individual has differences in many aspects
ranging from physical differences, patterns of thinking, and ways to respond or learn new things. So that the
learning process that takes place becomes a benchmark for students in responding to learning well.

Positive responses of students are also influenced by the success of teachers in managing learning in the
classroom and implementing learning devices that are developed. This success will have an impact on student
responses in a positive direction on the components of learning devices developed. This is in accordance with the
statement of Sunhaji (2014: 30) that class management is an integral part of the professional abilities that must be
possessed by teachers, besides managing class is also one of the basic skills of teaching that aims to create and
maintain an optimal learning atmosphere. Furthermore Sunhaji (2014: 30) means that the ability to manage
classrooms is closely related to the professional ability of teachers to create favorable conditions, please students
and create healthy learning disciplines.

Furthermore, students' interest in ongoing learning also needs attention. In this case, guided discovery-based
learning that emphasizes providing the broadest opportunity for students to express ideas, concepts, and ideas into
the right choice and appropriate to be applied in learning as an effort to attract students' learning interest. This is
in line with Lestari (2013: 117) statement that learning that is fun and is able to give students the freedom to
develop personal ideas will increase learning interest. The support of interest in learning is needed to create
effective learning.

4.4 Improvement of Students' Mathematical Reasoning Abilities Who Learn with Learning Devices Developed
Based on Guided Discovery

Based on the results of the test analysis (pretest and post-test) students 'mathematical reasoning ability at the
disseminate stage shows that the students' mathematical reasoning ability increases. The increase can be seen from
the N-Gain results of mathematical reasoning abilities obtained by students. An increase in mathematical reasoning
ability is also seen in each indicator of mathematical reasoning, namely an increase in the indicator of presenting
a conjecture, drawing conclusions, compiling evidence, giving reasons or proof of the truth of the solution, and
checking the validity of an argument. This shows that the use of learning devices developed based on guided
discoveries that have met valid, practical, and effective criteria has an impact on increasing students' mathematical
reasoning abilities.

This result is strengthened by research conducted by Sari (2015: 12) that increasing mathematical reasoning
ability of students who learn through guided learning is better than students who learn through conventional
learning. In line with that in research Burais, Ikhsan & Duskri (2016: 77) stated that increasing mathematical
reasoning ability of students who obtain learning with discovery learning models is better than students who obtain
conventional learning in terms of student grouping. This is because through guided discovery learning students
are given the opportunity to find answers to the problems given by the teacher in the worksheet through group
discussions. In connection with that, Moreno (2018: 1401) in his research showed that the application of learning
with the Discovery Learning model can improve the learning process and can improve the ability of mathematical
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understanding. This is revealed by Sari (2015: 13), which is one of the learning models that is expected to facilitate
students in improving mathematical reasoning and communication skills, namely guided discovery learning.

Therefore, this also emphasizes that the learning process using guided discovery-based learning devices is
one of the factors that can improve students' mathematical reasoning abilities. The guided discovery-based learning
process begins with the stimulation stage, namely the provision of mathematical problems by the teacher and
students observing the problem in question, then identifies the problem until a hypothesis is obtained, followed by
gathering information and processing it to obtain the expected resolution, after which students verify or proof and
finally students draw conclusions from the discovery activities they have carried out. This is supported by the
statement of Burais, Ikhsan & Duskri (2016: 81) that based on the stages of learning the discovery learning model
can improve students' mathematical reasoning.

In addition, the improvement of students' mathematical reasoning ability is also inseparable from the teacher's
ability to design questions that are prepared to train students in reasoning. The question is loaded into the student
book and worksheets that are developed in accordance with the reasoning indicators, namely submitting a guess;
draw conclusions, compile evidence, provide reasons or evidence for the correctness of the solution; and check
the validity of an argument. These questions also facilitate and provide opportunities for students to express their
ideas and ideas in practicing mathematical abilities. In connection with that Sari (2015: 13) states that asking the
right questions by the teacher will stimulate creativity and students discover new knowledge.

4.5 Improvement of Student's Self-Esteem Who Learn with Learning Devices Developed Based on Guided
Discovery

Based on the results of the analysis of students' self-esteem questionnaire given before and after using learning
devices that were developed in the form of pretest and post-test at the disseminate stage showed that students' self-
esteem increased. The increase can be seen from the N-Gain results of self-esteem obtained by students. Increased
students' self-esteem is also seen in every aspect of self-esteem, namely an increase in aspects of the sense of
security, sense of identity, sense of belonging, sense of purpose, and sense of competence. This shows that the use
of learning devices developed based on guided discoveries that have met valid, practical, and effective criteria has
an impact on increasing students' self-esteem.

The factors that led to an increase in student self-esteem, namely during the implementation of teacher
learning to combine special efforts in order to foster student self-esteem into learning activities at each stage of
guided discovery-based learning. Besides that, the teacher also slips written advice in the form of sentences related
to self-esteem in the student book and the teacher's book which is arranged in the Self-Esteem Frame, besides that
aspect of self-esteem are also contained in all developed learning devices.

Happy & Widjajanti (2014: 56) states that giving advice is one of the activities that build student morale. As
a result, students' self-esteem will increase. Furthermore, Happy & Widjajanti (2014: 56) also added that in an
effort to increase students' self-esteem in the prepared teaching materials, students can strengthen their self-esteem.
In class, the teacher plays a very important role in influencing students' self-esteem. The teacher's role is not only
to maintain the quality of relationships with students but also to carry out a series of activities that can improve
student self-esteem.

5. Conclusion

Based on the results of the analysis and discussion in this study, the following conclusions are presented:

1. Learning devices developed based on guided discoveries have met the validity criteria based on the results of
expert validation with an average total validity of RPP by 4,51 in the valid category, teacher's book by 4,58
in the valid category, student book by 4,60 is in the valid category, and LKS by 4,49 is in the valid category.
While the research instruments validated by experts are test items (pretest and post-test) mathematical
reasoning abilities are in the valid category and are quite valid, as well as self-esteem questionnaire statements
are in the valid category. Likewise, the results of the validity test of research instrument items in the form of
tests (pretest and post-test) mathematical reasoning abilities and self-esteem questionnaires are respectively
in the valid and reliable categories.

2. Learning device developed based on guided discoveries have met the practical criteria, in terms of (1) expert
assessment of learning devices developed based on guided discovery which state that the device can be used
with little or no revision; (2) The results of observations of the feasibility of learning devices in class with a
total average of trial I by 86,43% is in the good category, trial II by 91,19% is in the very good category, and
the disseminate stage by 94,29 % is in the very good category.

3. Learning devices developed based on the guided discovery in the trial I have not met the effectiveness criteria,
because there are still indicators that have not yet been met, namely classical student learning completeness
and achievement of learning objectives. Whereas in the trial II and the disseminate stage had fulfilled all the
effectiveness criteria, in terms of (1) students' mastery learning classically was achieved in the trial Il by 91,43%
and the disseminate stage by 94,29%; (2) the achievement of learning objectives have been achieved for each
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item in trial IT and the disseminate stage; (3) the learning time used does not exceed or equals the normal
learning time; and (4) students' responses have shown responses in the positive category of the components
of learning devices developed with an average total in trial II by 85,66% and the disseminate stage by 87,26%.

4. Improvement of student's mathematical reasoning ability who learn with learning devices developed based on
guided discovery can be seen through N-Gain consisting of N-Gain for indicators of mathematical reasoning
and N-Gain for students. The highest increase for mathematical reasoning indicators after using the learning
devices developed at the dissemination stage is the indicator submitting an estimate by 0,62 followed by the
indicator checking the validity of an argument by 0,53, and finally the indicator draws conclusions, arranges
evidence, provides reasons or evidence for the truth solution by 0,51. With an average N-Gain of students'
mathematical reasoning ability at the dissemination stage by 0,53 increased with the medium category.

5. Improvement of student's self-esteem who learn with learning devices developed based on guided discovery
can be seen through N-Gain consisting of N-Gain for aspects of self-esteem and N-Gain for students. The
highest increase in the aspect of self-esteem after using learning devices developed at the dissemination stage
is the aspect of sense of purpose by 0,57 followed by the aspect of sense of competence by 0,51, then the
aspect of sense of security by 0,50, then the aspect of sense of identity by 0,47, and finally the aspect of sense
of belonging by 0,45. With an average N-Gain of students' self-esteem at the dissemination stage by 0,49
increased with the medium category.
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