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Abstract—This research is descriptive with the aim of
developing project-based chemistry  practicum  guides and the
characters of Redox and Electrochemical Reaction materials
according to BSNP standards. The sample consisted of 2 lecturers
and 2 chemistry teachers, 30 students experimental class and 30
students control class at the  Medan 6th Senior High School, three
practicum guides of Erlangga (A) publishers, Bumi Aksara (B),
Duta Nusantara (C),. The study used the ADDIE method and the
data was processed descriptively. Questionnaires distributed to
the leacturer and teacher samples and found that content,
language, presentation, and graphycs feasibility scores were 3.53.,
3.46., 3.50.,  and 3.53 respectively,  the average score was 3.32.,
which means that the practicum guide developed is very valid.
Data analysis with ANOVA, obtained the average scores of
student outcomes in experimen class was higher than control
class or 81.5% > 73.8%. Then the average phsychomotor scores
of experimen class was larger than control class or 84, 64 > 82.78.
In addition, the affective scores of experimen class was larger
than control class or  78.42 > 76.38. The hypothesis tested with
one way ANOVA at the significant level of α 0.05, and found that
tcount> ttable, (4.536 > 1.697). It is concluded that the Innovative
Chemistry Practicum Guides developped is highly very good,
suitable for use in Senior High School.

Keywords—Practicum Guides Project-Based and the Characte;
Learning Outcome; Redox and Electrochemical Reaction

I. INTRODUCTION

Basically the application of the 2013 curriculum in
learning has been designed and designed in such a way
through the scientific approach (scientific method) and
contextual (contextual method), with the hope that students
who are taught have balanced competencies between attitude,
knowledge and skills which is far better than before.
Chemistry is one of the science subjects in the 2013
curriculum at the level of high school education. Many
students have difficulty learning chemical concepts because
they have complex and abstract characteristics. One of the
chemical competencies that must be possessed by students of
class XII High School Science is understanding the concept of
Redox and Electrochemical Reactions, which are categorized

as material that is difficult for students to understand because
of the scope and flexibility of the material, project based
learning in forming innovative characters effective, creative,
and productive.

Learning innovation is important in an effort to change the
teacher's learning center to student-centered and structured
learning, to improve student mastery in the concept of science
with the impression that participants can remember more and
more students [1]. Innovations that are successfully used in
chemistry learning include learning innovations with
laboratory and non-laboratory activities, using media
innovation, and information technology-based learning
innovations [2].

In [3] research, learning innovation that can be done in
character building is a Project Based Learning model, which is
an innovative learning model that involves project work,
where students work independently or in a group in
constructing their learning and summarizing the product real.
Chemistry is experimental science, so learning activities must
be integrated with practice to build students' knowledge of the
material being studied [4]. The reason for the importance of
integrated learning practice is because it can increase student
motivation, improve basic skills in experimentation, become a
scientific learning tool to support the understanding of subject
matter.

One of the obstacles experienced by teachers in schools in
chemical learning is the existence of inadequate practical
guides [5]. The circulation of practicum guides from various
printouts used by students in schools, still lacks an impact on
project-based learning models and innovative and integrated
character practices according to the 2013 curriculum. Given
the importance of project-based practicum guides and
characters in learning, it is necessary to develop innovative
chemistry practicum guides that meet BSNP standards
(Education National Standards Agency) to be used for XII
grade high school science students, and as practicum guide
books for chemistry teachers. So that in this study an
innovative project-based chemistry practicum guideline
development and high school class XII characters were
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developed in the Redox and Electrochemical Reaction
material.

II. RESEARCH METHOD

The research was conducted at the Medan 6th Public High
School. The development of chemical practicum guide on
Redox and Electrochemical Reactions used the ADDIE
method [6]. Three chemical practicum guide samples selected
from three local publishers were Gramedia (A),  Bumi Aksara
(B) and Duta Nusantara (C), 2 Unimed chemistry lecturers, 2
chemistry teachers, 2 classes in Medan 6th Senior High School.
Class XII-2 Science (experimental class) was given integrated
practice teaching practice using development chemical
practicum guide results, class XII IPA-4 (control class) was
taught using student handbooks.

Stages of research include (1) analysis of syllabus and
Chemical Practicum Guide, (2) design (3) development
Chemical Practicum Guide and revisions, (4) implementation,
(5) data evaluation and analysis. Overall the research
procedure is as shown in Figure 1 and Figure 2.

Fig. 1. Practicum guide Development Steps Treatments

During the research stage, sillabus analysis and practicum
guides A, B, and C. Then the design and development became
innovative project-based practicum guides and characters,
validation of content feasibility, language feasibility,
presentation feasibility and graphic feasibility with BSNP
standard assessment instruments on Likert scale score 1 to 4,
with criteria: 3.26 - 4.00, very valid, no need for revisions,
2.51-2.50, valid, no need revision, 1.76-2.50, less valid, partial
revision, and 1,00-1,75, invalid, total revision [7 ]

The data analysis technique used is the average technique
with the formula:

X = ,  where  :

X = average;

Σ X  = total scores
n  = number of validators

Fig. 2. Try out of the Chemistry Practicum Guide Analysis

Practical guiding trials of the results of the development to
30 samples of students in the experimental class, while 30
samples of students for the control class used the student's
practical guidance guide. Before the pre-learning session, a
pre-test was carried out, followed by integrated project-based
learning in the Redox and Electrochemical Reaction material
practicum, then post-test was held. The research design is as
shown in table 1 [8].

TABLE 1 RESEARCH DESIGN

Groups Pre-test Treatment Post-test
Eksp. T1 X1 T2

Control T1 X2 T2

Experimental
Group

Control
group

Pretest

Doing  Experiments
Used Conventional
Practicum Guide

Doing  Experiments
Used Innovatived
Practicum Guide

Development

Post-test

Observed  Student Affective and
Psychomotorric behaviours

Data
Analized

DiscussionsConclusion
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X1 = Learning using developmental Practical Guide
(experimental class)

X2 = Learning using student handbook Practicum Guide
(control class)

T1 = pre test; T2 = Post test

During learning, student activities were observed by 4
observers using affective and psychomotor assessment rubrics.
Data analysis was viewed from aspects of knowledge,
attitudes, and skills. For the aspect of knowledge seen from
the increase in gain, aspects of attitude and skills use the
assessment rubric. Qualitative data in the form of
questionnaires obtained from the validator team and
quantitative data obtained through pre-test and post-test to the
sample. Student activity data was obtained through 4 observer
observations during the treatment of samples. The normality
test with Chi-square at the real level α = 0.05 with the criteria:

If the Chi-squared (χ2)calc.< (χ2)table then the samples were
normally distributed. Validity test was carried out using the
following formula

Fcal. = ...... 1)

If Fcal.>Ftable, then the data were homogenous
Student achievement percentage was calculated by using gain
score normalized (g) using the following formula:

.... 2)

Hypothesis was tested by using one way ANOVA with the
following formula:

.....................           3)

X ̅1 = student outcomes 1
X ̅2 = student  outcomes 2
S     = standar deviation
n = numer of samples

III. RESULTS  AND DISCUSSION

A. Conventional Chemistry Practicum Guide Analyzet

The three conventional Chemistry Practicum Guides A,
B and C were analyzed. The workbooks covered Redox and
Electrochemical reaction were analyzed based on the BSNP
standard criteria [9], and the results were shown in table 2
below:
TABLE 2. AVERAGE FEASIBILITY SCORES OF THE CONVENTIONAL
PRACTICUM GUIDES A, B, AND C

Feasibility Average Scores of the
practical guide A, B,

and C

Average scores of the
Innovative practical

guide
Content 2,57 3,31

Language 2,98 3,37

Presentation 2,92 3,22

Graphics 2,96 3,15

Average 2,86 3,26

BSNP
feasibility

Relatively Valid
(no revision required)

Highly valid
(no revision required)

From the analysis of the practical guides A, B, C, some
disadvantages and weaknesses were obtained including

Weakness of Practicum Guide A
Content: The scope of the material seems repetitive and

incomplete; Practical implemented is not project-based and
character-based; Does not contain images of chemical tools,
application of elemental chemical material in everyday life,
basic techniques, and basic laboratory skills.

Presentation: Does not contain KI, KD, and indicators:
Theory is too short; There are few pictures

Graphicity: The design of the placement of images is less
precise and giving color seems less attractive

Weakness of Practicum  Guide B
Content: The scope of the material seems repetitive and

incomplete; Practical implemented is not project-based and
character-based; Does not contain images of chemical tools,
application of elemental chemical material in everyday life,
basic techniques, and basic laboratory skills.

Graphicity: The design of the placement of images is less
precise and giving color seems less attractive.

Weakness of Practicum Guide C
Contents: Incompatibility of sub-material with subject

matter in syllabus; The material coverage seems repetitive and
incomplete; Practicum implemented is not project-based and
character-based; Does not contain images of chemical tools,
application of elemental chemical material in everyday life,
basic techniques, and basic laboratory skills.

Language: The use of sentences in work procedures
allows students to experience misconceptions

Presentation: Does not contain KI, KD, and indicators:
theory is too short; there are few pictures

Graphicity: The design of the placement of images is less
precise and giving color seems less attractive

B. Innovative Practicum Guide and Caracter Validated

Questionnaires were distributed to the teachers and
lecturers sample selected in order to validate the Practicum
Guide based integrated on the project based learning and
Characters. The workbook validated contained Redox and
Electrochemical Reaction and the results were listed in table 3
below:
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TABLE 3. AVERAGE SCORES OF THE VALIDATED INNOVATIVE
PROJECT BASEC PRACTICUM GUIDE AND CHARACTERS

Feasibilit
y scores
based on

the
BSNP

standard

Validation scores Average
scores

BSNP
Criteria
standard

Lecturers Teachers

Content 3,38 3,24 3,31 Highly
valid

Language 3,46 3,28 3,37 Highly
valid

Presentati
on

3,28 3,16 3,22 valid

Graphics 3,18 3,12 3,15 Valid
Average worthiness score of BSNP = 3,26

Criteria No validation needed

The average scores of the conventional Chemistry
practicum guidance A, B and C and the Innovative project-
based practicum guidance and character were shown in the
following table 4:

TABLE 4. THE AVERAGE SCORES OF THE CONVENTIONAL
WORKBOOKS A, B AND C, AND  INNOVATIVE PROJECT-BASED
PRACTICUM GUIDE AND CHARACTER

Feasibility
Average Scores of the practical guide

The practical guide  A,
B, and C

The Innovative
practical guide

Content 2,57 3,31

Language 2,98 3,37

Presentation 2,92 3,22

Graphics 2,96 3,15

Average 2,86 3,26

BSNP
feasibility

Relatively Valid
(no revision required)

Highly valid
(no revision

required)

The difference between the average scores of the
conventional chemistry practicum guide and the Innovative
project-based practicum guide and character were shown in
the Figure 3 below

Fig. 3.  Conventional practical guide and the Innovative practical guide
Scores

C. Percent Increase in Student Learning Outcomes and
Hypothesis testing.

By using the percent formula of increasing learning
outcomes "g" factor (normalized gain score), obtained percent
increase in chemistry class experimental learning outcomes is
higher than the control class which is 81.5% > 73.8% as in
Figure 4 below.

Fig. 4. Student outcomes percentages

Hypothesis testing was carried out after normality and
homogenity tests. One way Anova tested shown that tcal. > ttable

or (4,536 > 1,697), it means that Ha accepted and the use of
innovative Chemistry project-based practicum guide and
character is better than the conventional practicum guide

D. Psychomotor Assessment.

The results of the average calculation of psychomotor
values from each aspect of the experimental class  are higher
than the control class  which is 84.64 > 78.42 as shown in
figure 5 below
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Fig. 5. Student comparison of average psychomotor values

E. Affective Assessment.

The results of the calculation of the average affective value
of each aspect of the experimental class amounted to 82.78
higher than the control class  of 76.38, as in Figure 6 below.

Fig. 6. Student comparison of average psychomotor values

F. Discussion.

Based on table data (3) it can be seen that the results of the
analysis of the three chemistry practicum guides have different
assessment scores on each component. The score for content
feasibility for practicum A, B, C guides is sequentially 2.58,
2.56, and 2.58, all of which are included in the less valid
criteria with an average of 2.573 (necessary partial revision).
Language feasibility 3.09, 3.06, and 2.78, included in the valid
criteria with a mean of 2.98 (no need for revision). Feasibility
of consecutive presentations 2.88, 3.04, and 2.86, included in
the valid criteria with an average of 2.92 (no need for
revisions). Graphical feasibility 2.98, 2.96, and 2.94, included
in the valid criteria with an average of 2.96 (no need for
revision). From the average score of content, language,
presentation, and graphics, the average score of BSNP
feasibility is 2.86 (included in valid criteria and does not need
revision). Because the practicum guides A, B, and C, are still
found a number of weaknesses and shortcomings, both the
feasibility of content, language, presentation, and graphics,

which resulted in not achieving the feasibility of BSNP on
very valid criteria, it needs to be revised.

In order for learning outcomes to foster more innovative,
creative, affective, productive, collaborative, disciplined, and
contributing students in the chemistry learning outcomes of
students, the Redox and Electrochemical reaction Practicum
Guide and Character were developed, which were designed
and arranged to form project-based Practicum Guide and
Character that refer to BSNP criteria standards according to
the 2013 curriculum formula.

When viewed from the results of the validation in terms of
the feasibility of content, language, presentation, and graphics,
the guideline for the development of Redox and
Electrochemical Reactions resulting from the development has
met the criteria of the BSNP standard. This is evident from the
acquisition of the average value of validation of the feasibility
of content, the feasibility of language, the feasibility of
presentation and the feasibility of graphics, has shown a high
mean value of 3.26, with very valid criteria and does not need
to be revised (table 4). Practical guideline results of the
development have included a number of shortcomings in
practical guides A, B, C, which are analyzed, namely

Feasibility of Content
The scope of the material has been prepared according to

KI and KD in the syllabus, no longer repeated, and has been
compiled completely; 1. All the practicum that students do
have described project-based and character-based practicum
integrated learning; 2. Has contained a number of pictures of
chemical tools; 3. The application of Redox and
Electrochemical Reactions in daily life has been included; 4.
Already contains basic techniques and basic laboratory skills
such as: how to stir the solution, mix the solution, heat the
solution, smell, how to wash and filter the solution. 5. General
guidelines for practicum implementation have been included,
such as: pracikum rules, laboratory security, work safety
equipment, and waste handling in the laboratory; 6. Equipped
with pictures and names of equipment in the laboratory; and 7.
Has contained symbols of hazardous chemicals such as:
properties of flammable, explosive, corrosive, dangerous,
oxidizing and toxic properties.

Language
In the Practiconclusionum Guidance and Character

developed, the composition and use of sentences in work
procedures have used language that is easily understood, made
clear and concise, so students easily understand it and do not
cause misconceptions.

Presentation
In the practicum guide the results of the development,

have been loaded KI, KD, and indicators, and the theory and
images have been compiled according to the needs
proportionally.
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Graphicity
The design of image placement, paper size, and color

rendering has been adjusted, and refers to the BSNP standard
criteria.

The application of Practicum Guide and Character on
Redox and Electrochemical Reaction material as a result of
development in learning has shown integrated project-based
practicum and character learning models, and can foster
student character innovative, creative, affective, productive,
collaborative, responsible for work, critical thinking in
stimulating emotional levels high, and discipline. As stated by
[10], that in integrated practice project-based learning a
standard practicum guide is needed according to BSNP
criteria, which can facilitate students to get an idea of the
objectives, benefits and process of practicum activities to be
carried out. A good practical guide must be arranged
systematically, interestingly, clearly, can be used by students
independently at any time according to the needs of students.
This can be seen from the acquisition of percent increase in
the learning outcomes of the experimental class higher than
the control class  which is 81.50% > 73.80%. Likewise, the
affective and psychomotor values of the experimental group
students were higher than the control class  students, with the
average affective grade of experimental class being 84.16 >
control class  which is 78.86, and the average psychomotor
value of the experimental class was 81.36 > control class
which is 75.83. This is in accordance with the results of [11] ,
that project-based learning is more motivated to improve
student learning outcomes in the cognitive, affective, and
psychomotor domains. Also research by [12], concluded that
project-based learning rests on constructivist theory,
enhancing critical thinking skills and skills in problem solving,
synthesis, evaluation, predicting, and reflection.

G. Conclusion.

The XII Class Senior High School Practicum Guides from
Publishers (A), (B), And (C) circulating in  Medan needs to be
innovated and developed in the form of project-based
innovation that integrates practicum and character intergrated
according to the 2013 curriculum. Module  innovative project-
based chemistry practicum guide  on redox and
electrochemical reaction material of the development results
have been in accordance with BSNP standards. Student
chemistry learning outcomes through the implementation of
project-based practicum guide and character developed in
redox and electrochemical reaction higher than the reference
of student hand books. The psycomotoric and affective values
of students who carry out the practicum using a project-based
practicum guide and character that is developed higher than
the reference of the student hand books

H. Recommendation.

It recommends that Senior High School teachers should
carry out teaching and learning chemistry material integrated
with lab experiments and character based on the 2013
curriculum, so that the learning process based on student-

centered and they will be more proactive in studying
chemistry and will be able to have a better understanding the
material being taught. Chemistry teachers should be trained to
implement the innovative project-based developed. It is also
expected to carry out in depth research on the Practicum Guide
and Character for grades X, XI, and XII of Senior High Schools
that met the BSNP criteria.
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