OPEN ACCESS

INTERNATIONAL ELECTRONIC JOURNAL OF MATHEMATICS EDUCATION
e-ISSN: 1306-3030. 2019, Vol. 14, No. 1, 197-205
https://doi.org/10.29333/iejme/3996

Development of Learning Design for Mathematics
Manipulatives Learning based on E-learning and Character
Building
Dwi Sulistyaningsih 1*, Purnomo 2, Abdul Aziz 1
1
2

Department of Mathematics Education, Universitas Muhammadiyah Semarang, INDONESIA
Department of Mechanical Engineering, Universitas Muhammadiyah Semarang, INDONESIA

* CORRESPONDENCE:

dwisulis@unimus.ac.id

ABSTRACT
Many types of e-learning are currently available for use in the education sector. E-learning can
provide training and education to a large number of students with diverse cultural backgrounds
and educational levels. However, e-learning can fail if forced to provide teaching material that
exceeds what can be achieved by e-learning. Some people usually do not understand the
weaknesses and limitations of e-learning and some of them might expect too much. Social
conditions outside the educational regulations play an important role in the formation of student
character. Thus the development of positive character can be created through a dynamic
relationship between internal and external factors. This study aims to develop the learning design
(LD) using mathematics manipulative based on e-learning and character building. The
development of LD is carried out in five stages including the initial investigation phase, design,
realization, a series of actions consisting of tests followed by evaluation and revision, and field
trials of the product. The results show that the completeness of 89% can be achieved by both
individuals and classical after learning using designs that have been developed. The high level of
completeness is due to students being able to study independently through material that has
been uploaded by the lecturer and if students are not clear they can directly ask the lecturer
through the chat facilities provided without waiting for the next meeting. There is a significant
difference between the learning outcomes of the experimental class and the control class. The
learning outcomes of experimental class students have higher independence and responsibility.
Students in the experimental class are able to produce more manipulatives and have better
quality.
Keywords: manipulatives, e-learning, character building, mathematics

INTRODUCTION
The practical experience for prospective teachers of mathematics is very important before they really as a
teacher. Universities must prepare them with the development of content and pedagogical knowledge that
influence classroom practice. Current mathematics studies show that students are frequently decipher
information from their experiences. They use concrete manipulatives serve as representations to form a crucial
affiliation between procedural and conceptual knowledge (Balka, 1993). Many studies strengthen and use
manipulatives in a competency development workshop or forum group discussion for teachers (Bellonio, 2012;
Furner et al., 2017; Kelly, 2006; Kontaş, 2016; Muser et al, 2014; Raphael & Wahlstrom, 1989; Sowell, 1989;
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Suydam, 1985). They reported that manipulatives are very important in improving their capability to offer
both a conceptual model for the abstract mathematical ideas and abstract mathematical process. Students
who have experience with manipulative better able to develop clearer mental than those with poor concrete
experiences (Heddens, 1986; Moyer, 2001).
Nowadays, the academics used internet as a learning tool, i.e. electronic learning (e-learning) in which the
learning content is available online and provides automatic feedback to the learning activities (KaplanLeiserson, 2000; Paulsen, 2003). In Indonesia, education is emphasized not only the cognitive aspects but also
on character building. Therefore, universities must be able to provide prospective teachers who have the ability
to build student character through the provision of teaching materials and learning design. To meet the needs
of the students, e-learning must be driven by good curriculum requirement and learning tools. Design of
learning tool that define the characters in an e-Learning is essential to the effectiveness of the understanding
of student. In addition, this design effectively helps the use of characters to increase student engagement with
lesson content and make the learner experience more interesting. In this work, manipulative learning design
has been developed based on e-learning and character building education. This study products are learning
tool and learning resource for learning the making of math manipulatives. Learning tools consist of syllabus
and Learning Plan (LP). Learning resources are packaged in the form of e-learning which consists of the design
of teaching materials, implementation of lesson plans (LPI), and student worksheets.

Why does Character Development Need?
Efforts have been made to transform conventional into modern learning. The use of modern technology
through the development of e-learning-based learning design is the right choice (Chae & Shin, 2015; Gillani
& Eynon, 2014; Parkes et al., 2015; Sulistyaningsih et al., 2017; Wisneski et al., 2015). More than ten years,
United State uses e-learning in education (Chauvot & Lee, 2015; O’Donnell et al, 2015). Currently, the internet
is a noteworthy bit of the learner’s diurnal life. It is unavoidable that techniques of teaching and learning
should encompass element of e-learning based on the computer and include precise preparation for learning
process. The concepts underlying the development of e-learning include independence, learner activeness,
learning from problems, and work-based learning (Martens et al, 2004). The e-learning model is based on
constructivism (Reiser, 2001) which emphasizes the responsibility of learners in managing their own learning
process.
The attitude of discipline and the optimization of the learner’s ethical behavior is the essence of character
education (Berkowitz & Hoppe, 2009; Katilmis et al, 2011). The primary foundations of good character are
respect, truth, justice, and responsibility (Skaggs & Bodenhorn, 2006). Equitable cherish, responsibility, and
righteousness are the basic propositions of good character (Skaggs & Bodenhorn, 2006). Character education
is not used for rapid rectify on student deviant behavior. This is due to the many factors that influence their
behavior include a parentage, sociological, and cultural (Agboola & Tsai, 2012). This means that the social
conditions outside of the educational regulation plays a major role in the student’s character building (Agboola
& Tsai, 2012; Romanowski, 2005). Thus it can be justified that character development is the creation of a
dynamic relationship between influential internal and external factors to realize positive character growth
(Gallien & Jackson, 2006).

METHOD
The sample in this study was selected by random sampling from all classes in the 4th-semester students
at mathematics education department of Universitas Muhammadiyah Semarang, Indonesia, academic year of
2016/2017. The development of LD starts with conducting an initial investigation of basic problems, student
behavior, and the applied curriculum. The results of the investigation were used as the main consideration in
the preparation of learning material. Lecturers and students are involved in the selection of formats, and the
initial LD. Furthermore, the prepared learning material is realized as a prototype of learning material, then
validation is carried out. The syllabus and LP validation were carried out by three validators consisting of
experts in the field of manipulatives, learning planning and senior lecturers in the appropriate fields. While
e-learning validation is carried out by experts in the field of multimedia, manipulatives making, and senior
lecturers. Revisions are made based on validator suggestions until the prototype is declared to meet valid
criteria by the validator.
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Valid prototypes are trialed for their effectiveness in classroom learning. In this trial, the data retrieval
instrument consisted of a learning device validation sheet, e-learning validation sheet, student independence
questionnaire, student responsibility questionnaire, and student creativity test in the manipulative making.
Data analysis results from teaching material prototype validation consisting of syllabus, LP, and e-learning
are calculated using the formula (Bloom & Hasting, 1981):
𝑉𝑉𝑎𝑎 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

where 𝑉𝑉𝑎𝑎 is the average of total validation.

The results of the validator’s assessment in each aspect are the average number of scores per aspect of all
validators divided by the number of validators. Va values are Va ≤ 1.5, 1.5<Va≤ 2.5, 2.5<Va ≤ 3.5, 3.5<Va ≤
4.5, and 4.5<Va ≤ 5 for the criteria levels of invalid, poor, fair, valid, and excellent, respectively (Bloom &
Hasting, 1981). The prototype of teaching material can be used without revision if the Va criteria are valid
and excellent. If not, then it must be revised based on advice from experts until Va meets the criteria valid or
excellent.
Student questionnaire data for independence and responsibility were analyzed by determining the number
of students who gave positive and negative responses. Positive responses mean students’ answers include
always, often, sometimes, ever, and never. with scores for each answer 5, 4, 3, 2, and 1, respectively. A negative
response means the opposite condition of a positive response. Validity and reliability of the questionnaire were
tested before use. Student creativity test questions were analyzed with validity, reliability, difficulties and
distinguishing factors. Validity test is done by using the product moment correlation formula (Arikunto, 2012),
while the reliability of test items for student creativity is measured using alpha formula (Arifin, 2013).
Data on the effectiveness of prototypes were analyzed using the completeness test, influence test and
different test using t-test. This effectiveness is determined based on three indicators, namely (i) the
completeness of student learning in learning, (ii) the influence of independence and responsibility on student
learning outcomes, and (iii) differences in learning outcomes treated with untreated classes (Guskey, 2014).
Individual completeness tests are used to determine whether the achievement of basic competencies has
reached the set minimum limit, which is 70. The classical completeness test is used to determine whether the
proportion of students who achieve completeness individually has reached the set percentage, which is 80%.
Individual and classic completeness were tested using left-handed tests according to the t-test and the Z-test
formula, respectively. Independence and student responsibility in terms of creativity in making manipulatives
were analyzed using multiple regression. The SPSS program from the Independent Sample t-test menu is
used to determine whether there is a difference between the average creativity ability of students treated (i.e.
design of e-learning-based learning and character education) with students given learning with conventional
models.

RESULTS
At the initial investigation stage, based on the results of observations and interviews, the data obtained
shows that learning still uses traditional methods, lecturers deliver material through lectures and provide
tasks to be done at home. In addition, the initial investigation also shows that students need guidance several
times to be able to complete the assignments given by the lecturer. Lecturers do not have enough time to
discuss directly with students so that it can cause difficulties for students to consult in completing
assignments. This condition causes manipulatives produced by students lacking both in quality and quantity.
The results of this interview confirmed the results of the questionnaire for students’ perceptions of the
implementation of learning to make mathematical manipulatives. Learning approaches and strategies are
considered bad because the strategies used by the lecturers are not in accordance with the material being
taught. In addition, the assignments to be done at home given by the lecturer have not been able to improve
students’ creativity and independence. So it is necessary to develop a learning designs that can solve existing
problems.
The draft of learning design consisting of the syllabus, LP, and teaching materials has been produced at
the design stage. The design of learning using e-learning is in line with Horton’s idea (Harton, 2006) which
states that e-learning as an application of information technology and computers can create an experience in
student learning. The e-learning that has been made is equipped with lecture material containing
instructional material consisting of examples of the tool making design proposal, learning implementation
http://www.iejme.com
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Figure 1. The validity level of the instructional design document
plan using manipulatives, and Student Worksheet (SWs) utilizing manipulatives. To further increase the
productivity of students in manipulatives making, e-learning has also been equipped with video manipulatives
making that can be used the student reference in the manipulatives manufacture. Students can consult the
manipulatives design made through the chat facility. The learning design in the form of e-learning consists of
an introduction (instructional use, semester learning plan, assessment instrument), and learning activities
(final ability of learning, learning materials, group division, tasks, online discussion forum, video
manipulatives making, reports and tasks as well as learning evaluations). The e-learning has been designed
for student-centered learning so that they are more independent and responsible in the learning process.
The prototype of an instructional design that has been adapted to the principles and characteristics of
learning has been produced at the realization stage. This prototype is a product development that has been
produced and ready for expert validation. Based on the validation results, syllabus, LP and e-learning made
have met the valid criteria. These validation results are all included in either category, meaning the prototype
of the learning design of manipulatives can be used with little revision. The expert’s validation results from
three validators are presented in Figure 1.
Of the seven tested questions, six are valid and one is invalid. While the distribution of difficulty level of
the seven problems are 2 easy, 4 medium and 1 difficult criteria question. The results of the reliability test
show that the value of r11 = 0.856, which means the problem has a high reliability. The result of experimental
class normality test and control class showed sig = 0.896 and sig = 0.484, respectively. Normality test result
questionnaire independence and student responsibility are shown by the value of sig = 0.204 and sig = 0.235,
respectively. This result shows that the value of Sig ≥ 0.05 means that the learning result of the students of
experimental class, control class, as well as the independence and responsibility of the students are normally
distributed.
The analysis of classical completeness with the minimum limit set 70 has been done and obtained the
result that as many as 24 (89%) students reach the completeness of the 27 students who took the test. Lefthanded proportion test results show that the z-count value equal to 1.169 greater than z-table (0.997). This
means that the results of student learning that gets a value of ≥ 70 greater than the proportion set at 80%.
The results of experimental learning design as presented in Figure 2 shows that the percentage of students
who get the most value compared with the unfinished. By using SPSS, an analysis of the influence of
independence and responsibility to student learning outcomes is presented in Table 1.
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Figure 2. Creativity test results of experiment class
Table 1. The effect of independence and responsibility to student learning outcomes
Coefficientsa

Unstandardized Coefficients
B
14.571
.324
.412

Std. Error
7.140
.084
.097

a. Dependent Variable: student creativity value

Standardized
Coefficients
Beta
.470
.515

Sig.

T
2.041
3.869
4.238

.052
.001
.000

Table 2. The effect of independence and responsibility to student learning outcomes
ANOVAa

1

Model
Regression
Residual
Total

Sum of Squares
414.283
133.346
547.630

df
2
24
26

Mean Square
207.142
5.556

F
37.282

Sig.
.000b

a. Dependent Variable: value creativity ability
b. Predictors: (Constant): student activity, learning independence

From device trials, it can be found that the significance of independence and student responsibility is 0.001
and 0,000, respectively. This means that learning outcomes are influenced by students’ independence and
responsibility. From multiple regression test obtained by equation of double regression Y = 0,324X1 + 0,412X2
+ 14,571 which means if independence increase one unit hence student learning result equal to 0,324 and if
student responsibility increase one unit hence student learning result increase equal to 0,412. From the
linearity test, the value of sig = 0.000 <0.05, means that the equation is linear, or, the independence and
responsibility of students have a positive effect on student learning outcomes. Analysis using SPSS is
presented in Table 2.
The test results with SPSS on student learning outcomes showed that he was strongly influenced by the
independence and motivation of students (75%), while the influence of other factors was only about 25%. The
average difference test results show that the sig value in the Levene’s Test for Equality of Variances is 0.318,
this value is greater than the specified sig value of 0.05. This means that the experimental and control class
data are homogeneous. While the results of the analysis of the two-party test using the Independent-Sample
t-test is presented in Table 3.

http://www.iejme.com
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Table 3. Average experimental class test results and control. F indicates the variance of homogeneity
Levene’s Test
for Equality
t-test for Equality of Means
of Variances
95% Confidence
Sig. (2Mean
Std. Error Interval of the
F
Sig.
t
df
Difference
tailed) Difference Difference
Lower Upper
Equal
variances
1.015
.318 5.472
54
.000
7.221
1.319
4.575
9.867
student
creativity assumed
value
Equal
variances
5.498 53.816 .000
7.221
1.313
4.588
9.854
not assumed
Table 4. Average experimental class test results and control
Class
N
Mean
Std. Deviation
experiment
27
75.7037
4.58941
value of creativity
control
29
68.4828
5.23464

Std. Error Mean
.88323
.97205

From Table 3, the student creativity for equal variances assumed shows a sig (2-tailed) value equal to
0.000 and 0.05 lesser than the specified significance level. This means that there are differences in the average
of student learning outcomes using e-learning-based learning design and character education with learning
outcomes whose learning does not use the learning design (conventional). Based on this test, the average value
between the experimental class and the control class is presented in Table 4 where N shows the number of
samples. It can be seen that the average of experimental class (class 1) and control class (class 2) is 75.70 and
68.48, respectively. This means the average grade value that uses learning-based learning design and
character education is better than the conventional class.

DISCUSSION
Based on the expert assessment, the design of the learning that has been made has met the valid criteria,
with the average value for syllabus and LP is 4.29 and 4.31, respectively, with both valid criteria. This means
that the syllabus and LP created can be used without revision. This excellent assessment is attributed to (i)
the established syllabus meets the complete elements, (ii) has a suitability between the course descriptions
and the learning objectives to be achieved, and (iii) has the conformity between the expected learning outcomes
and the material which exists. In addition, the use of learning methods has been adapted to the needs of each
meeting. The lecture activities are clearly planned between the activities to be undertaken by lecturers and
students. Each learning activity is also based on character education that is clearly listed in the syllabus and
LP made. In addition, syllabus and LP also come with the allocation of time allocation that has been adjusted
to the depth and complexity of the material to be delivered. The advice of the validator for syllabus and LP is
as follows: (i) syllabus and LP should be kept in the standard templates that can be viewed at the time of
manufacture and when the revision is made, (ii) LP should be completed with assessment instruments
containing the grid questions and assessment guidelines.
Validator states that e-learning is valid (3.9), meaning that e-learning can be used without revision. This
is due to (i) e-learning being made with a very interesting cover and content appearance, (ii) e-learning has
well-ordered and clear content, (iii) links provided for both forum and chat facilities are very accessible, (iv)
the material presented has clarity of content as well as good sentence and grammatical arrangements, (v) elearning developed with assignments and discussion facilities that can increase student participation,
activeness and motivation in learning, (vi) collection of tasks through e-learning is designed using the upload
time limit to make students more disciplined and have high responsibility so that the level of student
independence increases, (vii) e-learning designed learning model that can be the interaction between lecturers
and students through using forum facilities, and chat, (viii) e-learning is designed with scattered systematics,
and has a clear logical flow. The results of this expert validation are consistent with previous work (Nieveen,
2007; Sulistyaningsih, 2017) who reported that a learning material shows valid if it meets (i) developed

202

http://www.iejme.com

INT ELECT J MATH ED
material based on strong theoretical rationale; (ii) there is consistency in the interval between components of
the developed learning material.
The design of learning has reached the completeness of individual and classical completeness that reached
89%. This completeness is achieved because students can learn independently through the material that has
been uploaded by the lecturer and if the student is not clear can directly ask the lecturer through the chat
facility provided without waiting for the next meeting. The material that has been completed with the example
causes the students to more easily make proposals and design manipulatives. In addition, examples of how to
create manipulatives made a video will facilitate students in completing manipulatives that are made. Some
of these things that make students can achieve individual mastery and classical.
The independence and responsibilities of students have a strong effect on learning outcomes. This is due
to the e-learning design already equipped with the tasks accompanied by examples of completion. In addition,
e-learning also facilitates students to be able to directly communicate and discuss with lecturers. There is a
significant difference between experimental class learning result and control class because the form of elearning based learning is able to solve student problem in consultation to the lecturer. Through e-learning,
whenever students can convey problems and lecturers can easily manage the time to provide solutions to
student problems. In addition, the students are trained to be more responsible for the task given by the
lecturer. This condition is what causes students to produce more products and have a better quality.

CONCLUSION
The LD development is a good idea. The concept of LD development process that has been established in
the study has produced teaching materials that can be used to meet the needs of students in learning to create
mathematics manipulatives. LD’s development process offers a proven effective methodology for learning
design and should be considered an integral part of the creation of effective learning based on e-learning and
character building. Learning materials uploaded on the internet provide a learning framework for the
development of student interventions delivered through the internet and the strengthening of good character
underlying learning practices. The nature of strong independence and a high sense of responsibility in
completing the task is the impact of mathematics learning based on e-learning and character building. This
learning design is very appropriate in order to foster the attitude of independence and responsibility of
students to the completion of tasks. Time can be utilized effectively which ultimately increase student
productivity. By using the developed learning design, behaviors for active joint learning are available. Better
student independence and responsibility can improve student learning outcomes.
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