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 The Indonesian 2013 curriculum requires the learning process to provide 
opportunities for the students to develop their higher order thinking skills. Many 
studies believe that the use of manipulatives are effective to foster it. However, we 
found that the manipulatives only available for the classroom use, while the 
students need to also exercise using individual manipulatives outside the class. 
This study aims to explain the production quality management of individual 
manipulatives such that they can be highly accessible for students. This study was a 
development research consisted of eight steps – manipulatives identification, 
product design, preparation, production, simulation and expert validation, limited 
testing and revisions, packaging, and marketing. In the simulation and validation 
stage, 55 teachers and 60 principals were involved as the participants, while during 
the testing, we involved 92 junior high school students and 58 children. The results 
suggested that we have successfully produced 14 types of individual manipulatives 
ready to sell. Moreover, the participants also gave positive responses – at an 
average of 94% – that the individual manipulatives could support the development 
of higher-order thinking skills. 

Keywords: quality management, higher-order thinking skills, individual manipulatives, 
mathematics learning, thinking skills 

INTRODUCTION 

The Indonesian 2013 curriculum suggests that the implementation of learning at the 
elementary and junior high school has to be relevant to the students' characteristics. 

http://www.e-iji.net/
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Based on the graduates' competence standard, the learning objectives should develop the 
students' attitude, knowledge, and skills. The attitude is fostered through the activities of 
receiving, implementing, appreciating, living and practicing. The knowledge is 
constructed through the activities of remembering, understanding, implementing, 
analyzing, evaluating, and creating. The skills are developed through the activities of 
observing, asking, trying, reasoning, presenting, and creating (MOEC, 2016). 

Through physical and mental activities, students need to be facilitated to exercise the 
higher order thinking skills (HOTS). According to the Bloom's taxonomy, the higher 
order thinking skills consist of the upper three stages – analysis, evaluation, and creation 
(Anderson & Krathwohl, 2001; Liu, 2010). The stages of analysis and evaluation require 
critical thinking, while the stage of creation requires creative thinking (Apino & 
Retnawati, 2016). These critical and creative thinking skills are also parts of the 
mathematics learning objectives. To foster the critical and creative thinking, as well as 
the higher order thinking in general, many argue that teachers need to utilize 
manipulatives (Furner & Worrel, 2017; Kontaş, 2016; Laski et al., 2015).  

Manipulatives are physical objects designed to represent concretely the abstract objects 
of mathematics (Furner & Worrel, 2017) and the students could manipulate it to learn a 
mathematics concept (Istiandaru et al., 2017). In mathematics learning, the existence of 
manipulative is needed, especially for the students in basic education to visualize the 
abstract mathematical objects (Hidayah et. al., 2018). Even more, it is not only students, 
but also teachers sometimes need a visual media to solve mathematical tasks (Toscano 
et. al., 2019). The existence of the manipulatives does help the students' abstraction and 
makes the students achieve higher cognitive development (Kontaş, 2016).  

Mathematics manipulatives are better utilized along with a series of activities designed 
to reinvent mathematics concepts (Hidayah et al., 2018). By using the manipulatives, 
students could observe, try, and reason various mathematics concepts using concrete 
material. These activities, according to MOEC (2016), are called scientific activities that 
can facilitate the students to develop their higher order thinking skills. A teacher could 
facilitate junior high school students to develop their higher-order thinking skills by 
providing non-routine problems and making them engaged actively in the learning 
process (student-centered) (Agustyaningrum, 2015). Furhermore, the students of 
elementary and junior high school's mental development are at the transition from the 
concrete stages to abstract. Therefore, mathematics learning requires manipulatives to 
help them thinking and also makes the mathematics learning fun (Hidayah et. al., 2016). 
The teacher needs to facilitate the students to make the thinking process run well. 
Conversely, the teachers require learning media, materials, and guidance of instructions 
to help the students learn and achieve the learning goals (Gall et. al., 2003; Newby et al., 
2000). 

Learning design equipped by worksheet and concrete material is effective for 
developing HOTS (Apino & Retnawati, 2016; Musfiqi & Jailani, 2014; Limbach & 
Waugh, 2010). HOTS promotion can be done by integrating ICT and objects into 
learning (Harvey, 2005), as well as implementing problem-based learning (Saido et al., 
2017). The manipulatives utilization is done to overcome the limitations of the students' 
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mental development in the stage of operational concrete (Hidayah et al., 2016; Hidayah 
& Sugiarto, 2015; Khoerunnisa et. al., 2016). The use of manipulatives will facilitate the 
students to be able to explore. Though there is a negative correlation between the 
percentage of time spent explaining concepts and the cognitive levels of children 
(Marshall & Horton, 2011), there is also a high positive correlation between the 
percentage of time spent exploring the concept and the cognitive level of students when 
they use manipulatives (Abdullah et al., 2017; Osman et al., 2012). 

Though many studies have shown the advantages of manipulatives to foster the students’ 
higher order thinking skills, the use of manipulatives is still limited to the use of 
classical and group learning. The students, therefore, could not repeat to try the 
manipulatives by themselves after class. The nature of the manipulatives is that they can 
be manipulated by the students to gain specific concepts. The presence of manipulatives 
does not guarantee the effectiveness of learning. The existence of manipulatives is 
important, but how to use them properly in a designed learning activity is also 
important. To overcome this problem, it requires the existence of individual 
manipulatives, which can be the students' belonging, can be used at anytime and 
anywhere according to the students' needs. Unfortunately, individual manipulatives are 
not yet available in the market. 

This research, therefore, aims to explain the production quality management of 
individual manipulatives such that they can be highly accessible to support the students' 
higher-order thinking skills. 

Research Question 

The research questions addressed in this study are (1) how did the development and 
production management of individual manipulatives run? and (2) what do the teachers’ 
and the students’ responses towards the individual manipulatives during the limited 
testing? 

Theoretical Background 

Higher-order thinking skill 

Bloom's taxonomy has been revised (Anderson & Krathwohl, 2001; Krathwohl, 2002). 
The taxonomy becomes (1) remember, (2) understand, (3) apply, (4) analyze, (5) 
evaluate, and (6) create, as presented in Figure 1. The indicators of each stage are (1) 
Remembering: recognizing and recalling; (2) Understanding: interpreting, exemplifying, 
classifying, summarizing, inferring, comparing, and explaining; (3) Applying: executing 
and implementing; (4) Analyzing: differentiating, organizing, and attributing; (5) 
Evaluating: checking and critiquing; and (6) Creating: generating, planning, and 
producing (Amstrong, 2016). The students who could do the final stage (creating) means 
that they have been skilled in the previous stages. The curriculum demands that learning 
develop higher-order thinking skills according to the revised Bloom's Taxonomy. The 
taxonomy has also accommodated the factual, conceptual, procedural, and 
metacognitive knowledge. 
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Figure 1 
The revised Bloom taxonomy 

According to Bloom, learning can start from the lower order thinking skills to the higher 
order thinking skills. Bloom's levels regarded as the HOTS are analysis, evaluation, and 
creation (Liu, 2010). 

Manipulatives and Question Series 

Manipulatives are objects to help students grasping mathematical concepts by doing 
kinds of manipulation (Hidayah et al., 2018). Many argue that manipulatives could help 
students understanding mathematical objects better, but some also said that the presence 
of manipulatives could not guarantee that (Furner & Worrell, 2017). However, it is 
commonly believed that students in the cognitive level of operational concrete need it 
very much in mathematics learning (Ojose, 2008). 

The use of manipulatives will impact better when it is integrated with a series of good 
questions to drive the students’ discovery through activities (Hidayah et al., 2018). 
Questioning has been proven an effective means of scaffolding the high-level thinking 
processes of students (Lee & Chen, 2015). The good questions, along with 
manipulatives, help the students to foster the higher order thinking skills. 

Quality Management of Manipulatives 

Quality management in this research includes the design stage, production stage, 
evaluation stage, and follow up stage. The stages ensure the quality of the production 
process and the products. The quality management aims to fulfill the stakeholders’ needs 
and to improve the production by reducing the failure and remake (Juran & Godfrey, 
1998; Kull & Wacker, 2010; Schniederjans & Schniederjans, 2015). The practice of 
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quality management refers to the management strategy and plan which are important to 
help a company to improve the quality, to reduce the cost, and to increase the 
productivity (Dahlgaard-Park, 2011; van der Wiele et al., 2011; Zhang et al., 2016).  

Moreover, some argue that there is a positive correlation between quality management 
and innovation (creativity). Creativity is considered as a source of innovation, which is 
important in the success of product development (Huang et al., 2017). The application 
of quality management principles positively and significantly impacts company 
performance quality (Barros et. al., 2014). The study shows that quality management 
could trigger the company innovation to reach sustainable competitive excellence. 
Quality management also has the potential to strengthen the product, process, and 
innovation (Schniederjans & Schniederjans, 2015). 

Quality management has two aspects, namely, social and technical quality management. 
Social quality management, for instance, is reflected when a company needs to train its 
workers and enable inter-function cooperation to produce a high-quality product. 
Meanwhile, control on the process and product by renewing production tools belongs to 
technical quality management (Schniederjans & Schniederjans, 2015). In this research, 
quality management was applied by revising the tools such that we do produce not only 
innovative products but also innovative production tools. 

METHOD 

Research Design 

Besides mathematics education, this study was carried out in collaboration with experts 
in accounting, mechanical engineering, and small industry. This study was the first-year 
research from a multi-year research design with a large design referring to the R&D 
design (Gall et al., 2003). The network strengthening in this study took the role as the 
quality assurance of sustainable production. The target of this study was the product of 
individual manipulatives. The criteria for individual manipulatives include smaller size 
(compared to the classical manipulatives), practically carried, and affordable prices for 
students. The research design is illustrated in Figure 2. 

 
 

Figure 2 
Research design 
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Stage I (Manipulative Identification) 

We conducted an identification by studying the classical manipulatives from the findings 
of our previous projects that have been tested for their effectiveness (Hidayah & 
Sugiarto, 2015; Hidayah et al., 2016; Hidayah et al., 2018). We also studied the 
students' activities (physical and thinking) to support HOTS. From this stage, we got the 
the kinds of individual manipulatives to be developed hand in hand with the physical 
and mental activities to foster HOTS.  

Stage II (Designing Individual Manipulatives) 

The manipulative design is important to determine the manipulative production 
supporting tools. The design includes raw materials and sizes. This study is limited to 
the development of individual manipulatives for planar figure made of 2 mm, 4 mm, or 
5 mm evafoam material. The size of the manipulative was determined by considering the 
purpose of its use.  

Stage III (Production Tool Preparation) 

The preparation of tools to produce manipulatives was done considering efficiency and 
effectiveness because these two factors can affect the market. The effectiveness and the 
efficiency of the production tools will affect the price for customers, namely the students 
and the teachers.  

Stage IV (Production) 

In the production process, the effectiveness and efficiency of the product were 
measured. The effectiveness was measured by the relevancy of the design and the 
purpose of using manipulatives, while the efficiency was measured by the time needed 
to produce a certain number of products. Furthermore, the human factor (the conditions 
of the employees in the production) and the quality of the products were also 
considered. As part of the product quality assurance, the case of the unsuitable product 
regarding the efficiency and effectiveness were used to improve the design and 
production tools.  

Stage V (Simulation and Expert Validation) 

The product was then validated by experts, including the academics, practitioners 
(teachers), and policymakers (school principals). In this stage, we also asked if the 
design of individual manipulatives, along with the students’ activities to use them, has 
been theoretically match with the effort to foster the HOTS. For example, we asked if 
the products enable the students to explore, to organize, to check, and to create various 
forms based on the leaning objectives. The validation results were used to improve the 
products both in the design, preparation, and production processes.  

Stage VI (Limited Testing) 

The limited testing was conducted to determine the students' response to the utilization 
of manipulatives products. We also observed the students’ activities using the products 
in terms of fostering the HOTS. From the results of the students' response, we improve 
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the design, preparation of tools, and production processes to get the product relevant to 
the students' needs.  

Stage VII (Packaging) 

This stage was also highly considered as it could determine the consumer interest.  

Stage VIII (Marketing) 

The purpose of this study is not only facilitating the students to learn not only at school 
but also at home. Thus, the manipulatives products need to be available in the market.  

Participant 

The implementation of this study involves several participants, namely academics, 
practitioners (teachers), policymakers (principals), and students. The academics, 
policymakers, and practitioners were involved in conducting expert validation of the 
manipulative products. While the limited testing was conducted towards the students of 
SMP N 22 Semarang—a public junior high school in Semarang Indonesia—which 
involved 92 students. The selection of the students of SMP N 22 Semarang as the 
research participants was because we have good access to test the manipulatives. Since 
the products were aimed not only for classical learning at school, but anywhere, 
anytime, and anyone, the limited testing was also conducted in Mathematics Village. It 
was a child learning group outside school hours involving 58 children. The mathematics 
village was chosen since the learning group provides wider chance for us to test the 
manipulatives. Moreover, there were also 55 teachers and 60 principals involved in the 
expert validation while responding to activities with the individual manipulatives to 
support HOTS. These respondents were selected because they join the council of 
mathematics teachers and the council of junior high school principals in Semarang.  

Data Collection Procedure and Tool 

The data in this study is the data of product relevancy to the students' need. The next 
data is the response of students and teachers in limited testing. The data collection 
procedure was carried out based on the stages of the research. In the identification and 
design stages, we collected the data of product relevancy through documentation and 
literature review. In the simulation and validation stages, we also collected data of 
product relevancy using questionnaire. The unsuitable product was used to improve the 
design of manipulatives and the tools. Further, in the limited testing stage, the students' 
and teachers' responses were obtained using questionnaire. The product relevancy data 
describe the quality of manipulatives as well as the response of the students and 
teachers. It can also be used to improve the design, tools, and production so that the 
quality of the manipulatives can be maintained. 

Data Analysis 

The data were analyzed both quantitatively and narratively. The quantitative data was 
the measurement result. Providing the production supporting tools and the improvement 
were analyzed using the quantitative and narrative method. The response of students and 
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teachers were analyzed using descriptive percentage. The suitability of the students' and 
the teachers' response shows that both of them have the same interpretation of the use of 
manipulatives. 

RESULTS 

The identification towards individual manipulatives resulted in 14 types: kinds of 
triangle, kinds of quadrilateral, sum of angle magnitude in a triangle, area of rectangle, 
area of triangle, area of parallelogram, area of rhombus, area of trapezoid, 
circumference of circle, area of circle, the number of diagonals in a polygon, sum of 
angle magnitude in a polygon, Pythagorean theorem, Tangram-7 and its application. 

Individual Manipulative Design 

The design of individual manipulatives includes raw materials and sizes. The individual 
manipulatives were made with evafoam raw material with a thickness of 4 or 5 mm and 
a sufficient hardness. Some manipulatives with a thickness of 2 mm were also produced 
for more flexible products. Figure 3 is the example of the knife and the cutting result of 
the manipulatives. 

  
(a) (b) 
Figure 3  
The knife (a) and the manipulatives as its cutting results (b) 

Besides the knife, the main cutting tool in the individual manipulatives is the pressing-
cutting knife, as presented in Figure 4. The cutting process was done using a manual 
machine in the small industry. 

 
Figure 4 
The pressing-cutting process of evafoam 
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The cutting process needs to be done by an expert because it requires a great strength to 
pull or press the material and knife. Within 8 hours, it can produce around 300 sets of 
individual manipulatives. The results of the expert validation (academics) suggested that 
several parts of the cutting result must be revised because there is an inappropriate 
result. Moreover, the inappropriate results may occur due to inappropriate evafoam 
hardness. Thus, the material must be adjusted. Figure 5 presents the assembled 
Tangram-7 puzzle as the cutting results. 

 
Figure 5 
The examples of the assembled Tangram-7 puzzle 

Limited Testing Results 

The limited testing to the manipulative was conducted according to the material learned 
at school by 92 students of junior high school and 58 children in elementary school age 
at the Mathematics Village. We used Tangram-7 puzzle to the junior high school 
students in the setting of problem-based learning. Meanwhile, to the children of 
elementary school, we used Tangram 7 puzzle and planar figure manipulatives in the 
setting of discovery learning. 

After the testing, we ask for the teachers and principals’ response towards the use of 
manipulatives. The response is presented in Table 1. 

Table 1 
The students’, teachers’, and principals’ responses towards the individual manipulatives 

No Aspects 
Percentage of positive response (Answering Yes) 

Students Teacher Principal 

1 Joyful 95 100 100 

2 Flexible to try and to exercise 

creative thinking 

91 100 100 

3 Free to create 94 100 98 

4 Motivating to do the next steps 83 98 100 

5 Demand the students be confident 82 100 98 

6 Demand the students be discipline 85 98 96 

7 Demand the students think 93 100 100 

8 Creating activities are available 80 98 100 
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Product Packaging and Marketing 

Product packaging was done practically using a plastic bag that has been equipped with 
the product name and product user manual. While marketing has been done by 
participating in the product exhibition. The products were displayed in the booth of 
Innovative Scientific Tools for Instruction (ISTI Corner), as presented in Figure 6. 

 
Figure 6 
The display room for manipulatives product marketing 

DISCUSSION 

Based on the responses from the participants, there was not much revision for the 
manipulative’s product design. The revised post-production product design was the 
design of cylinder and cone manipulatives. The revision is done on the location of the 
link so that it forms a better cylinder and cone model. The revised design was followed 
by the revision of the knife and the molding tools for cylinder and cone product. The 
post-production improvement was also applied to the determination of raw materials, 
namely the 2 mm evafoam should be adjusted by using the 320-gr ivory paper for the 
raw material. In the production stage, it was also necessary to use electrical power to run 
the pressing-cutting tool using the pneumatic system which was operated semi-
automatically. The complementary component of the machine uses a 1000 kg pneumatic 
cylinder, assisted by a compressor. This engine range can put pressure on the knife and 
cut material by 1500 kg (1.5 tons). The design of the machine is presented in Figure 7. 

 
 

Figure 7 
The pneumatic pressing-cutting machine 
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The improved design, equipment, and production processes were carried out to improve 
the products to reach higher quality and can be used for the students' activities to 
exercise the higher-order thinking skills. Moreover, there was no obstacle in the 
production process, and it was low cost. The learning stages took the role as social and 
technical quality management. Therefore, the production process could produce high-
quality products. 

Manipulatives and the Activities 

One of the indicators of the effective use of manipulatives is the presence of instructions 
to guide the students' activities along with the use of the manipulatives (Cope, 2015). 
The use of individual manipulatives is targeted to facilitate the child to observe, to ask 
(think) to do the next activity, as a medium to produce information or data, to reason, as 
a means of communicating the work or ideas of students, and as a tool to create (MOEC, 
2016). The example of manipulatives produced and used in mathematics learning is 
presented in Appendix 1. In Appendix 1, we present the design of the elementary school 
students’ activities to transform a rectangle into various other shapes and determine the 
formula to find its area. 

The students used the manipulative of the area of a rectangle (See Figure 8) and self-
develop the formula of the rectangle area. Further, by cutting the model, the students 
could transform into various figures and determine the area. 

 
Figure 8 
The manipulatives of rectangle area 

The students are asked to observe and to think in various condition by counting the unit 
squares to determine the area of the presented rectangle. They are also asked to 
determine the area of Mr. Budi’s yard presented in a word problem (See Appendix 1 
Number 3). The students are demanded to determine the area of figures presented in a 
non-routine position. Some students could be misunderstood by thinking that the figure 
is parallelogram instead of a rectangle. The activities end by formulating the area of the 
rectangle. By following the series of activities, the students are facilitated to be used to 
dealing with critical and creative thinking. It is also in line with Laski’s findings that a 
modified instruction with the use of manipulatives is effective to improve students’ 
critical thinking and learning outcomes (Laski et al., 2015). The students' activities to 
construct the formula of the area of a rectangle using the manipulative indicates that the 
manipulative has facilitated the students to observe and to think following the series of 
activities in the manipulative manual. 
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The other activities also developed for junior high school students for the manipulatives 
of Tangram-7. The result of the Tangram-7 production is presented in Figure 9.  

 
Figure 9 
The production process of Tangram-7 

To use the Tangram-7, we designed an activity of candle shape (See Figure 10). It is 
followed by a problem, “Given the length of the candle is 15 cm, what is the surface 
area of the candle?” The problem becomes problematic not only for the students but also 
for the teachers. It was only 1.7% of the participants who could answer correctly. 
Surprisingly, after the students engaged in an activity using Tangram-7 manipulatives, 
they could solve the problem correctly though it was not 100%. 

 

 

 

 

 

 

 

 

 
Figure 10 
The candle shape (a) built from the Tangram-7 puzzle (b) 

The shape of the candle as the problem stimulus and the activities in Tangram-7 could 
help to solve the problems. This is in line with the previous study that the teachers need 
to provide non-routine problems and actively involve the students in the learning 
process (student-centered learning) to facilitate the students to develop higher-order 
thinking skills (Agustyaningrum, 2015). Moreover, the other study found that the 
higher-order thinking skills can be developed through: (1) involving students in non-
routine problem solving activities; (2) facilitate the students to develop the ability to 
analyze, to evaluate (critical thinking), and to create so that the students have critical 
thinking and creativity; and (3) encouraging students to build their knowledge, so that 
learning becomes meaningful for them (Apino & Retnawati, 2016). These abilities can 

      

(a) (b) 
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be used to solve problems in everyday life. Some efforts must be made to improve 
creative thinking. Through the use of individual manipulatives, the results of this 
research product, accompanied by its activities, are expected to become habitual 
activities (physical and mental) which are the prerequisites and supporting factor for the 
development of the higher-order thinking skills of the elementary and junior high school 
students. 

CONCLUSION 

Many studies have confirmed the effectiveness of manipulatives to foster the students’ 
higher order thinking skills, but the availability of manipulatives was still in a form of 
classical manipulatives. Therefore, individual manipulatives need to be developed to 
enable the students learn at anytime and anywhere outside school. To fulfill this 
demand, a product quality management needs to run in the form of research and 
development. The development has been done through eight stages of identification, 
design, preparation, production, simulation and validation, limited testing, packaging, 
and marketing. The process has successfully produced 14 individual manipulatives, 
referring to an appropriate design in terms of measurement, power and material 
efficiency, and setting practicality. The developed individual manipulatives are easy to 
use for children, joyful, demanding the students to think, providing the opportunity to be 
creative, full of spirit, demanding the students to be disciplined and confident. In the 
implementation of manipulatives, teachers and students gave positive responses—an 
average score of 94%—that the individual manipulatives support the development of the 
students’ higher order thinking skills.  
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APPENDIX 1 

Example of activities to learn the area of a rectangle using manipulatives for elementary 
school. 

Manipulatives of Rectangle Area 

 
Figure 11 
Rectangle area manipulatives 

Take and put manipulatives on your table, as shown in Figure 11. 

Observe the manipulative, as shown in Figure 

12. The manipulative has a rectangle shape. 
The area of the rectangle is shown by the 
number of squares covering the entire region 
of the rectangle.  

 

1 

Fig.12 

5.1 
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Look at Figure 13. 

Questions Answer 

a. How many squares covering 
the entire region of the 
rectangle in Figure 13? 

 

b. What is the rectangle’s area?  

 
Mr. Budi’s yard has a rectangle shape, as 
illustrated in Figure 14. The size is 5 meters 
in length and 4 meters in width.  
a. Make squares unit covering the entire 

area of the rectangle. 

b.  How many squares covering the 
entire region of the rectangle? 

 

 What is the rectangle’s area?  
 
 
Put the manipulative, as shown in Figure 15.  

The rectangle in Figure 1.5 has size l unit 

length and w units width. 
 

Question Answer 

What is the rectangle’s area?  

 

 
If a rectangle has length size of l unit and 
width size of w unit, then the area of the 
rectangle is 

 

 
 

2 

 

 
Square unit 

Fig.13 

Fig.14 

3 

4 

Fig.15 

l w 

5 

Fig.16 

l 

w 
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Let’s use the formula! 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.17  

P 

6 

4 Q 
Change 

Change 

R 

Look at Figure 17! 

1. The shape of P is ……………………………………….. 

Length = ……, Width =………, Area of P = …………. 

2. The shape of Q is ……………………………………….. 

Area of Q = ……………………………………………... 

3. The shape of R is ……………………………………….. 

Area of R = ……………………………………………... 


