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Abstract. The purpose of this research is to produce valid, practical and effective open-ended 

based mathematical questions in measuring the high-level thinking ability of grade V students 

of elementary schools. The study was conducted at 002 and 008 Public Elementary Schools in 

Bangkinang. The research was a Design Research, which is another term of development 

research according to Plomp and Nieveen. The development model used is the Plomp model 

consisting of three stages; preliminary research, prototyping phase, and assessment phase. 

Based on the results of the development, there were obtained 8 questions for cube and cuboid 

material and 8 questions for statistic material. Some characteristics of valid mathematical 

questions based on open-ended are (1) the questions developed have several possible answers 

or have various ways of answering, (2) the resulting questions can measure higher-order 

thinking abilities; analysing, evaluating, and creating (3) the material asked is in accordance 

with the level of the school, which is grade V of elementary school related to cube and cuboid, 

and statistics materials, (4) the questions are related to the students’ daily life. The 

characteristics of practical open-ended mathematical questions are that can be used by teachers 

as an evaluation tool. This question will also be easily obtained because it will be posted in a 

blog owned by researchers and fellow students. 

1. Introduction 

Mathematical subjects need to be given to all students starting from elementary school to equip 

students with thinking, logically, analytically, systematically, critically, and creative ability[1]. 

Answering mathematical questions is a recommended way to train students to understand 

mathematical material and obtain the expected mathematical abilities. In fact, the questions obtained 

in the field are inappropriate given questions to the expected capability or competency indicators. The 

questions given are only ordinary exercise and are not focused on measuring any of the existing 

mathematical abilities. Some teachers are still unfamiliar with the term mathematical ability. The 

questions given are general exercises and do not facilitate students to hone their mathematical abilities 

so that they will have an impact on not achieving the objectives of mathematics learning have been set. 

One approach in learning mathematics that can give students the freedom to think actively and 

creatively is open-ended. This statement is based on the opinion of Heddens and Speer in Shimada 

which states that the open-ended approach is useful for improving students' thinking[2]. It is one of the 

approaches that help students solve a problem creatively and appreciates the diversity of thinking that 

might appear during the problem-solving process. Mahmudi suggest that the use of open questions 

need to be cultivated in learning because open questions have rich potential improve the quality of 

learning. In addition, by providing an open problem (open-ended problems) is also expected to bring 
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students to address issues in many ways, thus inviting intellectual potential and experience of the 

students in the process of discovering something new [3, 4]. Zulkardi and Ilma,  Sumarmo, and 

Sumardyono in Novita’s articles also said the development of problem with open type and contextual 

nature of non-routine can be used as means of improving the quality of learning process, especially to 

improve problem solving skills and also as mean of assessment in mathematics[5]. 

According to Shimada, the definition of an open-ended approach is a learning approach that 

presents a problem that has more than one method or solution. It gives students the opportunity to gain 

knowledge, experience finding, recognizing and solving problems with several techniques[2][4]. In its 

process, this learning uses open-ended questions as a studying tool. These open-ended questions are 

not available yet among elementary school teachers. 

 

2. Experimental Method 

The development model used in this study was adapted from the model established by Tjeerd Plomp. 

The Plomp model consists of three phases[6], namely 1) Early research (Preliminary research) with 

the needs and context analysis activities, literature review, developing conceptual and theoretical 

frameworks for research. 2) Designing stage (Prototyping stage), which is a cyclical and sequential 

design process in the form of a more micro-research process and uses formative evaluation to improve 

and correct the product[6]. The formative evaluation adopts the Tesmer as shown in Figure 1.  

 
Figure 1. Flow of Formative Evaluation Design 

 

 

3. Result and Discussion 
3. 1 Result 

3.1.1 Preliminary Research Results 

The preliminary study in this research was in the form of curriculum analysis, student analysis, and 

needs analysis 

3.1.1.1 Curriculum Analysis Results 

Curriculum analysis is carried out on the second semester material of grade 5 students, in KD 3.5 

explains and determines the volume of geometry which uses the volume unit (such as cube unit) 

involves cube and cube roots. The KD 3.5 and 4.5 indicators are as follows. (1) Mentioning the 

formula for the volume of cubes and cuboids using unit cubes, (2) Determining the volume of cubes 

and cuboids, (3) Mentioning the relationship between cube volume with cube and cube root, (4) 

Solving daily life problems related to the volume of cubes and cuboids. While in the following is KD 

3.6 and 4. 6 indicators (1) Paying close attention to the demonstration of building nets using concrete 

object packaging, (2) Discussing some geometry nets, (3) Identifying the shapes of some geometry 

nets, (4) Constructing geometry based on their nets, (5) Solving problems related to simple geometry 

nets (cubes and cuboids), (6) Presenting problem-solving related to cube and cuboid nets. The 

indicators of 3.8 basic competencies are as follows (1) Collecting data about students and the 

surrounding environment, (2) Resolving problems related to the single data presentation, (3) 

Presenting data in the form of tables, picture diagrams (pictograms), bar charts, or line charts to solve 

problems, (4) Using a picture diagram (pictogram), bar chart, or line diagram to solve the problem. 
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3.1.1.2 Student Analysis Results 

In mathematics study students who have different background and different mathematical ability are 

also have different ability for solving mathematical problem[7]. Mahmudi said that each student has 

different characteristics related to problem-solving activities. There are students who often use 

informal methods to solve problems rather than using a formal one. There are characteristics of 

students who prefer to be alone in solving the problem given, there are students who like to answer 

problems based on the example given by the teacher before, there are students who like to solve 

problems with one procedure, and there are students who like to be creative in solving problems given 

[3]. Therefore, mathematics needs to be designed so that it can accommodate a variety of 

characteristics of students. Mahmudi stated one way that could be done was the use of open questions 

in learning. Open questions can be a solution related to various characteristics possessed by students. 

According to Takashi the benefit using open-ended questions in mathematics learning are students 

becoming more active in expressing their ideas, having more opportunities to comprehensively use 

knowledge and skills, and have rich experience in the process of finding and accepting approval from 

other students against their ideas[4]. 

3.1.1.3 Need Analysis Results 

Interviews were conducted with several elementary school teachers in Bangkinang regarding the need 

for open-ended questions. Based on the interview, information was obtained that the teacher usually 

gave a closed evaluation, meaning that only produced one answer or one way of accomplishing. The 

questions given are not open-ended. The problem is also only at the stage of applying the formula, not 

to analyze or modify or create diverse answers. The teachers also have never made open-ended math 

questions. The teachers also have never gotten questions that can provide more than one possible 

answer or various ways of answering. Based on the results of the analysis of teaching materials used in 

several schools such as textbooks or student books, modules, and worksheets for cube and cuboid as 

well as statistics materials, it was obtained that there are no open-ended questions. The questions 

developed are closed questions. Therefore, it is necessary to develop open-ended questions that can 

hone students' higher-order thinking skills. 

3.1.2 Prototyping Phase Results 

3.1.2.1 Self Evaluation Results 

The design of prototype 1 was personally evaluated before being assessed by experts. Evaluation is 

carried out to re-check the suitability of the resulting questions with the characteristics of the referred 

questions and the writing procedures which include typing errors, the accuracy of the use of 

punctuation, the accuracy of the writing size, and the accuracy of the use and layout of the illustrations 

used. Questions that have been evaluated personally are then revised and the results of this revision are 

called prototype 1. The questions on prototype 1 are then validated by the expert. 

3.1.2.2 Expert Review Results 

The aspects included in the validation section are content, construct, and language[8]. Each 

of these aspects indicators is as follows. 
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Table 1. Aspects of Open-Ended Questions Based Validity 

Assessed Aspects 

Evaluation 

Components 

Indicators 

 

Content 

1. The developed questions have various answer or various way of 

answering (open-ended)  

2. The Questions are contextual 

3. The developed questions are not routine.  

4. The developed questions refer to indicators.  

5. The Content of material asked is fit to type and level of school, VIII 

SMP. 

Construct 
1. The picture used are clear. 

2. There is a clear instruction for working on the questions. 

Language 

1. The question items use adapted EYD sentence.  

2. The sentence of the question fits to the knowledge level of students.  

3. Disuse of ambiguous expression causing multiple interpretation.  

Based on the validation process, several suggestions and comments related to prototype 1 were 

obtained. Suggestions and comments from experts on open-ended math questions can be seen in Table 

4. below. 

 

Table 2. Expert Validation Results for Material Cubes and Cuboids 

No Before Revision After Revision 

1 

  

2 

  

3 
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Table 3. Expert Validation Results for Statistics Materials 

No Before Revision After Revision 

1 

  

2 

  

3 

  

4 

 
 

 

There is improvement through the suggestions from the validator such as improvement of 

sentences that direct students to provide the possibility of varied answers. Improvement of sentence 

questions is not conducted only to ease students to understand the questions given, but also to improve 

the pictures that confuse students. Based on the suggestions from the validator related to the validity of 

open-ended questions based on cube and cuboid material, as well as statistics, a revision or 

improvement is carried out in order to obtain a prototype 2. 
 

3.1.2.3 Individual Evaluation Results 
Prototype 2 which was produced based on an expert review then tested through a one-to-one 

test on 3 students who had studied cube and cuboid material, and 3 students who had studied statistical 

material. It was conducted because of limited time. Each student has various abilities ranging from 
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high, medium, and low[6]. This is done to find out whether the question is valid if it is given to 

students with diverse abilities. Based on one-to-one trials, it was obtained some information such as 

the time students are doing the test as follows: 

 

 
Figure 2. Questions for Cube and Cuboid Materials 

 

Students with high ability make some cube forms, but they are not arranged according to the available 

squares with codes A, B, C, D, E, F, G, and H. When conducting question and answer with these 

students, they don't think that the formed should be arranged based on available square with code so 

that they will make cube A, B, C, D, E, F, G and H as shown in Figure 3.  

 

 
Figure 3. Snapshot of Students' Answers with High Ability 

 

 
Figure 4. Snapshot of Students' Answers with Medium Ability 
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Figure 5. Snapshot of Students' Answers with Low Ability 

In Figures 4 and 5 are the answers of students with medium and low abilities. Learners assume that the 

question is directed to make a cube. Improvements made to prototype 2 after being tested one-to-one 

are as follows. 

Table 4. Revision Results Based on One-to-one Test 

No Before Revision After Revision 

1 

 
 

2 

 
 

3 

 

 

4 
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5 

  

6 

 
 

7 

  

8 

 

 

 

3.1.2.4 Field Test Results 

Field tests were conducted in classes that have studied Cubes and Cuboids, as well as 

Statistics. The test was given to grade V students of Elementary School. This field test was conducted 

to determine the effectiveness of prototype 3 obtained from the results of improvements based on a 

one-to-one test. The effectiveness of test results obtained through open-ended mathematical questions 

can provide a variety of ideas or concepts for students related to the open questions given. Based on 

the 24 students taken part in the Field Test, 15 of the 24 students received scores > 70 and 9 students 

received scores <70. Therefore, the researcher concludes that students have been able to use Open-

Ended mathematical questions. What must be done in the future is that the teacher accustoms students 

to solve open questions so that students are able to provide ideas or solutions related to the problems 

given. 
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Table 5. Revision Results Based on Field Test 

No Before Revision After Revision 

1 

 
 

2 

 

 

3. 2 Discussion 

3.2.1 Validity of Open-Ended Mathematical Questions 

Through validation of open-ended math questions was obtained the characteristics of valid open-ended 

mathematical questions as follows (1) open-ended questions developed have several possible answers 

or have various ways of answering, (2) the resulting questions can measure the ability of high-level 

thinking like analyzing, evaluating, and creating and it can be seen when students provide various 

possible answers. (3) the material asked is in accordance with the school level, that is grade V of 

elementary school related to cube and cuboid material, as well as statistics, (4) the questions are 

related to daily life or imaginable for students, (5) pictures used are clear and useful, (6) there are clear 

instructions on the questions, (7) the items developed using sentences in accordance with enhanced 

spelling (EYD), (6) the sentence questions are suitable to the level of students’ knowledge, (7 ) and it 

doesn’t use expressions causing double interpretation. 

3.2.2 The practicality of Open-Ended Mathematical Question 

Based on the results of the development carried out, math questions based on open-ended for cube and 

cuboid, as well as statistics materials can be said to be practical because they can be done by students. 

This question can also be used by the teacher as an evaluation tool on the material. 

 

4. Conclusion 
Based on the results of the development, there were obtained 8 questions for cube and cuboid material 

and 8 questions for statistic material. Some characteristics of valid mathematical questions based on 

open-ended are (1) the questions developed have several possible answers or have various ways of 

answering, (2) the resulting questions can measure higher-order thinking abilities; analyzing, 

evaluating, and creating (3) the material asked is in accordance with the level of the school, which is 

grade V of elementary school related to cube and cuboid, and statistics materials, (4) the questions are 

related to the students’ daily life. The characteristics of practical open-ended mathematical questions 

are that can be used by teachers as an evaluation tool. This question will also be easily obtained 

because it will be posted in a blog owned by researchers and fellow students. The teacher also can use 
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it to evaluate student’s high-level thinking skills because similar with previous research open-ended 

questions can teach students to analyse, evaluate, and create. 
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