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Abstract 

 

This study aims to determine the differences in mathematical connection abilities of students between 

those who given an essay and multiple-choice tests. Mathematical connection ability as one of the 

learning objectives achieves through activities that carried out by students and supported by the efforts 

of the teacher in making this happen. One of them is through giving practice questions or tests. This 

research conducted by the quasi-experimental method. The mathematical connection ability of 

students measured through test instruments (essays and multiple-choices) that have been designed 

and validated by experts. This validation process involved four experts and 20 panelists. The study 

conducted in two secondary schools in Jakarta against 121 students. The data obtained will be 

analyzed using an independent sample t-test. The results of the analysis show that there is an effect 

of the test form on students' mathematical connection ability of 24.5%. The precise connection ability 

of students who have given essay test treatment was higher than students who have given multiple-

choice tests. If the teacher wants to improve the mathematical connection ability of the students, it 

can be through learning habits by providing practice questions in the form of essay tests. 

 
Keywords: mathematical connection ability, test forms, essay test, multiple-choice test, secondary 

school 

 

INTRODUCTION  

Learning planning is one of the things that must be planned by the teacher so that learning 

can achieve the expected goals. National Council of Teachers Mathematics suggests some 

learning objectives that must complete by teachers, including Mathematical Connection 

Ability. This ability needed by students so they can use the connections of ideas in 

mathematics to understand how these ideas are interrelated and can create new ideas and 

apply mathematics in daily life. For students to have this ability, students must be actively 

involved in the teaching and learning process. Students must be able to interpret each 

material learned so that learning is no longer just an admission process. According to [2], 

students need to be comfortable about exploring new ideas. 

Furthermore, learning should go both ways between students and teachers with student 

centering. Thus, students' mathematical connection ability must be one of the centers of 

attention in learning mathematics. The teacher must design learning that can integrate 

mathematical problems that can be solved using various methods of solving. The teacher 

must strive through the provision of practice questions that design to the predetermined 

mathematical connection ability indicators. Students might know several concepts in 

mathematics. However, not all students can connect one theory with another, though this 

mathematical connection ability becomes something important for prerequisite material or 

even other subjects. 

Learning mathematics depends on a person's cognitive structure so that one's mathematical 

knowledge will be different from one another [17]. Learning objectives achieve through 

activities that carried out by students and supported by the efforts of the teacher in making 
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this happen. One of them is through giving practice questions or tests. This test should adjust 

to mathematical connection ability indicators. The test results can be used as an evaluation 

material for teachers to find out whether the learning model is following the characteristics 

of students and the content or not, whether the learning method chosen by the teacher is 

appropriate or not. A test can be used as a measuring instrument to determine the level of 

understanding of the learning. Such tests can be in the form of essays or multiple choices. 

Essay tests enable students to put all their deep thoughts about a problem, while the multiple-

choice test will make participants choose one of several available answer choices. 

Previous research conducted by [15] concludes that the mathematical connection ability to 

be the necessary abilities that must be mastered by students, especially in learning 

mathematics. He found that the average level of mathematical connection ability of 

secondary school students is still relatively low, with the lowest score on indicators between 

topics in mathematics. This research only focuses on mathematical connection ability, 

without seeing the effect of other variables, such as the test forms. Another study conducted 

by [6] shows that the learning approach can improve students' mathematical connection 

abilities. In addition to the learning approach, the school level also affects the improvement 

of students' mathematical connection abilities. However, the interaction between the learning 

approach and the school level does not have a significant impact on increasing students' 

mathematical connection abilities. 

Finally, another study by Scouller (1998) concludes that students who have higher abilities 

would show better learning outcomes while working on the test in the form of essays. On the 

other hand, students who have lower skills will show better learning outcomes while 

working on experiments with multiple-choice questionnaires. This research looks at overall 

learning outcomes, not at specific learning objectives. Some research states that multiple-

choice tests can only collect a little information when compared with essay tests. Multiple-

choice tests also allow students to guess the answers. 

The three studies above did not illustrate how the effects of the test form on mathematical 

connection abilities. Based on this, it is necessary to have a survey to find out how the 

mathematical connection abilities of students who get different forms of test treatment. This 

study aims to determine the differences in mathematical connection abilities of students 

between those who given an essay and multiple-choice tests. 

 

LITERATURE REVIEW 

Mathematical Connection Ability 

Mathematical connection ability is the ability to connect mathematical concepts with 

concepts on other topics in mathematics, linking mathematical concepts with ideas on other 

issues outside mathematics, and link mathematical concepts with application in daily life [4] 

[8] Rohendi, 2012; [6]. Mathematical connection ability is not only the ability to read 

questions until students can find the right mathematical formula to solve the problem. 

Moreover, mathematical connections ability is also related to the relationship between one 

topic and another topic in mathematics (for example numbers and algebra), the relationship 

between mathematics issues and issues in other disciplines, as well as the relationship 

between mathematics and real life. 

Mathematical connection ability means the ability of students to connect mathematical 

concepts with mathematical learning and mathematical concepts with problems in everyday 

life. Mathematical connection ability based on NCTM (Yuniawati, Indrawan, & Setiawan, 

2019) consist of 1) recognizing and using a relationship between ideas in mathematics; 2) 

understanding the relevance of mathematical concepts and forming concepts with one 

another to produce a comprehensive relation; 3) identify and apply mathematically inside 

and outside the numerical environment. The mathematical connections ability can help 
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students in understanding the problems that exist in everyday life. Students may not be 

aware of when they solve problems in their daily lives using theories in mathematics. They 

naturally solve it if they have excellent connection abilities. In general, this ability can use as 

a basis for evaluating topics' relationships in mathematics, determine mathematical formulas 

that can use to solve a problem following the theory and to solve the problem with the right 

steps. 

Mathematical connection ability must define in mathematics learning. Students who can 

connect mathematical concepts will have a more in-depth and lasting understanding of their 

memories (Wahyudin, 2008). Students who have a thorough knowledge can think of how to 

solve a mathematical problem. Usually, they find ideas to solve a mathematical problem or 

what to do after taking a step in the process of solving a mathematical problem. Students 

must possess this mathematical connection ability, so students can understand how 

mathematical concepts are interconnected to produce cohesiveness. Mathematical connection 

skills can help students understand the prerequisite material to understand higher capabilities 

[1]. 

 

Test Forms 

A test is a tool used to measure mastery of the material [5]. The test can divide into written 

tests and oral tests. Written tests more effectively use to determine students' cognitive and 

affective abilities. The test is not just a tool that can use without meaning. More than that, the 

test has several functions, among which are as motivators in learning. The results of tests 

done by students can be used as feedback by teachers in evaluating their students. If students 

get poor test results, it will be a motivation for learning even harder, so that later they can get 

better results than that. If students have gotten good results, then it will be a motivation for 

him to keep maintaining his abilities. Another function of the test is an effort to improve the 

learning process. The test results can be used as an evaluation material for teachers to find 

out whether the learning model is following the characteristics of students and the content or 

not, whether the learning method chosen by the teacher is appropriate or not. Evaluation of 

learning must be done by the teacher to improve the quality of the teaching and learning 

process. 

In addition to the two things above, the test also serves as a measure of student learning 

outcomes. The test can use to determine the extent to which students absorb learning 

provided. Through the analysis, teachers can see which competencies have been achieved by 

their students and which skills have not. A test can be used as a measuring instrument to 

determine the level of understanding of the learning. Such tests can be in the form of essays 

or multiple choices. An essay test is a written test consisting of problems that require 

students to answer them through descriptions that reflect the thinking process of students 

[16]. The multiple-choice test is an objective test consisting of the subject matter that 

presents the problem that must be solved and the choice of answers where there is only one 

correct answer [11]. 

Essay tests enable students to put all their deep thoughts about a problem. Student answers 

are not limited to available answers. Students forced to choose the possible answers. The 

answers to the essay test show how students think when reading a problem to find a solution. 

The answer is proof of their understanding of the concept that has studied. Essay tests have 

several advantages. Fist, essay tests can be used to measure students' mental processes in 

expressing their thoughts through the right answers. Second, essay tests can use to measure 

students' ability to answer through written language. This ability can motivate students to be 

able to compose the most appropriate words or sentences to solve existing problems and 

motivate students to express their opinions through writing. Third, essay tests can use to 

determine the depth of student understanding [15]. Unfortunately, the assessment of essay 
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tests still influenced by subjective factors. However, this can slightly reduce by the existence 

of precise and generally accepted evaluation rubrics. The question maker should write rubric 

as clearly and thoroughly as possible. So, other people (not only the question maker) can 

also give an assessment based on the rubric. Another weakness of the essay test is that if the 

question maker writes the item too long, then it can provide a different understanding for 

each student [16]. This case can make students hesitate to give answers. However, writing 

clear items and validating the details was felt to be able to overcome this deficiency. 

In a multiple-choice test, the test participant will choose one of several available answer 

choices. The choice of answers consists of correct and distractor answers. The distractor is 

an answer choice that may be considered accurate by some test-takers, but this is the wrong 

answer. The question maker has to write distractor correctly to reduce the possibility of 

participants in guessing the answers. Multiple-choice tests can test that have one correct 

solution, tests that contain incomplete statements, or examination that ask for the best (most 

complete) answer [3]. Multiple-choice tests used to measure students' understanding from 

the most straightforward level to the most complex [20]. Multiple-choice tests can range 

from questions that merely remember concepts, to analyses that require complex thinking 

and understanding. 

Multiple-choice tests have several advantages, including high objectivity. Test makers can 

determine a specific ability to be measured. Also, the results of the students' answers are 

more comfortable to be rated. In this case, others who have the answer key can evaluate the 

tests as well as the test makers. This ease provides an assessment for wider test takers and a 

short time to announce the result, for example, during national exams, school final exams, or 

other selection exams. 

On the other hand, multiple-choice tests also have disadvantages. First, it requires quite a 

long time in preparation for the questions. Second, making deception that can do well, and 

homogeneously is also quite tricky. 

 

METHOD 

Quasi-experimental techniques conducted this research. There are two groups of students, 

one group given an essay test, and the other given a multiple-choice test. At the end of the 

experiment, the two groups provided an instrument that measures mathematical connection 

ability.This research conducted in two secondary public schools in Jakarta. The sample 

selected using the multistage random sampling method, with a total of 121 students. This 

study conducted in the even semester of 2017/2018 for two months. The data obtained will 

be analyzed using an independent sample t-test. Before doing the data analysis test, a 

prerequisite test performed to meet the classical assumptions in parametric statistical 

analysis. Prerequisite Test used normality and homogeneity tests. Furthermore, data analysis 

is performed by independent sample t-tests when the data groups meet the requirements. 

 

RESULTS AND DISCUSSION 

Data on the results of research on students who were given essay tests as many as 61 

respondents gave the following results: 1) the lowest value obtained by students was 35.0. In 

contrast, the highest value got was 80.0 with a range of 45.0, 2) the average amount of 

mathematical connection abilities of students given an essay test was 57.2 with a standard 

deviation of 9.612 and variance of 92.391, and 3) the median of the data is 57.5. 

Data on the results of research on students who were given multiple-choice tests as many as 

60 respondents gave the following results: 1) the lowest value obtained by students was 20.0. 

In contrast, the highest value obtained was 72.5 with a range of 52.5, 2) the average amount 

of mathematical connection abilities of students given multiple-choice tests is 44.7 with a 

standard deviation of 12.334 and variance of 152.138, and 3) the median of the data is 42.5. 
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This value is different from the first group of students. In this group of students, the range of 

values obtained is more comprehensive so that the standard deviation and its variance are 

also higher. This part shows that the data collected is more diverse. 

 
Figure 1. Boxplot of Students’ Mathematical Connection Ability 

 

The mathematical connection ability of students who given essay tests (A1) and multiple-

choice tests (A2) is visible in the following boxplot. Through boxplot, even though the 

maximum data in the two groups did not differ significantly, the distribution of data in group 

A2 was more comprehensive than in group A1 so that the variance was higher. The median 

in the A1 group data is even higher than the upper quartile in A2 group data. In the boxplot 

below, there are no outliers in the data of the two groups. 

Before conducting the hypothesis test, several prerequisite tests are carried out, such as the 

normality test and the homogeneity test. The normality test conducted to determine whether 

the distribution of data to be analyzed usually distributed or not. The normality test 

conducted using the Lilliefors test with a significance level of α of 5%. The normality test 

performed on the data of groups of students who given essay tests and groups of students 

who given multiple-choice tests. The results of the normality test showed that all samples 

used in each group came from populations that generally distributed. Thus, both groups have 

fulfilled normality requirements. 

The homogeneity test performed to determine whether the data used in each group have the 

same variance. The homogeneity test performed on the data of groups of students who given 

essay tests and groups of students who given multiple-choice tests. The homogeneity test 

performed is the Bartlett test. The results of the homogeneity test showed that the two data 

groups have the same variance.  

 
 t-test for Equality of Means 

t df Sig (2-

tailed) 

Mean 

Diff 

Std. 

Error 

Diff 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Mathematical 

Connection Ability 

Equal 

variances 

assumed 

6.206 119 .000 12.463 2.008 8.486 16.440 

Equal 

variances 

not assumed 

6.193 111.43 .000 12.463 2.012 8.476 16.451 

Table 1. Hypothesis Test Using Independent Sample t-test 
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The results of the analysis using the two-parameter difference test indicate that the t-count 

value = 6.206, while the t-table value = 1.980. Also, the p-value (sig) is lower than 0.05 so 

that the null hypothesis rejected. Based on these results, it can conclude that the 

mathematical connection ability of students given the essay test was higher than the students 

given multiple-choice tests. In essay tests, students can put all their thoughts into answers 

and not limited to the answer choices available. The effect of test form on students' 

mathematical connection ability is 24.5% or classified as moderate. 

Based on these findings, the habit of giving an essay test must begin. In this case, the use of 

essay tests can help students to improve their learning outcomes. Through essay tests, 

students can practice problem-solving, reasoning, communication, connection, and 

representation abilities. These abilities are under the objectives of mathematics learning, 

which was proclaimed by NCTM [8]. 

This research involves two groups of students — the first group was given treatment in the 

form of essay tests, and the others assigned multiple-choice tests for two months. At the end 

of the procedure, each student offered a questionnaire of a mathematical connection 

instrument that will use to determine students' mathematical connection abilities. This 

instrument consists of 15 multiple choice items and four essay items that have been validated 

by experts and panelists and conducted an empirical test. This instrument has declared to be 

valid and reliable. Analysis of the tools was carried out with the Rasch model using Winstep. 

The results of the study of research data collected using the mathematical connection ability 

instrument show that the mathematical connection ability of students given an essay test is 

higher than students who given a multiple-choice test. In the essay test, students can pour all 

the knowledge they have to use as answers. The answers written by students reflect their 

understanding that can flow through the strung language. 

This finding is in line with the results of Wijaya's previous research in 2016. According to 

him, the answers given by students are the result of whatever reflection students have learned 

so far. The teacher can see the ability of students through responses that reflected in the steps 

worked by students. Essay tests encourage students to understand the subject matter more 

deeply. Students who are accustomed to doing essay tests can understand the problems faced 

better so they can find the right solution. When working on an essay test, students cannot 

rely on luck by simply choosing answers carelessly, identical when taking multiple-choice 

tests. The results of this study reinforce the findings of Novrida's research in 2010, which 

showed that students who given the essay test got better learning outcomes than students 

who given a multiple-choice test. Students who understand the material on the questions 

asked will feel satisfied when they can do the essay test correctly. 

On the other hand, when students take multiple-choice tests, students are still allowed to 

experience belief misinformation. Belief misinformation is a condition where students are 

sure of the answer to a question, but it turns out to be wrong. This incident can occur because 

multiple-choice tests have only one correct answer choice, while the other answer choices 

are only distractor. A good distractor can convince students to be selected. In line with the 

results of [19] and [7], the multiple-choice test form is less effective when compared to the 

essay test form. 

Mathematical connection ability can invisible through how students connect previous 

knowledge with existing problems so that he can solve these problems with his 

understanding. Also, the use of essay tests in learning activities is under the Mathematics 

Consultation Teacher Subjects regulations in the application of the 2013 Curriculum as well 

as the planned government regulations regarding the use of essay tests in the National 

Examination. This finding can lead to another important conclusion that essay tests should 

provide for students. The use of essay tests can help students to improve their learning 

outcomes. The use of essay tests can also be a form of self-evaluation conducted by students 
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regarding themselves related to the abilities they have after going through learning activities. 

Difficulty working on essay tests will urge students to keep thinking and looking for 

answers, while the challenge of taking multiple-choice tests allows students to guess the 

answers. The possibility of guessing this answer makes the teacher unable to know the true 

extent of students' abilities. Students who can effectively improve their skills can increase 

their success in participating in learning activities [9]. 

 

CONCLUSION 

Based on the results and discussion above, it can be concluded that there is an effect of the 

form of tests on students' mathematical connection ability. Students who were given an essay 

test had higher mathematical connection skills than students who were given a multiple-

choice test. Thus, if the teacher wants to improve the mathematical connection ability of the 

students, it can be through learning habits by providing practice questions in the form of 

essay tests. 
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