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Abstract - Statistics is one of the disciplines used in 

solving problems that are always present in 

everyday life matter. Based on its function, 

statistics is divided into two types; they are 

descriptive statistics and inferential statistics. 

Descriptive statistics is the basis of statistical 

knowledge that students need to master, but in 

reality students have difficulties in learning 

statistics. One of the causes of these problems is 

the learning conducted by the teacher. Therefore, 

pre-service mathematics teacher need to have 

statistical reasoning in order to carry out a 

structured learning for students. The purpose of 

this study is to identify the statistical reasoning of 

pre-service mathematics teacher on Descriptive 

Statistics. The method used in this study is a 

qualitative method where the research subjects 

were taking basic statistics courses. Data 

collection was done by mean of tests, interviews 

and study documents. The results showed that 

only less than 50% of students who mastered the 

statistical reasoning on every aspect and on 

descriptive statistics. The cause of the lack of 

statistical reasoning on descriptive statistics is the 

students have low mathematical ability and the 

students' understanding of the basic concepts of 

descriptive statistics is not comprehensive. 
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I. INTRODUCTION 

Generally people do not distinguish between 

the words statistics and statistic. Understanding 

statistics is usually associated with knowledge 

related to numbers or groups of numbers. Moore 

(1997) defined statistics as a tool to solve problems 

that always occur in everyday life, at work, and in 

science. Specifically, statistics is used to describe 

and predict phenomena using a collection of results 

from the measurements. For this purpose, Steel and 

Torrie (1995) defined statistics as nature and applied 

science regarding the creation, development, and the 

application of techniques in such a way that the 

uncertainty of inductive inference can be evaluated 

(calculated). In detail Sullivan (2008) stated that 

statistics is the science associated with gathering, 

organizing, summarizing and analyzing information 

to draw conclusions or to answer questions. Based 

on this opinion it can be concluded that statistics is a 

knowledge related to the ways of gathering materials 

or information, processing and analyzing, drawing 

conclusions and making reasonable decisions based 

on the analysis that has been carried out. 

According to its function, Statistics is divided 

into two parts, namely: descriptive statistics and 

inferential statistics. The statistics that involves valid 

conclusions is called inferential statistics, whereas 

the statistics that only describes and analyzes groups 

of data provided without drawing conclusions about 

larger data groups is called descriptive statistics. 

Descriptive statistics includes central tendency, 

variability and distribution (Chan, Ismail, & 

Sumintono, 2016). Central tendency is a major 

component in conjecturing data analysis and 

graphical analysis in understanding distribution 

ideas (Garfield and Ben-Zvi, 2008). Central 

tendency consists of mean, median and mode. 

Variability is the same as dispersion and spread 

(Chan, Ismail, Sumintono, 2016).Variance consists 

of range, variance, standard deviation, and inter 

quartile range. According to Garfield and Ben-Zvi 

(2008) distribution is considered as one of the main 

and important ideas in statistics. Furthermore Wild 

(2006) classified the distribution into two; they are 

theoretical distribution and empirical distribution. 

Theoretical distribution shows that the probability 

model is the part of the normal distribution. The 

empirical distribution allows us to interpret 

variations in the data directly. The central tendency, 

the shape and distribution of data are the general 

characteristics of the distribution (Garfield and Ben-

Zvi, 2008). 

Descriptive statistics is the basis of statistical 

knowledge that students need to master, but in 

reality students have difficulty in learning statistics.  
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This was confirmed by Chan, Ismail and Sumintono 

(2013) who stated that students from elementary 

school level to university level faced difficulties in 

learning statistics. One of the causes of these 

problems is the learning conducted by the teacher. 

Teachers should use the stage of statistical reasoning 

in their learning (Rosidah, 2016). Although some 

studies show that teaching statistical reasoning can 

affect student learning achievement (Zuraida et al., 

2012 and Tempelar, Van der Loeff & Gijlselaers, 

2007). Therefore, statistical reasoning needs to be 

possessed by pre-service mathematics teacher 

(Garfield, 2002), so that it can be transmitted to 

students (Fennema & Franke, 1992; Heaton & 

Mickelson, 2002 in Karatoprak, Root and Börkan, 

2015). 

Statistical reasoning is defined as a way of 

reasoning with statistical ideas and understanding 

statistical information (Garfield and Gal, 1997). 

Lovett (2001) interpreted statistical reasoning is an 

action such as using statistical tools and concepts to 

make summaries, predictions, and draw conclusions 

from the data. In line with Lovett's opinion, Ben-Zvi 

and Garfield (2004) stated that statistical reasoning 

is a way of thinking using statistical information. 

Del Mas (2002) suggested that statistical reasoning 

is the ability to explain why and how an outcome is 

produced and why and how to draw the conclusions. 

Chan, S.W & Ismail Z (2014) stated that there are 

four key constructs of statistical reasoning 

assessment based on the framework of Jones et al, 

namely: 1) describing data; 2) organizing and 

reducing data; 3) representing data; 4) analyzing and 

interpreting data. Based on the opinions above, it can 

be concluded that statistical reasoning is a logical 

thinking process that includes describing data, 

organizing and reducing data, representing data, 

analyzing data and interpreting data, in other words, 

they can understand the statistical ideas and interpret 

them based on the conclusions obtained of the given 

data. 

Considering the need for pre-service 

mathematics teacher to have statistical reasoning on 

descriptive statistics, therefore it is necessary to 

identify students’ statistical reasoning. This has to be 

done so that learning statistical material conducted 

by students can be carried out systematically and 

structured. In addition, by knowing the reasoning 

abilities of students who have attended Basic 

Statistics lectures can be used as a benchmark in 

making improvements to the next statistical learning. 

Through this research, a thoroughly description of 

the statistical reasoning on descriptive statistics 

material of pre-service mathematics teacher 

candidates will be obtained. 

II. RESEARCH METHODS  

The method used in this study is a 

qualitative method. The research location is at 

STKIP Sebelas April Sumedang. Considering that 

descriptive statistics is studied in depth in the Basic 

Statistics course, therefore the subject of this 

research is the third semester students who are 

currently taking the course. 

The main data source comes from students 

who took the written test. The written test is based 

on statistical reasoning which consists of 5 questions 

in the form of essays. The given reasoning problem 

includes the matter of aspects of data description 

(No. 1), data representation (No. 2a), organization 

and reduction (No. 2b), as well as analysis and 

interpretation (no. 3 and 4). The statistical reasoning 

instrument was developed based on the results of the 

research instruments of Chan, Ismail and Sumintono 

(2016). In addition to written tests, data collection 

was also carried out through interviews and 

documentation studies. Six studentswere interviewed 

who have been selected with the consideration 

determined by the researcher. Documentation studies 

were carried out during learning and statistical 

reasoning tests weretaken place. The leveling or 

grouping was done by matching the existing 

conditions with the characteristics of the grouping 

conducted by Chan, Ismail and Sumintono (2016). 

Data analysis was performed using the 

constant comparative method. In general the data 

analysis process includes: data reduction, data 

categorization, synthesis and ended with a working 

hypothesis. 

 
III. RESULTS AND DISCUSSION 

 
Identification of students' statistical reasoning 

was done by first providing statistical reasoning test 

questions to 43 students who were taking the Basic 

Statistics course. Researchers have not been able to 

classify students at a certain level based only on the 

answers given at the reasoning test. Moreover, there 

are some students who did not answer the questions 

given on certain numbers. It is possible that students 

did not answer because of the limited test time. 

Therefore further tracing is carried out by 

conducting in-depth interviews and documentation 

studies. Interviews were conducted on six students. 

The selected students were three students with low 

scores and three students with medium scores. 

Interviews were conducted a few times until a 

consistent answer was obtained. Based on the results 

of the interview, students claimed to experience 

anxiety when they were doing statistical reasoning 

test, it made them carelessly understanding and 

solving the given questions. This is consistent with 

the research result of Yusuf, Suyitno, Sukestiyarno 

and Isnarto (2019) that anxiety during exams is at 

the highest level. 

Based on the results of tests, interviews and 
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document studies there are students who still do not 

know which concepts to use in working on a given 

problem; in the end they left the answer sheet blank. 

Some of them do not know which concept to use in 

solving problems, give answers carelessly or just 

copy the given questions into the answer sheet. Such 

conditions are in accordance with the characteristics 

of the Level of Reasoning Statistics (LPS) 0 

developed by Yusuf (2017), it was found that 

students did not provide the answers and some 

students only copied the questions. This means that 

the student has no statistical reasoning ability. 

In question no 1 there were students who did 

not complete or only completed some of the 

attributes on the graph but they gave relevant 

explanation. The student claimed that they focused 

on the question to elaborate of what was presented 

(the table) whereas they were asked to complete the 

graph first before explaining the answer. In addition, 

they also claimed to be accustomed to seeing 

graphics that were only given the title without any 

label on the axis and ordinate, even though they 

know what labels must be presented on a graph. 

Based on the comprehensive analysis of the data, it 

can be grouped into: (1) five students were aware of 

the completeness of the presented graph (Title, axis 

and ordinate) but did not complete it answered it 

partly incorrect (Verbal Level/Level 2); (2) twelve 

students were aware of the completeness of the 

presented graph (Title, axis and ordinate) correctly 

but did not provide a complete explanation 

(Procedural Level/Level 3); and (3) twenty students 

were aware of the completeness of the presented 

graph (Title, axis and ordinate) correctly and could 

explain and relate to the actual data or graph 

(Integrated Process Level/Level 5). 

Problem 2a is a matter of aspects of data 

representation on data presentation material. In this 

problem there are also students who did not answer 

and gave short answers because they did not 

understand what the concepts to use in answering the 

questions. There are six students with this condition. 

There are five students who can correctly identify 

and provide a complete explanation (level integrated 

process/Level 5). Seven students are in conditions 

where they can provide identification but the answer 

is incorrect(idiosyncratic level/ Level 1), there are 

ten students who can provide correct identification 

results but cannot provide an explanation 

(Transitional level/ Level 3) and there are 15 

students who can provide identification results but 

the explanation is incomplete (Procedural Level/ 

Level 4). Problem 1 and 2a are matters of data 

presentation material, only that the reasoning aspects 

are different. Presentation of data is an important 

material that needs to be mastered by pre-service 

mathematics teacher. At this time a lot of data 

presented in the form of tables or diagrams, 

therefore statistical reasoning on this material is 

needed. In addition, the data presentation material is 

one of the materials that often appear on the 

National Examination at various levels of education. 

But in fact, students who master this material are 

still under 50%. Whereas Owens and Clements 

(Agus et al., 2014) stated that visual portrayal 

provides a very important role in the preparation and 

method of problem solving as well as giving a very 

strong influence in the way of constructing 

reasoning. 

Problem no 2b is a matter of aspects of data 

reduction and organization on data dissemination 

(variance). There are two students who answered 

perfectly who made a summary of the data using the 

data distribution correctly and can explain and relate 

to the actual data or graphs. There are 16 students 

who did not answer the questions because they did 

not know what concept to use (L0), there are 18 

students who knew how to calculate the standard 

deviation but cannot interpret the formula used 

(Level 1), there are 4 students who knew how to 

calculate the standard deviation, can interpret the 

formula used, but were wrong in doing mathematical 

calculations so that the data summary is incomplete 

(L2), there are 3 students who knew how to calculate 

the standard deviation, can interpret the formula in 

use, and do mathematical calculations correctly but 

could not interpret the results (L3). Based on these 

data, the lack of mastery of reasoning on this 

material is largely due to students' mathematical 

abilities. This is in line with the results of research 

(Wilson and MacGillivray, 2006) which stated that 

the thinking ability and statistical reasoning is 

clearly connected to students' numerical abilities. 

Chiesi and Primi (2010) firmly stated that the 

mathematical knowledge acquired by students 

during high school has a direct and strong influence 

on statistical learning achievement. Therefore, 

Wilson and MacGillivray (2006) suggested that 

teachers should know the background of numeracy 

skills of students who are taking statistics. In 

addition to being weak in counting, students are also 

weak in interpreting results; this research shows that 

only 4.65% students are able to interpret the result. 

The observations are in line with the opinion of 

Leavy, Hannigan and Fitzmaurice (2013) which 

stated that students have difficulties when learning 

to interpret graphs and statistical results. 

Problem 3 presents the aspect of data analysis 

and interpretation with material size of data 

concentration. In this problem there were 9 students 

who did not know the concept of central tendency at 

all (L0). In addition, there are still students who 

wereincorrect in understanding the concept of the 

median. The student determined the median value by 

using a way to determine the location of the median. 

Students like this are grouped at level 1 with a total 

of 6 people. In general, their mistakes in answering 

are caused by their knowledge of the central 
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tendency is not well integrated. Even though they 

know the definitions of mean, median and mode but 

they could not apply the three definitions in one 

problem. According to Chance, delMas and Garfield 

(Reading and Reid, 2010) students who could pick 

the correct definition but did not understand how the 

concepts are integrated, they are on the verbal level. 

In this study, there were 8 students with this 

condition. There are 3 students who were able to do 

analysis about the central tendencycorrectly but 

could not connect with the actual data (L3), there are 

7 students who could conduct an analysis of the 

central tendencycorrectly and could connect with the 

actual data but did not provide appropriate 

explanation (L4), and there are 10 students who 

could determine the unknown value correctly, 

determine the median correctly, provide correct and 

complete information in accordance with the 

information provided in the problem. Students who 

mastered statistical reasoning on central tendency 

well are still below 25%. Students claimed that they 

were too focused on memorizing the definition and 

the procedure of counting without knowing the basic 

concepts of the central tendency. This also happened 

in a study conducted by Leavy (2010). 

Problem 4 is a matter of aspects of analysis and 

interpretation with standard score material. In this 

material students are asked to compare two different 

data. More than 50% (22 people) students have 

understood how to compare two different data, 

where they considered the variability of the two data 

(L5). Only one person knew how to compare and 

calculate standard scores, but the student was wrong 

in doing calculations so that the conclusions they 

drew was wrong (L2). There are 2 students who 

knew how to compare and calculate standard scores, 

the results of calculations were wrong, but drew the 

conclusion correctly and there is one personwho 

knew how to compare and calculate standard scores, 

the results of calculations were correct, but they 

were wrong in making conclusions (L3). A total of 

10 people did not know at all how to compare the 

different data (L0). There were 7 students who 

immediately compared the mean values of the two 

data without regarding to the variability (L1). They 

forgot that data can be compared if they have the 

same size (Karatoprak, Root and Börkan, 2015). 

Therefore, in this problem, of course, you must use 

the concept central tendency and variability in 

solving it. 

 
IV.  CONCLUSIONS 

 

Based on the results of case studies conducted 

on students of the Mathematics Education Study 

Program STKIP Sebelas April Sumedang, the result 

obtained both from reasoning tests and from 

interviews and document studies isstudents have 

weak statistical reasoning on descriptive statistical 

material. There are less than 50% of students who 

mastered almost every aspect and descriptive 

statistics material. The causes of the lack of 

statistical reasoning on descriptive statistics are 

students’ low mathematical ability and students' 

understanding of the basic concepts of descriptive 

statistics that are not comprehensive. Therefore, 

further research is needed to explore the factors that 

cause the lack of statistical reasoning of pre-service 

mathematics teacher so that they can be designed 

learning models that can improve statistical 

reasoning on descriptive statistics. 
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