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Abstract 
 

This research aims to develop a test instrument that measures the statistical reasoning ability of teacher candidate students. Statistical reasoning 
is the main goal in learning statistics, where more attention is give to descriptive statistics concepts. However, assessment of the concept of 
descriptive statistics has not been fully considered in education in Indonesia, especially in terms of summative and formative assessments 
oriented to the development of student competencies. There are relatively few statistical reasoning ability test instruments in the context of 
teacher candidate students. Therefore, this research intends to develop a statistical reasoning ability test instrument based on the framework of 
Chan & Ismail in the context of prospective teacher students. The development model used is a 4D model: Define, Design, Develop, and 
Disseminate. Information collection was carried out by validating test instruments by 3 validators of Mathematics and Statistics Education 
lecturers. The results of the study stated that the instrument developed was declared valid and could be used to measure the statistical reasoning 
ability of teacher candidate students. 
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INTRODUCTION 

 
In the Regulation of the Minister of ducation and Culture 
Number 23 concerning educational assessment standards 
(Kemendikbud, 2016), it is said that assessments that measure 
the achievement of student learning outcomes are an important 
part of the teaching and learning process This can give an idea 
of what quality of learning learners have learned and the 
problems they face (Magdalena et al., 2020). Learning 
objectives in statistics today have focused on higher-order 
thinking skills, namely reasoning and statistical thinking 
(NCTM, 2000). Garfield, del Mas & Change (Ben-Zvi & 
Garfield, 2004), and Garfield & Ben-Zvi (2008) putting 
forward statistical reasoning be ability understand and be able 
to explain statistical processes, relate one concept to another, 
or be able to combine ideas about data and change including 
making interpretations based on data sets, data representations, 
or statistical summaries of data, and being able to fully 
interpret statistical results. Another opinion emphasizes that 
the verbs used in statistical reasoning assessments are why, 
how, and explain about the process (DelMas, 2002). In 
addition, it defines statistical reasoning as what students are 
capable of doing with statistical material (e.g. recalling, 
recognizing and discriminating among statistical concepts), 
and the skills demonstrated by students in using statistical 
concepts in certain problem-solving steps (Chervaney et al., 
1977). In practice, statistical reasoning involves assessing how 
data is collected, describing the data, making inferences from 
the data, and the nature of uncertainty in the results of using 
samples. Furthermore (Garfield, 2003) suggests several types 
of statistical reasoning abilities that must be developed in 
students, namely reasoning about data, reasoning about data 
representation, reasoning about statistical measures, reasoning 
about uncertainty, reasoning about samples and reasoning 
about associations.  
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However, most educators still assess learners at the procedural 
and computational levels, thus not providing a comprehensive 
picture of learners' ability to reason and think statistically. 
Moreover (Martadiputra & Suryadi, 2012), in his research 
revealed that prospective teacher students demonstrate 
statistical thinking skills that is still low. Thus, educators do 
not Just focus guiding learners at the procedural stage only, but 
train to Statistical reasoning and thinking. When learning is 
coaching higher order thinking skillsin learning, to measure the 
success of learning, it is necessary to assess (Jailani et al., 
2018). Therefore, summative and formative assessments are 
needed that measure the development of student competencies, 
especially at the higher level of thinking (reasoning and 
statistical thinking). Summative and formative assessment is 
needed for three reasons (Malawi & Maruti, 2016), first, to 
examine the conceptual and meaningful understanding of 
learners, second, to emphasize the learning process rather than 
the final result alone. Third, to stimulate a more effective 
learning process. Assessments that measure reasoning and 
statistical thinking can also encourage innovative learning and 
curriculum reform (Drijvers, Kodde-Buitenhuis, & Doorman, 
2019). To be able to conduct assessments that measure student 
development, especially statistical reasoning, valid test 
instruments are needed and in accordance with the level of 
students. Until now, there are several types of assessment 
instruments to measure statistical reasoning and thinking skills 
(Ziegler, 2014), like Statistical Reasoning Assessment (SRA), 
Comprehensive Assessment of Outcomes Test (CAOS), 
Assessment Resource Tools for Improving Statistical Thinking 
Scale (ARTIST). These assessment instruments have been 
widely used in various countries, measuring two major 
concepts of statistics, namely descriptive statistics and 
inferential statistics, measuring elementary and secondary level 
students and using English. For this reason, assessment 
instruments are needed in accordance with the context in 
Indonesia and measure prospective teacher students. This is 
necessary because some topics are not suitable for the level of 
students in Indonesia, because they are not in the 



syllabus/Semester Learning Plan. Thus, standardized test 
instruments are needed to fill this gap by formulating a new 
statistical reasoning ability test instrument according to the 
level of prospective teacher students in Indonesia, with special 
emphasis on descriptive statistical material. 
 
RESEARCH METHODS 
 
The test instrument framework developed in this study is based 
on the statistical reasoning framework proposed by (Chan & 
Ismail, 2014); namely describing data, organizing and reducing 
data, data representation, and analyzing and interpreting data. 
The material developed focuses on descriptive statistics with 
the context of prospective teacher students. The test instrument 
was then developed into 30 questions, consisting of 20 
multiple-choice questions and 10 description questions. The 
Head of the Education Assessment Center of the Ministry of 
Education and Culture (Kemendikbud, 2020) revealed that the 
varied forms of questions aim to measure the level of cognition 
of students more deeply. The variety of questions is also 
expected to encourage students to have higher-order thinking 
skills that are the demands of the competence of the 21st 
century generation. (Jones et al., 2000). In accordance with the 
needs of this study, adaptation and modification are carried out 
into 3 stages of research, in accordance with the design of 4D 
model development research, namely Define, Design, Develop 
and Dissemination. In this research carried out until the 
development stage. (Thiagarajan et al., 1974). The flow of 
development research can be shown in figure 1 below.  
 

 
 

Figure 1. Development Research Flow 
 

The first stage is defining, which is the stage to find problems, 
weaknesses, or conditions that are the root driving force of 
development activities. This stage is useful for collecting 
various information related to the product to be developed. In 
this stage, several analyses are carried out, including: initial 
final analysis to find out the basic problems in the development 
of test instruments. This initial analysis was carried out by 
observation and interviews with 1 lecturer who taught basic 
statistics courses, then student analysis, and material analysis. 
Furthermore, in the second stage of design, researchers 
designed a draft test instrument in Indonesian to measure 

students' statistical reasoning ability based on the statistical 
reasoning framework by Chan & Ismail (2014), and the third 
stage is development. At this stage, the draft test instrument 
that has been developed is validated by experts. The validation 
of the instrument carried out, is the validity of the content and 
the validity of the construct. The instrument developed was 
validated by 3 validators, namely expert lecturers in the field 
of mathematics and statistics education. Suggestions and inputs 
from validators will then be followed up to improve the 
developed instruments. The validity of the instrument by 
experts indicates the quality of the instrument in terms of 
content and construct. Content validity measures the degree of 
ability of the test to measure the scope of the substance of the 
element to be measured while construct validity measures how 
far the test items are able to measure what is really to be 
measured according to a predetermined conceptual definition 
(Sugiyono, 2014) 
 
To measure content and construct validity, the formula used is 
Aiken Validity: (Aiken, 1980) 
 

 
 

 
V= validity index of Aiken's V 

= lowest validity assessment number, 
c= highest validity assessment rate, 
r= number given by validator 
 
The validity criterion that the researchers used was a 
modification of the criteria proposed by Aiken(Annabil, 
Wulandari, Yamtinah, Ariani, & Ulfa, 2022) as presented in 
Table 1 below. 
 

Table 1. Aiken's V Assessment Criteria 
 

V Price Interpretation 

0,80-1,00 High 
0,40-0,80 Moderate 
0, 00-0,40 Low 

 
The test instrument can be used if the validator's assessment 
shows a V value in the moderate category. If the validity 
category is low, then the instrument will be revised first 
according to validator suggestions. 
 
RESULTS 
 
The statistical reasoning test instrument was developed in 
accordance with the characterization of teacher candidate 
students and the Semester Learning Plan in Indonesia based on 
four key constructions developed by Chan & Ismail (2014). 
Statistical reasoning is included in higher-order thinking skills. 
For this reason, to assess statistical reasoning ability, the 
characteristics of assessment instruments that measure higher-
order thinking skills are needed (Ariyana et al., 2018). The 
characteristics of assessment instruments that measure higher-
order thinking skills (Kemendikbud, 2017). is: (1) assessing 
higher-order thinking skills; (2) leads to contextual problems; 
(3) The questions used vary. 
 
This research has determined indicators of statistical reasoning 
ability, namely describing data, organizing data, representing 
data, and analyzing and interpreting data (Chan &; Ismail, 
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2014). In terms of describing data, it consists of several sub-
constructs, namely obtaining and producing information from 
data or graphs, showing awareness of the characteristics/ 
properties/ symbols displayed by a representation graph, 
recognizing the characteristics of a representation graph. In 
terms of describing data, it consists of organizing data using a 
central measure, by calculation, organizing data using spread 
size by calculation. In terms of representing data, it consists of 
presenting data using various representations: tables, diagrams, 
and graphs, as well as identifying different representations for 
the same data set, assessing the effectiveness of two different 
representations for the same data. In terms of analyzing and 
interpreting data consists of Making comparisons within the 
same data set and making comparisons between two different 
data sets, as well as making predictions, inferences or 
inferences from data or graphs. 
 
Here is one example of a statistical reasoning test instrument 
developed: 
 
Wahana Lingkungan Hidup (WALHI) is an organization of 
environmentalists in Indonesia who want to know whether 
residents in a certain area consume foods that contain harmful 
substances (such as lead) in levels that are categorized as 
unhealthy. For this reason, Walhi conducted a study with lead 
level data from a random sample of 23 people as follows: 
 

2,8 
2,8; 3,0; 3,5; 3,8; 3,8; 4,1; 4,1; 4,2; 4,6; 4,8; 4,8; 5,0; 5,1; 5,2; 5,2; 5,3;  5,4; 
5,9;  5,9; 6,3; 6,4;  6,6; 6,8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Biologists classify lead levels as unhealthy if their content is 
greater than 6.0 ppm. 
 
1. What proportion of the population in the sample has lead 

levels classified by biologists as unhealthy? 
2. Make a matching diagram from the data! 
3. Write down the conclusions from the data. 
 
The question assesses statistical reasoning skills because 
learners must relate and reason about how to classify 
unhealthy, choose diagrams that match the type of data, and 
make conclusions from the data presented. 
 
The statistical reasoning ability test instrument that has been 
prepared has been tested for the validity of its content and 
construct. A valid instrument must have both internal and 
external validity. The internal validity of the instrument in the 
form of a test must meet the validity of the construction and 
the validity of the content. Instruments that have construction 
validity, if they can be used to measure symptoms as defined. 
Instruments that have content validity are instruments that are 
arranged based on the material that has been taught (Sugiyono, 
2014).  To test the validity of the content, it is done by 
comparing the content of the instrument with the material that 
has been taught. To test the validity of construction, 
instruments are constructed about aspects to be measured 
based on statistical reasoning constructions on descriptive 
statistical material, and then consulted with mathematics and 
statistics education experts. The test results of the validity test 
of the developed test instruments are presented in Table 2 and 
Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2: Content and Construct Validity Test Results of Essay Questions 
 

Indicators Question items 
Content Validity Construct Validity 

1 2 3 V Information 1 2 3 V Information 
Describe the data 
  

1 5 4 4 0.83 High 5 5 4 0.92 High 
2 5 4 4 0.83 High 5 5 4 0.92 High 

Organize data 
  

3 5 4 4 0.83 High 5 5 4 0.92 High 
4 5 4 4 0.83 High 5 5 4 0.92 High 

Represent data 
  
  

5 4 4 4 0.75 Moderate 5 4 4 0.83 High 
6 4 4 4 0.75 Moderate 5 4 4 0.83 High 
7 4 4 4 0.75 Moderate 5 5 4 0.92 High 

Analyze and interpret data 
  

8 4 3 4 0.67 Moderate 4 4 4 0.75 Moderate 
9 4 3 4 0.67 Moderate 4 4 4 0.75 Moderate 

 
Table 3: Content and Construct Validity Test Results of Multiple Choice Questions 

 

Indicators Question items 
Content Validity Construct Validity 

1 2 3 V Information 1 2 3 V Information 
Describe the data 1 5 4 4 0.83 High 5 5 4 0.92 High 
  2 5 4 4 0.83 High 5 5 4 0.92 High 
  3 5 4 4 0.83 High 5 5 4 0.92 High 
Organize data 4 5 4 4 0.83 High 5 5 4 0.92 High 
  5 5 4 4 0.83 High 5 5 4 0.92 High 
  6 5 4 4 0.83 High 5 5 4 0.92 High 
  7 5 4 4 0.83 High 5 5 4 0.92 High 
Represent data 8 4 4 4 0.75 Moderate 5 5 4 0.92 High 
  9 4 4 4 0.75 Moderate 5 5 4 0.92 High 
  10 4 4 4 0.75 Moderate 5 5 4 0.92 High 
  11 4 4 4 0.75 Moderate 5 4 4 0.83 High 
  12 4 4 4 0.75 Moderate 5 4 4 0.83 High 
  13 4 4 4 0.75 Moderate 5 4 4 0.83 High 
Analyze and interpret data 14 4 4 4 0.75 Moderate 5 4 4 0.83 High 
  15 4 4 4 0.75 Moderate 5 4 4 0.83 High 
  16 4 4 4 0.75 Moderate 4 4 4 0.75 Moderate 
  17 4 4 4 0.75 Moderate 4 4 4 0.75 Moderate 
  18 4 4 4 0.75 Moderate 4 4 4 0.75 Moderate 
  19 4 4 4 0.75 Moderate 4 4 4 0.75 Moderate 
  20 4 4 4 0.75 Moderate 4 4 4 0.75 Moderate 
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From Table 2 it can be seen that all essay questions are valid, 
are in the high and moderate categories. Furthermore, Table 3 
is the test result of the validity of multiple-choice questions. 
From Table 3, it is concluded that all multiple-choice questions 
are valid with high and moderate categories. Thus, description 
and multiple-choice questions can be used to measure the 
statistical reasoning ability of teacher candisate students. There 
are several inputs given by validators, including related to the 
allocation of time adjusted to the form of assessment, and the 
form of the test. The questions should not be too long, should 
be concise and clear, the numerical data should also not be too 
large and should be in whole numbers, the context of the 
questions must also be adjusted to the context of the 
environment in Indonesia and the cases presented according to 
the level of students. Input and suggestions from validators, 
then revised and consulted again. In drawing up an instrument, 
it is not enough just to determine the topic or material to be 
assessed, but it is also necessary to determine more specifically 
what capabilities will be assessed for a particular material. For 
this reason, a form of description and multiple-choice tests is 
needed. This is in accordance with the results of the study 
(Oktaviani, Rahayu, & Sutisna, 2019). The results showed that 
students who have higher abilities will show better learning 
outcomes when taking tests with essay forms, while students 
who have lower abilities will show better learning outcomes 
when taking tests with multiple choice forms. Questions in the 
form of descriptions in the form of explanations can provide 
more valid information about students' statistical reasoning 
abilities, so that educators can provide interpretations of 
students' statistical reasoning levels (Wulansari, Putra, Rusliah, 
& Habibi, 2019). 
 
Conclusion 
 
Test instruments to measure statistical reasoning skills are 
developed with criteria; a) the suitability of the content domain 
to be measured based on statistical reasoning indicators, and b) 
test instruments developed tailored to the context of 
prospective teacher students, and the Indonesian context. The 
statistical reasoning skill measurement instrument developed 
has been valid in content and construct, based on the 
assessment of the validator instrument. Therefore, it can be 
used to measure students' statistical reasoning ability on 
descriptive statistical material. 
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