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Validity is the extent to which an instrument measures what it is to measure. 

The instrument's validity is assessed by confirming the instrument's 

capability to measure the intended measurement. Content validity, face 

validity, construct validity, and criterion validity are the four forms of 

validity that are often discussed. Content validity is the degree to which a 

measurement tool reflects the measured content, which will justify the tool's 

validity. The importance of content validity in the instrument has made it an 

essential step in instrument development. Content validity is a vital criterion 

in designing and ensuring instrument development's success. Since content 

validity is essential in ensuring overall validity, content validation should 

be carried out in a structured manner based on evidence and best practice. 

This paper outlines a methodical strategy and a detailed content validation 

process for developing a mathematical thinking test. Seven evaluators were 

selected to review two sets of the mathematical thinking test. Three content 

validity measurements are applied to assess the items' validity in the tests: 

content validity index (CVI), kappa statistic and content validity ratio 

(CVR). Based on the results, the item content validity index (I-CVI) ranged 

from 0.857 to 1, and the scale content validity index (S-CVI/Ave) was 0.957. 

The Kappa statistics were also excellent since items ranged from 0.849 to 

1.000. Content validity ratio (CVR) scores revealed that all items are the 

utmost critical by the content experts. Findings of the content validity study 

showed that all items in both mathematical thinking tests were deemed 

appropriate for assessing students’ mathematical thinking. 
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1. INTRODUCTION 

Various evaluation instruments and methods are available to test students' learning of 

mathematics in today's curriculum reformation (Hatfield et al., 2003). Assessment plays a role 

as a tool to reveal all the potential possessed by students (Sabri et al., 2019). A vital factor of a 

successful curriculum is based on the assessment (Drijvers et al., 2019). Standard student 

assessment methods were more concerned with correct or incorrect scores than with students' 

mathematical understanding (Rosli et al., 2013; Berenson & Carter, 1995). Multiple-choice, 

true or false, or recall questions, ironically used to measure the correctness of a student's 

knowledge base, were the traditional mathematics questions in examinations, primarily used to 

examine the accuracy of a student's knowledge base (Watt, 2005). According to Lake (2015), 

these questions are notoriously unreliable for student assessment but used outside of an exam 

context. Consequently, many students memorised the procedure and neglected an in-depth 

understanding of the mathematical concepts and thinking processes when solving mathematics 

problems. Worrying trends proven among current students determine over-reliance on 

algorithms and procedures. This phenomenon would discourage learners’ intuitive knowledge 

in making sense of mathematics (Singh et al., 2021; Singh et al., 2016). The ideal assessment 

should make the students reflect on their mathematical ideas and formulate ideas by 

assimilating their prior knowledge during involvement with the evaluation (Van de Walle et al., 

2009). Students will actively engage in all mathematical standards processes while solving 

practical problems. They will create and reconstruct their knowledge through problem-solving, 

reasoning, communication, connections and representation (Van de Walle et al., 2009; NCTM, 

2000).  

 

To address this issue, there should be an instrument that can assess students’ mathematical 

thinking. Mathematical thinking is beyond computational skills. It is the underpinning, 

fundamental conceptual thinking ability and how it relates to the real world. It relates to logical, 

analytic thinking and quantitative reasoning (Devlin, 2012). Therefore, the instrument for 

assessing students’ mathematical thinking must emphasise procedural knowledge and include 

a variety of mathematical processes when solving tasks or problems. In relation to this, this 

study proposes constructing a mathematical thinking test instrument which can assess the 

student's ability in mathematical thinking. The validity processes are conducted to ensure the 

proposed instruments are relevant as assessment tools to measure students’ ability in 

mathematical thinking.  

 

Validity is the vital process that refers to the extent to which the instrument measures what it is 

designed to measure. Validity is a necessary procedure that relates to how well an instrument 

measures what it is supposed to measure. Validity is the correlation value between measurement 

and the actual value of a variable. If a size accurately reflects the variable's actual value, the 

correlation value will be high, and the research will have high validity (Chua, 2012). There are 

several different types of validity, such as face validity, content validity, criterion validity, 

construct validity, internal validity and external validity. Content validity is the degree to which 

a measurement tool accurately captures the construct being assessed, and it is seen as crucial 

proof that a measurement tool is legitimate (Yusoff, 2019). In contrast to other types of validity, 

content validity refers to test-based validity rather than score-based validity. It outlines the 

content requirements for the test and has nothing to do with the scores that were attained using 

that construct (Almanasreh et al., 2019). Content validity is defined as the degree to which 

elements of an assessment instrument are applicable to and reflective of the targeted construct 

for a given assessment purpose (Cook & Beckman, 2006; Haynes et al., 1995). This procedure 
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entails a group of subject matter experts weighing in on the significance of various items inside 

an instrument (Ayre & Scally, 2014). 

 

The development of the instrument itself begins the process of content validity. This process 

involves two phases which are instrument development and judgment. Throughout the 

instrumentation process, the two phases of procedures ensure that content validity is determined 

and quantified. This article attempts to assess the content validity of the proposed items 

consisting of the instrumentations. The context of mathematical thinking in this study refers to 

students’ ability (cognitive) to solve non-routine problems. This article divides the two phases 

of the validation process (development and judgment) into five main steps. Two sets of 

mathematical thinking tests have been developed and proposed for the validation process. The 

construct items are generated through various sources and literature. The content validity of the 

generated items is next conducted with the aid of seven topic experts. The content validity index 

(CVI), Kappa statistics, and the content validity ratio (CVR; Lawshe test) quantify content 

validity. Therefore, the objective of the paper is to develop and evaluate the content validity of 

mathematical thinking tests using the Content Validity Index (CVI) and Kappa coefficient and 

Content Validity Ratio (CVR) for the two sets of mathematical thinking tests. This paper will 

describe in detail the best practice to quantify the content validity of an assessment tool using 

CVI, Kappa coefficient and CVR.  

2. CONTENT VALIDATION PROCEDURE 

The following are the five steps of content validation applied in this study: 

 

a) Creating content validation form 

b) Choosing expert review panels 

c) Conducting content validation 

d) Reviewing and Scoring Items 

e) Calculating content validity 
 

2.1 Step 1: Creating Content Validation Form 
 

The first step of content validation is preparing a content validation form. The role of this form 

is to ensure that the review panel of experts will have clear expectations and understanding of 

the area to measure. Due to that, detailed descriptions regarding the items involved and what to 

measure are explained in the initial stage of the form (Figure 1). The experts also are provided 

with the definition of the topics and areas covered to facilitate them in the scoring process (see 

Figure 2 for an example).  
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Figure 1 An example of an overall description of the items in the content validation form to 

the experts 
 

 
 

Figure 2 An example of the content validation form layout where items represent (measure) 

the domain 
 

2.2 Step 2: Choosing Expert Review Panels 
 

Individuals who are chosen to evaluate and criticise an evaluation method are typically chosen 

based on their knowledge of the subject under investigation (Yusoff, 2019). Considering this 

factor, the reviewers are selected based on their expertise and experience in mathematical 
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thinking, mathematics education and problem-solving. In content validity determination, 

determining the number of experts needed has always been somewhat arbitrary. The number of 

experts is often determined by how many open and agreeable people the instrument's creator or 

user may find (Lynn, 1986). Although this practice is widespread, specific guidelines should be 

considered when selecting experts for content validity determination. Lynn (1986) suggested 

having a minimum of five experts based on past studies as they would be at least able to provide 

a sufficient level of control for chance agreement. However, researchers suggested there should 

be at least six content-validation experts and ideally not more than ten (Davis, 1992; Polit et al., 

2006; Lynn, 1986). Therefore, considering this recommendation, this study has used seven 

experts as reviewers. Table 1 shows the position and background of the selected experts. 

Table 1 List of Expert 
 

No Position Country 

1 Associate Professor Malaysia 

2 Associate Professor Malaysia 

3 Senior Lecturer United Kingdom 

4 Associate Professor Malaysia 

5 Professor Indonesia 

6 Senior Lecturer Malaysia 

7 Senior Lecturer Australia 

 

2.3 Step 3: Conducting Content Validation 
 

The content validation is conducted non-face-to-face. An online content validation form is sent 

to the experts, and a clear description (Figure 1) and instruction (Figure 2) are provided to 

facilitate the content validation process (Step 4). The response rate and time might be 

challenging due to difficulty in getting a response on time and the risk of not getting a response 

from the experts.     

 

2.4 Step 4: Reviewing and Scoring Items 

 

In this stage, experts are required to objectively analyse the item at a point before assigning a 

score to each one. Experts are encouraged to submit written feedback or suggestions to enhance 

the items' relevance in assessing students' mathematical thinking. All suggestions are taken into 

account when refining the items. 

 

Upon completion of reviewing the items, all experts are requested to provide a score on each 

item independently based on the relevant scale, which is promoted by Davis (1992) and appears 

to be frequently employed: 1- not relevant at all; 2-somewhat relevant (the item needs some 

revision); 3-quite relevant (needs minor revision); and 4-very relevant. The experts must submit 

their responses to the researchers once they have completed the scores for all items. The 

reminder notification was sent to the experts if they took a long time to review the items.  

 

2.5 Step 5: Calculating the Content Validity  

The content validity index (CVI), Kappa statistics, and content validity ratio (CVR) were used 

to calculate the content validity. 
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2.5.1 Calculating Content Validity Index and Kappa 

There are two forms of determining CVI for the item (I-CVI) and CVI for scale (S-CVI). I-CVI 

is the proportion of content experts giving the item a relevant or very relevant rating. The I-CVI 

is determined by dividing the number of experts who gave a “3” or “4” rating by the total 

number of experts, yielding the percentage of experts who agreed on the item's importance. 

Based on the expert rate, the score of 3 or 4 is given a new score of 1, which indicated relevance, 

while scores of 1 and 2 were categorised as irrelevant items and given a new score of 0. The S-

CVI is the "proportion of items rated as quite relevant or extremely relevant by raters 

concerned" (Waltz, 2005). Two methods of assessing the value of S-CVI are the average of I-

CVI scores for all items on the scale (S-CVI/Ave) and the proportion of items on the scale that 

are rated as "3-quite relevant" or "4-very relevant" by all experts (S-CVI/UA). The average of 

the I-CVI scores for all items on the scale, or the average proportion relevance determined by 

all experts, is known as S-CVI/Ave. In contrast, S-CVI/UA is defined as the per cent of items 

on the scale that all experts rate as 3 or 4 on the relevant scale. When all experts agreed on 

the item, it received a Universal Agreement (UA) score of 1; otherwise, it received a score of 

0. The formulas of CVI indices are illustrated in Eq. 1, Eq.2 and Eq 3. 
 

expert ofNumber 

)"4"or  "3" (score item Agreed
=−CVII        (1) 

experts ofNumber 

rating relevance proportion of Sum
/

Items ofNumber 

CVI-I of Sum
/

=−

=−

AveCVIS

ORAveCVIS

     (2) 

items ofNumber 

scores UA of Sum
/ =− UASVIS         (3) 

 

Even though many researchers utilise CVI to measure content validity, it still has limitations. 

CVI does not consider the risk of exaggerated values because of the chance agreement. As a 

result, using both CVI and Kappa statistics to determine the level of agreement between content 

experts could provide quantifiable procedures (Zamanzadeh et al., 2017; Brennan & Hays, 

1992). The Kappa statistic is an inter-rater agreement consensus index that is used in 

conjunction with CVI to ensure that expert agreement is not due to chance. The value of the 

Kappa statistic is determined based on Eq. (4) and Eq. (5). 
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2.5.2 Calculating Content Validity Ratio 
 

The CVR method represents the value of the proportional level of expert agreement in rating 

an item as essential (Lawshe, 1975). CVR is computed using Lawshe Test. CVR's approach is 

to uphold whether an item is required to operate a construct in a set of items. The item was rated 

“1” as essential and “0” as not essential. The value of CVR is determined by using Eq. (6). The 

individual value of CVR is compared to the CVR critical table proposed by Ayre and Scally 

(2014) to determine the importance of each item in the instruments.  
 

2
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3.0 FINDINGS 
 

The key findings from both mathematical thinking tests (Set 1 and Set 2) were represented in 

terms of analysis content validity index (CVI), Kappa Coefficient and content validity ratio 

(CVR).  
  

3.1 Determining Content Validity Index and Kappa Coefficient 
 

Researchers commonly compute two types of CVIs (Lynn, 1986). The content validity of 

individual items (I-CVI) is the first type, while the content validity of the total scale is the 

second (S-CVI). Based on the value of I-CVI, the researchers have determined the score of the 

Kappa coefficient. Tables 2 and 3 indicate the CVI and Kappa coefficient evaluation for 

Mathematical Thinking Tests. The values of I-CVI for all items in both tests ranged from 0.875 

to 1.000 and are classified as appropriate to assess students’ mathematical thinking. Based on 

the assessments, the overall S-CVI for the 10-item scale was 0.957, indicating that the items 

had strong content validity for evaluating students' mathematical thinking. Apart from assessing 

the elimination of the items using CVI, the Kappa coefficient was used to evaluate all of the 

items. The findings (refer to Tables 2 and 3) revealed that all items are considered excellent 

(Polit & Beck, 2006; Zamanzadeh et al., 2014), with the scores of the Kappa coefficient ranging 

from 0.849 to 1.000.  
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Table 2 The Relevance Ratings on the Item by Experts for Mathematical Thinking Test 1 

(CVI) 

Item E 1 E 2 E 3 E 4 E 5 E 6 E 7 Expert in 

Agreement 

I-CVI UA Pc Kappa 

Item 1 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 2 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 3 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 4 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 5 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 6 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 7 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 8 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 9 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 10 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Proportion 
relevance 

1 1 1 0.7 1 1 1 S-CVI/Ave 
(Method 1) 

0.957 0.7 
  

 

Table 3 The Relevance Ratings on the Item by Experts for Mathematical Thinking Test 2 

(CVI) 

Item E 1 E 2 E 3 E 4 E 5 E 6 E 7 Expert in 

Agreement 

I-CVI UA Pc Kappa 

Item 1 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 2 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 3 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 4 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 5 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 6 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 7 1 1 1 0 1 1 1 6 0.857 0 0.0547 0.849 

Item 8 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 9 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Item 10 1 1 1 1 1 1 1 7 1.000 1 0.0078 1.000 

Proportion 
relevance 

1 1 1 0.7 1 1 1 S-CVI/Ave 
(Method 1) 

0.957 0.7   

 

 

3.2 Determining Content Validity Ratio 
 

Table 4 and 5 show the evaluation of all experts to the items. Based on the calculation of CVR 

values, all things considered critical must be incorporated into the mathematical thinking test.  

All items are indicated range of 0.714 to 1.000. 
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Table 4 The Relevance Ratings on the Item by Experts for Mathematical Thinking Test 1 

(CVR) 

Item E 1 E 2 E 3 E 4 E 5 E 6 E 7 Ne CVR 

Item 1 1 1 1 1 1 1 1 7 1.000 

Item 2 1 1 1 1 1 1 1 7 1.000 

Item 3 1 1 1 1 1 1 1 7 1.000 

Item 4 1 1 1 0 1 1 1 6 0.714 

Item 5 1 1 1 0 1 1 1 6 0.714 

Item 6 1 1 1 1 1 1 1 7 1.000 

Item 7 1 1 1 0 1 1 1 6 0.714 

Item 8 1 1 1 1 1 1 1 7 1.000 

Item 9 1 1 1 1 1 1 1 7 1.000 

Item 10 1 1 1 1 1 1 1 7 1.000 

 

Table 5 The Relevance Ratings on the Item by Experts for Mathematical Thinking Test 2 

(CVR) 

Item E 1 E 2 E 3 E 4 E 5 E 6 E 7 Ne CVR 

Item 1 1 1 1 1 1 1 1 7 1.000 
Item 2 1 1 1 1 1 1 1 7 1.000 
Item 3 1 1 1 1 1 1 1 7 1.000 
Item 4 1 1 1 0 1 1 1 6 0.714 
Item 5 1 1 1 0 1 1 1 6 0.714 
Item 6 1 1 1 1 1 1 1 7 1.000 
Item 7 1 1 1 0 1 1 1 6 0.714 
Item 8 1 1 1 1 1 1 1 7 1.000 
Item 9 1 1 1 1 1 1 1 7 1.000 
Item 10 1 1 1 1 1 1 1 7 1.000 

 

 

4. DISCUSSION AND CONCLUSION 
 

Content validity is a necessary next component of the research process to validate the research 

instrument. In this context, the instrument is a mathematical thinking test. Content validity of 

the instrument is a crucial way to pinpoint problem areas, reduce language error, determine the 

appropriateness aspect to be measured, and determine whether respondents are interpreting 

questions correctly by ensuring that the order of questions is not influencing the way a 

respondent answers and ensuring that the time given is suitable. Even though it is almost 

impossible to design a perfect instrument, many considerations still need to be highlighted to 

develop a good instrument. 

 

Based on the results of I-CVI, each item in both tests is categorised as an appropriate item with 

scores between 0.857 to 1.000. Based on recommendations by Lynn (1986) and Polit and Beck 

(2006), with the number of experts from 6 to 8 people, the score of CVI must be at least 0.83. 

Considering the overall content validity of the item, the values of S-CVI/Ave also show very 

high validity with a score of 0.957. Past scholars stated that the value of S-CVI must be 0.8 or 

higher as an indication of acceptable validity (Almanasreh et al., 2019; Zamanzadeh et al., 2014; 
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Davis, 1992; Grant & Davis, 1997; Polit & Beck, 2004),. The content validity of the instruments 

is adequate, according to the S-CVI/Ave. The value of S-CVI for these instruments also could 

be considered at a congruity level (Waltz et al., 2005). According to Almanasreh et al. (2019), 

Polit and  Beck (2006) and  Zamanzadeh et al. (2014), values over 0.74, between 0.6 and 0.74, 

and between 0.4 and 0.59 are classified as excellent, good, and fair, respectively. Based on these 

categories, all items in these instruments have achieved excellent levels. High CVR scores 

suggest that members agree on the importance of a particular item in the instrument (Ayre & 

Scally, 2014). In this article, the CVR value for each item ranged from 0.714 to 1.000. These 

values reflected the high percentage of panellists rating an item as “essential” for the 

instruments. 

 

In conclusion, the quantification of content validity using CVI (I-CVI & S-CVI), Kappa 

coefficient, and CVR revealed that the items in the instruments had excellent content validity. 

All the constructed items are maintained as they have a relatively high agreement value among 

experts. A future study can verify that the instrument's reliability is examined to improve the 

assessment instrument's application. 
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