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Abstract 

The primary purpose of this paper is to discuss the idea of reliability for research. The authors present methods 

for calculating statistical reliability. Reliability is crucial for tests intended to be stable across time. That means 

that if a user conducted a test multiple times, its result should be identical every time. Although it's impossible to 

determine reliability precisely, there are ways to assess it. Each instrument has an element of reliability. This 

article focuses on methods for computing reliability in quantitative information, including ratio and interval data. 

Interval data has equally spaced intervals between the numbers; however, they aren't connected to the actual zero 

point and do not accurately represent the quantity. Ratio data comprises numbers that represent units that have 

equal intervals. They are measured from a true zero. Reliability refers to how much the test, process, or 

instrument (such as an instrument or questionnaire) produces similar results under different conditions as long as 

nothing else has changed. Stability, internal consistency, and equivalence are all reliability measures employed 

in research. Stability is the term used to describe the instrument's capacity to give the same results using repeated 

measurements. Internal consistency refers to all components of the apparatus having an identical concept, 

feature, or characteristic. Equivalence signifies that the device yields exact results when similar or parallel 

procedures or instruments are employed. 
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1. Introduction 

In research, the accuracy of an instrument is vital before its implementation help to the researchers/study 

participants. It's the researcher's responsibility to minimize the error to the maximum extent to achieve the 

accuracy of the tool or instrument. Reliability is essential when choosing a measuring device because it ensures 

its results are stable and consistent. It means that the agent can be relied on to give similar results when applied 

at different times, even though there may be some variation due to factors such as changes in the population or 

sample. [1,2] 

Reliability is multifaceted and complex and addressed in different approaches. Apart from the mechanical and 

electrical equipment, the tools in the research are opinionnaire, schedules, questionnaires, rating scales, etc. 

reliability proves its trustworthiness and dependability. The reliability of the measuring instrument significantly 

impacts the study's results. Researchers should, therefore, take care to use a reliable measuring instrument. 

Empirical research uses different methods to determine reliability. The most commonly used techniques are 

tests-retest reliability as well as parallel/alternative forms, and internal consistency. Internal consistency tests are 

of three types (split-half, items-total correlations, and the alpha reliability coefficient).[3-5] 

In studies on scale development, researchers evaluate the credibility of the scales through reliability tests such as 

test-retest reliability as well as alternative forms and internal consistency. Meanwhile, researchers who use scales 

already developed and assessed for reliability only need to do one internal consistency test. Alpha reliability is 

one of the famous test internal consistencies. Statistically, users compute reliability using the correlation 

coefficient formula. Its range is from 0 to 1. The higher the coefficient value, the more consistency between the 

measures. [6-8] 

This study aims to introduce researchers the main methods used in estimation of reliability of tools such as 

opinionnaire, schedules, questionnaires, rating scales. By providing a general overview, we hope that researchers 

will develop a better understanding and awareness of studies on reliability. 

The study consists of five parts. The first part of the research is the introduction part, where general information 

is presented to the readers. In the second part, information about three attributes Reliability and its calculation, in 

the third part, factors influencing Reliability and in the fourth part, ways to improve reliability are included. The 

last part is the discussion and conclusion part. 
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Measurement of reliability 

Reliability measurement concerns three attributes: Stability, Homogeneity, and equivalence.  

1.1. Stability 

If the data analyzer obtains the same results on repeated administrations of the same instrument. That is, through 

the test-retest method and parallel form, the results are the same; hence, the user has established stability. The 

'Test-retest' is a method through which the same instrument is administered twice to the same participants in 

similar circumstances to check the consistency. To avoid the error rate, the researcher follows the same steps, 

same comfort zone, lighting, day, etc. After the procedure, the user computes the coefficient r value by 

comparing two scores. The higher the coefficient, the tool is stable. [9-12] 

Steps: 

1. Administration of the test to a large group (ideally, above 30) 

2. Administration to the same group over some periodic time. 

3. Generally, the second administration should happen about two weeks after the first, although this time 

might differ based on the setting. 

4. It is crucial to ensure that no activities have occurred between the first and second administrations that 

could change the measured characteristic. 

5. Finding the correlation coefficient for the scores.  

6. Computation of the Karl Pearson’s Correlation Coefficient. 

2.1.1. Formulas 

A. Karl Pearson’s Co-efficient of Correlation (r) 

Karl Pearson’s coefficient of correlation is an extensively used in reliability equation in which the numerical 

representation is applied to measure the level of relation between linearly related variables. The coefficient of 

correlation is expressed by “r”. [13] 

𝑟 =
∑ (𝑋−𝑋)(𝑌−𝑌)

√∑ (𝑋−𝑋)2 ∑ (𝑌−𝑌)2
      (1) 

here 𝑋 is the mean of the X values, and  𝑌 is the mean of the Y values. 

 

1.2. Advantages of the stability method:  

The method is appropriate to measure attributes that don't change over time and are the same no matter who 

counts them. It also ensures that the results are consistent and produce similar results every time. The sample of 

items or stimulus situations is held constant to ensure that we are only measuring the traits we want to measure 

[14]. 

https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
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2.3. Disadvantages of the stability method:  

Subjects can learn from taking a test, which can impact how they perform the second time. If there's less time 

between the first and second test, though, maturation can occur. Development is when subject factors or 

respondents change over time, impacting the measurements taken at different points. The test-retest method can 

be affected by reactivity when measuring something that causes a change in the phenomenon [14].  

Table 1: Computation of Karl Pearson coefficient using fictitious data. 

Sample 

No 

Test 

X 

Retest 

Y 

𝑋
−𝑋 

Y-𝑋 (𝑋 −𝑋) (Y-

𝑋) 

(X−𝑋)
2 

(Y-𝑋)2 

1 55 57 0.2 2.2 0.44 0.04 4.84 

2 49 46 -5.8 -8.8 51.04 33.64 77.44 

3 78 74 23.2 19.2 445.44 538.24 368.64 

4 37 35 -17.8 -19.8 352.44 316.84 392.04 

5 44 46 -10.8 -8.8 95.04 116.64 77.44 

6 50 56 -4.8 1.2 -5.76 23.04 1.44 

7 58 55 3.2 0.2 0.64 10.24 0.04 

8 62 66 7.2 11.2 80.64 51.84 125.44 

9 48 50 -6.8 -4.8 32.64 46.24 23.04 

10 67 63 12.2 8.2 100.04 148.84 67.24 

Here: 

𝑋 = 54.8, 𝑋 = 54.8 ∑ (𝑋 −𝑋) (Y-𝑋) = 1152.6, (X−𝑋)2 =1285.6, (Y-𝑋)2 = 1137.6, √∑ (𝑋 − 𝑋)2 = 35.85, 

 √∑ (𝑌 − 𝑌)2 = 33.72 

By substituting all the values in the given formula, we get the reliability r= 0.953. This value indicates a very 

high correlation.  

 

 

Table 1 shows the fictitious data of test and retest of score of participants. Karl Pearson correlation coefficient 

formula was used to calculate the reliability of the test score. The obtained result (r=0.953) shows that there was 

strong positive correlation between the test and retest scores. This formula helps in knowing how strong the 

relationship between the two variables. Depending on the direction of the relationship between variables, 

correlation can be of three types, namely – positive Correlation (0 to +1), negative Correlation (0 to -1), zero 

Correlation (0).[15]  
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2.4. Internal consistency or Homogeneity 

It measures consistency within the instrument. Commonly, the Split-half method is used for determining internal 

consistency. This test can be possible using any tool with more than two response choices. Odd-even method is 

the most acceptable method. The scores of the two sets, i.e., odd and even, are used to compute a correlation 

coefficient. The Spearman-Brown Prophecy formula is applied in this method to adjust the correlation 

coefficient of the entire test. Another split-half technique is the first and second half of the tool, which is rare in 

use. The coefficient alpha, such as Kuder- Richardson and Cronbach’s alpha, is another method to estimate 

internal consistency. The analyzer uses Kuder-Richardson on questions with two answers, e.g., true or false / yes 

or no/ dichotomous measurements with a score of 0 or 1. Here, all correct responses scored as +1 and incorrect 

responses as zero. 

In most cases, the analyzer utilizes Cronbach's alpha to estimate internal consistency between items in a scale, 

e.g., a Numerical rating scale with a 1 to 5 score. Each item in this test is expected to have an exact correlation 

with a few scores. Thus, coefficient alpha proves item-specific variance in uni-dimensional tests. [16-19] 

Steps: 

1. Application of the test to a large group that is, ideally, over  

2. Division of the test question randomly into two parts. For example, select items into equal 

halves or odd-even. 

3. Calculation of the correlation coefficient for the two halves.  

4. Compute Spearman-Brown/Kuder-Richardson/ Coefficient of alpha depends on the tool. 

 

2.5. Formulas 

2.5.1. Spearman- Brown Prophecy formula 

This formula is related to psychometric reliability to test length and used by psychometricians to predict the 

reliability of a test after changing the test length. The method was published independently by Spearman (1910) 

and Brown (1910).[20] 

𝑟𝑡𝑡 =
2𝑟ℎ

1+𝑟ℎ
     (2) 

where rtt= reliability of the entire test, rh= reliability calculated through Karl Pearson's formula.  

 

 

 

 

https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
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Table 2: Computation of Spearman-Brown Prophecy coefficient using fictitious data. 

Sample 

No 

Total 

Score 

Odd 

items 

Score 

X 

Even 

Items 

Score 

Y 

𝑋
−𝑋 

Y-𝑋 (𝑋 −𝑋) (Y-

𝑋) 

(X−𝑋)
2 

(Y-𝑋)2 

1 55 28 27 0.5 0.7 0.35 0.25 0.49 

2 49 26 23 -1.5 -3.3 4.95 2.25 10.89 

3 78 36 42 8.5 15.7 133.45 72.25 246.49 

4 37 18 19 -9.5 -7.3 69.35 90.25 53.29 

5 44 23 21 -4.5 -5.3 23.85 20.25 28.09 

6 50 30 20 2.5 -6.3 -15.75 6.25 39.69 

7 58 30 28 2.5 1.7 4.25 6.25 2.89 

8 62 33 29 5.5 2.7 14.85 30.25 7.29 

9 48 23 25 -4.5 -1.3 5.85 20.25 1.69 

10 57 28 29 0.5 2.7 1.35 0.25 7.29 

 

For estimating of rh, we have to use Karl Pearson's formula,  

𝑋 = 27.5, 𝑋 = 26.3, ∑ (𝑋 −𝑋) (Y-𝑋) =242.5, (X−𝑋)2 =248.5, (Y-𝑋)2 =398.1, √∑ (𝑋 − 𝑋)2 = 15.76, 

√∑ (𝑌 − 𝑌)2
 = 19.95 

By substituting all the values in the given formula, we get the reliability rh= 0.770 

Then replacing the rh = 0.770 in the Spearman-Brown Prophecy formula, we get r= 0.870. This value indicates a 

good correlation.  

Table 2 shows the fictitious data of test scores of participants. Spearman-Brown Prophecy coefficient formula 

was used to calculate the reliability of the test score. The obtained result (r=0.870) shows that there was strong 

positive correlation between the test and retest scores. The Spearman-Brown prophecy formula may help the 

researchers accurately predict the effects of adding or removing items on score reliability, and to make 

immediate improvements to the psychometric quality and functioning of the tool.[21] 

2.5.2. Kuder-Richardson 20 Formula  

The KR20 is a statistical measure that allows you to compute reliability for items with varying difficulty. For 

example, in Multiple choice questions, some things might be elementary, and others may be more difficult. The 

limitation of the KR-20 formula is that the user cannot apply it to scales such as the Likert scale or visual analog 

scale.[22] 

𝐾𝑅20 =
𝐾

𝐾−1
(1 −

∑ 𝑝𝑞

𝜎2𝑋
)  (3) 
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Here  

K = Number of items. 

p = Proportion of right answer 

q = Proportion of the wrong answer 

σ2X = Variance. 

Table 3: Computation of KR 20 coefficient using fictitious data. 

Samples Item 

1 
Item 

2 
Item 

3 
Item 

4 
Item 

5 
Item 

6 
Item 

7 
Item 

8 
Item 

9 
Item 

10 
Item 

11 
Total 

Score 
1 1 1 1 1 1 1 1 1 1 1 1 11 
2 1 1 1 1 1 1 1 1 0 1 0 9 
3 1 0 1 1 1 1 1 1 1 0 0 8 
4 1 1 1 0 1 1 0 1 1 0 0 7 
5 1 1 1 1 1 0 0 0 1 0 0 6 
6 0 1 1 0 1 1 1 1 0 0 0 6 
7 1 1 1 1 0 0 1 0 0 0 0 5 
8 1 1 1 1 1 0 0 0 0 0 0 5 
9 0 1 0 1 1 0 0 0 0 1 0 4 
10 1 0 0 1 0 1 0 0 0 0 0 3 
11 1 1 1 0 0 0 0 0 0 0 0 3 
12 1 0 0 1 0 0 0 0 0 0 0 2 
13 0 1 0 1 1 0 0 0 0 1 1 5 
14 0 1 1 0 1 1 1 0 1 0 0 6 
15 1 1 0 1 1 0 0 1 0 1 1 7 
16 0 1 1 1 0 0 1 0 0 0 0 4 
17 1 1 1 0 0 0 1 0 0 0 1 5 
18 0 0 1 0 1 1 1 1 1 0 1 7 
19 0 1 0 0 0 0 0 0 1 0 0 2 
20 1 1 1 1 1 0 0 0 0 1 1 7 
No. of 

correct 

response 

13 16 14 13 13 8 9 7 7 6 6 5.04 

p 0.65 0.80 0.70 0.65 0.65 0.40 0.45 0.35 0.35 0.30 0.30  
q 0.35 0.20 0.30 0.35 0.35 0.60 0.55 0.65 0.65 0.70 0.70  
pq 0.23 0.16 0.21 0.23 0.23 0.24 0.25 0.23 0.23 0.21 0.21 2.14 

 

K= 11, p= Number of right correct answers for each item/Number of samples, e.g., Number correct responses for 

item 1= 13, sample size= 20, So, 13/20 = 0.65, q= 0.35 (1-p), ∑pq= 2.14, σ2X=5.04 

By substituting all the values in the given formula, we get r= 0.633. This value indicates questionable 

correlation.  

Table 3 shows the fictitious data of item wise test scores of participants. KR 20 coefficient formula was used to 

calculate the reliability of the test score. The obtained result (r=0.633) shows that there was weak correlation 

between the items of test score. KR-20 is derivative of the Cronbach formula, with the advantage to Cronbach 

that it can handle both dichotomous and continuous variables. [23] 
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2.5.3 Kuder-Richardson 21 Formula  

The analyzer uses for a test where the items are all about the same difficulty level. For example: True or False, 

Yes or No type of questions.[22] 

 

𝐾𝑅21 =
𝑘

𝑘−1
(1 −

𝑀(𝑘−𝑀)

𝑆2𝑘
)           (4) 

K= Number of items 

M= Mean of Total Score 

S2 = Variance. 

Table 4: Computation of KR 21 coefficient using fictitious data. 

Samples Item 

1 
Item 

2 
Item 

3 
Item 

4 
Item 

5 
Item 

6 
Item 

7 
Item 

8 
Item 

9 
Item 

10 
Item 

11 
Total 

Score 
1 1 1 1 1 1 1 1 1 1 1 1 11 
2 1 1 1 1 1 1 1 1 0 1 0 9 
3 1 0 1 1 1 1 1 1 1 0 0 8 
4 1 1 1 0 1 1 0 1 1 0 0 7 
5 1 1 1 1 1 0 0 0 1 0 0 6 
6 0 1 1 0 1 1 1 1 0 0 0 6 
7 1 1 1 1 0 0 1 0 0 0 0 5 
8 1 1 1 1 1 0 0 0 0 0 0 5 
9 0 1 0 1 1 0 0 0 0 1 0 4 
10 1 0 0 1 0 1 0 0 0 0 0 3 
11 1 1 1 0 0 0 0 0 0 0 0 3 
12 1 0 0 1 0 0 0 0 0 0 0 2 
13 0 1 0 1 1 0 0 0 0 1 1 5 
14 0 1 1 0 1 1 1 0 1 0 0 6 
15 1 1 0 1 1 0 0 1 0 1 1 7 
16 0 1 1 1 0 0 1 0 0 0 0 4 
17 1 1 1 0 0 0 1 0 0 0 1 5 
18 0 0 1 0 1 1 1 1 1 0 1 7 
19 0 1 0 0 0 0 0 0 1 0 0 2 
20 1 1 1 1 1 0 0 0 0 1 1 7 

Mean  10.21 

Variance 5.04 

 

k=11, M= 10.21, S2 = 5.04 

By substituting all the values in the given formula, we get r= 0.939. This value indicates an excellent correlation.  

Table 4 shows the fictitious data of item wise test scores of participants. KR 21 coefficient formula was used to 

calculate the reliability of the test score. The obtained result (r=0.939) shows that there was strong correlation 

between the items of test score. The difference in KR20 and KR21 reliability coefficients was significantly 

greater when the range of item difficulty values was .30 or more. Nevertheless, KR21 was a good estimate of 
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KR20 when the range of item difficulty was relatively narrow. Implications for test selection are suggested. 

When KR21 has been used to estimate a test's reliability, the user should note that the test has a lower bound of 

internal consistency reliability, particularly when the item difficulty range is great. [24] 

2.5.4. Cronbach’s Alpha Formula 

Cronbach’s alpha is calculated by taking the score from each scale item and correlating them with the total score 

for each observation and then comparing that with the variance for all individual item scores. Cronbach’s alpha 

is best understood as a function of the number of questions or items in a measure, the between pairs of items 

average covariance, and the overall variance of the total measured score.[25] 

𝛼 =
𝑛

𝑛−1
(1 −

∑ 𝑉𝑖

𝑉𝑡𝑒𝑠𝑡
)      (5) 

n = Number of questions 

Vi = variance of scores on each question Mean of Total Score 

Vtest = total variance of overall scores (not %’s) on the entire test. 

Table 5: Computation of Cronbach’s Alpha coefficient using fictitious data. 

Samples Item 

1 
Item 

2 
Item 

3 
Item 

4 
Item 

5 
Item 

6 
Item 

7 
Item 

8 
Item 

9 
Item 

10 
Item 

11 
Total 

Score 
1 2 2 2 2 2 2 2 2 2 1 2 21 
2 3 3 3 3 2 4 4 4 4 4 4 38 
3 3 3 3 3 3 3 3 3 4 4 1 33 
4 4 4 4 4 3 4 4 4 4 4 4 43 
5 3 3 4 4 3 4 4 4 4 3 3 39 
6 2 2 2 2 2 2 2 2 4 4 1 25 
7 3 3 3 3 3 4 4 4 4 4 4 39 
8 3 3 3 3 3 4 4 4 4 4 4 39 
9 2 2 2 2 2 2 2 2 4 4 4 28 
10 2 2 2 2 2 2 2 2 4 4 1 25 
11 4 4 4 4 3 4 4 4 4 4 4 43 
12 2 3 3 3 3 2 3 3 4 4 1 31 
13 4 4 4 4 5 4 4 4 4 5 5 47 
14 2 2 2 2 2 2 2 2 2 1 2 21 
15 2 2 2 2 2 2 2 2 4 4 1 25 
16 4 4 4 4 3 4 4 4 4 4 4 43 
17 4 4 4 4 5 4 4 4 4 5 5 47 
18 4 4 4 4 5 4 4 4 4 5 5 47 
19 2 2 2 2 2 2 2 2 4 4 1 25 
20 4 4 4 4 5 4 4 4 4 5 5 47 

Variance 0.75 0.70 0.75 0.75 1.20 0.93 0.86 0.86 0.36 1.13 2.45  

Sum of 

Variance   (Summation variance of Item 1 to 11) 10.73 

Variance 

of Total 

Score  84.21 
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n=11, ∑Vi=10.73, Vtest = 84.21 

By substituting all the values in the given formula, we get r= 0.959. This value indicates an excellent correlation.  

Table 4 shows the fictitious data of item wise test scores of participants. of Cronbach’s Alpha coefficient 

formula was used to calculate the reliability of the test score. The obtained result (r=0.959) shows that there was 

strong correlation between the items of test score. Instruments with greater Cronbach alpha should be used for 

any type of research since they have smaller measurement error and thus have greater statistical power for any 

research settings, cross-sectional or longitudinal.[26] 

Advantages of Internal Consistency Method: Administration of the same test can only be applied once, and 

there is no place for two different versions of the same test. 

Disadvantages of Internal Consistency Method: Insurance of homogeneity and Different subsections of the 

same test 

Equivalence: It is estimated in two methods (i) Parallel form / alternate form (ii) inter-rater/inter-rater observer 

reliability.  

(i) Parallel/alternate form: The same test is administered randomly to the same individual. It is similar 

to the test-retest method; here, randomly selected two sets of items from an item pool are distributed 

over a while. It avoids carryover biases. The first form and second form of the test are similar but 

different [27]. 

Steps: 

1) Administration of the test to a large group (ideally, over about 30). 

2) Division of the test question randomly into two parts. For example, select items into equal halves. 

3) Administration of the first half (Set 1 of Form A) initially and the second half (Set 2 or Form B) over a 

time  

4) The finding of the correlation coefficient between the two given sets 

5) Compute the Karl Correlation Coefficient (Refer to Test and Retest method) from Set 1 = X, Set 2 = Y.  

(ii) Inter-rater/inter-observer: This includes determining the level of agreement among two or more 

observers. Here, the observers ask to give a score for every item on an instrument, and the 

consistency in their scores would relate to the instrument's inter-rater reliability level. [28-30] 

 

 

 

https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
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Steps: 

1. Administration of the test to a large group (ideally, over about 30). 

2. Observation of the participants at a time by two or more observers. 

3. Scoring the task observed. 

4. The finding of the correlation coefficient. 

5. Computation of the Kappa Correlation Coefficient (Two observers) and Fleiss Kappa Correlation 

Coefficient or Intra-class Correlation Coefficient ( More than two observers)  

2.5.5. Cohen Kappa Correlation Coefficient  

Cohen Kappa is used to measure inter-rater reliability (and also intra-rater reliability) for qualitative (categorical) 

items. It is generally thought to be a more robust measure than simple percent agreement calculation, as κ takes 

into account the possibility of the agreement occurring by chance.[31] 

𝐾 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠+𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑠𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠
     (6) 

Below is a checklist containing 20 items given by two observers. The observer will rate each item on a scale of 1 

to 3.  

Table 6: Computation of Cohen Kappa Coefficient using fictitious data. 

Items Observer 1 Observer 2 Difference 

1.  1 1 
0 

2.  2 2 
0 

3.  3 2 
1 

4.  2 2 
0 

5.  2 3 
1 

6.  2 1 
1 

7.  3 3 
0 

8.  3 2 
1 

9.  1 1 
0 

10.  1 1 
0 

11.  1 1 
0 

12.  3 3 
0 

13.  3 2 
1 

https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
https://www.statisticshowto.com/probability-and-statistics/correlation-coefficient-formula/
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14.  2 1 
1 

15.  2 2 
0 

16.  3 3 
0 

17.  1 2 
1 

18.  1 1 
0 

19.  2 2 
0 

20.  3 3 
0 

 

Note: 0= Agreement, 1= Disagreement  

So, Number of Agreements= 13, Number of Disagreement= 7 

By substituting all the values in the given formula, i.e., 13/ 13+ 7 = 13/20= 0.65,  

Therefore, Cohen Kappa Coefficient is = 0.65. This value indicates a Substantial Agreement.  

Table 6 shows the fictitious data of 20 item check list rated by two observer on a scale of 1 to 3 for handing 

procedure of health care students. Cohen Kappa coefficient formula was used to calculate the reliability of the 

test score. The obtained result (r=0.65) shows that there was substantial agreement. Kappa is an index that 

considers observed agreement with respect to a baseline agreement. However, investigators must consider 

carefully whether Kappa's baseline agreement is relevant for the particular research question. Kappa's baseline is 

frequently described as the agreement due to chance, which is only partially correct. [32] 

2.5.6. Fleiss Kappa Correlation Coefficient 

Fleiss' kappa is a statistical measure for assessing the reliability of agreement between a fixed number of raters 

when assigning categorical ratings to a number of items or classifying items. This contrasts with other kappas 

such as Cohen's kappa, which only work when assessing the agreement between not more than two raters or the 

intra-rater reliability (for one appraiser versus themself).[33]  

𝐾 =
𝑃𝑂−𝑃𝑒

1−𝑃𝑒
         (7) 

here  𝑃𝑜 = 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡, 𝑃𝑒 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡  

𝑃𝑒 = (Proportion of Agreement)2 + (Proportion of Disagreement) 2   and 

𝑃𝑂 =
1

𝑁𝑛(𝑛−1)
(∑𝑁

𝑖=1 ∑𝑘
𝑗=1 𝑛𝑖𝑗

2 − 𝑁𝑛). 

here N= Number of items, n= Number of observer, n2 = Summation of (Agreement2 + Disagreement2). 
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Table 7: Computation of Fleiss Kappa Coefficient using fictitious data. 

Items Observer 

1 

Observer 

2 

Observer 

3  

Number of 

Agreement  

X 

Number of 

Disagreement 

Y 

X2  Y2 X2+ Y2 

1.  1 1 
1 3 0 

9 0 9 

2.  2 2 
2 3 0 

9 0 9 

3.  3 2 
3 2 1 

4 1 5 

4.  2 2 
2 3 0 

9 0 9 

5.  2 3 
2 2 1 

4 1 5 

6.  2 1 
2 

2 1 4 1 5 

7.  3 3 
3 

3 0 9 0 9 

8.  3 2 
3 

2 1 4 1 5 

9.  1 1 
1 

3 0 9 0 9 

10.  1 1 
1 

3 0 9 0 9 

11.  1 1 
1 

3 0 9 0 9 

12.  3 3 
3 

3 0 9 0 9 

13.  3 2 
3 

2 1 4 1 5 

14.  2 1 
2 

2 1 4 1 5 

15.  2 2 
2 

3 0 9 0 9 

16.  3 3 
3 

3 0 9 0 9 

17.  1 2 
1 

2 1 4 1 5 

18.  1 1 
1 

3 0 9 0 9 

19.  2 2 
2 

3 0 9 0 9 

20.  3 3 
3 

3 0 9 0 9 

 Sum 53 7 Sum 152 

Proportion  53/60= 

0.883 

7/60= 0.116 

  

Proportion2 0.780 0.013   

 

𝑃𝑒  = 0.780+0.013 = 0.793, N= 20, n= 3, n2 = 152 

𝑃𝑂 = 1/ 20*3 (3-1) [ 152- 20*3] = 0.008* 92= 0.736 
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By Subsisting the value of 𝑋𝑋 and 𝑋𝑋 in the above formula, we get Fleiss correlation coefficient = 0.280. This value 

indicates fair agreement.  

Table 7 shows the fictitious data of 20 item check list rated by three observer on a scale of 1 to 3 for handing 

procedure of health care students. Fleiss Kappa coefficient formula was used to calculate the reliability of the test 

score. The obtained result (r=0.280) shows that there was fair agreement.  

2.6. Advantages of the Parallel form method: 

1) The analyzer need not repeat the same test. 

2) The minimization of Memory, practice, carryover effects, and recall factors without affecting the scores. 

3) The method combines two types of reliability as the reliability coefficient obtained measures temporal 

stability and response consistency in the case of different item samples or test forms. 

4) It proves helpful in the reliability of achievement tests. 

5) The method is appropriate for determining the reliability of educational and psychological tests. 

2.7. Disadvantages of the Parallel form method: 

1) There is difficulty in having two parallel forms of a test. In certain situations (like Rorschach's case), it 

proves impossible. 

2) Comparing two scores from these tests may lead to flawed decisions, mainly when the tests differ in 

content difficulty and length.  

3) The user needs help to control practice and carryover factors fully. 

4) The simultaneous administration of the two forms may create boredom. A single administration of the 

test is a preferred method.  

5) The testing conditions in administering Form B may not always be the same, and the test may not be in 

an identical physical, mental, or emotional state during both instances of administration. 

6) Generally, the second form of test scores is high. 

 

 



© 2023 IJRAR October 2023, Volume 10, Issue 4                           www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)  

IJRAR23D1485 International Journal of Research and Analytical Reviews (IJRAR) 857 
 

2.8. Factors Influencing Reliability 

The scores of an instrument are influenced by several intrinsic and extrinsic factors while computing reliability. 

Singh, 1986 mentioned different intrinsic and extrinsic factors influencing reliability. Outside factors influence 

reliability is guessing, environment, and group variability. Intrinsic factors influence reliability is the length of 

the test/tool, the spread of scores, homogeneity of items, difficulty value of things, and reliability scores. [35-36] 

A. Guessing: Guess works tend to give high total scores and falsely give high reliability. It can yield 

different scores for different individuals and may cause measurement errors. Using guessing, one may get 

a high score, and another may get a lower score, thus giving lower reliability. For example, one person 

may get 75% and another 50%. These differences in scores may cause error scores and provide lower 

levels of reliability. 

B. Environment: The testing environment should remain the same. If any variation is there, then it can 

lower the reliability. Lighting, noise, temperature, etc., are the environmental factors that may affect 

reliability.  

C. Group variability: The reliability may be low if the groups are homogeneous. If heterogeneous groups, 

then the reliability may be high. 

D. Length of test/tool: A longer tool will provide a sufficient sample of behavior measurement, and it 

avoids speculation. Thus it yields a high-reliability coefficient. Therefore, short device yields lower 

reliability.  

E. Spread of scores: The more extensive spread yields a high reliability.  

F. Homogeneity of items: item correlation is higher when all items measure the same trait, and the test is 

high and vice versa. 

G. Difficulty value of items: if the things are too easy or too tricky can affect reliability. The items having 

indices of difficulty 0.5 or close result in higher reliability.  

H. Reliability scores: if the agreement is low, the reliability will be low.  

2.8.1 Measures to improve reliability 

● Wide variability in the trait   

● Homogenous group 

● Keeping the appropriate length of the tool 

● Choosing items with moderate difficulty indices. 
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Table 8: Summary of Reliability Statistics. 

 Karl Pearson Spearman 

Brown 

Prophecy  

KR- 

20 

KR- 

21 

Cronbach 

Apha 

Cohen Kappa  Fleiss  

Kappa 

Range 0 to 1 

Interpretation  0= No Correlation 

0.10-0.20= Negligible  

0.21-0.40= Low 

0.41-0.70= Moderate 

0.71-0.90= High 

0.91-0.99 = Very high 

 

0.9 and Above = Excellent  

0.80 – 0.89 = Good 

0.70 – 0.79 = Average 

0.60 – 0.69 = Questionable  

0.50 – 0.59 = Poor 

Below 0.5 =   Unacceptable  

0 = No Agreement 

0.1- 0.20= Slight Agreement 

0.21- 40= Fair Agreement 

0.41-0.60=Moderate Agreement 

0.61-0.80=Substantial Agreement 

0.81-0.90= Near perfect Agreement 

1= Perfect Agreement 

Table 8 summary of reliability statistics such as karl pearson, Spearman Brown Prophecy KR-20, KR- 21

 Cronbach Apha, Cohen Kappa  and Fleiss Kappa’s  range and interpretation.  

2.9. Discussion:   

Karl Pearson [13] was the first to discover the linear correlation between two variables, referred to as the product-

moment correlation coefficient. It is one of the most commonly used statistics today. It is used to test the stability 

of the test by the test and retest method. Kuder–Richardson [18] first published internal consistency reliability for 

dichotomous measurement measures with a score of 0 or 1. One limitation of the K-R formula is that it does not 

apply to scale. So the researchers were limited to estimating internal consistency by only using the KR-20 or KR 

-21 formula. Cronbach[17] published the Cronbach alpha method to assess the internal consistency of the tool 

with scale measures e.g., Likert scale. It is derived from KR- 20 formula. Different investigators adopted several 

ways to determine reliability. Some of the reliability determination was discussed here. Balasubramanian N et 

al.[36] developed a tool knowledge questionnaire for primary caregivers concerning the Home Care of 

Schizophrenics (KQHS). Using the Karl Pearson formula, the Split half technique (odd-even) was utilized to 

determine the coefficient correlation. It was followed by Spearman's Brown Prophecy formula, which 

established the reliability r =0.92. Balasubramanian et al.[37] also developed the caregivers' Attitude Scale on a 

similar subject. The authors determined the instrument's stability and test-retest reliability using the Karl Pearson 

correlation coefficient, and the calculated value was  0.78. Pandurangan & Balasubramanian[38] developed a case 

vignette tool to determine the skill of nursing students in ECG interpretations. The authors computed Cronbach's 

alpha and r values to assess internal consistency and correlation. The estimated value of r was 0.72. 

2. Conclusion 

The data analyzer cannot eliminate all the minor/significant errors from measurements, but it is possible to 

reduce them by employing sound measurement approaches. Reliability coefficients may bias researchers' 

explanations of study results. Researchers should know the importance of collecting correct data and interpreting 

the results. A greater understanding of score reliability might help authors avoid misunderstandings and write 

and speak cautiously about reliability estimates. This paper described the most commonly used reliability 

estimate in health care so young researchers can better understand reliability coefficients. 
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