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Abstract 
 

In order to arrive at a conclusion, setting up a cut-off point is necessary for opinion-based 

questionnaires on health care utilization, facilitating factors, barriers and also for assessing 

Knowledge, Attitude and Practice. This study has demonstrated on how to formulate a tool for 

decision-making in Norm-referenced survey questionnaires and readjust their cut-off points to 

incorporate the population variation for items containing ordinal variables. This procedure will 

help the researchers to perform finer adjustments in the cut-off values of any Norm-referenced 

survey instrument based on the local population data and in situations where no gold-standard 

instrument is available for comparison.  
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Background 

Standardized testing involves the application of tests or instruments that are administered and 

scored in a pre-established standard or consistent manner.1,2 The quality or adequacy of any 

standardized testing instrument, whether norm-referenced or criterion-referenced, is directly 

associated with both reliability and validity studies.2,3 The use of standardized tests to conduct 

assessments is advantageous as the standardized tests yield quantifiable information, they can be 

used in screening programs. Standardized test results provide information regarding the 

participant’s areas of strength and weakness. They can also be used to assess performance of an 

intervention method or disease progress over time.2,3,4 However, the most important advantage of 

results from a test administered in a standardized fashion is that it provides opportunities for 

drawing inference, generalization and extrapolation of findings to the whole community.2,4 
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There are two types of standardized testing instruments namely “norm-referenced” tests and 

“criterion-referenced” tests.2,5 Academic achievement tests, cognitive impairment tests, 

intelligence quotient assessment (IQ) tests, well-being assessment tests are well known examples 

of norm-referenced, standardized tests. Norm-referenced test performance is generally 

summarized as one or more types of scores such as age-equivalence, grade-equivalence, 

percentile rankings, stanine, scaled scores, indexes, clusters or quotients.5,6 Newer editions of test 

instruments follow an item-response-theory procedure in their development which involves a 

new type of scoring system. This scoring system examines the difficulty level of each item in a 

questionnaire. The norm-referenced tests provide information on reliability and validity. They 

also provide language and presentation of items administration and scoring information as well 

as guidelines for the interpretation of the test results.7,8  

 

Methods 

Item Analysis 

In order to assess how well a test or an instrument is functioning we need to look at how well its 

individual items perform. Item analysis provides a way to exercise additional quality control over 

the tests by providing feedbacks on how successful the assessment actually was. An item 

analysis gets at the question of how well does it discriminate. If there are lots of items that didn’t 

discriminate much at all then they need to be replaced by some better ones. Item analyses can 

also help the investigators diagnose why some items did not work especially well and suggest 

ways to improve them.3,4,5 

The characteristic features and behaviours of any two individuals in a community are never the 

same in every aspect. Every individual differs from one another at least in a minor dimension. 

Similarly, even in a standardized population, every community also varies from one another at 

least in a minor capacity. Though sometimes we consider things to be absolutely homogenous, 

but there always exist a minute amount of heterogeneity in every parameter of our assessment. 

Even if we achieve integrity in diversity of nature, we cannot really nullify the effect of 

diversity.2,3 So, it is not ideal to set up a universal cut-off in any survey instrument to arrive at a 

diagnosis from various communities with diverse socio-cultural backgrounds. It is also difficult 

to set up a cut-off point on overall items considered to assess Knowledge, Attitude and Practice 

(KAP) levels in KAP-based questionnaires to decide whether the overall knowledge of the 

respondents is adequate or not, their overall attitude is positive or negative and their overall 

practice is satisfactory or unsatisfactory. Setting up a cut-off point is also necessary for opinion-

based questionnaires on health care utilization, facilitating factors and barriers to arrive at a 

conclusion of whether people are utilizing or recommending a procedure adequately or not, but it 

is often difficult to determine it. In this background, a study was conducted to formulate a tool 

for decision-making in Norm-referenced survey questionnaires and readjust their cut-off values 

to incorporate the population variation for items containing ordinal variables. 
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Determining the Cut-off Point of a Norm-referenced Test Instrument without any Gold-

standard 

This procedure is applicable for items having Ordinal Variables -  e.g., scale of anxiety, scale of 

depression, scale of stress, scale of wellbeing were the respondents are instructed to provide their 

personal opinions or perceptions in an ordinal Likert scale. The weightage of each response in 

each item is directly proportional to the Discrimination Index (DI) as well as Internal Reliability 

or Cronbach’s alpha. Hence, the weighted score for reach response in each item is obtained by 

calculating the Observed Item Score multiplied by the product of Discrimination Index and 

Internal Reliability or Cronbach’s alpha (Table 1). The “Correction Factor” is developed for 

making an adjustment in the overall cut-off value of the instrument. It is obtained from the ratio 

of the total weighted score and the total raw score. The overall cut-off value for the instrument is 

obtained by multiplying the “Correction Factor” with the 25th Percentile of each item and finally 

adding them up together (Table 1). 

 

If the responses of the study population follow Normal Distribution: 

The detailed mathematical model for the determination of a cut-off level for decision-making in 

Norm-referenced test instrument is described below: 

 

(A) Calculation of Discrimination Index (DI) of individual items (refer Table 1) 

= Point-biserial (Spearman’s) Correlation Coefficient 

(B) Weightage of each response in each item of the questionnaire (refer Table 1) 

= (Observed Item Score) X (Discrimination Index) X (Internal Reliability or Cronbach’s 

alpha) 

(C) Correction Factor = [(Total Weighted score) / (Total Raw Score)]                   - Refer 

Table 2 

(D) The cut-off point of an instrument without any gold standard (refer Table 2) 

= Sum [(25th Percentile from Raw Score per Item) X (Correction Factor)] 

 

A trial-run for this procedure is worked out on an anonymous, secondary database with five 

items in a Quality of Life (QOL) measuring scale rated in a six-point Likert Scale (Ordinal 

Scale) ranging from 0 to 5 per item (Tables 1 and 2). This instrument was earlier validated by the 

World Health Organization (WHO) and the cut-off set for QOL assessment was 13. The 

anonymous, secondary data source used was from a real-life, homogenous elderly population 

involving 609 respondents selected by simple random sampling technique to give it a test run on 

this new procedure. All the findings from the test run data were verified by a renowned 

psychiatrist for clinical confirmation by using the ICD-10 criteria. In this study, the Likert scale 
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was considered an Ordinal Scale for assessing Quality of Life (QOL) and data was analyzed in 

non-parametric scale due to the heterogeneous nature of the Likert Scale though there was 

normal distribution of a large and homogenous group of elderly respondents. 

This method will work very well if the individual item correlation is between (0.75 and 1.0), 

ideal Cronbach’s alpha is between (0.75 and 1.0) and also the ideal Correction Factor is between 

(0.75 and 1.0) for a database which is closer to normal distribution. 

 

If the responses are collected from a Standardized Population: 

A standardized population follows an ideal Normal Distribution (Gaussian) Curve where all the 

central tendencies like mean, median and mode coincide at the center and the dispersions like 

Standard Deviation and Interquartile Range are both equal to 1. If we assume that the normal 

database of a standardized population is broken into 100 equal parts then each individual unit is 

considered as a percentile. In that case, the Interquartile Range corresponds to 25th percentile and 

75th percentile respectively. Suppose a participant scores the maximum possible marks (for 

example 100) allotted for a test; then in that database, 25th percentile will correspond to 25% and 

75th percentile will correspond to 75% respectively. Considering the fact that everything is 

normal within 25th percentile and 75th percentile. Most of the common parameters in statistical 

methods are considered to be stronger if they are more than 75th Percentile or 75% in ideal 

situations. Hence, if the responses are collected from a Standardized Population then we need to 

consider the ideal individual item correlation as 0.75, ideal Cronbach’s alpha as 0.75 and also the 

ideal Correction Factor as 0.75. Table 3 & 4 are examples of setting up an Ideal cut-off for a 

standardized population.  

 

If the responses of the study population are skewed: 

If the responses of the study population are skewed then Item Correlations, Cronbach’s alpha as 

well as the Correction factor will be less than 0.75. In this condition, it is better to calculate the 

Median and its Interquartile Range. The 75th Percentile can be considered as the minimum cut-

off for Positive Scoring Scales while 25th Percentile can be considered as the minimum cut-off 

for Negative Scoring Scales.  

 

Results 

Findings from the Test-run on Anonymous, Secondary Data Analysis 

This QOL assessment instrument was earlier validated by the World Health Organization 

(WHO) and the cut-off set for decision on positive or negative levels of well-being status was set 

at 13. This was based on the crude mid-value of the minimum and maximum scores possible in 

this instrument. However, a test run with the anonymous, secondary data analysis using this new 

procedure revealed that the cut-off value should be readjusted to 11.3 for the population under 

study (Table 2). The interpretation follows that if the overall test score of any individual in this 
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QOL instrument becomes ≤11.3 then the person should be considered to be in a state of negative 

well-being status. It was found that there was a significant high level of agreement for well-being 

assessment at the two cut-off levels (Kappa value = 0.948 and p=0.0001*). However, it was 

observed that if the cut-off level of this instrument is universally set at 13 then a significant 

percentage of individuals would be falsely labeled as of having negative well-being status by this 

instrument. This was also confirmed by the renowned psychiatrist who verified the data for 

clinical diagnosis by using the ICD-10 criteria. Since, this procedure is based on general 

statistical hypotheses; it can also be used to calculate a fresh cut-off value in a newly developed 

Norm-referenced questionnaire for obtaining diagnosis or conclusion purposes. 

The findings reveal that this procedure can be used to perform finer adjustments in the cut-off 

values of any Norm-referenced survey instrument based on the local population data. This 

method can also be used for setting cut-off to arrive at a diagnosis in a newly developed 

instrument without any gold-standard instrument to compare it against. The Knowledge, Attitude 

and Practice (KAP) questionnaires are ideal for application of this procedure to help the 

researchers determine whether overall knowledge is adequate or not, overall attitude is positive 

or not and practice of the surveyed population is satisfactory or not. Cut-off can also be set for 

opinion-based questionnaires on health care utilization, facilitating factors and barriers to arrive 

at a conclusion of whether people are utilizing or recommending a procedure adequately or not. 

A pilot study with 10% of the estimated minimal sample size will help in identifying the cut-off 

value of the study instrument before undertaking the main study. Otherwise, the data from the 

main study can also be used for fixing the cut-off value before arriving at a diagnosis. 

However, for knowledge and practice based questionnaires, the cut-off points need to be 

stratified according to the respective knowledge, attitude and practice sections. The above-

mentioned procedure needs to be first applied on a standardized population assumed of having 

high level of knowledge and practice. The same procedure again needs to be applied on a 

standardized population assumed of having very low level of knowledge and practice. The 

average (Median) of both the two cut-off points from the Sum [(25th Percentile from Raw Score 

per Item) X (Correction Factor)] should then be considered as the actual cut-off points for the 

knowledge and practice sections separately. The assumptions on high and low levels of 

knowledge and practices can be drawn from previous studies or a descriptive study with focused 

group discussion prior to the main study. Bootstrapping can be done during data analysis when 

the composition and characteristics of a population is unknown and a study is conducted on the 

particular population for the first time. 

 

Discussion 

The index of discrimination is a useful measure of item quality. A basic consideration in 

evaluating the performance of a normative test item is the degree to which the item discriminates 

between responses which have high rates as compared to low rates. The Discrimination Index 

refers to how well an assessment differentiates between high and low scorers in an examination. 

We usually expect that the high-performing students would select the correct answer for each 

question more often than the low-performing students.  If this is true, then the assessment is 

considered to have a positive discrimination index (between 0 and 1). This indicates that students 
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who had received a high total score chose the correct answer for a specific item more often than 

the students who had a lower overall score. If, however, we find that more of the low-performing 

students got a specific item correct, then the item has a negative discrimination index (between -

1 and 0).2,9,10 The anonymous, secondary data analysis revealed a high Discrimination Index (DI) 

in terms of Spearman’s Correlation Coefficient for the study instrument (Table 1). 

Item discrimination indicates the extent to which success on an item corresponds to success on 

the whole test. Since all items in a test are intended to cooperate to generate an overall test score, 

any item with negative or zero discrimination undermines the test. The Discrimination Index (D) 

is computed from equal-sized high and low scoring groups on the test.9,10 The Point-biserial 

Correlation is the Spearman’s correlation between responses to a particular item and scores on 

the total test (with or without that item).10,11,12 

Summated scales are often used in survey instruments to probe underlying constructs that the 

researcher wants to measure. These may consist of indexed responses to dichotomous or multi-

point questionnaires, which are later summed to arrive at a resultant score associated with a 

particular respondent. The development of assessment scales also need to follow predictor 

variables for use in objective models. The concept of reliability rises as the function of scales is 

stretched to encompass the realm of prediction. Reliability tests are especially important when 

derivative variables are intended to be used for subsequent predictive analyses. If the scale shows 

poor reliability, then individual items within the scale must be re-examined and modified or 

completely changed as needed. One of the most popular reliability statistics in use today is 

Cronbach's alpha. It determines the internal consistency or average correlation of items in a 

survey instrument to gauge its internal reliability.12,13,14 The anonymous, secondary data analysis 

in this study revealed a high Cronbach’s alpha value of 0.872 for the study instrument (Table 1). 

However, another good method of screening for efficient items is to run an exploratory factor 

analysis on all the items contained in the survey to weed out those variables that failed to show 

high correlation. No similar article was found related to this study as this was a new approach 

involving a new procedure to obtain standardized cut-off values in Norm-referenced test 

instruments or questionnaires for items containing ordinal variables. 

 

Conclusion 

There is a need to readjust and fine-tune the cut-off values for every survey instrument based on 

the population diversity before concluding any diagnosis. The procedure discussed in this study 

will help the researchers to perform finer adjustments in the cut-off values of any Norm-

referenced survey instrument based on the local population data. This method can also be used 

for setting up a cut-off point to arrive at a diagnosis in a newly developed instrument which does 

not have any gold-standard instrument for comparison. A pilot study with 10% of the estimated 

minimal sample size will help in identifying the cut-off value of the study instrument before 

undertaking the main study. Otherwise, the data from the main study can also be used for fixing 

the cut-off value before arriving at a diagnosis. However, this method should not be used for any 

Criterion-referenced test or instrument. 
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Table 1: Calculation of Weighted Scores in a Quality of Life (QOL) scale with (0-5) Scores 

 

 

Items 

Discrimination 

Index (Spearman’s 

Correlation 

Coefficient) 

(DI) 

Cronbach’s alpha 

(CA) 

Sum Total of 

Individual weighted 

Scores 

=∑(xi X DI X CA) 

Item 1 0.872 0.872 1471.34 

Item 2 0.880 0.872 1516.30 

Item 3 0.762 0.872 1510.33 

Item 4 0.758 0.872 1284.94 

Item 5 0.777 0.872 1565.13 

Total Weighted 

Score 
- - 7348.04 

Total Raw Score Calculated previously 10416.00 

Correction Factor 

(CF) 

 

= (Total Weighted Score) / (Total raw Score)  
= 7348.04 / 10416.00 

= 0.705 
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Table 2: Calculation of Cut-off Value in a Quality of Life (QOL) Measurement Instrument with 

(0-5) Scores 

 

Items 

 

Median 

(50th Percentile) 

 

25th Percentile 

Correction 

Factor  

(CF) 

 

(25th Percentile)  

X CF 

Item 1 4 3 0.705 2.12 

Item 2 4 3 0.705 2.12 

Item 3 4 3 0.705 2.12 

Item 4 4 3 0.705 2.12 

Item 5 4 4 0.705 2.82 

 

Score Range  

= (0-25) 

 

Adjusted Cut-off 

Value 

- - - 11.3 

 

Score Range  

= (0-25) 

 

Crude Mid-Value 

- - - 13.0 
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Table 3: Calculation of Weighted Scores in a Quality of Life (QOL) scale with (0-5) Scores for 

a Standardized Population 

 

Items 

Ideal Discrimination 

Index  

(Spearman’s 

Correlation 

Coefficient) 

(DI) 

Ideal Cronbach’s 

alpha 

(CA) 

Standardized Sum 

Total of Individual 

weighted Scores 

=∑(xi X DI X CA) 

Item 1 0.75 0.75 1875.00* 

Item 2 0.75 0.75 1875.00* 

Item 3 0.75 0.75 1875.00* 

Item 4 0.75 0.75 1875.00* 

Item 5 0.75 0.75 1875.00* 

Total Weighted 

Score 

for 1000 

respondents 

- - 9375.00 

Total Raw Score 

for 1000 

respondents 

Calculated Previously  

(Considering mid-value for 1000 respondents) 
12500.00 

Ideal Correction 

Factor (CF) 

 

= (Total Weighted Score) / (Total raw Score)  
= 9375.00 / 12500.00 

= 0.75 

 

 

* Without this calculation also the Ideal Correction Factor can be assumed as 0.75.
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Table 4: Calculation of Cut-off Value in a Quality of Life (QOL) Measurement Instrument with 

(0-5) Scores for a Standardized Population 

 

Items 

 

Median 

(standardized) 

 

 

25th Percentile 

(standardized) 

 

Ideal 

Correction 

Factor  

(CF) 

 

(Standardized 

25th Percentile)  

X CF 

Item 1 2.5 2.45* 0.75 1.84 

Item 2 2.5 2.45* 0.75 1.84 

Item 3 2.5 2.45* 0.75 1.84 

Item 4 2.5 2.45* 0.75 1.84 

Item 5 2.5 2.45* 0.75 1.84 

 

Score Range  

= (0-25) 

 

Adjusted Cut-off 

Value 

- - - 9.2 

 

Score Range  

= (0-25) 

 

Crude Mid-Value 

- - - 13.0 

 

* Considering Type1 (alpha) error as 0.05 

 

 

 


