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Abstract: Background: It is crucial for the faculty in teaching institution to research and publish during COVID pandemic besides, 

teaching and assessing in medical education. It is an opportunity for faculty to conduct questionnaire based research and learn about 

survey based research design and its validation. It has been found that most of the researchers rely on published questionnaire though; 

designing a questionnaire is a good research practice to start with. It may pay off the researchers in many ways in future. Keeping with 

researcher’s incentives of readers and difficulties they may encounter in creating questionnaire-based research and its usability, author 

is obliged to write this paper and share his knowledge and skills with those interested to learn, how to produce validated instruments for 

survey-based research. Objective: To learn how to create a validated questionnaire from design to validation process and its usability in 

research. Method: Emphases on questionnaire-based research in this paper will focus on creation of items in a questionnaire using 

survey design and its validation using a fictitious data. In current questionnaire-based survey research data is collected on a fifteen 

items scale score measured on a Likert scale from 1 to 4, where 1 represents strongly disagree, 2 disagree, 3 agree and 4 strongly agree. 

Paper will discusses the entire steps of validation of questionnaire-based research and its usability in detail. Result: A flow chart 

developed in the process portrays the entire process of creation, validation and usability of questionnaire. A fictitious data created to 

write this paper has generated a number of tables including content validity indices, reliability indices and a number of factor analysis 

matrix. Conclusion: The current paper described how to create a questionnaire based survey-research and its validation in detail, which 

may help readers and new researchers to understand descriptive type of research using survey design, specially explored for faculty 

interested to develop their research skills during COVID-19 pandemic and share their experiences with global community. 
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1. Introduction 
 

In an unprecedented challenging situation of COVID-19 

pandemic that we all are currently facing in delivery of 

education globally, teaching faculty has the additional 

responsibilities of researching and publishing besides, 

teaching and assessing in medical education
1
. Multiple 

subject areas are opened for research in teaching and 

learning and often new researchers are inclined to perform 

questionnaire based research using the inventories borrowed 

from published literature. However, researchers find 

difficulties in establishing suitability of those inventories in 

a changing socio-cultural environment and other associated 

issues. The problem further mounts for researchers when 

those established in literature questionnaires are to be 

modified to determine the variability of the scale inventory 

for a targeted population. Instead of research conducted 

using established questionnaire that often has the issue of 

granting permission from the authors or journal 

administration, a teacher might research to establish his own 

validated survey instruments. Keeping with researcher‟s 

incentives, knowledge and difficulties encountered to create 

questionnaires and conduct research using questionnaires, 

author is obliged to write this paper and share his knowledge 

and skills with global community in learning how to produce 

validated instruments for survey-based research. 

 

 

 

 

2. Method 
 

Validation of a questionnaire created for survey-based 

research involves multiple steps from its inception of 

creative idea to design, development and validation of 

questionnaire. Validation process of a questionnaire is a 

standard procedure (see figure 1) that must be followed 

through in a questionnaire accepted for valid research and 

data collection. This model is used here to describe each 

aspects of validation in a friendly user manner to encourage 

researchers to take this initiative of producing validated 

instrument for research and sharing of knowledge during the 

COVID pandemic. Authors got involved into this situation 

after a number of consultancy sessions with faculty seeking 

review of their research proposals based on published 

questionnaire with a number of issues not realised by 

researchers. This may include authors or journal permission, 

suitability for targeted population, revalidation, analysis 

outcome and interpretation of data obtained from that 

questionnaire-based survey.  

 

In survey based research data is collected using a 

questionnaire with multiple items measured either on a 

dichotomous option of, “Yes or No” or on a Likert scale 

from, “1 to 4”, where 1 represents strongly disagree, 2 

disagree, 3 agree and 4 represents strongly agreed (see 

appendix). The original Likert scale is a set of statements 

(items) offered for a real or hypothetical situation under 

study
2
. Participants surveyed are directed through an 

instruction to indicate their level of agreement (from 
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strongly disagree to strongly agree) with every question 

(items) on a metric scale. The statements (items) in 

combination reveal the specific dimension of the construct 

represented by inter-linked with each other
3
. The issue here 

may arise, how to quantify these subjective preferential 

choices in a validated and reliable manner and that is what 

has been offered by a questionnaire based survey designed 

with a Likert scale
4, 5

. 

 

The process of creating a questionnaire using a Likert scale 

primarily will require validation in terms of content validity 

index (see figure 2) and a factor reduction technique in order 

to identify relevant items in relevant factors (construct) 

called factor analysis or more precisely Principal 

Component Analysis (PCA). This process analyses the data 

for initial extraction and subsequent rotation to identify 

factors with their respective items, which may not be the 

same a researcher might have created. To get started with 

selecting a rotation method one has to start with factor 

analysis procedure for our all the items in questionnaire 

designed, either as one factor or assigned to different factors 

with certain number of items in each factor. Current paper is 

an effort to provide an easy training to those interested in 

questionnaire based survey research. The process of creating 

and validating a newly created questionnaire are described 

as following. 

 

2.1 Questionnaire Design 

 

Let‟s begin with research design for its three basic flavours 

of being exploratory, descriptive and explanatory depending 

on intent of researcher. The difference in three types are:1. 

Where one aims to explore in an area that one knows 

nothing or have little knowledge.2. Where one wants to 

describe further with accuracy about something one already 

knows. 3. Where researcher wants to explain 

causal/predictive relationship among the variables. Under 

these three types of research we may have research design 

called experimental, survey, comparative, case study, 

observational, action research or mixed method research. 

Survey research falls primarily under descriptive research. 

The basic idea in this type research is to use or create a 

standardised instrument to collect data from a large number 

of respondents using interview-based, internet-based or 

questionnaire-based survey. Survey research is used for 

descriptive purposes although implication of this kind of 

research may be causal or predictive however, process of 

research is descriptive in nature. 

 

After accomplishing the literature search relevant to subject 

area, researcher may start writing the items that covers every 

aspect in terms of content of the questionnaire for survey. 

First thing is to think of design of survey questionnaire 

based on the objective. If the objective is to gather the data 

for descriptive analysis, which basically requires to look at 

mean and standard deviation or percentage/proportion for 

data interpretation of items in different constructs depending 

on, whether questionnaire is one or multiple factors survey.  

 

2.2 Questionnaire Validation 

 

1) Data Collection and Cleaning 

After the questionnaire is set and agreed upon among the 

members of research team (see appendix), next step is to run 

a pilot study among the subjects from the same environment 

that a larger survey is aimed at. Pilot study in survey 

research is crucial for the faculty in teaching institution to 

research and publish during COVID pandemic besides, 

teaching and assessing in medical education. Pilot study 

basically explores the clarity, language, connotation and 

understanding issues of each item by the respondent, who 

are also asked to provide comments if any difficulty found 

in response to each item in questionnaire. A follow through 

meeting of research team addresses those issues and fine 

tune the questionnaire ready to administer for validation 

purpose. Once the data is collected using online or hard copy 

response a work sheet is generated on Microsoft Excel 

called the, “Raw Data”. Subsequent steps involved are as 

following. 

 

2) Coding the Raw Data with Numeric Values in Excel: 

As indicated in the Liker scale see what words have been 

assigned to each option from 1-4 (scale used in current 

study)and prepare to assign numeric values to each options 

written in words from strongly agreed to strongly disagreed 

using the steps as shown for recoding items with negative 

connotations, however, positively written questions is a 

better option. For coding the raw data to assign numbers 

following steps are followed through. 

a) Hold the control key and click one column on the top of 

Excel sheet to highlight that column and while 

continuing to press control key, also press command key 

and click all the columns from Q1 -Q15. 

b) Next press the central key and press letter “K” on key 

board, representing find and replace option. 

c) In the table find the option of, “Find” and write the word 

exactly it is written in the Liker scale options of strongly 

agree to strongly disagree and press option of replace 

below. 

d) This opens up option of replace with. Now enter the 

number you want to code and then click replace all and 

this will show all the cells changed to their numeric 

number as commanded and now press ok. This will show 

a popped up box indicating number of cells changed 

from text to their respective numeric numbers. Now 

repeat the same procedure for text in Likert scale until 

the entire raw data is changed to numbers. 

 

3) Recoding the Raw Data with Negative Connotation in 

Excel: 

Read through each items and identify items written with 

positive and negative connotation by denoting positively 

written with (N) and negatively written with (R). Now 

change those to a reverse order in Likert scale using the 

following steps. 

a) Hold the control key and click one column at the top to 

highlight that column and while continuing to press 

control key, also press command key and click all those 

questions negatively connotated. 

b) Next press the central key and press letter “K” on key 

board, representing find and replace option. 

c) In the table find the option of find and there enter the 

word from exactly it is written in the Liker scale and 

press option replace below. 
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d) This opens up option of replace with. Here enter the 

number you want to be reversed coded then click replace 

all and this will show a popped up box indicating exactly 

the number of cells changed as commanded and now 

press ok. This will assign reverse coding to all the items 

as asked. 

 

4) Cleaning the Data of Unengaged Respondents in 

Excel: 

Cleaning the data from those respondents, who took the 

survey very casually are actually those uncommitted or 

unengaged respondents and should be removed from the 

data. Steps to identify unengaged respondents are as 

followed. 

a) Choose a new column and give it a header of standard 

deviation (SD). 

b) Select the cell below and type, = on key board and then 

type, “STD” and from the drop down menu select 

STDEV.S to open the parenthesis and highlight the 1
st
 

respondent entire row (all the items) and click enter. 

c) Now fill in the rest of the cells in column (SD) by 

dragging the 1
st
 cell down and look for standard 

deviation values with variations from one respondent to 

another respondent. Check out cells with 0 values and 

remove them from the data since these are the respondent 

who choose one option and filled out all the items with 

that option without applying their thoughts to logically 

decide, which applies the best. 

 

5) Cleaning the Data for Missing Value in SPSS: 

Reaching this stage in Microsoft Excel, it is time to transfer 

the data to SPPS to identify the missing value, which is a 

little difficult exercise in Excel to perform however; it is an 

easy process to do in SPSS. But before explaining how to 

find missing value in the data it will be better to describe 

steps to import the data file from Excel to SPSS. Collecting 

data initially in Excel is handier since it can directly 

download from online survey or can be typed down from the 

hard copy paper response by the participants. Subsequently 

it will be transferred from Excel to SPSS using the following 

steps. 

a) Identify the location of Excel file from where it will be 

imported to SPSS. Prepare the Excel worksheet for 

import to SPSS by ensuring the rows contains the 

variables and column contains the subject. Also look for 

data not suitable for SPSS and remove them from the 

Excel sheet. Be informed that SPSS accepts number not 

text and therefore coding of Liker scale in Excel to 

numeric values using the method described above is done 

earlier. 

b) In SPSS open file and go to, New and clickData. This 

opens a new SPSS data sheet. 

c) Now in new SPSS data sheet go to file and from the 

dropdown menu go to import file (in new SPSS 

version)or open data (in old SPSS version) and click 

open file location as identified from source file of one‟s 

computer. 

d) Having identified the Excel file highlight the file source 

and click open. This will open worksheet location option 

to choose and one may choose sheet 1 by default. Here 

check off the read variable names and percentage value 

at 95 and click open. 

e) Excel file promptly will be imported to SPSS worksheet 

for further work to do the data cleaning, normality of 

data distribution, frequency output and the most wanted 

reliability indices as Cronbatch‟s alpha and correlation 

coefficient either Pearson‟s or Spearman‟s correlation 

coefficient depending on normality test of distribution 

whether met with or not respectively. 

 

6) Identifying Missing Values in SPSS: 

Step 1: Go to transform in menu bar and click recode into 

same variable. 

Step 2: Transfer all the variables (items) into numeric 

variable box and click old and new variables box below. 

Step 3: In old value box check off system missing 

Step 4: In new value box enter the missing value (any 

number unlikely to be a data set value such as 999 and check 

off add, click continue and then ok. 

Step 5: Go to missing column in variable view and hit the 

three dots to open the missing value drop box and check off 

discrete missing value and click ok. 

Step 6: To allow same missing values to all the responses 

click missing value and copy it. Next highlight all the 

variables below and paste. 

 

7) Looking for Normality of Data Distribution in SPSS 

Before we embark on SPSS statistical test it is a good idea to 

go for and check the distribution of normality since this will 

be required as an important assumption to meet with as 

required for almost all the SPSS statistical methods (see 

figure 3). There will be many other assumptions associated 

with individual statistical test and those are discussed all 

along the test as we proceed in this write up. Following is 

the steps to perform normality of distribution test in SPSS. 

Step 1: Click Analyse in SPSS drop down menu and go to 

descriptive statistics and click explore and this will open 

explore dialogue box. 

Step 2: In explore dialogue box move the variable to be 

tested into the dependent list in explore dialogue box and if 

you have independent variable move it into factor box 

(optional). 

Step 3: On the right side of dialogue box click statistics and 

leave confidence interval for mean at 95% by default and 

click continue. 

Step 4: Click on plot to open explore plots dialogue box and 

here check off normality plot with tests and histogram. Now 

click continue followed by ok. Output table generated will 

be, test of normality showing Kolmogorov Smirnov and 

Shapiro-Wilk with significance value suggesting to accept or 

reject the null hypothesis for data being normally distributed 

depending on significant (<.05) or unsignificant (>.05) p 

value. 

Step 5: For visual impact same can be observed for 

histogram (see figure 3) and QQ plot (data points with equal 

number above and below the line. There is another ways to 

establish the normality of distribution and that is to divide 

skewness/kurtosis statistics value by standard error value in 

descriptive table. A resulting value within -1.96 and +1.96 

suggest data is normally distributed. For outlier do check the 

box plot and anything without an asterisk is considered ok. 

 

8) Validity of Questionnaire 

For validity of Likert scale questionnaire-base survey 

content validity index (CVI) seeks expert‟s opinion for 
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basically relevancy of items to the subject area content and 

the specific construct created by the research team. CVI 

generates multiple indices including I-CVI (Individual-CVI) 

S-CVI (Scale CVI) with its further two indices called S-

CVI/Ave (Scale CVI Average) and S-CVI/UA (Scale-CVI 

Universal Average (see figure 2) 

 

Content Validity Index (CVI): 

To measure the validity of a scale first thing is to define the 

construct and develop the items to measure the construct 

determined as the content validity. Content validity index is 

the degree to which an instrument has appropriate sample 

items for the construct being measured
6
. It determines, 

whether or not items sampled for inclusion on the tool 

adequately represent the domain of content addressed by the 

instrument
7 

Content validity index is evaluated through 

individual (I-CVI) and scale related (S-CVI) after collection 

of experts response on excel format (see figure 2). 

Following measure in a systemic order is carried out as 

under. 

 

I-CVI (Individual CVI) 

I-CVI measure the efficacy of item as the proportion of 

experts giving an item a relevance rating of 3 or 4 in a 4-

point Liker scale determined as the total agreement on item 

divided by the total number of experts (see table 1).  

 

S-CVI (Sample CVI) 
S-CVI measure the efficacy of the scale in toto as the 

content validity of overall sample determined by an average 

of I-CVI and this can further be divided into two (see figure 

2) 

a) S-CVI/Ave (Average):  
Average of the I-CVI for all items on the scale in a 

construct as one of the components of a questionnaire. 

b) S-CVI/UA (Universal Average):  
Proportion of items on a scale that achieves a relevance 

rating of 3 or 4 by all the experts in a 4-points Likert 

scale. It‟s a conservative approach and is a very useful 

index. 

 

Guidelines for Content Validity Index (CVI) Measure: 
Most important informative procedure is to compute S-CVI 

for both of its types, S-CVI/Ave and S-CVI/UA. Excellent 

content validity is judged for I-CVI that meets the Lynn‟s 

(1986) criteria as following. There are no specific cut-off 

values established for CVI acceptable criteria however, 

Lynn‟s criteria provide a practical guideline to make logical 

decision as under. 

 

Lynn’s Criteria: 
Excellent I-CVI with 3-5 experts = 1.00 

Excellent I-CVI with 6-10 experts = 0.78 and above 

Acceptable S-CVI with 6-10 experts = 0.90 and above 

 

If Lynn‟s criteria are not met it indicates construct not 

adequately covered in the initial round of experts meeting 

and a second pool of experts‟ judgment becomes necessary 

 

Steps to Calculate CVI: 

A template for relevancy is prepared and sends out to 

selected experts with rubric (see figure 2). Ideally 10 or 

more experts should be selected for structure feedback using 

a template. However, 5-10 experts may be a good range to 

move on. For clarity simplicity of questionnaire items 

another template using dichotomous rubric of yes and no 

may suffice. Here more complex calculation of relevancy of 

items for I-CVI, S-CVI/Ave and S-CVI/UA will be 

described using the following steps. 

1) First thing is to determine the number of agreement 

among the experts submitted as a documented form. At 

least 5-6 experts should be involved however, 10 experts 

would be ideal. Experts are provided with in-depth 

description of the construct to refer to and to make a 

logical decision on each item. This is calculated using 

following function in Excel. In case of a 4-point Likert 

scale a proportionate agreement will be 3 and 4 and in 

case of 5-point Likert scale it will be 4 and 5. Following 

function in Excel will determine the item number of 

agreement by typing. 

=count if (range of all experts rating, “>=3”) and 

presenter. A numeric number will indicate the number of 

agreement among the expert on that items. Scrolling 

down from this number will fill in the remaining items 

cells on Excel sheet. 

2) To calculate I-CVI the formula is, =number of 

agreement/number of ratters. 

3) To calculate the S-CVI/Ave the formula is, = Average I-

CVI range of all the items. 

4) To calculate the S-CVI/UA, first we need to determine 

the total agreement among the expert from the list of 

agreement (using the example of 6 experts (see table 1) 

using the following function. 

=Count if (range of agreement, “>=6). The number 

achieved using this formula is divided by the number of 

ratters (Number of total agreement/ Number of total 

ratters) 

 

This way we can determine the relevancy of items to its 

construct based on experts‟ opinion in terms of, I-CVI, 2. S-

CVI/Ave and S-CVI/UA. 

 

Clarity or simplicity of items can use yes or no criteria and 

will be sorted out addressing the comments associated with 

each items. 

 

9) Reliability of Questionnaire 

 

a) Cronbach’s alpha: 

Reliability is the extent to which a measurement is 

consistent if the test is repeated however, consistency to 

know about items in questionnaire is about the score across 

the items in the construct.Cronbac‟s Alpha is more 

appropriate for nominal interval data and it evaluate the 

extent to which different items on questionnaire measure the 

same ability or trait (see table 2). If items do not measure the 

same characteristics of a construct in a questionnaire, which 

may not be consistent internally. The coefficient of 

reliability with Cronbach‟s alpha is 0-1, negative value is 

theoretically not possible therefore, reported 0. 

 

b) Reliability: Item-total correlation: 

It refers to positive and strong relationship of items to item 

and items to total score of all items in a test (see table 3) and 

can be interpreted as: 
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 Pearson’s correlation coefficient (r)/Spearman’s 

Correlation Coefficient (rho) 

It is the correlation between item-to-item ranges from -1 

to 1 and greater the number effective the item. Pearson‟s 

versus Spearman„s Correlation Coefficient is decided 

depending on the normality of assumption achieved or 

not (see figure 3, table 4). If normality of distribution 

assumption is met with Pearson‟s correlation else, 

Spearman‟s correlation test is carried out. 

 Corrected item-total correlation  
It is the correlation between each item and a scale overall 

score that excludes that item, ranges -1 to +1 and greater 

the number effective the item. 

 Cronbach’s Alpha if item deleted 
It is the value of overall alpha if the item is not included 

in the calculation and the value should be around the 

overall alpha (see table 2).  

 

Steps to Perform Cronbach’s alpha in SPSS: 

Step 1: In drop down menu in SPSS on the top click 

Analyse, then scale and the Reliability Analysis. 

Step 2: Transfer variables (items) q1, q2, q3.....qi and leave 

the model set as Alpha 

Step 3: In the dialogue box click statistics. 

Step 4: In the box description, select item, scale and scale if 

item deleted. In the interitem box, select correlation 

Step 5: Click continue and then ok to generate the output. 

 

To interpret the output, one can follow the rule of George 

and Mallery (2003) 
No Coefficient Alpha Interpretation (Remarks) 

1 >.9 Excellent 

2 >.8 Good 

 >.7 Acceptable 

3 >.6 Questionable 

4 >.5 Poor 

5 <.5 Unacceptable 

 

Steps to Perform Correlation Coefficient in SPSS: 

Step 1: On the top of SPSS click Analyse and go to 

correlate and click bivariate. 

Step 2: Move the variables to be tested for correlation to 

variable box on the right 

Step 3: Check off Pearson or Spearman under the 

correlation coefficient and click ok. Correlation coefficients 

output table will generate for interpretation. A coefficient of 

.3 and more is considered good correlation between the two 

variable however, any value more than .8 indicate 

redundancy or multicollinearity and one of the two variables 

associated with very high correlation should be removed 

from the items list.  

 

10) Factor Analysis of Questionnaire: 

Factor analysis tells about how the items can be divided off 

through factor loading to determine different construct 

initially thought by the expert. There are two main 

approaches to factor analysis based on intent of a researcher, 

exploratory or confirmatory. Exploratory factor analysis 

intent to measure the dimensionality and often used in the 

early stages of research to establish the interrelationships 

among a set of items (variables) in a questionnaire
8
. 

Whereas, the confirmatory factor analysis is a set of 

techniques applied to test specific hypotheses or theories 

concerning the structure underlying a set of variables
9, 10 

Factor analysis can be principal component analysis (PCA) 

or standard factor analysis (SFA). In PCA we work with 

original variables to produce to smaller set of variable with 

stronger linear correlation and this provides a practical 

model. In SFA we use a mathematical model of shared 

variance versus total variance and it provides a theoretical 

model. The two can be summarised in a way that if we are 

interested to develop a theory or looking for a theoretical 

solution and want it to be uncontaminated with variables, 

factor analysis is the best. If we are interested in real world 

scenario with empirical summary then principal component 

analysis is the right choice. In PCA outcome are interrelated 

factors called components and in factor analysis outcomes 

are truly factor as independent variables.  

 

Factory analysis is based on the assumption that all variables 

(items) correlate to each other to some extent. Depending on 

research design variables should be measured at descriptive 

or inferential level of statistical test. The sample size for 

factor analysis is supposed to be big enough, over 200 but an 

acceptable range between the subjects and items should be 

in 10:1ratio
11

Factor analysis as a principle require big data 

and using smaller sample size results cannot be generalized. 

A big sample over 200 are basically required however, in 

terms of subjects and items ratio, 5:1 subjects/items are 

acceptable. In factor analysis it is important to know what 

we are measuring and how we are measuring. For how we 

are measuring there has to be in -depth criteria. In factor 

analysis criteria is provided by, how we explain the 

variances. There are three measures to determine our 

efficiency in factor analysis. 

 

a) Kaiser‟s criteria, which uses eigen value and an eigen 

value of 1.0 is ideal which determines the amount of total 

variance explained by the tractor. 

b) Scree test, which is the graphic representation of eigen 

value, shown in the shape of a curve that changes 

direction and becomes horizontal. 

c) Parallel analysis, which is a quality control check and it 

compares the size of eigen value collected from our data 

with another randomly generated data with eigen value 

of same size. SPSS do not provide option for 

comparative analysis and can be downloaded as an 

application (Monte Carlo PCA for parallel analysis) on 

Microsoft Windows. 

 

11) Steps to Perform Factor Analysis: 

To start Factor analysis go to analyse in SPSS bar list and 

next go to dimension reduction and strike factor to open the 

dialogue. First move all the items intended for rotation into 

variable box. In order to perform rotation and define factors 

that we are interested in, we have to look at the other options 

in factor analysis first. 

a) Under descriptive leave the initial solution checked off 

by default in statistics section. In correlation section we 

check off coefficient, determinant and KMO with 

Bartlett‟s test of sphericity in correlation matrix. 

b) Under extraction we select Principles Component 

analysis (PCA) and check off Scree plot in extraction 

section. In analyse section correlation matrix and in 

display section unrotated factor solution are left checked 

off by default. 
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c) Under the score no option changes are made if we are not 

interested in saving the output table. 

d) Under the choice of option we check off sorted by size in 

coefficient display format. This is an important step to 

know which item is loaded to which factor. In missing 

values exclude cases listwise is left checked off by 

default. 

e) Lastly take a look on rotation and in rotation method 

select one of two options of Direct Oblimin in oblique 

rotation choice or Varimax in orthogonal rotation choice 

depending on whether data has the items correlated or 

uncorrelated. Uncorrelated method is easy to report as 

items are independent and easy to interpret. 

 

12) Output Table in Factor Analysis 

A researcher may start with larger number of items and 

using item analysis can reduce to lesser number in refining 

the questionnaire through dimension reduction technique of 

factor analysis so that the constructions become more 

meaningful. Once we click ok after every option and method 

in factor analysis is rightly checked off, it generates the 

output table and the first table to read is the correlation 

matrix.  

 

In PCA items should have a correlation of 0.3 and above. 

Below 0.3 factor analysis may not be valid and another way 

to look at it is the determinant value, which has to be greater 

than 0.0001. At determinant value of less than 0.0001 items 

are considered not correlated. Another area of concern in 

correlation is when the items are highly correlated called 

multicollinearity and a cut off point for multicollinearity is a 

correlation value of more than 0.8 in a questionnaire based 

survey. In case of multicollinearity one of the items should 

be removed from the questionnaire. Another way to 

reconfirm low correlation items as measure of sample 

adequacy in factor analysis is to look at the Anti-image 

matrices. Here one looks at all the diagonal values (see 

table5) and a high diagonal value indicate that item can still 

be retained in questionnaire to continue with further steps in 

PCA. In current example items 3 and 6 have been observed 

to have very low correlation (light yellow colour in table 5) 

but their Anti-imagine value (dark yellow colour in table 5) 

have been quite high and can be retained in questionnaire. 

 

More reliable way to look at the inter-item correlation is the 

KMO and Bartlett‟s test table (see table 4). A KMO value of 

>0.5 is acceptable for questionnaire to be factored. Similarly 

in Bartlett‟s test of sphericity we want a significant value of 

p = <0.001. The other assumption of data fitness for factor 

analysis is to look at the descriptive table generated with 

values of skewness kurtosis and dividing these values by 

standard error values. If result yields a score that fall within 

the range of -1.96 to +1.96, data is considered normally 

distributed to meet the assumption (see table 5). A 

communality table generated next gives the initial value of 1 

to all the variables followed by value extracted and shared 

by each variable (item) as the index of communality (see 

table 5). After identifying data fitness using KMO and 

Bartlett‟s test of sphericity and normality of distribution 

measured through skewness and kurtosis in descriptive 

statistics next is the first extraction output of communalities. 

In factor analysis initial extraction in communalities table is 

established as 1 and the extracted value of each item against 

1 correspond to R
2
 and it determines, how much an item 

shares with rest of items to be important in factor analysis 

(see table6) 

 

In extraction section of output table, Screeplot graphically 

tells us the number of factors extracted and some of those 

underlying potential factors (see figure 4). Same output is 

elaborated by total variance explained table in terms of 

factors explained (see table 7). Higher the number better it 

is. 

 

Next is the output table is the component matrix both, 

unrotated and rotated. Other tables generated in this section 

may be pattern matrix and structure matrix. Pattern matrix 

are not much different from the component matrix however, 

structured matrix is more about correlation of factor among 

each other. 

 

Once the number of components are determined it is time to 

interpret them and do that components are rotated 

determined by loading pattern in component matrix(see table 

8) which tells us about variables clumped together in 

components or the factors referring to specific constructs 

named by the researchers (see table 9, before and after 

rotation). Factor analysis or the principle component 

analysis is all about rotation to achieve different factors or 

components and therefore a better understanding of rotation 

procedure is imperative to make sense of PCA. 

 

13) Understanding Rotation Method in Factor Analysis: 

The process of defining factors in the statistics is referred to 

rotation. Rotation in factor analysis is a mathematical 

procedure that rotates the factor axis in order to produce 

results that facilitates interpretation. Using rotation loading 

pattern becomes clear and easy and a more pronounced. In 

factor analysis rotation is associated with score scale and 

attempt is to reduce multiple items into clearly defined 

factors and this is accomplished through factor analysis. 

Following are the important steps in rotation methods in 

PCA. 

a) Here we have several methods classified into orthogonal 

and oblique rotation. In orthogonal we have Quartimax, 

Varimax and Equamax. These options are used when we 

expect factors to be correlated and this can be checked by 

getting started with Direct Oblimin output correlation 

matrix (see table 4) and if a correlation of less than 0.32 

is achieved we use one of those three, preferably the 

Varimax method. Other option is oblique method and it 

includes Direct Oblimin and Promax and we use these 

when factors are correlated. Using this process we define 

what rotation method has to be employed.  

b) The whole purpose of a rotation is to create a simple 

structure, which helps in interpretation, which make 

sense of factor loading. However, the factor analysis will 

identify the factors with certain number of items in it but 

will not determine what construct it measure as this is 

beyond the pre-review of the factor analysis. The suitable 

names to factors are given by the researchers based on 

name reflecting the items under its fold (see table 9). 

c) Next we select the rotation method knowing that first 

three methods are applied when factors are uncorrelated 

and last two methods are applied when factors ae 
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correlated and shows a correlation coefficient of more 

than .32.  

d) To start, which orthogonal or oblique method to select, 

we first use Direct Oblimin method in oblique rotation 

assuming the factors are correlated. So we check off the 

direct Oblimin method and in display box we check off 

rotated solution and keep the maximum iteration up to 25 

then click continue and press okay.  

e) Using a Direct Oblimin method we directly move down 

to last component of correlation matrixin output table 

and look for correlation between factors whether greater 

or less than .32 analysed data (see table 4). Ignoring the 

diagonal values, which as a rule is always 1, we focus on 

values greater than .32 and having found one oblique 

method is continued. However for all practical purpose 

we may select one of three orthogonal methods, most 

commonly the Varimax leaving all the setting as it is and 

click continue and ok. 

f) In output table, we move down to rotation component 

matrix and look for the simple structure. By definition a, 

“simple structure” is an item that has a significant 

loading and as many as zero loading as possible. A zero 

loading is defined as a factor loading which is greater 

than negative 0.1 and less than 0.1. There are many 

definitions of significant loading but a most practical 

definition of a significant loading is that a factor with 

factor loading of 0.3 (see table 7).However, some 

researchers may take significant loading value of 0.4 or 

0.45. 

g) Now having defined simple structure that has a 

significant loading and as many zero loading as possible 

besides, there may be many other values as well. A 

complex variables is defined as one with factor loading 

of 0.3 on two or more factors (see table 8). 

 

Keeping the definitions of simple structure and complex 

variable, we interpret the factor analysis result and 

ultimately fine tune the questionnaire ready for research. 

 

14) Questionnaire Factors Utility 

It is also part of developing questionnaire to know how to 

use and analyse factors obtained from PCA. It depends on 

the objective of factor analysis and this can be univariate or 

multivariate. In univariate objective is to determine factors 

related to a construct. Univariate factor analysis does not 

mean that factor extracted is only one, rather it is about the 

factor not interested to establish relationship to other 

variables otherwise it will become a multivariate analysis. 

The objectives of univariate factor analysis therefore are,  

 

a) To determine the factors representing a specific construct 

in a questionnaire. This usually will have the data 

collected on a Leikert scale and this may refer to three 

likely situation in exploratory factor analysis (EFA) or 

confirmatory factor analysis (CFA) as under,  

 Studies that do not find literature evidences or a theory 

available to explain and this becomes an explanatory 

factor analysis that seeks expert opinion. 

 The study that requires using a questionnaire from 

literature and factoring analysis is performed to know 

the social-cultural variation and adjustment of such 

questionnaire prior to performing PCA. This is 

important since that questionnaire may or may not be 

suitable for certain targeted for population in a 

confirmatory factor analysis. 

 Studies in which a questionnaire borrowed from the 

literature is modified for its content (items) to 

determine the variability of the scale inventory for a 

targeted population. Chi-squared test will be a good 

statistics to achieve the objective. 

b) To determine the level of satisfaction obtained from the 

factor analysis either on awareness or perceptions of 

respondent. Here EFA/CFS produces factors based on 

correlation or variances explained in terms of percentage 

of factors. The mean score gives the level of each factor 

in terms of satisfaction, awareness or perception. 

c) To perform bivariate or multivariate analysis on 

dependent variable established in factor analysis. This 

will determine the factors obtained as dependent variable 

if it differs on the basis of gender or ethnicity as 

independent variables requiring a bivariate or 

multivariate analysis. The statistical test involved can be 

independent t-test and ANOVA depending on the 

number of independent variable irrespective of the 

factors are obtained from the EFA or CFA. 

d) To perform predictive analysis using a model for 

dependent factors. Here the factors obtained will be 

independent and dependent variable. However, this will 

require a questionnaire design structured with defined 

construct ideally demarcated into one dependent variable. 

Factors obtained can be EFA or CFA. Here the statistical 

methods used will be regression model. 

 

15) Result and Exercise to Perform: 

A flow chart developed for validation portrays the entire 

process of creation, validation and usability of questionnaire. 

A fictitious data created to write this paper has a number of 

table generated on analysis in Excel and SPSS as Content 

Validity Index (CVI), Reliability Indices (Cronbach‟s alpha 

and Correlation Coefficient) and a number of Factor 

Analysis tables (see figure 1-4 and tables 1-8). 

 

3. Analysing the Data for Interpretation: 
 

The fictitious data has been created and Microsoft Excel 

data sheet developed as the raw data and is used for analysis 

and interpretation based on the objective of study, which is 

the validation of newly designed questionnaire based survey 

using 4-point Likert scale. Excel function used will 

determine the percentage weighting of each item on a scale 

from strongly agreed to strongly disagreed. However, based 

on objective and the hypothesis a questionnaire can be 

designed and developed with the intent to compare mean, 

perform linear regression and predictive statistics using t-

test, ANOVA and regression methods. ANOVA can further 

be used beyond one-way ANOVA to multifactorial ANOVA 

and ANCOVA depending on research design developed to 

have dependent and independent variables and cofactors. 

 

Here we consider analysis and interpretation of a 

questionnaire developed to measure the entrepreneurship 

abilities of participants after attending a training programme. 

This will use Microsoft Excel raw data worksheet either 

directly downloaded from the online survey or manually 

developed worksheet from the paper based survey. The 

analysis will use Excel functions (formula) for calculation 
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and few steps to tabulate the data on another worksheet and 

to create chart in a graphic manner (see table 10 and figure 

5). Following are the steps to analyse percentage value of 

Likert scale for its validity and reliability. The steps also 

include how to develop graph for its eye ball rolling 

evaluation of result. However, since the advent of Likert 

scale in 1932, there have been debates among the users 

about its best possible usability in term of reliability and 

validity of number of points on the scale
12, 13

. 

 

Step 1: Calculate the number of subjects or respondents 

using the following Excel function. 

1) Select a cell and type Count: In the next cell in same row 

type =Counta (scroll the entire range in respective 

column as question) press enter. This will yield total 

number of responses. 

2) Below the cell 1 above type, Count not responded: Type 

= Countblank (scroll the entire column range) and press 

enter. 

3) Next to cell 2 below type Total count: Type = Sum (click 

1 + click 2 outcome) 

 

Step 2: For this step select cells and type Strongly agree, 

Agree, Disagree and Strongly disagree in a column below 

the total in above step and use following step for each 

criteria in Likert scale from Strongly agree to Strongly 

disagree. 

1) In the cell below the Total type Strongly agree followed 

by Agree, Disagree and Strongly disagree one after 

another. 

2) Start calculating from first criteria of Strongly agree: 

Type = Countif (scroll the entire column range using 

constant ($), “Strongly agree”) and enter. This will give 

the numeric number of responses as strongly agree. 

3) Drag the cell to fill in the rest of three criteria in cells 

below and later drag these 4 cells to fill in all the cells in 

four rows to get the numeric numbers for each question 

and each option (criteria. 

4) Now to convert the entire data produced in decimals, 

click percentage (%) option in the menu bar on top to 

give percentage weighting of responses for all 4 options 

in the Likert scale. 

 

Step 3: Now it is time to tabulate the data in a new 

worksheet to develop percentage weighting of each option in 

each question in their respective construct. Following are the 

steps to create new table. 

1) Highlight the entire 4 rows in the worksheet and select a 

cell in new worksheet and click paste to select paste 

special followed by values and transformation and this 

will show a table with all the data. Selecting another cell 

before the data table and type question or item and below 

that enter Q1-Q5 (in current example) in each construct. 

2) Now the table is ready for developing the graph by 

clicking insert on top menu bar and next choose bar chart 

showing option of 2-dimension and click to get the data 

in a graphic manner. Use edit option to type construct 

name on the top of the graph and readjust the font size as 

per the requirement. 

 

 

 

 

4. Conclusion 
 

Current paper described, how to create a questionnaire based 

survey-research and its validation in detail, which may help 

readers and new researchers to understand descriptive type 

of research using a survey design. It may help faculty 

interested to develop their research skills in questionnaire-

based survey research specially during the COVID-19 

pandemic to implement their innovative ideas with a 

concrete research outcome and sharing of experiences with 

global community. Multiple subject areas like perception of 

online teaching and its challenges, technology in teaching 

and learning, open-book exam, clinical education, 

assessment of competency, emergency remote learning and 

assessment and stresses of learning during COVID-19 

pandemic and many more challenging situation encountered 

during COVID pandemic can be researched using newly 

created and validated questionnaires. 
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Exercises Using Microsoft Excel and SPSS: 

Please refer to steps, how to perform each method provided 

in the text along the appropriate site in method section and 

match it with appropriate table and figure for better 

understanding and follow through to do the take home 

exercises (task) as following.  

 

Exercise 1: Create a fictitious data of 30 participants and 10 

variables (questions/items) on a questionnaire based survey 

on a Likert scale of Strongly disagree = 1 to Strongly agree 

= 4 

 

Exercise 2: Convert the text data to numeric numbers using 

recoding method and clean the data of unengaged 

participants using standard deviation statistics and 

subsequently transfer the file to SPSS worksheet  

 

Exercise 3: On SPSS, identify the missing values and 

determine the normality of distribution and also perform the 

reliability test of Cronbach‟s alpha, Pearson and Spearman‟s 

coefficient. 

 

Exercise 4: On SPSS worksheet perform the factor analysis 

choosing the right options of statistics, extraction and 

rotation and determine the factors extracted and number of 

variable assigned to those factors. 

 

Exercise 5: On Microsoft Excel analyse and interpret the 

data using percentage weighting of Likert scale options for 

each variables (items) and develop the 2-dimension graphic 

representation. 

 

 

 
Figure 1: Flow chart of validation process from design to its usability in research involving reliability, validity and factor 

analysis 
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Figure 2: CVI classification (Polit and Beck, 2006) and ratting form provided for experts‟ opinion with description of 

construct 

 

Table 1: Calculation of Content Validity Index as I-CVI, S-CVI/Ave and S-CVI/UA based on expert rating of items 
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Table 2: Reliability coefficient as Cronbach‟s alpha and Cronbach‟s alpha if item deleted of each item in cluster 

 
 

Table 3: Correlation Coefficient as Pearson‟s or Spearman‟s depending on normality of distribution in this case is 

Spearman‟s Correlation Coefficient since normality of data distribution was not achieved 
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Figure 3: Test of normality using Shapiro-Wilk test assuming null hypothesis rejected here and the bar graph items mean 

score of three components (constructs) 

 

Table 4: Component Correlation Matrix and KMO and Bartlett‟s test for qualifying the assumptions of factor analysis for 

intercorrelation component and data adequacy 

 
 

Table 5: Correlation matrices with Anti-image Covariance and Anti-image Correlation between the items to determine the 

measure of sampling adequacy in PCA 
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Table 6: Descriptive statistics for normality of distribution checked skewness divided by standard error and looking for 

values within the range of -1.96 to +1.96 and the Communalities as initial and extracted values using Principle Component 

Analysis 

 
 

 
Figure 4: Scree Plot keeping with Eigen value of 1 indicates 4 components extracted of questionnaire designed with 3 

constructs initially 

 

Table 7: Total variance explained as Eigen value, initial extracted sum square and rotated sum square loading. 
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Table 8: Component and rotation matrix with extraction method of principal component analysis using Varimax in 

Orthogonal rotation 

 
 

Table 9: Questionnaire initially created with 3 constructs readjusted after component extraction and rotation matrix 

suggesting 4 components (construct) with reshuffling of items 
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Table 10: Interpretation of result of Likert scale data analysis collected for validation of questionnaire Excel. 

 
 

 
Figure 5: Result of Likert scale data analysis collected for validation of questionnaire using Microsoft Excel in a graphic 

manner 
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Appendix: Initially developed 15 items Questionnaire clustered into 3 constructs (components/factors) on a 

5-point Likert scale from strongly agreed to strongly disagreed. 
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