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ABSTRACT

A simple method using the descriptive statistics involving mean and standard deviation can be applied
in questionnaire surveys. By focusing on the reliability and validity assessment, items should have
roughly equivalent means and standard deviations within a Likert scale with the rule of thumb of
2:1 (ratio of the maximum standard deviation to the minimum standard deviation). A comprehensive
study on the reliability and validity of the questionnaire to assess computer and internet usages is
presented to illustrate how to perform a simple evaluation of the item-level descriptive statistics (mean,
standard deviation and frequencies), the multitrait/multi-item correlation matrix (Pearson correlation
and Biserial correlation) and reliability coefficients and inter-scale correlations (Cronbrach’s alpha
and Hoyt’s method). This method is thus applicable in any research that employs a questionnaire.
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INTRODUCTION

Simple descriptive statistics involving mean and variance can be used for construct validation in a
questionnaire. Item mean and item standard deviation were applied to test whether the items in each
hypothesized grouping contain approximately the same proportion of information about the construct
being measured. It is also used to examine whether the items have roughly equal standard deviations,
such that they contribute equally to the total scale score. In other words, items should have roughly
equivalent means and standard deviations within a Likert scale, respectively. Likert scale is a subjective
scoring system that allows respondents to quantify how much they agree with the point of view in the
item, i.e. 1 represents never, 2 represents seldom and 3 represents often (Trochim & Donnelly, 2007).
A-rule of thumb is that the ratio of the maximum standard deviation to the minimum standard deviation
should be about 2:1 (Julious, 2005). The bundling of items within scales and scales within measures
goes wrong when some items are not correctly bundled. This method is very simply but yet it is not
commonly use by mathematicians, researchers and teachers. Therefore, the objective of this paper is
to discuss the application of mean and standard deviation in the research that uses questionnaire by
focusing on the reliability and validity assessment.

Variables must be measured before they can be related to one another in a questionnaire. For
statements of relationship to have any meaning, each measurement must, in some sense, validly
measure what it is supposed to measure. In other words, items should tend to measure something in
common when they are grouped into a same scale in the questionnaire. This is assessed by the item-
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scale correlations. The items scores are then summed to estimate a scale score. A Pearson product-
moment correlation coefficient is used to describe this type of relationship (Brown & Benedetti,
1977; Snedecor & Cochran, 1989). On the other hand, a point biserial correlation coefficient is used
when the association between an item with dichotomous score and scale with continuous score is
measured; or when strength of the relationship between a single item and the hypothesized scale that
includes the item is measured (Armitage & Colton, 2005).

Internal consistency is the extent to which items within a scale are correlated with each other
in a questionnaire (Brazier, Harper, Jones, O’Cathain, Thomas, Usherwood & Westlake, 1992). In
reliability analysis, the Cronbach’s alpha is a widely used method based on correlations between
items, and reliability coefficients for each scale calculated by a 2-way analysis of variance (ANOVA).
In fact, it is based on the average correlation of items within a test if the items are standardized and
based on the average covariance among the items if the items are not standardized (Cronbach, 1951).
Besides Cronbach’s alpha coefficient, the Hoyt’s method is used for items with dichotomous score.
The rest of the paper is organized as follows. In the second section, the item-level descriptive statistics
are discussed. The multitrait/multi-item correlation matrix is described in the third section while the
fourth section discusses the reliability coefficients and inter-scale correlations. An illustrative example
is presented in Section Five by using data consisting of information about the extent of computer
and internet usage of the citizens of Penang, Malaysia in 2006. The conclusion of our study is in the
final section.

ITEM-LEVEL DESCRIPTIVE STATISTICS

Essentially, simple item-level descriptive statistics can be used for construct validation in a
questionnaire. The good rule of thumb to follow is that the items should have roughly equivalent
means within a Likert scale. Other than examining the item means, item standard deviations also are
examined. The rule of thumb is the maximum standard deviation to minimum standard deviation
should be about 2:1 (Julious, 2005). If the item does not fulfill the rule, the item needs to be
standardized so that it does not differ greatly within a scale.

This discrepancy can also occur when items do not have roughly symmetrical distribution for
all of the response choice and it still might be desirable to include the item in the scale for purposes
of content validity. In such cases, the item can be weighted by using factor analysis (Ware, Kosinski
& Keller, 1994). In addition to examining item means and standard deviations, the response value
frequencies of individual items is assessed to determine if all of the items are chosen or not, and
whether the items are symmetrically distributed in the hypothesized scale.

MULTITRAIT/MULTI-ITEM CORRELATION MATRIX

The multitrait/multi-item correlation matrix is used to examine the relationship of each item to
its hypothesized scale, as well as the item’s correlations with other scales. Each row in the matrix
contains correlations between the score for one item and all scale scores. Each column contains
correlations between the score for one scale and all items (items hypothesized to be part of that scale
and those which are not). The multitrait item-scale correlation matrix examines the item internal
consistency (items are substantially linearly related to the total scale score) and the equality of item-
scale correlations (items in a scale contributing roughly equal proportion of information to the total
score of its hypothesized scale).

For the Pearson correlation coefficient (7), item internal consistency is considered substantial and
satisfactory if an item correlates to 0.4 and above with its hypothesized scale (Ware, Brook, Davies-
Avery, Williams, Stewart, Rogers, Donald & Johnston, 1980). Point biserial correlation coefficient
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(Pwiseriar) 1s used to estimate the value of the Pearson correlation when the association between item
with dichotomous score and scale with continuous score is measured (Armitage & Colton, 2005).
Point biserial correlation coefficient is defined as follows (Sheskin, 2007):

Priserial = (M ;MZ) X plzp2 (1)
where
M,, M, = means of the 2 groups,
Di>D> = proportions of the 2 groups from the total,
o = standard deviation for the scale with continuous score, and
z = ordinate of the normal curve at the point of dichotomy.

These coefficients have a range of possible values from -1 to +1. The value indicates the strength
of the relationship, while the sign (- or +) indicates the direction. The equality of item-scale correlations
is the guide line to determine rejecting or not rejecting an item into a scale. Low or negative correlation
coefficients are often an indicator of a flawed item being included into a hypothesized scale.

RELIABILITY COEFFICIENTS AND INTER-SCALE CORRELATIONS

Correlations among all scales are computed and compared with reliability estimates to evaluate
how distinct each scale is from other scales in the same matrix. A reliability coefficient illustrates a
correlation between a scale and itself. The reliability of scales scores has been estimated using the
internal consistency method, i.e. Cronbach’s alpha coefficient and Hoyt’s method (for item with
dichotomous score). Cronbach’s alpha coefficient is defined as follows (Cronbach, 1951):

kR
Ri=+—+""% 2
“=T+k-DR, @
where
R, = internal-consistency reliability of a score,
k = number of items, and
R, = average of all inter-item correlations within a scale.

and O < R, < 1. The Cronbrach’s alpha coefficient of a scale should be above 0.70 to indicate a
strong correlation between a scale and itself (Nunnally & Bernstein, 1994). However, the caution is
that Cronbrach’s alpha coefficient is quite sensitive to the number of items in the scale. It is common
to find a low value with short scales (e.g. scale with fewer than ten items) (Briggs & Cheek, 1986).

The Cronbrach’s alpha coefficient is used for items with Likert scale, whereas, for items with
dichotomous scoring, i.e. yes or no; relevant or irrelevant, Hoyt’s method is used. Hoyt (1941)
developed an approach to the estimation of reliability which also yields results identical to those
obtained from the Cronbrach’s alpha coefficient. Hoyt’s method was based on ANOVA, treating person
and items as sources of variation. Hoyt (1941) defined the reliability estimate px, using ANOVA
notation as

A MSper:on - MSrex[dual
ptt - MSperson (3)
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where

MS,eron = the mean square term for persons taken from the ANOVA summary table
MSesiauar = the mean square term for residual taken from the residual variance in the ANOVA
summary table

Hoyt’s method can be computed easily because ANOVA is a general statistical procedure that
is available in all statistical packages.

AN EXAMPLE

The questionnaire was created to examine the extent of computer and internet usage of the citizens
of Penang (Malaysia) in the year 2006. In the following example, the discussion is focused on this
group of respondents. Data collection was carried out via face-to-face interviews by enumerators for
all the household members. At completion, 4340 individuals had been surveyed. Amongst them, 272
respondents were simultaneously computer and internet users who used online monetary transactions.
The computer and internet usage questionnaire have 10 scales with their respective items. The 10
scales include place used computer, main activities for computer usage, place used internet, awareness
about Information and Communication Technology (ICT), type of computer skills, online activities
including e-communication, e-entertainment, e-learning, non-monetary e-transactions, and monetary
e-transactions. This questionnaire may be obtained on request from the second author. This study
presents the results on the reliability and validity of the questionnaire to assess computer and internet
usages. The software Predictive Analytics SoftWare (PASW); formerly Statistical Package for the
Social Sciences (SPSS) and Statistical Analysis Software (SAS) are used throughout the study.

Table 1 indicates that all items have roughly equivalent means and standard deviations within
a Likert scale (ratio of maximum standard deviation to minimum standard deviation of around 2:1),
respectively, except items PLA04, PLAOS, PUI04 and PUI0S. Item PLA04 (Mean=.03, SD=.173) and
item PLAOS (Mean=.00, SD=.000) have lower mean values compared to other items in scale PLA.
Their standard deviation is about 3 times and 5 times lower than the maximum standard deviation
for scale PLA, respectively. This has violated the 2:1 rule. Item PUI04 (Mean=.00, SD=.061) and
PUIOS (Mean=.01, SD=.121) in scale PUI, follow in a similar vein. In addition to means and standard
deviations, the response values frequencies were examined in order to determine whether all response
choices were used. For computer users who do not own computer(s), the results showed that only 2
respondents responded to using computers at e-community centres (PLA04) and no one responded
to using a computer at school (PLAO05). Among the respondents who used the Internet, only one
respondent accessed the internet at an e-community centre (PUI04) and 4 respondents accessed the
Internet at school (PUIOS). These 4 items are eliminated because it is not desirable to include them
in their corresponding scale.

The test of item internal consistency is assessed by evaluating the correlation between an item
and the score of hypothesized scale. From Table 2, all items correlates to 0.4 and above with their
hypothesized scale, except item PLAO1 ( Obiseriar= .200) and MAIO2 ( Pviserir=.338). Items PLAO1 and
MAIO2 have the highest correlation coefficient amongst all the items in their hypothesized scale.
Other than these 2 items, all the items in a scale contribute roughly equal proportion of information
to the total score of their hypothesized scale. This can be seen by looking at the items correlation
coefficients in the same hypothesized scale, which do not differ much from each other.

Item PLAO1 (ppiseria=.200) has a low correlation coefficient which means that the respondent
who does not own any computers seldom use a computer in their work place. However, they chose
to use the computer at cyber cafés ( Pviseria= .708) and perhaps their friends’ house ( Pviseriar= .571).
On the other hand, a low correlation coefficient for item MAIO2 ( Opiseria=-338) suggests that the main
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activities of respondents is not office automation but related to education activities ( Ppiseriar= .710),
game/entertainment/multimedia activities ( Opiseriw= .627) and other application (i.e. programming)
(Pwiseria= -606). It is noted that item SKI03 (= .436) does not have the highest correlation coefficient
with its hypothesized scale compared to other scales. This might be due to the definition of “Other
applications” being too broad and not suitable to put into a scale named skill.

From the reliability coefficients presented in Table 3, all the correlations between the two scales
is less than their respective reliability coefficients, except for MAI (Main Activities) and PUI (Place
Used Internet). This is consistent with the findings in Table 2 that items of MAI and PUI might not
categorize into suitable scales. For variable with Cronbrach’s alpha and Hoyt’s coefficients of a scale
above 0.70, there is an evidence of unique reliable variance measured by each scale. In a similar vein,
the evaluation of inter-scale correlations indicates that each scale is measuring a distinct concept.

CONCLUSION

There have been reports in the literature where the common reliability and validity method have been
used for the analysis of questionnaires related to health surveys (Kréz, Biissing, Laue, Reif, Feder,
Schad, Girke, Matthes, 2009; Okamura, Nojiri & Osuga, 2009; Ware & Gandek, 1998a, 1998b).
However, there are no comprehensive studies on the reliability and validity of questionnaires to assess
computer and internet usages. In this respect, a case study employing real world data is presented to
illustrate how to perform a simple evaluation of the item-level descriptive statistics (mean, standard
deviation and frequencies), the multitrait/multi-item correlation matrix (Pearson correlation and
biserial correlation) and reliability coefficients and inter-scale correlations (Cronbrach’s alpha and
Hoyt’s method). These findings have shown that an uncomplicated method using the descriptive
statistics involving mean and standard deviation can be utilised in questionnaire surveys for construct
validation. By focusing on the reliability and validity assessment, items should have roughly equivalent
means and standard deviations within a Likert scale with a straightforward rule of thumb of 2:1
(ratio of the maximum standard deviation to minimum standard deviation). Thus, we would highly
encouraged teachers, researchers and mathematicians to apply this simple, easy and convenient
method in any research that uses questionnaires.
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Application of Mean and Standard Deviation in Questionnaire Surveys
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