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ABSTRACT

Background: This study aimed to investigate the potential contribution of invalid skewed
responses to invalid factor solution in the result from exploratory factor analysis. In the
present study, “the invalid skewed response” is defined as when majority of the respon-
dents consistently rate only at one side which will eventually change the real or valid
pattern of overall responses.

Methods: A validation approach was conducted using a secondary data from a ques-
tionnaire validation study of an eight Likert scale that has a very stable and strong factor
solution. Eight sub samples were retrieved from the data to represent multiple sets of
analyses with sample size based on rule of thumbs from 3:1 until 10:1. From each sub
sample, proportion of dummy response for the extreme left (scale of 0), the middle scale
(scale of 4), and the extreme right (scale of 7) were assigned randomly at 10%, 20%, and
30%, respectively.

Results: The invalid consistent responses of a middle scale have very low impact toward
the factor solution. The occurrence of the invalid skewed responses affected the factor
solution. Majority of the factor solutions were still valid based on consistent responses
with 10.0% only. However, the construct that was based on forcing into four-factor solution
had helped to produce the valid factor solution though some resulted in cross-loadings. All
Cronbach’s alphas and minimum corrected item to total correlation were relatively strong
for all factor solutions although some of the solutions were invalid.

Conclusions: The skewed responses have the potential to change the ideal factor solu-
tion. Therefore, necessary steps need to be taken to avoid invalid skewed responses,
especially in self-administered survey. Therefore, the recommended sample size guide-
line for exploratory factor analysis with justifications is proposed.
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Introduction . . -
strength of the items or variables and the sufficient

Exploratory factor analysis (EFA) is a statistical
tool used by researchers to identify the underly-
ing relationships between measured variables [1].
This technique is widely used to develop or validate
questionnaires, such as Children Depression Index,
Depression Anxiety and Stress Scales, Quality
of life, and The Summary of Diabetes Self-care
Activities (SDSCA) [2-5]. There are certain criteria
and assumptions need to be met before EFA can
be used. The factor solution depends much on the

sample size [6-10]. Previous study has found that
different measurement scales in Likert scale type of
response also has a relation to sample size in pro-
ducing correct factor solution [10].

Sample size guideline for EFA has been widely
discussed in existing literatures [6,8-10]. However,
these guidelines lack in addressing the effect
from behavioral perspective of the respondents.
The behavior of respondents in providing the
responses when answering a questionnaire have to
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be incorporated because these responses may be
potentially influenced by the alteration of people’s
behaviors, including their actions, emotions, and
thoughts. Therefore, the present study hypothesized
that in any self-administered questionnaire study
that require EFA, a behavioral effect in responding
questions may contribute to invalid skewed response
that eventually can produce invalid factor solu-
tion. This is because, the invalid skewed responses
rated by respondents on the same Likert scale could
change the overall true pattern of responses which
lead to invalid factor solution.

In the present study, “the invalid skewed
responses” is defined as when majority of respon-
dents consistently rate only at either side which
will eventually change the valid pattern of overall
responses. Questionnaires studies that have been
analyzed using EFA usually use ordinal scale where
most Likert-type scales contain either five or seven
response categories [11-13]. In the Likert scale
of five, the invalid skewed responses may refer to
respondents who consistently rate at either one
extreme, such as “strongly agree” or “strongly
disagree.” or point of uncertainty “neither agree nor
disagree.”

We expected few scenarios of how the behav-
ioral effect may contribute to the invalid skewed
responses. Respondents may have tendencies to
rate at either one extreme of the scale due to time
constraint. This could be due to either when they
respond to questionnaire in a hurry or when there
are too many questions or items to be answered
within limited time. Other than that, respondents
might also be afraid or reluctant to think hard to
give in their true opinions. In such situation, they
might feel more convenient to rate at the middle
scale that represents neutral and safe opinion [14].
Thus, the invalid skewed responses could happen
in any observational studies which use an ordinal
scale in self-administered questionnaires [15].

The other possible reason of invalid skewed
responses could be due to skewed sampling where
respondents who only rate scale 1 or 5 for Likert
scale of 5 are selected. This situation commonly
occurs among extreme respondents whereby their
opinions are only extreme at one side (totally dis-
agree or agree) or when their condition could also
be too good or too poor. The selected respondents
could happen by chance though researchers usu-
ally aim to recruit respondents with various char-
acteristics to ensure the response will reflect the
general construct of a specific measurement in the
population. The skewed responses from these types
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of respondents can influence the solution for the
construct; hence, the sample size estimation for
EFA is necessary to be revisited.

Although ample of guidelines for sample size
estimation for EFA are currently available, however,
these guidelines have not taken into consideration
of the behavioral effect that leads to the invalid
skewed responses. As invalid skewed responses
could affect the validity of factor solution, a com-
prehensive study that focuses on the effect of the
invalid skewed responses toward the valid factor
solution is warranted. The aim of this study was to
evaluate and explain the effect of the invalid skewed
responses toward obtaining the valid factor solution
for EFA. This is particularly important to increase
the awareness among researchers to avoid having
such responses by taking the necessary steps. With
the findings, we propose a revised guideline for
sample size determination of EFA.

Methods

This study used data from a previously published
study. It is a validation study of a questionnaire,
“SDSCA” in Malay version among patients with type
II diabetes mellitus (T2DM) [16]. The SDSCA uses
eight Likert-scale. It has four main domains, i.e.,
diet, exercise, blood sugar monitoring, and foot care
with total of 10 main items where each domain has
two items except for diet domain with four items.
The study recruited 225 patients and results found
that the SDSCA Malay version is a reliable and valid
instrument to be used among T2DM patients [16].

The first 100 patients with complete responses
were used for the analysis. Eight subsets of samples
were extracted to represent the set of analysis with
different sample size of 30, 40, 50, 60, 70, 80, 90, and
100 to represent the sample size based on rule of
thumbs from 3:1 (3 respondents for 1 item) to 10:1
(10 respondents for 1 item). For each subset, the
proportion of dummy response for scale of 0 (rep-
resents extreme at left side), scale of 4 (represents
middle scale), and scale of 7 (represents extreme at
right side) were assigned randomly at 10%, 20%,
and 30%, respectively.

These dummy responses are representing the
possibility of the invalid skewed responses rated
by respondents in a self-administered survey. In
other words, the invalid skewed responses repre-
sent the possibility of variation in behavioral effect
of the respondents in rating the scale. The objective
of these settings is to determine to what extent the
volume of consistent dummy responses and ratings
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could contribute to invalid factor solution. In this
study, the valid factor solution is defined when the
construct yields 4 main domains such as diet (items
1,2,3, and 5A), exercise (items 5 and 6), monitoring
sugar control (items 7 and 8), and foot care (items
9 and 10) [5]. The items that fall into the respective
domains should also report the highest loadings for
the targeted domains.

EFA was conducted using the Principle
Component Analysis extraction method with
varimax rotation. The number of factor solutions
produced by the analysis was based on eigenvalues
of more than one and also was based on setting the
four-factor solutions [5]. Cronbach’s alphas with
the minimum corrected items to total correlation
(CITC) in each domain were reported from some
parts of the overall results. The purpose is to prove
that although statistics such as Cronbach’s alpha
with more than 0.70 and corrected item to total
correlation with more than 0.30, but the factor solu-
tion may not necessary be valid. All analyses were
carried out using SPSS version 20.0 (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp.).

Results

Based on the minimum guideline with 3:1 ratio
(sample size of 30), result yielded valid factor solu-
tion with minimum factor loading of 0.534 and there
was no cross loading that had occurred (Table 1).
Based on the effect from the invalid consistent
responses of a middle scale (scale of 4 for Likert

Table 1. Factor solution of SDSCA with sample data n=30
without skewed responses.

Items Diet Blood_gluf:ose Exercise Foot
monitoring care

Q1 0.915

Q2 0.857

Q5A 0.592

Q3 0.534

Q8 0.959

Q7 0.958

Q6 0.901

Q5 0.899

Q1o 0.887

Q9 0.845

Cronbach's alpha 0.749 0.944 0.802 0.775

Minimum corrected

item-to-total 0.451 0.894 0.671 0.633

correlation
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scale of 0 to 7), the valid factor solutions were
still produced although with the responses of the
middle scale up to 30%. This shows that the invalid
consistent responses of a middle scale have very
low impact toward the factor solution. The lowest
rule of thumb such as 3:1 and 4:1 also produced the
correct factor solution, however, with the occur-
rence of minimal cross loadings (Table 2).

Based on the effect of the extreme left and right
scale (scale of 0 or 7 for Likert scale of 0 to 7), the
occurrence of the invalid skewed responses does
affect the factor solution. Majority of the factor
solutions were still valid based on consistent
responses with 10.0% only. However, majority
of the factor solutions were invalid based on the
invalid skewed responses up until 30.0%. However,
the construct that based on forced into four factor
solution had helped to produce the valid factor
solution although some of the results yielded cross
loadings especially for the invalid skewed responses
with scale of 7 (Tables 3 and 4).

All Cronbach’s alphas and minimum corrected
item to total correlation were relatively strong for all
factor solutions although some of the solutions were
invalid. For example, with sample size of 40 (based on
rule of thumb 4:1) and the invalid skewed responses
of scale 1 for 30%, result still yielded high Cronbach’s
alpha (more than 0.70) and CITC (more than 0.30)
although the solution was invalid (Table 5). Result
should yield 4-factor solution as showed in Table 1
instead of with three-factor solution as shown in
Table 5. The recommended sample size guideline for
EFA with justifications is presented in Table 6.

Discussion

The present study has shown that the invalid
skewed responses do affect the valid or an ideal
factor solution. The invalid skewed responses
refer to a situation where majority of respondents
invalidly and consistently rated their responses only
at one side from the Likert scale in which it changes
the real or true pattern of overall responses. Besides
that, the solution that is obtained either based on
eigenvalue of more than one or by forcing to a spe-
cific number of factor approach are also matter.
When the approach of eigenvalue more than one
is applied as the basis to determine the appropri-
ate number of distinct factors, this study found that
the factor solution was likely invalid if the invalid
skewed responses were appeared in the data.

EFA is commonly used to determine the num-
ber of latent variables that are required to explain
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Table 2. Summary of results for EFA with skewed responses of scale 1 (from 0 to 7 Likert scale) based

on various sample sizes.

Eigen value more than 1

Forced to 4 factor solution

Rule of number (%) Correct Minimum _ Cross Correct Minimum ) Cross
thumb of skewed facto.r factor loading loading facto_r factor loading loading

responses  solution >0.4 solution >0.4

3:1 3(10%) Yes Yes No Yes Yes No

6 (20%) Yes Yes No Yes Yes No

9 (30%) No Yes Yes Yes

4:1 4 (10%) Yes Yes No Yes Yes No

8 (20%) No Yes Yes No

12 (30%) No Yes Yes No

5:1 5 (10%) Yes Yes No Yes Yes No

10 (20%) Yes Yes No Yes Yes No

15 (30%) No Yes Yes No

6:1 6 (10%) Yes Yes No Yes Yes No

12 (20%) Yes Yes No Yes Yes No

18 (30%) No Yes Yes No

7:1 7 (10%) Yes Yes No Yes Yes No

14 (20%) No Yes Yes No

21 (30%) No Yes Yes No

8:1 8 (10%) Yes Yes No Yes Yes No

16 (20%) No Yes Yes No

24 (30%) No Yes Yes No

9:1 9 (10%) Yes Yes No Yes Yes No

18 (20%) Yes Yes No Yes Yes No

27 (30%) No Yes Yes No

10:1 10 (10%) Yes Yes No Yes Yes No

20 (20%) No Yes Yes No

30 (30%) No Yes Yes Yes

the correlations among a set of observed variables.
Commonly, EFA is used for questionnaire develop-
ment studies or questionnaire validation studies.
The present study used secondary data of a valida-
tion study of SDSCA questionnaire [16]. The con-
struct of SDSCA in this paper was sufficiently strong
with excellent factor loadings and the result had
produced valid factor solution although a minimum
sample size based on 3:1 ratio was used. Therefore,
this dataset is suitable to be used to evaluate the
impact from the invalid skewed responses.

From these results, this study summarized three
things. First, although the minimum requirement
of sample size for EFA is based on three cases per
variable (3:1 ratio) for at least Likert scale of four
as suggested by previous study, but researchers
should consider increasing the sample size to over-
come the effect of the invalid skewed responses
[10]. To incorporate invalid skewed responses,
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the present study suggests that the least appro-
priate rule of thumb is based on five cases per one
variable (5:1 ratio). Such rule of thumb also has
been recommended by other studies [8,17].

However, increasing sample size alone might not
help to get valid factor solution when the invalid
skewed responses are not being managed properly.
Therefore, the invalid skewed responses have to
be kept to the minimum level at best. The invalid
skewed responses are potentially occurring from
two main sources. The first source is due to atti-
tude of the respondents. Few recommendations to
address this would be limiting the number of ques-
tions, ensuring sufficient time for respondents to
fill up the questionnaires, and providing incentives
whenever appropriate.

The other source is due to skewed sample where
the study recruited majority of respondents that
have some extreme characteristics. From the design
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Table 3. Summary of results for EFA with extreme middle responses of scale 4 (from 0 to 7 Likert

scale) based on various sample sizes.

Eigen value more than 1

Forced to 4 factor solution

Rule of number (%) Correct Minimum _ Cross Correct Minimum ) Cross
thumb of skewed facto.r factor loading loading facto_r factor loading loading
responses  solution >0.4 solution >0.4
3:01 3(10%) Yes Yes Yes Yes Yes Yes
n =30 6 (20%) Yes Yes Yes Yes Yes Yes
9 (30%) Yes Yes Yes Yes Yes Yes
4:01 4 (10%) Yes Yes Yes Yes Yes Yes
n=40 8 (20%) Yes Yes No Yes Yes No
12 (30%) Yes Yes Yes Yes Yes Yes
5:01 5 (10%) Yes Yes No Yes Yes No
n=>50 10 (20%) Yes Yes No Yes Yes No
15 (30%) Yes Yes No Yes Yes No
6:01 6 (10%) Yes Yes No Yes Yes No
n =60 12 (20%) Yes Yes No Yes Yes No
18 (30%) Yes Yes No Yes Yes No
7:01 7 (10%) Yes Yes No Yes Yes No
n=70 14 (20%) Yes Yes No Yes Yes No
21 (30%) Yes Yes No Yes Yes No
8:01 8 (10%) Yes Yes No Yes Yes No
n=280 16 (20%) Yes Yes No Yes Yes No
24 (30%) Yes Yes No Yes Yes No
9:01 9 (10%) Yes Yes No Yes Yes No
n=90 18 (20%) Yes Yes No Yes Yes No
27 (30%) Yes Yes No Yes Yes No
10:01 10 (10%) Yes Yes No Yes Yes No
n=100 20 (20%) Yes Yes No Yes Yes No
30 (30%) Yes Yes No Yes Yes No

of the study itself at the very beginning, researchers
must ensure that the questionnaire they develop
suit the targeted population knowing their extreme
characteristics. The differences of population
characteristics could yield different factor solutions
[2,18]. For questionnaire development studies
or questionnaire validation studies that measur-
ing latent variables, the possible characteristics of
the population has to be first identified. Then, the
researchers need to carefully select the respon-
dents who represent almost fair variation of the
characteristics in the particular population.
Second, this study also recommends research-
ers to consider using force by a specific number
of factors solutions for validation studies since
the number of specific domains are known [19].
However, in a situation where the specific domains
are uncertain, especially during exploratory work,
researchers need to conduct EFA by using larger
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samples and to conduct the EFA based on the
eigenvalue more than one approach.

Third, the high values of Cronbach’s alpha (more
than 0.70) and the respective CITC (more than 0.30)
do not confirm the ideal factor solution. The finding
is supported by previous study [10]. Although the
factor solutions were wrong when based on eigen-
value more than one approach, the Cronbach’s alpha
and the respective minimum CITC could still be
possible to be high [20,21]. These indicate the
importance of scientific relevance rather than just
relying on statistical point of view. This finding
shows that the statistics such as Cronbach’s alpha
and CITC can only be the supporting evidence to
indicate the strength of factor solution after the
ideal and valid factor solution is produced [10,22].

From these findings, a guideline of sufficient
sample size for EFA is proposed. The summary of
sample size guideline is presented in Table 6 where
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Table 4. Summary of results for EFA with skewed responses of scale 7 (from 0 to 7 Likert scale) based

on various sample sizes.

Eigen value more than 1

Forced to 4 factor solution

Rule of number (%) Correct Minimum ' Cross Correct Minimum ) Cross
thumb of skewed facto.r factor loading loading facto'r factor loading loading
responses  solution >0.4 solution >0.4
3:01 3 (10%) Yes Yes Yes Yes Yes Yes
6 (20%) No Yes Yes Yes
9 (30%) No Yes Yes Yes
4:01 4 (10%) No Yes Yes Yes
8 (20%) No Yes Yes Yes
12 (30%) No Yes Yes Yes
5:01 5 (10%) No Yes Yes No
10 (20%) No Yes Yes Yes
15 (30%) No Yes Yes Yes
6:01 6 (10%) Yes Yes No Yes Yes No
12 (20%) No Yes Yes Yes
18 (30%) No Yes Yes Yes
7:01 7 (10%) Yes Yes No Yes Yes No
14 (20%) No Yes Yes No
21 (30%) No Yes Yes Yes
8:01 8 (10%) Yes Yes Yes Yes Yes Yes
16 (20%) No Yes Yes Yes
24 (30%) No Yes Yes Yes
9:01 9 (10%) Yes Yes Yes Yes Yes Yes
18 (20%) No Yes Yes Yes
27 (30%) No Yes Yes Yes
10:01 10 (10%) No Yes Yes No
20 (20%) No Yes Yes Yes
30 (30%) No Yes Yes Yes

Table 5. Factor solution of SDSCA with sample size n = 40
and skewed sample of 30.0% with scale 1.

Items Factor 1 Factor 2 Factor 3
Q1 0.906

Q5A 0.862

Q2 0.853

Q3 0.836 0.401

Q9 0.537 0.437
Q6 0.932

Q5 0.820

Q10 0.520 0.581

Qs 0.933
Q7 0.913
Cronbach's alpha 0.847 0.758 0.876
Minimum corrected 0.482 0.548 0.787

item-to-total correlation
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this summary of sample size guideline for EFA.
Previously, the least minimum sample size guide-
line for EFA is 2:1 ratio, but this guideline is only
restricted for variables in numerical form such as
ratio and interval type of measurement. To yield an
ideal factor solution, the construct of latent vari-
ables has to be formulated based on scientifically
and biologically reasons [10].

For studies that are based on self-administered
survey, the recommended minimum sample size
guideline is 3:1 ratio. In this present study, such
small sample size is still sufficient to yield a correct
factor solution (Table 1). However, considering the
effect of the invalid skewed responses, researchers
are advised to recruit more respondents. Therefore,
this study recommends the ideal sample size guide-
line for EFA in self-administered survey is 5:1
ratio. This rule of thumb is recommended after
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Table 6. The proposed rules of thumb for EFA and their remarks.

Rules of thumb

Remarks

2:1

Minimum guideline for EFA. This guideline is sufficient for an excellent construct and with excellent
factor loadings. So far, it was proven works only for variables in numerical form (not in a Likert scale
type of response) and the variables are biologically or scientifically correlated instead of measuring

variables that are based on responses or feedback from respondents [10].

Recommended as minimum guideline for EFA for self-administered survey. This guideline is
sufficient for an excellent construct with excellent factor loadings. The effect of skewed responses

3:1 has to be kept in minimum. The guideline is not recommended for survey that uses Likert scale
below than five. The application of forced into specific number of factor may help to produce a
relevant construct. Not encourage for studies related to questionnaire development.

It is an ideal guideline for EFA for an observational studies based on self-administered survey.

5:1

Such rule of thumb is reasonably sufficient to incorporate skewed responses. Recommended

for research that related to validation studies. However, such sample size is also sufficient for
questionnaire development studies provided the items are excellent in producing a good construct.

Is necessary if larger sample size is needed to capture a fair variation of subjects from the intended

>5:1to0 10:1

population especially when the population number is large. The guideline is also necessary for

lower type of ordinal scale. Recommended for research that to explore and develop a relevant
construct of latent variables such as in questionnaire development studies.

Researchers have the flexibility to recruit more subjects or respondents in their studies. But, taking
subjects or respondents more than 20:1 mainly for EFA could waste a resources. Unless the larger

>10:1

sample size is necessary to support other statistical inferences such as to determine a certain

incidence of a particular variable in a population with very high accuracy or for the purpose of
disease modeling in which usually require multivariate analysis.

incorporating the effect from the invalid skewed
responses. To reduce the impact of the invalid
skewed responses, researchers can apply force the
factor solution to a specific number of factors solu-
tion. The guideline of 5:1 ratio is also recommended
for questionnaire development studies provided the
items are excellent in producing a good construct.

In general, larger sample size is necessary (e.g.,
sample size from more than 5:1 ratio up to 10:1
ratio) for questionnaire development studies. In
this type of study, the factor solution usually will be
restricted to be based on eigenvalue more than one
approach instead of setting up the specific number
of factor solution. The larger sample size provides an
advantage to include a fair variation of respondents
in the population. Besides that, the larger sample
size is also necessary for questionnaire with ordi-
nal scale such as Likert scale of three [10]. However,
irrespective of sample size, the effect of the invalid
skewed responses can still contribute to invalid fac-
tor solution. Therefore, it is still necessary to control
the impact of the invalid skewed responses.

Taking sample size more than 10:1 ratio for EFA
might not be necessary as the excellent construct
does not need large sample size. Thus, taking
respondents or respondents such as more than
20:1 mainly for EFA could be a waste of resources.
However, the larger sample size may be necessary
if a particular study is also aimed to support other
statistical inferences such as to determine a certain
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proportion (%) of a particular variable in a popula-
tion with an excellent accuracy or if the study has
another important objective to be fulfilled such as
for multivariate analysis [23-25]. Basically, EFA does
not need large sample size because the sample size
for EFA is highly dependent on the number of items
to be investigated and to what extent the items can
produce reliable and valid factor solutions. Thus,
this is mainly determined by the choice and the
strength of individual questions or items [9,10].

The present study has few limitations, espe-
cially on the selection of an extraction and rotation
methods. Since the aim was to study the effect of
the invalid skewed responses toward the changes
in factor solution; therefore, this study limited
the analysis using specific extraction and rotation
method. In addition, this study used secondary data
from study that used questionnaire with a very
strong and stable construct. Hence, other data from
studies with less stable construct may give different
results. Besides that, future studies may use simu-
lation analysis to assess the effect of invalid skewed
responses in EFA.

Conclusions

This study concluded that in EFA, the behavioral
effect is potential to give invalid skewed responses
that usually occur in self-administered surveys and
eventually could affect the ideal factor solution.
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Appropriate plan in recruiting the respondents
must be executed to avoid the invalid skewed
responses that could change the ideal pattern of
overall responses. In addition, it is also important
to assess the data quality to determine whether or
not the data have outliers due to the invalid skewed
responses prior to taking necessary actions to clean
the data. The revised sample size guideline for EFA
is proposed to ease researchers in their sample
size planning that require EFA. The rule of thumb
with minimum sample size guidelines for different
scenarios is necessary, especially in a situation
where respondents are difficult to get such as in
clinical setting. Forcing the solution to a specific
number of factors is a reasonable technique to be
considered, especially when the number of factor
solution is known.
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