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Abstract. This paper describes a comparison of the distribution of the Visual Analog
Scale (VAS) and 5-step Likert Scale (LS) by visualization of their distributions. The data
are collected from 344 participants, 172 participants are invited to answer VAS question-
naires, and the other 172 participants are also invited to answer LS questionnaires. To
apply the same evaluation criteria, VAS data and LS data are transformed to ratio scale
values (i.e., 0.00 to 1.00), and the subjective evaluation distributions based on LS and
VAS are calculated and visualized (descriptive statistics values, histograms, boxplots, and
plots using a 95% confidence interval). As a result, the authors arrive at two suggestions.
1) It is possible to express detailed results by using VAS rather than LS for questions that
ask about intensity. 2) For trend questions, the using of LS or VAS yields similar results
(in other words, if the question asks for trends, we can choose either VAS or LS). How-
ever, these suggestions are derived from a limited example, and it is necessary to apply
this method to various fields (such as education, music listening, and image viewing) to
obtain stable conclusions.
Keywords: Characteristics of the distribution, Self-evaluation, Visual analog scale, Lik-
ert scale

1. Introduction. The purpose of this paper is to obtain basic data on the bias conditions
between Visual Analog Scale (VAS) and Likert Scale of 5 steps (LS) measurements. VAS
is a continuous scale that measures the intensity of a variable along a line, while LS is a
discrete scale that measures the degree of agreement or disagreement with a statement.
Both scales are commonly used in research studies to measure subjective experiences,
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(a) Typical types of VAS questionnaires

(b) Typical types of LS questionnaires

Figure 1. Typical types of VAS and LS questionnaires [5]

attitudes, and opinions (see Figure 1). Previous studies have shown that the VAS has
superior measurement qualities compared to the LS [1]. VAS is more sensitive, reliable,
and valid in measuring subjective experiences, such as pain, anxiety, and mood [2]. On
the other hand, LS has been criticized for its limited response options, which may lead
to response bias and lack of sensitivity [3]. However, some studies have suggested that
the LS may be more appropriate for certain types of questions, such as those related to
attitudes and opinions [4].
By the way, the authors have confirmed that there is a difference in the trend between

LS and VAS. They conducted a comparative study on VAS and LS’s subjective ratings
in more than 170 subjects and showed some bias between VAS and LS [5]. However, to
obtain reliable conclusions, more investigations are needed such as visualization analysis of
VAS and LS data. Therefore, as a first step toward the purpose of this paper, the authors
visualize the VAS and LS measurements. For this visualization, the methods developed
by the authors [6] (histograms, a combination of bee swarm plots and boxplots, and plots
using a 95% confidence interval) are used, and the authors also decide to reuse the data
from their previous study [5]. As the next step, the authors discuss the bias between VAS
and LS measurements using VAS measurements that are equivalently transformed to LS
values [5].
Based on the above discussion, the academic and practical contributions of this paper

are as follows. The first is to clarify the characteristics of VAS and LS. Then, it is also about
developing a better understanding of the application of each method (e.g., measuring
the intensity or selectivity). It is expected that these things will contribute to the more
accurate use of VAS and LS.
The remainder of this paper is organized as follows. Section 2 describes the theory of

VAS, LS, and its visualization analysis. Materials and methods are shown in Section 3.
Results and discussion are given in Section 4. Section 5 shows the conclusions and future
works.

2. VAS and LS.

2.1. VAS. In recent years, VAS has been applied to studying subjective evaluations such
as education [5,7,8], an impression of music [9,10], and an impression received from the
response of a communication robot [6]. This paper first introduces VAS. Figure 1(a) shows
the typical types of VAS questionnaires [5]. This is to ask the proficiency in operating
information devices. To answer Figure 1(a), the response is marked by drawing a vertical
line on the horizontal line.
An example of the response to the VAS questionnaire is shown in Figure 2. And the

calculation of VAS data is also shown in Figure 2. VAS’s results are determined by the
ratio of (a) to (b) (in other words, it is determined by the position of the mark on the
line). As mentioned above, a value of subjective evaluation (between 0.00 to 1.00) can be
obtained.
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Figure 2. Example of calculation of VAS data

2.2. LS. Figure 1(b) shows typical types of LS questionnaires. These are the same as
VAS questionnaires. To answer these questionnaires in Figure 1(b), the responses are
marked as a discrete value from 1 to 5 on LS (only one place at one questionnaire).

To apply the same evaluation criteria, LS data is transformed to ratio scales value
(i.e., 0.00 to 1.00) [11,12]. Figure 3 shows the transformation of LS data. This paper will
convert the numbers marked with a circle (only one place in 1-5) to the values as shown
in Figure 3.

Figure 3. Transformation of LS data: The location with the circle (only
one place), converted to the following values (determined to only one value
in 0.00∼1.00) [5]

3. Materials and Methods.

3.1. Participants. The data are collected from 344 participants. 172 participants were
invited to answer VAS questionnaires, and the other 172 participants were invited to
answer LS questionnaires.

Ethical considerations are as follows:
The explanation of this study is given orally, and the documents are distributed to

the participants. Participation in this study is voluntary. Furthermore, the data has been
collected anonymously and has been only used for the presentation of this study.

3.2. Questionnaires. It was carried out the following investigation of subjective evalu-
ation based on VAS or LS.

Question 1 (Q1): Are you good at mobile phone operation?
Question 2 (Q2): Are you good at personal computer operation?
Question 3 (Q3): Which one are you good at, mobile phone operation or personal

computer operation?
Questionnaires Q1 and Q2 are shown in Figure 1 ((a): VAS, (b): LS), and Figure 4

shows questionnaire Q3.

(a)

(b)

Figure 4. Questionnaire Q3: (a) VAS; (b) LS [5]
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3.3. Visualizations of obtained data. It is used of the methods developed by the
authors [6]. This method has been developed for small sample data analysis based on
VAS or LS questionnaires. This method consists of two elements: (a) a Questionnaire
on VAS or LS (to ask the subjective evaluation of participants’ information skills in this
paper), (b) Visualization (histograms, a combination of bee swarm plots and boxplots,
and plots of 95% confidence interval).
By the expression of the obtained data in VAS or LS, it is possible to know their char-

acteristics. To clarify their characteristics, the analysis is carried out by R environment.
First, the descriptive statistics values and histograms are calculated and obtained, and we
can understand the outlines of distribution and relationship values. Next, a combination
of bee swarm plots and boxplots and plots of 95% confidence interval is drawn, and this
is the authors’ unique method [6-10]. Under these procedures, we can show the charac-
teristics of the distribution of VAS or LS. (Note that descriptive statistics value and the
result of statistical tests (t-tests) were given by the author’s previous study [5].)

3.4. Conversion of VAS data to LS data. For the comparison of VAS and LS mea-
surements (to examine bias), the VAS measurements defined by the ranges shown in Table
1 are converted to their corresponding LS values. In addition, the converted VAS mea-
surements (LS value) and the original LS measurements are analyzed and visualized with
the method developed by the authors [5], as mentioned above.

Table 1. Conversion table of VAS measurements to LS values

VAS measurements Converted to LS values
0.000∼0.125 0.00
0.126∼0.375 0.25
0.376∼0.625 0.50
0.626∼0.875 0.75
0.876∼1.000 1.00

4. Results and Discussions.

4.1. Histogram and descriptive statistics values of VAS and LS measurements.
Figure 5 shows the histogram of measurements obtained data from 3 questions by VAS
and LS questionnaires. Although it is self-evident, it can be seen that the VAS measure-
ments are distributed with various values. Such a distribution cannot be obtained with
LS measurements.
In addition, according to the authors’ previous study [5], there is a significant difference

in the Q1 (t-test, t-value t(344) = −2.41, p = 0.016). However, it is difficult to say that
there is a large difference in the descriptive statistics value of the VAS and LS measure-
ments (see Table 2). Therefore, another method is needed to express the characteristics
of the distribution of these data. That is, they are visualization of other plots developed
by the authors [6].

4.2. Comparing VAS measurements and LS measurements using boxplots and
plots of 95% confidence interval. A combination of bee swarm plots and boxplots
for VAS measurements is shown in Figure 6. From Figures 5 and 6, it is clear that the
VAS measurement values which are continuous, show a more detailed distribution than
the LS measurement values which are discrete (although it is self-evident, in the 5-step
LS adopted in this paper, the distribution of the measured values is concentrated at the
5 points).
In addition, Figure 7 shows the comparing VAS measurements and LS measurements

using boxplots. According to Figure 7, the bias between the VAS and LS measurements
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Figure 5. Histogram of measurements obtained from 3 questionnaires

Table 2. Descriptive statistics values of VAS and LS measurements [5]

Q1 Q2 Q3
VAS LS VAS LS VAS LS

Maximum 1.00 1.00 1.00 1.00 1.00 1.00
Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.55 0.61 0.45 0.49 0.41 0.41
Median 0.52 0.50 0.49 0.50 0.45 0.50
SD* 0.25 0.25 0.26 0.29 0.22 0.24
SE** 0.02 0.02 0.02 0.02 0.02 0.02

95% CI# 0.51∼0.59 0.58∼0.64 0.41∼0.49 0.45∼0.53 0.38∼0.45 0.38∼0.45
*: standard deviation, **: standard error, #: 95% confidence interval

is observed in Q1 and Q2, however, hardly observed in Q3. This fact is consistent with
the suggestion of the authors’ previous study [5].

By the way, Figure 8 is drawn to compare the 95% confidence interval (95% CI) for
VAS and LS measurements. In Figure 8, biases are shown in Q1 and Q2. And it can be
said that the 95% confidence intervals of Q3 are equivalent. That is, the same conclusion
is also given in Figure 8.

4.3. Comparing conversions of VAS measurements to LS values and LS mea-
surements. To further verify this bias, the authors tried to convert the VAS measure-
ments to LS values (CVLS) using Table 1. Figure 9 shows the histogram obtained from
CVLS and LS measurements (LS measurements are the same as Figure 5 and Table 2).
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Figure 6. A combination of bee swarm plots and boxplots for VAS measurements

Figure 7. Comparing boxplots for VAS and LS measurements
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Figure 8. Plots of 95% CI for VAS measurements and LS measurements

Figure 9. Histogram of obtained from CVLS and LS measurements
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Table 3. Descriptive statistics values of CVLS and LS measurements

Q1 Q2 Q3
CVLS LS* CVLS LS* CVLS LS*

Maximum 1.00 1.00 1.00 1.00 1.00 1.00
Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.55 0.61 0.44 0.49 0.42 0.41
Median 0.50 0.50 0.50 0.50 0.50 0.50
SD** 0.25 0.25 0.27 0.29 0.24 0.24
SE*** 0.02 0.02 0.02 0.02 0.18 0.02

95% CI# 0.51∼0.58 0.58∼0.64 0.40∼0.48 0.45∼0.53 0.38∼0.45 0.38∼0.45
*: same as Table 2 (original data), **: standard deviation, ***: standard error, #: 95% confidence
interval

Figure 10. Boxplots for CVLS and LS measurements

Biases in Q1 and Q2 are more clearly observed in Figure 9 than in Figures 5 and 7. More-
over, their descriptive statistics values are shown in Table 3. However, the change when
compared with Table 2 is not clearly shown in this table. Therefore, Figure 10 is drawn
in the same way as Figure 7, and Figure 11 is also drawn in the same way as Figure 8.
In Figure 10, it is shown that there is no difference between CVLS and LS. This fact

means that the characteristics of the distribution of CVLS are assumed to be the same as
LS by converting VAS measurements to CVLS. Otherwise, in Figure 11, there are biases
in Q1 and Q2, and there is no bias in Q3, from this observation, it is thought that the
features seemed in Figure 8 are not lost in Figure 11 through the conversion of VAS to
CVLS.
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Figure 11. Plots of 95% CI for CVLS and LS measurements

Now, let us remember what these questions are: Q1 (Are you good at mobile phone
operation?) and Q2 (Are you good at personal computer operation?) are intensity ques-
tions, and Q3 (Which one are you good at, mobile phone operation or personal computer
operation?) is a trend question. From these facts and discussions mentioned above, the
authors reach two suggestions. 1) It is possible to express detailed results by using VAS
rather than LS for questions that ask about intensity (such as Q1 or Q2). 2) For trend
questions, the using of LS or VAS measurement yields similar results (in other words, if
the question asks for trends, we can choose either VAS or LS (such as Q3)).

LS measurements are easy to obtain, but their distribution has the disadvantage of be-
ing less precise than VAS measurements. On the other hand, although the distribution of
VAS measurements can be expressed precisely, its measurement is more time-consuming
than LS measurement. Thus, these two measurement methods have advantages and dis-
advantages. Therefore, the authors propose that the VAS measurement method should be
adopted when more precise distribution characteristics are desired (results that express
precise individual differences such as Q1 and Q2 will be used for future instruction), and
the LS measurement method should be adopted otherwise (when it is enough to grasp
the general trend).

However, these suggestions are derived from a limited example, and it is necessary to
apply this method to various fields (such as education, music listening, and image viewing)
to obtain stable conclusions.

5. Conclusions. By comparing the distributions and confidence intervals of the VAS
and LS measurements (n = 172, each participant has been different), the authors reach
two suggestions. 1) It is possible to express detailed results by using VAS rather than
LS for questions that ask about intensity. 2) For trend questions, the using of LS or
VAS yields similar results (in other words, if the question asks for trends, we can choose
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either VAS or LS). And the author also proposes that the VAS measurement method
should be adopted when more precise distribution characteristics are desired, and the
LS measurement method should be adopted otherwise (when it is enough to grasp the
general trend). However, these suggestions are derived from a limited example, and it is
necessary to apply this method to various fields to obtain stable conclusions.
Future works are as follows: 1) studying the distribution of LS with different steps; 2)

applying this method in another questionnaire (e.g., measuring the intensity or selectivi-
ty); 3) applying this method in other fields (such as education, music listening, and image
viewing); 4) measurement with a larger number of participants.
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