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Abstract: This paper introduces a new scale in the social sciences that combines two types of measurements: a binary
choice and a relative interval measurement consisting of 10+10 intervals. The scale’s relative interval nature allows for dif-
ferentiation between intervals of 10£10, expressed based on the principle of deciles. This approach provides a more nuanced
differentiation between degrees compared to traditional Likert scales. The paper also discusses a coding method and includes
graphical representations of the data. An important aspect of the scale is its capacity to categorize responses into positive and
negative attitudes (NEGATT and POSATT), enabling separate descriptive and inferential statistical analyses.
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Introduction - In memory of Rensis Likert, back in 1932

Social sciences, with their habitus and the complexity of the phenomena being investigated, are
extremely complex in terms of the generalizations and assumptions that follow from research results. A
series of challenges arise, such as the influence of several factors on the object of measurement (de-
pendent/dependent variables) and the weak power of their control, the complexity/entanglement of the
bio-psycho-social structure of a person and its manifest features in social phenomena and relationships,
the problem of objectivity, bias, incoherence, implausibility, non-nomothetic, reliability, etc. From a meth-
odological perspective, these challenges can make research in the social sciences uniquely complex.
The lack of fundamental research is a key reason why social sciences lag behind medical, technical, and
natural sciences, frequently struggling to keep pace with modern development trends. One could argue
that social sciences are inherently challenging to explain objectively and reliably. Are they scientifically
trustworthy? A significant advancement in establishing the scientific credibility of social sciences has been
the development of a dominant scale for measuring attitudes: the Likert scale.

American social psychologist Rensis Likert, who was a faculty member at the University of Michi-
gan from 1946 to 1970, developed a rating scale for measuring public attitudes toward international rela-
tions as part of his doctoral dissertation in 1932. The primary goal of this scale was to create a scientific
method for assessing attitudes. Since its creation, the scale has garnered significant interest and has
been applied in various scientific disciplines.
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An American doing business in China should be willing to abide by
Chinese law.

Strongly Strongly
Approve Approve Undecided Disapprove Disapprove
(5) (4) (3) (2) (1)

We should use military force in South America whenever needed to
protect American investments.

Strongly Strongly
Approve Approve Undecided Disapprove Disapprove
(1) (2) (3) (4) (3)

Figure 1. The original form of the Likert scale looks like this (Likert, 1932, p. 20)

Scholarly debate about the scale has continued for over half a century, with one of the key disputes
being:

Is the Likert scale exclusively ordinal?

If it is exclusively ordinal, then we cannot use parametric, but exclusively non-parametric tests
(Bishop and Herron, 2015). However, in the social sciences, we often use parametric tests on an ordinal
type scale where they cannot be used. Accordingly, it is crucial to understand the implications of this mis-
use, as it can lead to misleading results and interpretations. Researchers should be cautious and ensure
they select the appropriate statistical methods that align with the scale of measurement to maintain the in-
tegrity of their findings. Accordingly, Jakobsson (2004) analyzed 166 full-length articles from the 2003 edi-
tions of Cancer Nursing, Scandinavian Journal of Caring Sciences and Nursing. Studies were reviewed
for their use of ordinal data. The author concluded that ordinal scales were utilized in approximately one-
third of the articles. However, only about half of the analyses of the ordinal data were conducted using the
most appropriate statistical approaches (table 1).

Table 1. Ordinal data in the article (Ibidem, 438)

Journal n Appropriate presentation (%)  Appropriate analysis (%)
Cancer Nurs 17 53 38
Scand J Caring Sci 16 69 93
Nurs Res 18 28 38
Total 51 49 57

Although Jakobsson’s (2004) study focused on medicine and nursing, a broader investigation in the
social sciences could reveal interesting findings about authors’ use of parametric tests on data collected
using ordinal scales. This is because analyzing data collected on an ordinal scale using parametric tests
is inappropriate (Pett, 1997; Lewis and Traill, 1999; Selimovi¢, Opi¢ and Selimovi¢, 2023). On the other
hand, Carifio and Perla (2007) discussed urban legends and ten myths about the Likert scale, providing
logical counterarguments as antidotes. According to the authors, Myth 6 states that because the Likert
scale is ordinal, only non-parametric tests can be used with it. They argue that this belief is incorrect, citing
a Monte Carlo study that indicates that the F-test/ANOVA is highly robust even when the assumptions of
using an interval scale are not met (Glass, Peckham, and Sanders, 1972). Supporting this interpretation
is the viewpoint expressed by Harris (1975):

“A number of authors... have pointed out that statistical conclusions are valid when-
ever the distributions of numbers from which the data are sampled meet the assumptions
(typically, normality and homogeneity of variance) used to derive the particular techniques
being applied, irrespective of the measurement process which generated those numbers.
Moreover, the validity of parametric statistics... is often affected very little by even relatively
gross departures from these assumptions”

Allen and Seaman (2007) indicate that combining Likert scales into indices contributes to the value
and variability of the data. In this case, if the assumption of normality of the distribution is met, parametric
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statistics can be used. Tanujaya, Prahmana, and Mumu (2022) believe that the Likert scale becomes an
interval scale when data generated are composite scores derived from multiple items. They also state
that the Likert scale can also be used for parametric tests such as correlation, regression, z-test, t-test,
ANOVA, Structural equation modeling, and Factor analysis (also sum, mean, and standard deviation) (p.
97). Guerra, Gidel, and Vezzetti (2016) avoid giving a definitive answer to whether parametric tests can
be applied to Likert scale data, referencing Adams, Fagot, and Robinson (1965):

“‘Nothing is wrong per se in applying any statistical operation to measurements of
given scale, but what may be wrong, depending on what is said about the results of these
applications, is that the statement about them will not be empirically meaningful or else that
it is not scientifically significant” (p. 100).

What is the optimal number of points on a Likert scale?

The five-point Likert scale is the most commonly used, but there are varying opinions on the ad-
vantages and disadvantages of the number of categories or levels in the scale. According to Yaska and
Nuhu (2024), who analyzed measures of central tendency and variability, the 5-point Likert scale is the
optimal choice when compared to a 4-point Likert scale. Chang (1994) compared the validity and reliability
of 4-point and 6-point Likert scales. In an empirical approach, different measurement models were fit by
confirmatory factor analyzes of a multitrait-multimethod covariance matrix. The results showed lower reli-
ability (heterotrait-monomethod coefficients) with the 6-point scale than with the 4-point scale, but when it
comes to validity, there was no difference between the 4-point and 6-point scales.

Conjunction results of research on the influence of the number of scale points on measurement
capabilities (reliability) are contradictory. For example, Brown, Widing and Coulter (1991) analyze the
SOCO scale and conclude that “(...) the reduction in scale points and accompanying anchors did not lead
to any reduction in the scale’s measurement capabilities” (p. 350).

Research shows similar results about how the number of scale levels does not substantially affect
psychometric properties (reliability, validity): Finstad (2010), Nunnally and Bernstein, (1994). However,
McCallum, Keith and Wiebe (1988), Boote (1981), Hernandez, Mufiiz and Garcia Cueto (2000), Moreno,
Martinez and Mufiiz (2004), Mufiiz, Garcia-Cueto and Lozano (2005) show the opposite, that is, how the
number of levels (points) on a scale affects psychometric properties. Lozano, Garcia-Cueto, and Mufiz
(2008) found that increasing the number of points on a scale enhances both validity and reliability. They
observed that when a scale has fewer than four points, both reliability and validity tend to decrease. The
authors concluded that while increasing the scale beyond seven points does not significantly improve
validity and reliability, the optimal number of response options lies between four and seven. Leung (2011)
investigated some psychometric properties of 4,5,6, and 11-point Likert scales on a sample of 1217 stu-
dents in Macau. There were no significant differences found in the internal structure regarding means,
standard deviations, item-item correlations, item-total correlations, Cronbach’s alpha, or factor loadings.
The results suggest that increasing the number of scale points helps reduce skewness, with the 11-point
scale (ranging from 0 to 10) showing the lowest kurtosis and being closest to a normal distribution. Only
the 6- and 11-point scales align with normal distributions based on Kolmogorov-Smirnov and Shapiro-Wilk
tests. The findings on predictive validity are inconclusive. This article recommends adopting an 11-point
scale, as it enhances sensitivity and approximates interval-level measurement and normality.

The optimal number of categories on the Likert scale in the literature varies. It ranges from the
dichotomous feature (2) to 3 categories, then 4 with the argument of avoiding anchoring neutral values (or
without it), 5 (the most common category in social sciences), 6, 7, 9, 11 categories, and more. Moreover,
Garner (1960) concludes that “ information transmission measures, after correction for sampling bias,
show a small but definite increase in discrimination up to the 20 categories used” (p 352).

An intriguing research study by Miller (1994) demonstrates:

“What about the magical number seven? What about the seven wonders of the world, the seven
seas, the seven deadly sins, the seven daughters of Atlas in the Pleiades, the seven ages of man, the
seven levels of hell, the seven primary colors, the seven notes of the musical scale, and the seven days
of the week? What about the seven-point rating scale, the seven categories for absolute judgment, the
seven objects in the span of attention, and the seven digits in the span of immediate memory? For the
present, | propose to withhold judgment. Perhaps there is something deep and profound behind all these
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sevens, something just calling out for us to discover it. But | suspect that it is only a pernicious, Pythago-
rean coincidence” (p. 351).

The author suggests, albeit in a poetic manner, that a scale of 7 points, with @ margin of plus or
minus two, is optimal. Additionally, the findings of Green and Rao (1970) indicate that expanding the scale
beyond 7 points (response categories) is unnecessary.

Preston and Colman (2000) examine the reliability, validity, and discriminative power of various
point scales. The results showed that scales with two, three, and four response categories performed
poorly across various indices of reliability, validity, and discriminating power. In contrast, scales with more
categories, up to seven, showed significantly better results. While internal consistency remained similar
across all scales, test-retest reliability tended to decrease for scales with more than 10 response catego-
ries. Respondents expressed the highest preference for the 10-point scale, followed closely by the 7-point
and 9-point scales.

Schrum, Johnson, Ghuy, Gombolay (2002) suggest a scale of 5-9 points as a rule of thumb; less than
5 or more than 9 points cause a lack of precision. Aybek and Toraman (2022) compare 3-point, 5-point, and
7-point Likert scales. They conclude that the 5-point scale provides greater reliability than the 3-point scale,
while there is no significant difference in reliability between the 5-point and 7-point scales. Therefore, they
recommend using the 5-point scale as the best option. De Vellis (2003) states that a scale with a neutral
value can lead to ambiguity in the interpretation of data (strongly disagree, disagree, somewhat disagree,
somewhat agree, agree, and strongly agree). The authors Pearson, Lacombe and Khatun (2024) conclude
the opposite, outlining that overlooking/ignoring a “neutral” category can result in flawed inferences, which
can impede the advancement of personal finance research (can lead to biased estimates).

Increasing the number of points on a scale can lead to greater variability, particularly in small sam-
ple sizes. This may violate the assumptions of a normal distribution (such as the coefficient of variability)
and can also impact the asymmetry of sampling distributions. While a higher number of scale points does
not always lead to increased variability, especially when respondents’ attitudes are highly polarized, it
can result in a U-shaped distribution. Another significant issue with expanding the Likert scale is that it
becomes difficult for individuals to clearly distinguish between certain points or categories in a semantic
context. As the number of scale points increases, cognitive differentiation becomes problematic.

The limitations of the Likert scale can be summarized as follows (Jamieson, 2000):

1. The response categories in Likert scales are ordered, but the intervals between the values should
not be assumed to be equal.

2. ALikert scale is inappropriate for parametric tests (based on the mean and variance/standard devia-
tion).
3. Treating ordinal scales as interval scales can be very controversial.

4. It has become a common practice to treat Likert-type categories as if they represent interval-level
measurement.

We can also expand this to:
5. Giving socially desirable answers (especially when it comes to semantic categories).

6. Tending to give middle/neutral values (if the number of degrees on the scale is odd, id est. if it has a
neutral value - the midpoint of “neither agree nor disagree”(Chyung et al., 2017).

7. Confusing semantic differences of opposing categories (e.g., category 2 — | partially disagree vs
category 4 — | partially agree). Statistically, it is a huge difference, but in a normative linguistic state-
ment, this is almost the same, because if | partially agree then | also partially disagree. How much is
partially positive greater than partially negative?

8. Unnecessary avoidance of non-parametric statistics - avoidance of categorical dichotomous/ trichot-
omous/ polytomous variables (not rank). In medicine, for example using procedures like Odds ratio,
probability, Log Logistic, Cox, Logit, and probit regression... gives extremely useful data/predictions
(compared to survival analysis Kaplan Meier...)

One of the challenges of the Likert scale is bias. When the variables are in the format of positive
answers, it is possible to expect a bias towards positive preferences. Then, the negation concept is often
introduced with the aim of bias control. However, this can be counterintuitive, as it requires greater cogni-
tive engagement and can lead to an increase in errors. One solution, according to Friborg Martinussen
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and Rosenvinge (2006), is to use Osgood’s Semantic differential (1952). The authors compare the Likert
scale and the semantic differential on a sample of 334 students and conclude that the semantic differential
affects the reduction of bias, i.e. there was a reduction in variance, internal consistency, and a better fac-
tor structure was obtained in the case of using the semantic differential (at the same time, there was no
lowering of psychometric quality). However, the Semantic Differential cannot be considered a Likert scale
because it uses bipolar antonyms (Verhagen, van den Hooff and Meents, 2015).

Uebersax (2006) elaborates on the most common mistakes in the use of the Likert scale and states
the problematic nature of defining the Likert scale (e.g., when a scientist says that he used a Likert scale,
itis not clear what is meant by that term). The author states that the Likert scale never refers to a separate
variable but to a set of several variables whose responses are added together and give an average total
result on the subject of measurement. Additionally, Uebersax (2006) postulates that a rating scale produc-
ing ordered category data (e.g., How often do you smoke cigarettes? 1. Never; 2. Once in a while; 3. 1-5
cigarettes per day; 4. More than 5 per day) is not a Likert scale. One of the ways to overcome the problem
of the Likert scale is, according to Anjaria (2022), deploying the Z-number in conjunction with the Likert
scale. The author introduces an algorithm for deriving Z-numbers from Likert scale data. It also explains
how these concepts can be applied to convert Likert scale responses into Z-numbers.

Presentation of a new scale in social sciences

The scale consists of two levels. The first level is a binary outcome (dichotomous) where the re-
spondent circles agree/disagree, or yes/no. The second level consists of the respondent assessing the
intensity of the binary choice on a 10+10 point scale, expressed on the principle of deciles. The scale
diagram is presented in Figure 2.

max max

10 NOT AGREE AGREE 10

1.0 ]

L~ "\.
max max

Figure 2. Binary-relative interval scale

The scale comprises a total of 20 intervals: 10 associated with the option “NOT AGREE” and 10
with the option “AGREE.” Unlike traditional Likert scales, this scale does not include a neutral midpoint,
as respondents do not have the option to indicate that they neither agree nor disagree.

However, a midpoint does statistically exist. For example, if the frequencies for the “NOT AGREE”
and “AGREE” intervals are equal, the mean, mode, and median (MCT) would all equal 2, indicating a bal-
anced position. In this scenario, a value of 2 suggests a state of ambivalence, reflecting both agreement
and disagreement, thus representing an absence of a definitive positive or negative attitude.

The coding of the scale involves subtracting 2 for each instance marked as “Not AGREE” and add-
ing 2 for each instance marked as “AGREE.” This process can be represented as follows: for each marked
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value of intensity “Not AGREE,” we use x - 2, and for each marked value of intensity “AGREE,” we use x
+ 2. The graphical representation of this coding is illustrated in Table 2.

Table 2. Coding scale
Not agree (NEGATT) Agree (POSATT)

X Initial

scale values 1 09 08 07 06 05 04 03 02 01 01 02 03 04 05 06 07 08 09 1

2- (x) 24X
Codedvalues 1 1,1 12 13 14 15 16 1,7 18 19 21 22 23 24 25 26 27 28 29 3

After coding, we got a rating scale from 1.0 to 3.0. The interpretation of the numerical values on
the scale represents the intensity of the attitude (figure 3).

10 1,1 1,2 13 14 15 1,6 1,7 1,8 1,9 21 2,2 23 2,4 25 2,6 27 2,8 2,9 3,0
|EHH“:IE':I::;:MWE|IMGDER:§:}LP[‘)§GATNEIl Lo:f#in%n;éw “ Ln::::ﬁ;r:: I MODET.I;%:DPE)EWWE |EKT‘EE:I:III.;::E5ITIVEI

Figure 3. Intensity of the attitude

The new scale does not have an explicitly defined neutral value. However, we can determine a
neutral value by calculating a measure of central tendency, such as the mean. For instance, if respond-
ents have the same frequency across all intervals (degrees), for example, f (1)=1, f (1.1)=1, f (1.2)=1, f
(1.3)=1, and so on until f (3)=1, then the mean would equal 2.00. In this scenario, the median would also
be 2, and the skewness would be 0, indicating a neutral attitude. Statistically, values within the range 1,9
< x < 2,1 indicate a neutral midpoint, representing the absence of a specific attitude neither positive nor
negative (see figure 4).

Invisible midpoint

I

1,7 1,8 1,9 2,1 2,2 2,3

LOW NEGATIVE LOW FOSITIVE
I ATTITUDE I I ATTITUDE I

Figure 4. Invisible midpoint of scale

Advantages of the scale

In contrast to a regular Likert scale, our proposed scale has several advantages including:

1. Generating a binary outcome (discrete) in a form (yes-no, agree-not agree) suitable prior for non-
parametric tests/approaches (e. g. logit and probit regression, Bayesian inference, Fisher’s exact
test, descriptive statistics for binary data, Log-linear...). Binary variables are cost-effective, easier
to understand and interpret, and require less cognitive effort. They simplify decision-making and are
less influenced by cultural differences that can arise when using a scale with multiple degrees of
agreement or disagreement. Additionally, the binary choice format (such as agree/disagree or yes/
no) promotes simplicity and helps streamline generalizations.

2. Existence of double measurement: binary outcomes (agree/not agree; yes/no) and additional rela-
tive interval measurement as extended measurement. The assumption is that respondents can
relatively well distinguish 10 degrees (intervals), the intensity of agreement (disagreement) with a
certain statement. The new scale is based on 10 relatively identical intervals that represent centiles,
and it is easier for the respondent to distinguish the intensity on a scale up to 10 than, for example,
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to 7 or 8. It is better and more precise to distinguish using 10 parts (deciles) because it is based
on tens (10,20,30...). No, of course, this is conditional and the term relatively interval scale is used.
Introduction of 10 intervals (deciles) separately for negative and positive attitude of impact on meas-
urement precision. For example, Figure 5 shows the graphical distribution of responses to variable
V1 (empirical part) using the Likert scale and the new scale. The introduction of 10 intervals (deciles)
for both negative and positive attitudes improve the precision of measurement. For instance, Figure
4 illustrates the graphical distribution of responses to variable V1 (empirical part) using both the
Likert scale and the new scale.

100
&0

)

Count

40

20

Figure 5a. Likert

Count

12 13 14 15 16 18 19 21 22 23 24 25 26 27 28 28 30
VAINT

Figure 5b. New scale

Figure 5a (Likert scale responses) illustrates the distribution of responses to variable 1. The re-
sults indicate that: 1 respondent completely disagrees, 16 respondents partially disagree, 46 respondents
neither agree nor disagree, 94 respondents partially agree, and 32 respondents fully agree with the state-
ment: “In most ways, my life is close to my ideal.” The distribution of responses for the same variable on
the new scale involving the same respondents, is presented in Table 3.
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Table 3. Distribution of variable V1INT (new scale)

Value f INTENSITY of attitude
1,0-1,2 1 Extremely negative attitude
1,3-1,6 10 Moderately negative attitude
1,7-1,9 3 Low negative attitude
2,1-2,3 7 Low positive attitude

2,4-2,7 74 Moderately positive attitude
2,8-3,0 93 Extremely positive attitude

In this example, the improved precision of the measurement is evident. On the Likert scale, 46 sub-
jects reported a neutral value of 3, which is not reflected in the new scale. For the variable 11 (Likert), the
arithmetic mean is 3.7. On a 5-point scale, this value can be challenging to interpret regarding intensity;
instead, measures such as mode or median may be more appropriate. In contrast, the new scale yields
a mean of 2.6, which accurately represents a real value, id est. a moderately positive attitude within the
statistical set. However, it's important to note that the larger range of intervals on the new scale can result
in extreme values that distort the arithmetic mean. Therefore, the new scale is recommended, particularly
when dealing with large sample sizes.

3. The scale values, after coding, are expressed with one decimal place, enhancing the precision of
the measurement.

1 11 12 13 14 15 16 17 18 19 21 22 23 24 25 26 27 28 29 3

The proposed scale enhances the accuracy of descriptive statistics, as the calculated arithmetic
means reflect actual values on the scale, rounded to one decimal place. For instance, if the mean is 1.63
(NEGATT), the value 1.6 is a valid point on the scale, meaning the mean is a real, measurable value
rather than an abstract one.

4. The ability to perform differential statistical presentation and analysis for each binary choice ‘Not agree’
(NEGATT for negative attitude) or ‘l agree’ (POSATT for positive attitude), as illustrated in Figure 6.

Histogram

Frequency

NEGATT

Histogram

Frequency

Figure 6. Distribution (normal) for NEGATT and POSATT
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5. The invisible midpoint occurs between the ranges of NEGATT (0.1-1, coded 1-1.9) and POSATT
(0.1-1, coded 2.1-3), with the coded value 2 representing the invisible midpoint

6. The probability of missing responses is reduced because the respondent is presented with a clear bina-
ry choice, unlike in the Likert scale. This binary format requires less cognitive effort from the respondent.

Empirical part

To gain insight into the descriptive characteristics of the new scale, a study on life satisfaction
was conducted with a sample of 190 students at the University of Zagreb. The respondents completed a
modified version of the Satisfaction with Life Scale (SWLS) using a 5-point Likert-type scale. They then re-
evaluated their level of agreement with the same variables, this time using the new scale, which included
a total of 12 variables.

The descriptive characteristics of all 12 variables on the new scale show that the coefficient of
variation (CV) is lower than that of the Likert scale. This indicates better consistency and less variability,
meaning that the mean is a more accurate representation of the actual values. Additionally, the standard
errors of the arithmetic means are smaller, suggesting that the sample means more accurately reflect
the population values. As a result, the confidence intervals are narrower due to the smaller standard
error (SE), leading to greater certainty about the estimates. Similarly, a reduction in the standard error
enhances the power of the statistical tests, thereby decreasing the likelihood of a Type Il error. Moreover,
the arithmetic mean values represent the actual values (to one decimal place), which is often not the case
with the Likert scale. Although the values of skewness and kurtosis are higher, they remain within the ac-
ceptable limits according to Kline (2016).

Table 4. Descriptive values of Likert scale and new scale

Range  Minimum Maximum Mean Std. Deviation Covzf?ig't?:rt] of
Statistic ~ Statistic ~ Statistic ~ Statistic ~ Std. Error Statistic Statistic Skewness
11 4 1 5 3,74 ,062 ,858 0,23 -,495
V1INT 1,8 12 3,0 2,64 ,0265 ,3629 0,14 -2,119
12 4 1 5 4,29 ,061 ,840 0,20 -1,344
V2INT 1,8 12 3,0 2,70 ,0244 ,3351 0,12 -2,019
13 3 2 5 4,24 ,057 176 0,18 -,872
V3INT 1,7 1,3 3,0 2,74 ,0218 ,2988 0,11 -2,634
14 3 2 5 4,09 ,061 ,836 0,20 -,559
VAINT 1,7 1,3 3,0 2,68 ,0239 ,3282 0,12 -2,039
15 4 1 5 3,50 ,090 1,236 0,35 -,314
V5INT 2,0 1,0 3,0 2,42 ,0432 ,5914 0,24 -,851
16 4 1 5 4,07 ,068 ,934 0,23 -,810
VBINT 1,9 1,1 3,0 2,68 ,0286 ,3917 0,15 -2,019
7 4 1 5 3,72 ,073 1,003 0,27 -,567
V7INT 2,0 1,0 3,0 2,53 ,0353 ,4842 0,19 -1,580
18 (recoded) 4 1 5 3,53 ,090 1,231 0,35 - 417
VBINT (recoded) 2,0 1,0 3,0 2,23 ,0489 ,6689 0,30 -,403
19 4 1 5 3,44 ,075 1,035 0,30 -,383
VOINT 2,0 1,0 3,0 2,36 ,0420 ,5730 0,20 -,895
110 3 2 5 3,98 ,059 ,807 0,20 -,331
V10INT 1,7 1,3 3,0 2,62 ,0265 ,3616 0,14 -1,683
11 4 1 5 3,18 ,073 1,008 0,32 -,180
VIMINT 2,0 1,0 3,0 2,18 ,0434 ,5914 0,27 -,493
112 4 1 5 2,84 ,087 1,203 0,42 ,357
V12INT 2,0 1,0 3,0 1,99 ,0517 ,7068 0,36 -,021
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V1(I1) In most ways, my life is close to my ideal; V2(12) The conditions of my life are excellent; V3(13) | am
satisfied with my life; V4(14) So far | have gotten the important things | want in life; V5(15) If | could live
my life over, | would change almost nothing; V6(I6) When | watch others live, | feel satisfied; V7(I7) | am
satisfied with my appearance; V8(18) | would be more open to living in a different part of the world; V9(19)
| am happy with my finances;V10(110) A bright future awaits me;V11(111) The educators’ salary will be
enough for me to have a comfortable and happy life;V12(112) | am satisfied with the position of teacher/
educator in society.

The new scale also presents more accurate, precise quantiles (quartiles, deciles) which results in
better interpolation. Table 5 shows the quantile values for the Likert and new scales.

Table 5. Descriptive values of scales

New scale Likert

Vi V2 V3 V4 V5 V6 V7 V8 V9 V10 Vi1 V12 i 12 13 14 15 16 17 18 19 1Mo 1M1 12

Percen- 10 2,29 2,30 2,40 2,39 1,48 2,28 1,60 1,00 1,50 2,10 1,27 1,10 3,00 300 300 300 200 300 200 1,00 200 300 200 1,00
tles 20 2,50 2,50 2,60 2,50 1,70 2,50 2,30 1,10 1,70 2,50 1,50 1,20 3,00 4,00 400 300 200 300 300 100 300 300 200 200
25q1 2,522,60 2,70 2,60 1,90 2,60 2,40 1,10 1,90 2,50 1,60 1,30 3,00 4,00 4,00 4,00 300 300 300 1,00 300 300 300 200

30 2,60 2,70 2,70 2,60 2,24 2,60 2,50 1,20 2,30 2,50 1,71 1,40 3,00 4,00 4,00 4,00 300 4,00 300 200 300 4,00 300 200

40 2,70 2,70 2,80 2,70 2,50 2,70 2,60 1,40 2,48 2,60 2,20 1,50 400 400 400 400 300 400 400 200 300 400 300 200

50 2,70 2,80 2,80 2,80 2,60 2,80 2,70 1,50 2,60 2,70 2,35 2,10 400 400 400 400 4,00 400 400 200 400 400 3,00 300

60 2,802,90 2,90 2,80 2,80 2,90 2,74 1,90 2,70 2,80 2,50 2,40 400 500 500 4,00 400 400 400 300 400 400 3,00 300

70 2,80 2,90 2,90 2,90 2,90 2,90 2,80 2,30 2,79 2,80 2,60 2,60 400 500 500 500 4,00 500 400 300 400 400 4,00 300

7593 2,80 2,90 2,90 2,90 2,90 3,00 2,90 2,50 2,80 2,90 2,70 2,70 400 500 500 500 500 500 400 300 400 500 4,00 4,00

80 2,90 3,00 2,90 2,90 3,00 3,00 2,90 2,50 2,80 2,90 2,70 2,74 400 500 500 500 500 500 500 400 400 500 4,00 4,00

90 3,00 3,00 3,00 3,00 3,00 3,00 3,00 2,70 3,00 3,00 2,80 2,90 500 500 500 500 500 500 500 4,00 500 500 4,00 5,00

In terms of reliability testing, the new scale demonstrated greater reliability, with a Cronbach’s al-
pha of 0.804, compared to a=0.787 for the Likert scale. Additionally, the Intraclass Correlation Coefficient
(ICC) was also higher for the new scale (0.804) than for the Likert scale (0.787).

One of the key advantages of this scale is that it allows for the division of attitudes into positive
(POSATT) and negative (NEGATT) categories. This setup facilitates a detailed analysis of the intensity of
both positive and negative attitudes, rated on a scale from 1 to 10. Additionally, descriptive statistics can
be calculated separately for each category and compared against one another. This approach is espe-
cially useful in economic research, where understanding the intensity of separate attitudes, both positive
and negative, is critical. For instance, in our example referenced as V12INT, respondents are polarized
regarding their satisfaction with the position of teachers and educators in society, with a mean score of
1.99, a minimum of 1, and a maximum of 3. This distribution is not normal. By separating respondents into
POSATT and NEGATT categories, we gain better insight into the nuances of their satisfaction and dis-
satisfaction levels. The binary choice data also reveal that 49.7% of respondents are dissatisfied (do not
agree) with the position of teachers and educators in society, while 50.3% are satisfied (agree). In Figures
7a and 7b, the variable V12INT is displayed, highlighting the separate NEGATT and POSATT groups.

Count
a

10 09 08 07 06 05 04 03 02 01
V12NEGATT
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V12POSATT

Figure 7a & 7b. NEGATT & POSSAT

Figure 7a illustrates the distribution of the NEGATT variable (V12). For instance, 16 respondents
expressed a disagreement intensity of 8 out of 10 regarding the statement associated with the variable
(V12), while 6 respondents indicated a disagreement intensity of only 2 out of 10 (as shown in Figure 7a). In
comparison, the POSATT variable in Figure 7b shows that 14 respondents agreed with the statement at an
intensity of 6 out of 10, and 11 respondents showed maximum agreement with a rating of 10 out of 10. This
indicates that they are extremely satisfied with the role of teachers and educators in society (see Figure 7b).

In the case of separating respondents into POSATT and NEGATT for a certain variable(s), we
can compare them separately, display descriptive characteristics, calculate the values of MCT, MV, spe-
cificities of sampling distributions, and use statistical tests to test differences and relationships between
subsamples (POSATT and NEGATT). Although the sampling distribution of the variable deviates signifi-
cantly from the normal distribution (attitudes are polarized), separating the distribution of the variable into
NEGATT and POSATT provides the possibility of separate distributions, in this case significantly closer to
the normal distribution; p-p plot (figures 8a, b, c).

Normal P-P Plot of VI2POSATT

Expected Cum Prob

Observed Cum Prob

Figure 8a. P-P plot POSATT V12INT
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. Normal P-P Plot of VI2NEGATT 1 Normal P-P Plot of VI2INT
g 08
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Observed Cum Prob Observed Cum Prob
Figure 8b. P-P plot NEGATT V12INT Figure 8c. P-P plot V12INT

The introduction of a new scale that includes binary choices is a valuable enhancement, as it allows
for prior non-parametric analysis. In the area of predictive role testing, the new scale has the a priori option
of using binary choice (as a DV) for nonlinear regression; e.g., logistic regression, Probit, Cox PHR..., and
also as an additional relative interval measurement and the possibility of using linear regressions (nonlin-
ear, too). Binary choice scales are extremely useful in a predictive sense and are often used in medicine,
technical sciences. For example, binary choice V7 shows a graph of predicted probability for the variable
age* V7 (figure 9).

Simple Line of Predicted probability by age

1,00000

95000

90000

Predicted probability

85000

50000
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49

age
Figure 9. Predicted probability

The probability of students aged 20 in the sample being satisfied with their appearance is 83%,
while for students aged 41 who are part-time students, the satisfaction rate is as high as 98%. Predicted
probabilities (log-odds, odds, and probabilities) provide extremely valuable statistical data and should be
utilized more in social science research. However, when using a 5-point Likert scale, the neutral value (3)
complicates the ability to make a binary choice.

The new scale, which considers an interval range of 10+10, allows for the development of more
complex regression models. However, this complexity can lead to issues such as overfitting or the misin-
terpretation of non-linear relationships between variables. Despite these potential challenges, this scale
yields more accurate predictive results than the Likert scale. For instance, the interpretations of beta
values are more precise, and also standardized regression residuals (see Figure 10a, b), which can also
influence other regression parameters.
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Scatterplot
Dependent Variable: V5INT

R? Linear = 0,947
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Figure 10a. RSR V5*academic grade (New scale)
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Figure 10b. RSR V5*academic grade (Likert)

Conclusion

The new scale offers several advantages over the traditional Likert scale. It incorporates a binary
choice, which is particularly useful for predictive modeling, along with a relative interval scale featuring
10+10 intervals. In social sciences, especially in attitude research, it is not expected that absolute distinc-
tions can be made when assessing the strength of agreement or disagreement. However, respondents
are expected to recognize differences across 10 distinct intervals (NEGATT-POSATT, min-max).

The tolerance for distinction error is +-1 scale interval, i.e., 5% between intervals on a 10+10 scale. Since
the respondent evaluates only one dimension at a given time (agreement or disagreement), but we use a total
scale of 20 intervals, it is reasonable to expect some error in the precision of distinguishing adjacent intervals.

The scale consists of 10 degrees of agreement (POSATT) and 10 degrees of disagreement
(NEGATT). After coding, the scale features 20 rank intervals or degrees (1, 1.1, 1.2, ..., up to 3). This
design allows for high resolution in measurement. Respondents are expected to distinguish between more
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distant points (for example, 8 vs. 10) more accurately than between neighboring intervals (such as 8 vs.
9). Due to the limited ability to differentiate within the 10 degrees, we assume an error of +1 degree on this
scale. When considering the entire 20-degree scale, this error is proportionately adjusted to 5% (1 out of
20). If arespondent estimates the intensity of negative attitudes between 8 and 10, this is likely a more pre-
cise estimate. However, if the choice is between 8 and 9, the potential for error increases because neigh-
boring values are harder to distinguish. This error can impact the fine-tuning of statistical analyses, such as
in reliability calculations or factor analysis. Therefore, the precision is 95%, or there is a 5% probability that
subjects will misjudge the intensity due to difficulty distinguishing between adjacent intervals (Figure 11).

This paper highlights various benefits of the new scale compared to the Likert scale, both in de-
scriptive and inferential statistics. The new scale significantly enhances statistical analysis capabilities by
separating the data set into positive (POSATT) and negative (NEGATT) attitudes. This allows for differential
analyses of positive and negative attitudes and improves prediction modeling. Such capabilities are par-
ticularly valuable in economic research, as they enable separate analyses and comparisons of positive and
negative preferences (NEGATT and POSATT). The dual measurement offered by the scale, including binary
outcomes (agree/disagree; yes/no) along with additional relative interval measurements, expands the range
of statistical analyses available. This can lead to more accurate, objective, and reliable conclusions.

max max
e N 1

A
F\,\ NEGATT POSATT /

min

LO}j9o)8]71)6 NOT AGREE AGREE

LN //

01112 13 14 15 1,6 1,7 1,8 1,9 21 2,2 23 24 25 2,6 2,7 28 2,9 3,0
EXTREMELY NEGATIVE [y MODERATELY NEGATIVE LOW NEGATIVE LOW POSITIVE MODERATELY POSITIVE j | EXTREMELY FOSITIVE
I ATTITUDE II ATTITUDE I I ATTITUDE ATTITUDE ATTITUDE II ATTITUDE I

Figure 11. New scale with coding

It is recommended to use the scale for categories with large sample sizes. Further research on the
new scale is anticipated, taking into account its distinct advantages as well as certain limitations.
Limitations of the new scale

The Likert scale has been the subject of criticism in many scientific journals for decades. Despite this, it
remains dominant in a number of scientific disciplines. The new scale is statistically more justified, more pre-
cise, and more accurate, although there is a need for further research on its advantages and disadvantages.
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