
179

SUMMARY

The scoring of handedness items is generally performed using a scale of “always use the 
right hand” to “always use the left hand”. Although there is no guarantee that such scores 
are ordinal measures, the data from these tests are traditionally analysed with statistical 
methods that assume ordinality. This study therefore aims to examine the measurement 
level of handedness data and specifically focuses on verification of the ordinality. The 
results suggest that the categorical items used in handedness questionnaires are indeed 
ordinal.

Key words: handedness, level of measurement, item response theory, Bock’s nominal 
response model

INTRODUCTION

An item is the basic unit of any test or scale. Items can be statements, commands or 
questions, the answers (responses) to which are associated in clear unequivocal terms 
with the desired trait/ability to be measured. An item often allows for a series of response 
options, which are known as “selected-response” items. Alternatively, an item may require 
a respondent to construct his/her own responses, which are known as “constructed-response” 
items. Whereas multiple-choice, true-false, short-answer, and essay item formats are 
commonly used in educational measurement practice, the rating scale format is the most 
popular format for psychological measurements. In laterality research, the scales for the 
assessment of hand preference also generally employ a rating scale format, with response 
categories ranging from always use the right hand to always use the left hand.

All of the above-mentioned formats can be assigned to a level of measurement. 
Although various conceptualisations of measurement levels have been developed, four 
levels are generally recognised in the methodological literature, following the definitions 
of Stevens: nominal (also known as unordered categorical), ordinal (ordered categorical), 
interval and ratio scales of measurement. The key distinguishing feature between nominal 
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and ordinal scales is that the assigned numbers represent the rank order of the entities 
assessed by the ordinal scale. Interval scales have all of the properties of ordinal scales, 
and any differences between the levels of the attributes can be multiplied by any real 
number to exceed or equal other inter-level differences. The “zero” point rating is 
arbitrary on interval scales but not on ratio scales. Even today, there is a continuing debate 
regarding this classification. 

Scores of various types of assessment, e.g., personality measures, such as Eysenck’s 
Personality Questionnaire or the Portrait Value Questionnaire, are scored on scales that 
have two extremes. In the EPQ, for example, the scales are neuroticism/stability and 
extraversion/introversion. Hand preference scales have a similar property, ranging from 
extreme right hand preference to extreme left hand preference. The level of the 
measurement of scores (nominal or ordinal) depends on the wording of the responses. 
If researchers use scoring items such as never use the right hand, rarely use the right 
hand, occasionally use the right hand, often use the right hand, and always use the 
right hand, then the scale would generally be considered ordinal. For the purposes of a 
handedness assessment, the wording of the response categories mentioned above is 
inconvenient because researchers should inquire about the same activity for the left hand. 
It is therefore more convenient to use a combined wording for both hands, i.e., always use 
the right hand, prefer to use the right hand, use both hands equally often, prefer to use the 
left hand, and always use the left hand. This bipolar wording is common in handedness 
studies, although the number of response categories varies by study. These wording and 
scoring methods have been proposed by White & Ashton as alternatives to those of the 
Edinburgh Handedness Inventory. This revision has been used in several studies. 

For statistical analyses, it is common practice to assign numerical values to each 
response category, for instance, 1 = always use the right hand, 2 = prefer to use the right 
hand, … , and 5 = always the use the left hand. Given the original wording of response 
categories, however, it is clear that such data do not have a ratio level of measurement. 
Moreover, the interval scale is also unlikely to be appropriate, and even ordinal levels of 
measurement may not be presumed. The level of measurement of the data is crucial for 
decisions regarding the most appropriate analytic tools to use for data processing. 
Parametric statistical methods cannot be used for nominal data and have a somewhat 
limited usability for ordinal data.

The aim of this study was to assess the measurement level of data from a hand 
preference questionnaire that uses bipolar wording. The results of these analyses may 
encourage the use of suitable statistical methods in future research that makes use hand 
preference scales. The secondary aim of the essay was to provide a discussion on the 
optimal number of response categories to use in measurement tools for handedness.

SAMPLE AND METHODS

Sample and measures

The dataset analysed here was composed of the responses of 2,055 individuals who 
completed an online questionnaire. Of these, 529 (25.7%) were excluded due to 
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incomplete or apparently invalid responses, e.g., random responses or responses with no 
variability. The analysed sample comprised the remaining 1,526 (868 females, 584 males, 
and 74 unknown) respondents from 97 countries. The mean age of respondents was 
33.0 years (sd = 12.8 years). Given the online nature of the research and voluntary 
participation of the respondents, no consent was signed by the respondents.

An online questionnaire (available at https://www.surveymonkey.com/s/T8LXXSZ) 
was developed in 3 languages (English, Czech, and Chinese). This computer-based survey 
included 4 items that measured handedness (holding a toothbrush, hammering a nail, 
throwing a ball, and unlocking a door); These items were chosen because they are 
appropriate for individuals of all known cultures (unlike, for example, writing). 
Furthermore, these items make sense within the context of several adaptive theories on 
the origin of laterality. These four handedness items are used here to evaluate the level of 
measurement of hand preference scores. 

The handedness responses were recorded on 5-point scales, with the responses 
arranged in the following manner: always use the right hand = 1, prefer to use the right 
hand = 2, use both hands equally often = 3, prefer to use the left hand = 4, and always use 
the left hand = 5. 

Analysis

The ordinality or nominality of the scores was examined using Bock’s nominal response 
model. The NRM a is very flexible model in that certain other IRT models, such as the 
partial credit model or generalised partial credit model can be considered to be constrained 
versions of NRM . The distinguishing feature of the NRM from the above-mentioned IRT 
models is that the item responses are assumed to be unordered (i.e., nominal). However, 
the ordinality of the response categories can be empirically tested, as described in the 
following paragraphs.

Let Xi denotes the score on item i. Let us suppose this item has m response categories. 
The item characteristic curve (ICC) of NRM can then be written as follows:

Pui (θ ) = P(Xi = u|θ )  = 
Σ e(aikθ+cik)
m–1

k=0

e(aiuθ+ciu)

for u = 1,…, mi − 1 and k = 1,…, mi − 1, and where θ denotes the latent trait value. 
The parameters aik, cik are referred to as the slope and intercept, respectively, and 
characterise the shape of the individual ICC. This model is not fully identified; therefore, 
an additional constraint must be imposed:

Σ aik = 
m–1

k=0
Σ cik = 0
m–1

k=0
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aik and cik are related to discrimination and difficulty, respectively. Then, the NRM can be 
reformulated as follows:

Pui (θ ) =  
Σ eaik(θ–bik)
m–1

k=0

e(aiuθ+ciu)
biu =  aiu

ciu
, where              .

The parameters aiu and biu can therefore be interpreted as the slope (discrimination) and 
location (difficulty), respectively.

Under the condition of a good fit of the NRM model to the data, Samejima 
Demonstrated that if the slopes aiu monotonically increase along the response categories, 
then the response categories are ordinal.

All IRT models, including the NRM, require “essential” unidimensionality of the 
items. However, it is not a simple matter to evaluate if this assumption holds if the level 
of measurement is unknown. Use of factor analysis would be problematic because it 
assumes at least ordinality. Therefore, we must rely on face validity and content validity, 
which was assessed and found to be relevant by experts during the development and 
initial validation of the questionnaire.

To assess the ordinality of the data, the NRM was fitted and the response category 
slopes were checked for monotonicity. The fit of the NRM was evaluated by comparing 
the observed proportions in each response category to the proportion predicted by the 
model. 

Subsequently, we determined the ICCs and discussed the optimal number of response 
categories for each item.

RESULTS

Evaluation of the ordinality of the response categories

Table 1 lists the slopes for each response category after fitting the data to the NRM. For 
all of the items, these slopes were monotonically increasing. Therefore, the response 
categories can be considered to be ordinal.

Table 1. Slopes within the Bock’s nominal response model

Item Response category
Always 

right hand
Prefer 

right hand
Both hands

equally often
Prefer 

left hand
Always

left hand
Throwing a ball −4.48 −3.28 −1.61 3.34 6.03

Hammering a nail −651 −3.14 −1.91 3.23 8.34
Unlocking a door −2.57 −1.12 −0.54 1.46 2.76

Holding a toothbrush −3.93 −1.89 −0.87 1.98 4.71
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The figures in the previous table are trustworthy only in the case that  
the NRM fits the data. This fit can be expressed as a comparison of the observed 
proportions of responses in each response category with the proportions predicted by the 
model. The next figure illustrates these two quantities. The values in this figure (Figure 1) 
indicate a close fit of the NRM to the data.
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Optimal number of response categories

Figure 2 illustrates the item characteristic curves for the NRM. These curves indicate the 
probability of responding with the response categories as a measure of handedness. 
Handedness is assumed to lie on a continuum (the x-axis), from extreme right-handedness 
(this category is on the lower values on x-axis due to the direction of item scoring) to 
extreme left-handedness (higher values on x-axis). 

In the other paper (Štochl, Croudace, 2012, in preparation), we find the interpretation 
of handedness as continuous variable to be somewhat limited and argue instead for a 
categorical nature of handedness. For the purposes of this article, however, it is convenient 
to consider handedness as a continuous variable.

It can be observed that for all of the items, the response category “use both hands 
equally often” is less useful because the probability of answering these responses is lower 
than the probability of answering other response categories over the entire latent 
continuum. Similarly, the response category “prefer to use the left hand” is not the most 
probable response category for any level of handedness for any of the items, except for 
throwing a ball. Generally, the number of “useful” response categories varies from two 
(for the item holding a toothbrush) to four (for throwing a ball).
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Figure 1. Fit of the Bock’s nominal response model to the data
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DISCUSSION

Researchers who examine handedness often use questionnaires scored on bipolar scales 
ranging from always use the right hand to always use the left hand. This study presents 
an investigation of the measurement level of hand preference responses to such 
questionnaires. Four handedness-related items from an online questionnaire were used for 
this purpose. The item response modelling was employed to statistically test the ordinality 
of the response categories. 

The most general IRT model, the NRM, was fit to the data. The ordinality of the data 
was tested by estimating the slopes of the model. The data can be considered ordinal if 
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Figure 2. Estimated item characteristic curves using the Bock’s nominal response model
Solid Lines: Always use the right hand = C1; prefer to use the right hand = C2; use both hands equally 
often = C3; prefer to use the left hand = C4; and always use the left hand = C5.
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the slopes within the item are monotonically increasing. In our case, this was true for all 
4 of the handedness items under consideration. These results therefore suggest that our 
data can be considered as ordinal. 

The assessment of implicit ordering is important because the analytical methods used 
in the following essays assume the ordinality of the items. This is also true for nearly all 
of the analytical methods commonly used for data processing in laterality research. 
Generally, the ordinality of data from handedness questionnaires is implicitly assumed. 
However, to our knowledge, this assumption has rarely been empirically tested. In certain 
cases, the ordinality of the response categories is obvious and does not require verification 
(for example, for Likert-type scales). However, this is not a case for laterality research, as 
the bipolar wording of response categories does not assure ordinality. Researchers who 
ignore this important issue by assigning numbers to their response categories cannot be 
certain that higher values indicate “more” of the measured trait, or that lower numbers 
signify “less”. In this sense, nominal scales are qualitative rather than quantitative. It 
should now be clear that performing any statistics (except for determining the mode) with 
these numbers makes little sense.

Apart from response category ordering, this study also briefly discusses the number of 
response categories that are optimal or “useful” for handedness items. We found that the 
category “use both hands equally often” is less useful because conditional probability of 
this response is lower than for the other responses, regardless of hand preference. This is 
to certain extent also true for the category “prefer to use the left hand”. However, 
suggesting the avoidance of these categories is not a simple matter, primarily because 
the decrease in the number of response categories is generally believed to decrease the 
amount of obtained information. For example, the effect of the number of response 
categories on the magnitude of the Pearson correlation coefficient is well known; 
generally, this coefficient tends to be lower as the number of response categories 
decreases. Other studies have also demonstrated that a decrease in the number of 
categories may decrease the internal consistency, test-retest reliability, item validity, and 
inter-rater reliability. In addition, as noted by Van der Linden & Hambleton, the joint 
probability of the less-chosen response categories for a particular level of the measured 
trait may be higher than the probability that any other single response category is chosen.

Alternatively, fewer categories do not necessarily lead to a low internal consistency 
statistic. A study by Chang, for example, found that more scale categories do not 
necessarily enhance reliability and may even lead to a systematic “abuse” of the scale. 
Thus, to determine the impact of categorisation on the internal structure of a measure is 
required before a suggestion is made regarding the optimal number of categories for 
handedness items. However, such an extensive assessment was outside of the scope of this 
study and is left for future research.

The analyses presented in this study can (to a certain extent) be viewed as ex-post 
justification of the results of previous laterality studies in which similar wording 
of response categories was used. However, the results from this study require cross- 
validation in different populations and for different types of scoring of hand preference 
responses before a sound generalisation to other handedness questionnaire can be made.
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METODA EMPIRICKÉ VERIFIKACE ORDINALITY DAT  
NA PŘÍKLADU DOTAZNÍKU LATERALITY

JAN ŠTOCHL, TIM CROUDACE

SOUHRN

Článek představuje metodu empirické verifikace ordinality dat pomocí nominálního modelu z rodiny modelů 
teorie položkových odpovědí. Ukázka použití metody je na datech dotazníku laterality od 1526 respondentů 
z 97 zemí světa. Výsledky studie ukazují, že data z položek rukové preference v tomto dotazníku mohou být 
považována za ordinální.
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