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SUMMARY 

Rating scales are tools that enable researchers to obtain empirical data from a theoretical construct. 
The quality of data obtained is influenced by subjective interpretation of the rating scale or 
measurement bias. A survey was conducted on eighty-two participants to determine the subjective 
interpretation of three distinct linear interval rating scales that employed either words to assign 
polarity, numbers to assign divisions or an experimental colour gradient. The data obtained in this 
study identified deficiencies in two commonly used questionnaires and recommended rating scale 
designs to attenuate measurement bias and improve the quality of data.  

KEYWORDS 

Measurement Bias, Questionnaire Design, Rating Scale, NASA TLX, SART 

Introduction 

Self-rated questionnaires are often employed to obtain empirical data on human performance. 
However, several studies aimed at improving questionnaire designs indicated variations in 
participants’ interpretation of rating scales (Saris & Gallhofer, 2007). Deriving empirical evidence 
from questionnaires requires considerations for the quality of measured data influenced by these 
variations in responses (Rodgers & Herzog, 1992). Andrews (1984) attributed these variations to 
measurement bias developed by subjective interpretation of rating scales. Studies on cognitive load 
reduction strategies aimed at improving the quality of measured data concluded that it did not 
improve subjective interpretation of the questionnaires (Brosnan et al., 2021). However, employing 
colours to designate ordinal intervals in questionnaires with ordinal rating scales, such as the 
Cooper–Harper Handling Qualities and the Bedford Workload Rating (Roscoe & Ellis, 1990), are 
known to improve human interpretation of rating scales. 

The study conducted in this paper involved two questionnaires with linear interval scales. The first 
questionnaire, the NASA Task Load Index (TLX), measured the subjective workload on a polarity 
scale, that is, words denoting the opposite ends of the scale (Hart & Staveland, 1988). The second 
questionnaire, the Situation Awareness Rating Technique (SART), measured subjective situation 
awareness on a numerical scale (Taylor, 2017). Besides the differences in the types of rating scales, 
the two questionnaires differed in the number of divisions in the rating scale. Whilst the NASA 
TLX questionnaire has 21 divisions in its rating scale, the SART scale has seven divisions in its 
rating scale. Prior studies have indicated seven divisions as ideal for rating scales (Miller, 1956; 
Preston & Colman, 2000), however, a study conducted by Matell & Jacoby (1972) attributed the 
certainty and accuracy of responses to increased number of divisions. Cox (1980) attributed 
variations in responses to factors such as the number of divisions in a rating scale and the ability 
and interests of participants. Therefore, this study investigates the effects of the types of scales and 
the number of divisions on subjective interpretation to attenuate measurement bias. Key differences 
in the rating scales used in these questionnaires are shown in Table 1. 



Contemporary Ergonomics and Human Factors 2024. Eds. D Golightly, N Balfe & R Charles, CIEHF.  
 

Table 1: Key differences in the rating scales used in the NASA TLX and SART questionnaires. 

 NASA TLX SART 
Type of Rating 

 
Polarity Numbers 

Scale Divisions 21 7 
 

Method 

A human-in-the-loop experiment was conducted to determine participants’ responses to aural 
cockpit checklists in an aircraft simulator environment whilst attempting to perform a landing 
(Miranda et al., 2024). During the experiment, participants provided self-rated scores for mental 
workload and situation awareness in the NASA TLX and SART questionnaires respectively. Each 
questionnaire had been modified to implement three distinct linear interval rating scales. After the 
experiment, a survey was conducted among the participants to obtain insights and subjective 
preferences for the three linear interval scales. The survey also determined the type of rating scale 
that was most appropriate to convey subjective scores that were required for the experiment. 

Participants 

The research involved a sample size of eighty-two participants with ages that ranged between 19 
and 64 years (M = 27, SD = 6.75). Approval of the Cranfield University Research Ethics System 
was obtained before conducting the research. The data obtained from the research were made 
available only to the research team and stored under the Ethical Code and the Data Protection Act 
of the university.  

Equipment 

A high-fidelity cockpit simulator developed by Cranfield University, Rolls-Royce, and DCA 
Design, called the Future Systems Simulator (Korek et. al, 2022) was used to conduct a human-in-
the-loop experiment. Subjective mental workload and situation awareness scores were obtained 
from NASA TLX and SART questionnaires respectively in the conventional pen-and-paper method. 

Procedure 

Participants were presented with three scenarios that varied in automation assistance and weather. 
After each scenario, participants provided their perceived workload and situation awareness scores 
on the NASA TLX and SART questionnaires respectively. Block randomisation of the rating scale 
was ensured during the allocation of questionnaires in each of the three scenarios.  

Questionnaire Design  

The original questions and dimensions of the rating scales were retained; however, for this research, 
the rating scale was altered to contain either polarity, numbers, or a colour gradient. The rating 
scales in the two questionnaires were modified to implement numerical and polarity rating scales in 
both questionnaires. In addition to numerical and polarity rating scales, an experimental colour 
gradient rating scale was also implemented in both questionnaires. Appendices 1-3 show scaled-
down NASA TLX and SART questionnaires with polarity, numerical and colour gradient rating 
scales respectively. 
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Findings 

The survey conducted on the participants’ preference for the types of scale did not indicate an 
absolute majority. A simple majority of 29 participants preferred the numerical scale whilst 24 
participants preferred the colour gradient, and 21 participants preferred the polarity rating scale. 
Figure 1 graphically illustrates the results from the survey. Eight participants, however, did not 
perceive differences in the rating scales.  

 
Figure 1: Distribution of participants’ preference to numerical, polarity, and colour gradient rating 
scales   

Numerical Rating Scale 

Participants who preferred the numerical rating scale cited their ability to easily enumerate the 
twenty-one divisions of the NASA TLX questionnaire with the numerical rating scale in contrast to 
polarity and colour gradient rating scales. However, participants did not cite similar ease or 
difficulty in gauging the number of divisions in the SART questionnaire. This finding is consistent 
with Miller’s (1956) and Preston & Colman’s (2000) suggestions that people cannot provide more 
information than seven divisions on a scale. The numerical rating scale also directed participants to 
select divisions denoted by numbers in contrast to selecting intermediate regions of divisions in 
polarity and colour gradient rating scales as shown in Figure 2 below.  

 
Figure 2: Types of response obtained on a NASA TLX rating scale for numerical (top), polarity 
(centre) and colour gradient (bottom) rating scales.  

Polarity Rating Scale 

Participants who preferred the polarity rating scale cited their inability to comprehend the polarity 
of numerical and colour gradient scales as the reason for their preference. The colour red in the 
colour gradient rating scales had ambiguous representations for an extreme polarity, either high or 
low, but neither was evident unless explicitly stated. Similarly, participants cited ambiguity in the 
numbers 1 and 7 on the SART scale. Unless explicitly stated, the number 1 could mean high in the 

24

21

29

0 5 10 15 20 25 30

Colour Gradient

Polarity

Numerical

Number of Participants



Contemporary Ergonomics and Human Factors 2024. Eds. D Golightly, N Balfe & R Charles, CIEHF.  
 

ranking perspective, whilst the number 7 could also mean high by virtue of its value. Due to the 
absence of polarity in the numerical and colour gradient questionnaires, participants resorted to 
implementing their polarity on the rating scales as shown in Figure 3 below. 

 
Figure 3: Examples of colour gradient and numerical rating scales where participants implemented 
their polarity 

Colour Gradient Scale 

Despite having the same number of divisions as the numerical and polarity rating scales, the colour 
gradient scale provided participants with a perception of infinite divisions. Participants who 
preferred the colour gradient rating scale cited that they were able to report their perceived mental 
workload and situation awareness scores with more certainty than the other two scales. This finding 
is consistent with the findings of Matell & Jacoby (1972) where the certainty in responses was 
linked to the greater number of divisions on a rating scale. 

Conclusions 

The three types of rating scales examined in two questionnaire designs provided varied insights on 
the design and subjective interpretation of rating scales. The feedback obtained on the original 
rating scale used in the NASA TLX questionnaire is consistent with previous studies suggesting 
that more than seven divisions are not ideal for a rating scale. However, the seven divisions used in 
the SART questionnaire encountered problems with the design of the original rating scale. The 
ambiguity with the subjective interpretation of numbers 1 and 7 prompted participants to adopt their 
polarity. The use of an experimental colour gradient on the rating scale enabled participants to 
assume infinite divisions and provide more certain responses. However, this was found to be 
problematic for the researchers since acquiring accurate empirical results from the rating scale 
requires precise selection of a division present on the rating scale. This problem can be addressed 
by digitising the analysis of the rating scale or the overall usage of the questionnaire.   

In conclusion, the use of numbers and colours in a rating scale is superficial due to subjective 
interpretation of the numbers and colours. An ideal rating scale used in a pen-and-paper 
questionnaire would consist of numerical divisions in combination with an assignment of polarity 
on the ends of the rating scale.  
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Appendix 1: Scaled-down NASA TLX (left) and SART (right) questionnaires with numerical rating 
scales 
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Appendix 2: Scaled-down NASA TLX (left) and SART (right) questionnaires with polarity rating 
scales 
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Appendix 3: Scaled-down NASA TLX (left) and SART (right) questionnaires with colour gradient 
rating scales 

  
 


