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Abstract 4 

 5 

The study objective is to create a scale specifically for measuring driver fatigue and to 6 

analyze the scale’s psychometric properties. The participants were 518 Spanish drivers. We 7 

carried out an exploratory factor analysis (EFA) and the first subsample obtained a single 8 

item solution (8 items). We then performed a confirmatory factor analysis (CFA) with a 9 

second subsample. The results were RMSEA=0.05, CFI=0.94 and TLI=0.92, which 10 

corroborates the previous results and maintains the same number of elements. The resulting 11 

dimension shows good reliability. The scale scores were then related to several external 12 

correlates and other scales and showed good convergence and criteria validity. The results 13 

indicate that the scale for assessing work fatigue specifically in professional drivers (Driver 14 

Fatigue (DF-8)) is a reliable and valid instrument. 15 

 16 
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1. Introduction 19 

Driving fatigue is one of the most common risk factors related to traffic accidents (1–20 

5). Its main cause is driving for too long without resting, in addition to other variables, 21 

including the characteristics of the vehicle, the driver, and the environment. Fatigue is usually 22 

considered to be a subjective complaint that can indicate tiredness, weakness, lack of energy, 23 

an intense desire to sleep, inability to concentrate, muscle weakness and even dyspnea. 24 

Philips (6) compiles the different available definitions of fatigue and proposes a new 25 

definition: “Fatigue is a suboptimal psychophysiological condition caused by exertion. The 26 

degree and dimensional character of the condition depends on the form, dynamics and 27 

context of exertion. The context of exertion is described by the value and meaning of 28 

performance to the individual; rest and sleep history; circadian effects; psychosocial factors 29 

spanning work and home life; individual traits; diet; health, fitness and other individual 30 

states; and environmental conditions. The fatigue condition results in changes in strategies or 31 

resource use such that original levels of mental processing or physical activity are maintained 32 

or reduced” (pp. 53). 33 

We must keep in mind that people may have different thresholds for perceiving 34 

fatigue. Depending on the context, it can be related to the time spent working, studying, 35 

sleeping, etc. Therefore, fatigue can be considered as the changes an organism experiences 36 

when they go over their own limit of effort, which can occur in extreme conditions when 37 

doing a task for too long, not being used to doing a task, or to the specific intensity of doing a 38 

task (7). 39 

Its characteristics are: 1) it results in a decrease in the person's capacity to respond or 40 

act; 2) it is a multicausal phenomenon, although its origin may be one specific factor; 3) it 41 

affects, to varying degrees, the organism as a whole (physical and psychic), each person 42 

perceives it in a different way in regard to the form and intensity in which it is expressed, and 43 
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situational factors and personal characteristics are also influential; 4) the feeling of fatigue is 44 

a bodily mechanism of great adaptive value since it indicates the need to rest (8). 45 

Some authors highlight that fatigue is a complex sensation because it picks up 46 

physical and psychic symptoms, locating the person on a continuum that ranges from feeling 47 

good to feeling exhausted (9). This is very important to consider in a system that evaluates 48 

individual integrity, and it is also a determining factor in a person’s willingness to do a task. 49 

This makes it especially important for assessing vehicle drivers. Davidović, Pešić and Antić 50 

(10) determined three factors that influence fatigue: 1) work factors, such as working long 51 

hours without having time to recover; 2) sleep factors, such as the alteration of circadian 52 

rhythms (driving at times when you usually sleep or vice versa), as well as the number of 53 

hours slept; and 3) other health factors such as sleep, health or lifestyle problems.  54 

Fatigue monitoring systems have been developed (11,12) and the working conditions 55 

of professional drivers studied (13) with the aim of preventing the traffic accidents caused by 56 

fatigue. 57 

There are health questionnaires that assess fatigue (14), but there are no specific scales 58 

for assessing the fatigue of professional drivers. Therefore, some authors quantify fatigue 59 

using scales of exercise intensity perception and relate the degree of fatigue to the intensity of 60 

the effort made  (15,16). Nevertheless, and because the literature reviewed does not have a 61 

specific scale for professional drivers, we consider it necessary to develop a new instrument. 62 

Therefore, the objective of this study is to analyze the factorial structure and the 63 

psychometric properties of the Driver Fatigue scale (DF-8) for evaluating fatigue in 64 

professional drivers. 65 

 66 

2. Method 67 

2.1. Participants  68 



4 

 

A total of 518 professional drivers in the transport sector participated in the study. At 69 

the time of data collection, the participants were active, employed, or self-employed in different 70 

types of transport activities, such as transport of common goods, hazardous goods, specials, 71 

transport, urban passenger transport, regular, discretionary, sanitary, assistance and taxi lines, 72 

among others. Demographic characteristics are described in Table 1. 73 

 74 

INSERT TABLE 1 HERE 75 

 76 

2.2. Instruments 77 

The DF-8 scale is a newly created scale for specifically assessing fatigue in 78 

professional drivers in the transport sector. First, we reviewed and analyzed the related 79 

literature. Second, a team of psychologists with experience in occupational risk prevention 80 

determined the range and variables to be measured (17–20), taking into account the context 81 

and the target population (the road transport sector). Brainstorming (21,22) and focus groups 82 

were used to (23) generate ideas for items (24), and create a bank of items (17,25). This was 83 

reduced to 30 items, which were used in the present study. The response format of the items 84 

was a Likert-type scale of one to five (1 = never to 5 = always). 85 

The Attitudes Toward Safety Regulations Scale (ATSRS) (26) is a scale that measures 86 

drivers’ attitudes towards safety rules, which has an impact on compliance with the 87 

regulations established for safe circulation. It consists of 13 items and measures three 88 

dimensions of drivers' attitudes towards safety rules: F1 (ENF, Effectiveness of Enforcement) 89 

consists of 5 items (α = 0.81; e.g.: “2. The authorities in charge of safety take dangerous 90 

drivers out of the way”) and refers to the drivers' perceptions of the effectiveness of applying 91 

regulations that penalize drivers who do not obey road safety laws; F2 (ATT, General 92 

Regulatory Attitudes) consists of 4 items (α = 0.80; e.g.: "9. Safety standards in general have 93 



5 

 

become too strict in recent years"). This refers to the drivers’ attitudes towards safety 94 

regulations and the influence that these attitudes have on obeying these laws. The third factor, 95 

F3 (EFF, Regulatory Effectiveness), consists in 4 items (α = 0.70; e.g.: "12. Regulations for 96 

driver health standards improve road safety"). This measures the drivers' perceptions of the 97 

effectiveness of the regulatory standards they must obey. The items in this scale are answered 98 

with a Likert-type scale from one to seven (1 = completely disagree to 7 = completely agree). 99 

The Burnout scale (MBI-GS) (27) evaluates burnout and is comprised of 15 items (3 100 

subscales). The subscale of “Exhaustion (α = 0.87)” includes 5 items (example: "6.-I'm 101 

'burned out' by work"). The subscale "Cynicism (α = .85)" consists of 5 items (example, "9.-102 

I've lost enthusiasm for my work"), and the subscale of "Professional efficiency (α = 0.78)" 103 

includes 6 items (example: "12.- I have achieved many valuable things in this position"), with 104 

7-point Likert responses ranging from 0 = Never / no time to 6 = Always / every day. 105 

The TRANS-18 Scale (28) for detecting safety behaviors (personal and in the vehicle) 106 

and psychophysiological disorders is made up of 18 items (3 subscales). “F1. 107 

Psychophysiological Disorders” of the driver (α = 0.81) relates to things that the driver may 108 

suffer from, such as anxiety, stress, depression, hypertension and digestive and 109 

musculoskeletal disorders (e.g., “8. My job has at some time caused me digestive problems 110 

(e.g. constipation)). “F2. Personal safety behaviors” (α = 0.80) refers to abstaining from 111 

driving after drinking alcohol or having a big meal as well as not eating and/or drinking while 112 

driving (e.g., “13. I don’t eat a sandwich or cake, etc. while driving”). “F3.-Vehicle safety 113 

behaviors” (α = 0.70) refers to putting on work gloves to perform job tasks, knowing how to 114 

use extinguishers, being alert whilst driving and resting for the mandatory hours (e.g., “18.- I 115 

take a rest after every 4 hours of driving.”). 116 

The Swedish Occupational Fatigue Inventory (SOFI) (29) is used for 117 

multidimensional evaluation of work-related fatigue. The Spanish version (30) is composed 118 
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of five factors with 3 items each: “F1. Lack of Energy", which describes the general feelings 119 

of decreased strength, α = 0.92; e.g. 12. Exhausted (for example, having low energy). "F2. 120 

Physical Tiredness" describes bodily sensations that may be the result of dynamic work and, 121 

to some extent, a sign of metabolic depletion, α = 0.87; e.g. 15. Breathing with difficulty (for 122 

example, it is difficult to inhale and exhale). "F3. Physical Discomfort” represents the most 123 

local bodily sensations that may result from the static or isometric workload, α = 0.81; e.g. 8. 124 

having stiff joints (for example elbows, knees, etc.). "F4. Lack of motivation” describes the 125 

feeling of not being implicated or excited, α = 0.92; e.g. 10. Indifferent (for example, it does 126 

not matter if there is one thing or another). And "F5. Drowsiness” describes feelings of 127 

tiredness, α = 0.89; e.g. 13. Sleepy (for example, feeling heaviness and being clumsy due to 128 

tiredness). Items on this scale are answered in a Likert-type scale from zero to ten (0 = 129 

nothing at all to 10 = a lot). 130 

Finally, a set of correlates such as age, level of academic training, etc. were used. 131 

 132 

2.3. Procedure 133 

We used non-probabilistic sampling (31), also called random-accidental sampling 134 

(32), to obtain the sample. Participants answered voluntarily without receiving any economic 135 

or other compensation. Participants were selected through the social and business network. 136 

Participants were informed that the data obtained are completely confidential and 137 

anonymous. A protocol was prepared for participants and they answered it in their usual 138 

workplace. This protocol included a cover letter, informed consent, and response 139 

questionnaires. 140 

 141 

2.4. Data Analysis 142 

 143 
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Data were analyzed as follows: First, using the program FACTOR 8.2 (33), 144 

Exploratory Factor Analysis (EFA) was performed with polychoric correlation matrices, 145 

which allow parallel analysis (34). The program also makes it possible to evaluate the 146 

internal consistency of the scales used in this research. Second, the Mplus program (Version 147 

6.12) was used for confirmatory factor analysis (CFA). Therefore, the results obtained by the 148 

EFA were validated with the AFC (35). Third, the SPSS program (25.0) was used to calculate 149 

the validity evidence through Pearson's correlations. 150 

 151 

3. Results 152 

 153 

3.1. Exploratory Factor Analysis 154 

The results of the Bartlett sphericity test (χ2, df =20 = 55.224; p = 0.00) show that the 155 

AFE is appropriate (36). The sample adequacy is 0.918. Parallel analysis (34,37) and the 156 

“minimum partial partial” criterion of Velicer (1976) confirmed that the eight item 157 

unifactorial solution is adequate (Table 2). The Promin rotation method was used to establish 158 

the EFA (39). The variance explained was 46.00%. 159 

 160 

INSERT TABLE 2 HERE 161 

 162 

3.2. Confirmatory Factor Analysis 163 

 164 

A CFA was applied (Figure 1) to check the adequacy of the unifactorial structure, 165 

taking the previous EFA as a reference. We use the following goodness of fit indicators: 166 

Tucker-Lewis Index (TLI) (40), Comparative Fit Index (CFI) (40) and Root Mean Square 167 

Error of Approximation (RMSEA) (41). Thus, there is a certain unanimity in which values 168 

equal to or greater than 0.90 in the TLI and CFI are acceptable. They are considered excellent 169 

when they exceed the value of 0.95 (40). The RMSEA is considered acceptable when it is 170 
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less than 0.08 and excellent when it is equal to or less than 0.05 (42,43). In addition, all 171 

saturations range between 0.77 and 0.68. The results obtained (RMSEA = 0.05; CFI = 0.94; 172 

TLI = 0.92) indicate a good fit of the unifactorial model. 173 

 174 

INSERT FIGURE 1 HERE 175 

 176 

3.3. Reliability 177 

Table 3 shows the average of the scale if the element is deleted, the total correlation 178 

of elements corrected, and Cronbach's α if the element has been deleted. The total reliability 179 

of the scale in sample 1 is 0.88, with a confidence interval of 0.85 and 0.90. In sample 2 the 180 

total reliability is 0.84, with a confidence interval of 0.81-0.86. The values are therefore 181 

higher than the recommended value of 0.70 (44).  182 

 183 

INSERT TABLE 3 HERE 184 

 185 

3.4. Validity Evidence 186 

The evidence of validity was calculated using the correlations between the scale (DF-187 

8), several external correlates and the four contrast scales used (Table 4). For sample 1 we 188 

found nineteen correlations that are significant, of which there are eighteen positive 189 

correlations. The following positive correlations stand out: Exhaustion (r = 0.74, 𝑝 <0.01) 190 

and Lack of energy (r = 0.73, 𝑝 <0.01). The one negative association was for the safety 191 

behaviors in the vehicle (r = -0.19, 𝑝 <0.05). In sample 2, we found twenty-two significant 192 

correlations. Among the seventeen positive correlations, the following stand out: Exhaustion 193 

(r = 0.65, 𝑝 <0.01) and Lack of energy (r = 0.67, 𝑝 <0.01). Of the five negative correlations 194 
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found, we can highlight personal efficacy (r = -0.19, 𝑝 <0.01) and number of children (r = -195 

0.19, 𝑝 <0.01). 196 

 197 

INSERT TABLE 4 HERE 198 

 199 

4. Discussion  200 

In the present study we have developed the Fatigue in Professional Drivers (FD) scale 201 

and examined its psychometric properties. This instrument makes it possible to specifically 202 

assess the degree of fatigue in professional vehicle drivers quickly. 203 

The scale has been validated in two samples (n1 = 246 and n2 = 272). The results 204 

obtained confirm our objectives and indicate that: 1) The internal structure is unifactorial. 205 

The internal structure was analyzed with CFA, obtaining an RMSEA = 0.05, CFI = 0.94 and 206 

TLI = 0.92. Therefore, the objective is fulfilled, as the factor structure was the best we have 207 

obtained. 2) The scale has optimal reliability (0.88 and 0.84). 3) The scale shows adequate 208 

evidence of validity, measured through external indicators, in both samples. The results 209 

demonstrate that the analyzed scale correlates significantly with other scales and with other 210 

external correlates. 211 

In conclusion, the statistical analyses performed indicate that the Fatigue in 212 

Professionals Drivers (FD-8) scale has a unifactorial structure and determines appropriate 213 

statistical indexes (45). This short instrument is easy, quick, and agile to apply. It is also easy 214 

to interpret and understand. 215 

 216 

5. Implications 217 

This scale allows fatigue in professional drivers to be evaluated. Since the scale has 218 

good psychometric properties, the results provide important practical information about the 219 
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driver’s state. Human resources can manage this information strategically to improve the 220 

occupational health of this group of workers and prevent accidents. In addition, the scale 221 

allows prevention professionals to obtain reliable data through evaluations based on scientific 222 

evidence. Addressing this factor may greatly help to identify factors that help workers to 223 

improve their health and companies to reduce the number of collisions and traffic violations. 224 

The limitations include that the use of self-reports can be a source of errors, such as 225 

social desirability (46). We also found that in the studied population there were very few 226 

women who drive professionally; therefore, it would be convenient to conduct a study in a 227 

sample with a higher representation of the female gender. 228 

  229 
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Table 1. 380 

 381 

Summary of the sociodemographic variables of the participants in the two subsamples. 382 

Variable   (n1=246) (n2=272) 

Gender (%) Men 90.7 91.5 

 Women 9.3 8.5 

Age (years)  M=41.42 (SD=13.93) M=40.37 (SD=12.44) 

Marital status (%) Married 60.2 59.3 

 Single 10.6 10.4 

 Widowed 18.7 22.6 

 De-facto union 9.8 6.3 

 Divorced / Separated 

 

0.8 1.5 

Children (number) 

 

 M=1.40 (SD=1.06) M=1.29 (SD=1.14) 

Educational level Without studies.   4.9 2.6 

 Completed primary 

education 

19.9 18.9 

 Completed secondary 

education 

52.8 48.1 

 Finished university studies 

 

17.5 23.0 

Professional group Transport of common 

goods 

39.8 42.6 

 Transportation of 

dangerous goods 

5.7 4.1 

 Transportation of special 

merchandise 

2.8 3.0 

 Crane transport 3.7 1.1 

 Urban passenger transport 8.5 9.3 

 Intercity passenger 

transport 

8.5 7.4 

 Discretionary passenger 

transport (trips, charters) 

4.9 3.0 

 Health transport 8.9 5.6 

 Transportation assistance 0.8 0.7 

 Taxi  11.4 14.1 

 Others 

 

4.9 9.3 

Distance from home to 

workplace (km) 

 

 M=19.71 (SD=52.27) 23.52 (SD=71.83) 

Weekly work (hours) 

 

 M=45.23 (SD=17.59) 45.28 (SD=16.39) 

Action ratio (%) International-Europe 14.2 14.1 

 Spain 26.4 34.4 

 Catalonia (region) 26.8 19.3 

 Province 32.5 32.2 
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Table 2  

 

Saturation matrix of the factors in the Driver Fatigue Scale DF-8 (n1=246) and other aspects. 
 

 

Content Item 

 

SD 

 

F1 

 

Media 

 

Variance 

 

Skewness 

 

Kurtosis  

(Zero centered) 

       

1. Me deja cansado (exhausto) repartir 

mercancías o llevar a la gente a su 

destino. [It makes me tired 

(exhausted) to distribute goods or 

take people to their destination]. 

 

0.141 0.773 2.134 0.998 0.492 -0.622 

2. Me siento débil cuando termino de 

conducir el autobús, camión, 

combi, furgoneta, taxi, etc. [I feel 

weak when I finish driving the bus, 

truck, combi, van, taxi, etc.]. 

 

0.138 0.768 1.711 0.655 1.079 0.978 

3. Los nervios conduciendo me 

provocan malestar físico. [Driving 

nerves cause me physical 

discomfort]. 

 

0.092 0.733 1.955 1.071 1.019 0.589 

4. Cuando conduzco el vehículo tengo 

los músculos tensos y siento 

malestar. [When I drive the vehicle, 

my muscles are tense and I feel 

uncomfortable]. 

 

0.099 0.704 1.907 0.942 0.993 0.618 

5. Me siento cansado nada más 

empezar la jornada de trabajo en el 

autobús, camión, combi, furgoneta, 

taxi, etc. [I feel tired as soon as I 

start the workday on the bus, truck, 

combi, van, taxi, etc.]. 

 

0.202 0.703 1.711 0.655 1.079 0.978 

6. Me agota el ritmo de trabajo 

cuando conduzco en exceso. [The 

pace exhausts me when I drive too 

much]. 

 

0.149 0.695 2.659 1.352 0.253 -0.755 

7. Me noto muy cansado cuando 

despierto. [I feel very tired when I 

wake up]. 

 

0.131 0.686 2.280 1.027 0.479 -0.288 

8. Necesito tomar café u otro tipo de 

estimulante para poder estar más 

despierto al conducir el vehículo. [I 

need to drink coffee or another type 

of stimulant to be more awake 

when driving the vehicle]. 

 

0.117 0.686 2.415 1.452 0.468 -0.682 

Variance Explained (46.00 %) 
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Table 3. 

 

DF-8: Reliability (Item and factor) for the two subsamples. 

 
(n1=246) (n2=272) 

Items (a) (b)  (c)        (a) (b)  (c) 

1 14.96 0.69 0.86 14.98 0.636 0.814 

2 15.06 0.68 0.86 15.13 0.649 0.812 

3 15.14 0.67 0.86 15.39 0.636 0.815 

4 15.19 0.65 0.86 15.37 0.510 0.829 

5 15.39 0.60 0.87 15.45 0.561 0.824 

6 14.44 0.61 0.86 14.54 0.524 0.828 

7 14.82 0.64 0.86 14.77 0.573 0.822 

8 14.68 0.61 0.87 14.76 0.529 0.830 

M Scale                17.10 17.20 

SD Scale                 6.07 5.54 

Total reliability of the scale       0.88  0.84 

Confidence interval                  0.85-0.90 

  

0.81-0.86 

(a) M scale if element is deleted. 385 
(b) Total correlation of corrected elements. 386 
(c) Cronbach's α if the item has been deleted. 387 
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 389 

Table 4. 

 

DF-8: Indications of validity of the scale with external correlates and contrast scales (ATSRS, MBI-GS, 

TRANS-18, SOFI) of the two samples (n1 = 246 and n2 = 272). 
  n1=246 n2=272 

  F1 F1 

Socio- 
demographic 

Age (years). -0.01 -0.17** 

Number of children 0.06 -0.19** 

   

Correlates 
External 

 

Number of minutes you are sitting when you work. 0.13* 0.09 

Number of minutes you walk when you work. -0.01 0.17 

Number of partners with whom you interact. -0.5 -0.08 

Number of orders received by your supervisor. 0.2 0.13* 

How many days have you felt tired or without energy during the past week? 0.10 -0.27** 

 How many times have you felt tired or without energy for more than 3 

hours on any day last week? 
0.35** 0.27** 

 How many times have you felt so tired to the point that you had to force 

yourself to do things during the past week? 
0.18** 0.28** 

 How many times have you felt tired or without energy doing things you 

enjoy during the last week? 
0.30** 0.19** 

 How many complaints from suppliers, passengers and users have you 

received? 
0.16** 0.05 

 How many days have you missed work because you were sick? -0.02 -0.01 

 How many days have you been to work while sick? 0.24** 0.15** 

 How many times have the police made you obey the traffic or transit 
regulations? 

0.09 0.18** 

 How many times have you miscalculated the size of your vehicle and 

damaged it? 
0.16** 0.01 

 How many times have you taken a wrong road or route when driving due to 

lack of attention? 
0.19** 0.20** 

 How many times have you driven so distracted that you almost crashed? 0.28** 0.15* 

ATSRS F1.- Effectiveness of the application -0.05 -0.04 

 F2.- General regulatory attitudes 0.18** 0.17** 

 F3.- Regulatory effectiveness 0.01 0.08 

MBI-GS Exhaustion 0.74** 0.65** 

 Cynicism 0.52** 0.44** 

 Personal effectiveness -0.09 -0.19** 

TRANS-18 F1.-Psychophysiological disorders 0.64** 0.53** 

 F2.-Personal safety behaviors -0.02 -0.00 

 F3.-Safety behaviors in the vehicle -0.19* -0.14* 

SOFI F1.-Lack of Energy 0.73** 0.67** 

 F2.-Physical Tiredness 0.57** 0.48** 

 F3.-Physical Discomfort 0.69** 0.61** 

 F4.-Lack of motivation 0.57** 0.61** 

 F5.-Drowsiness 0.57** 0.58** 

** p < 0.01; * p < 0.05 

Note:  ATRS. Attitudes Toward Safety Regulations Scale 390 

DF-8. Driver Fatigue 391 

MBI-GS. Maslach Burnout Inventory-General Survey 392 

SOFI. Swedish Occupational Fatigue Inventory 393 

TRANS-18. Scale to detect safe behaviors 394 
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Figure 1. DF-8 (n2=272): Confirmatory factor analysis of the scale (χ2 = 396 

55.224; df = 20; P-value=0.0000; TLI= 0.92; CFI= 0.94; RMSEA= 0.05). 397 


