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Abstract: Increasingly, the elderly population is preferring a more-active lifestyle. These seniors can achieve 
more active social participation through driving. However, elderly drivers are required to undergo safety 
screening because of the high risk of accidents. Therefore, this study aimed to develop evaluation items for 
screening the driving risk of elderly drivers using a Delphi survey. The researchers collected the items 
included in the existing self-reported test of the elderly drivers and the 52 selected pre-items were those 
contained in at least two of the existing tests. Delphi panels were composed of professors, occupational 
therapists, social workers, road traffic workers and an elderly driver. In the first and second Delphi surveys, 
four items were integrated and 48 items were derived. The final 44 items were derived from the results of the 
third Delphi survey. The final 44 items contained information related to driving by elderly individuals and so 
can be used to formulate an appropriate test for elderly drivers. In various countries, self-evaluation for 
elderly drivers is provided as an IT-based service. It is expected that the items developed in this study will be 
used to develop Korean IT-based services for elderly drivers in Korea. 
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1. Introduction 

Impairments of perceptual, motor and cognition with aging impede normal life, such as mobility, in the 
elderly [1], [2]. The increasing elderly population has a relatively high level of education and health [3]. 
Therefore, they prefer a more-active lifestyle compared with older people in the past [4]. Increased mobility 
enables active participation in society, and thus leads to a successful life after retirement [5]. 

The most frequently used means of transportation are self-driving, walking, cycling, taxis, buses, subways, 
etc. [6]. Self-driving has been recognized as an essential means of transportation for all adults [7]. However, 
elderly drivers have a higher risk of accidents than drivers of other ages, with the exception of novice drivers 
[8]-[10]. Many elderly drivers discontinue driving for this reason; indeed, it is considered a social problem [1], 
[11]. 

The assessment of driving functions in elderly drivers demonstrated that the major ways to solve the social 
problems [12], [13]. An actual driving test comprising on-road and simulation components is the most accurate 
means of assessment [14], [15]. However, because of the risk of direct evaluation and the relatively high cost 
and time required, its use is not widespread [16]. 

Self-regulation can be used to monitor the broader population [17]-[19]. Self-regulation of the elderly can 
prevent accidents by enhancing sensitive to the changes due to aging [20], [21]. Because of these benefits, self-
report assessments can reduce the incidence of accidents by predicting driving risk prior to detailed assessment 
of the elderly driver [22]. 

Two such assessment methods, the Driving Decisions Workbook (DDW) and Self-Awareness and 
Feedback for Responsible Driving (SAFER Driving), are composed of 101 and 89 items, respectively [23], [24]. 
In contrast, Driving Safely While Aging Gracefully (DSWAG) consists of 23 items, and Driver 65 Plus & 
Driver 55 Plus, etc. consists of 15 items, it is relatively short, but does not include all driving-related factors 
[25]-[27]. The recently developed Safe Driving Behavior Measure (SDBM) comprises 68 items regarding only 
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driving behavior [28]. That is, self-reported evaluation in the elderly is difficult because it must be concise and 
reflect all factors; i.e., health, driving behavior, cognition and perception, etc. [22], [29]. Therefore, it is 
necessary to screen for key items that contain all driving-related elements.  

Various countries provide IT-based services for elderly drivers to self-assess self-assessment [23], [24], 
[25]-[27]. If a reasonable evaluation item suitable for the culture in Korea is developed, we can provide Korean-
style IT-based services. Therefore, it is necessary to develop new evaluation items through Korean experts and 
elderly drivers. 

The Delphi research method is an objective means of deriving a consensus of expert opinion collected 
blindly in the social sciences [30]. It was used to obtain a consensus of health care experts in terms of diagnosis, 
assessment and treatment, and is recognized to be effective [31]-[35]. Therefore, it is necessary to conduct a 
Delphi survey of elderly driving experts about the items used in existing tests to select key items that predict 
the risk associated with elderly driving.  

The purpose of this study was to conduct a Delphi survey of items predictive of the risk of elderly drivers, 
targeted at specialists in senior driving, and select items that should be used in an evaluation of the risk of 
elderly drivers. 

 

2. Materials and Methods 

2.1 Participants 

The experts each had more than 5 years of experience in senior driving-related careers, and experience in 
research, education and projects. Also, the older drivers who participated in the Delphi survey had more than 
10 years of driving experience. The jobs of 28 experts were employed as professors, occupational therapists, 
social workers, and road traffic regulation. The five older drivers (>65 years) were driving at the time of the 
study [Table 1]. 

 
Table 1. Characteristics of Participants in the Delphi survey 

Characteristic N % 
Expert panel Gender Male 15 53.6 

Female 13 46.4 
Age 20s 5 17.9 

30s 19 67.9 
40s 2 7.1 
50s 2 7.1 

Level of education Bachelor 7 25.0 
Master's course 2 7.1 
Master 7 25.0 
Doctoral course 5 17.9 
Doctoral completion 3 10.7 
Ph.D. 4 14.3 

Period of working ≥ 5 years 17 60.7 
≥10 years 11 39.3 

Job Professor 8 28.6 
Occupational Therapist 5 17.9 
Social worker 5 17.9 
Worker of Road traffic authority 10 35.7 

Older driver Gender Male 3 60.0 
Female 2 40.0 

Age 60s 3 60.0 
70s 2 40.0 

Experience of driving ≥10 years 2 40.0 
≥20 years 3 60.0 
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2.2 Study Design and Process 

We performed an online search for prior self-reported assessments of older drivers. Key items among 
those included in the previous evaluations were selected at a meeting of the five experts. The Delphi survey 
was carried out three times using the selected items, as shown in Figure 1. And at each stage of Delphi survey, 
the elderly driver met with the researcher face-to-face, read the items together, and provided direct feedback on 
whether it was sufficient to check their driving ability. The researcher tried to reflect this review in the 
evaluation items. 

 

Figure 1. The Study Procedures 

2.3 Selection of Delphi Items 

We identified the 10 most frequently used prior evaluations through online searching. The 79 items present 
in two or more tests were selected. Professor 3 and Occupational therapist 2 (>3 years’ experience) modified 
the phrases, and integrated or deleted similar items. The five experts selected the 52 final items from among the 
79 items. 

2.4 Analysis Method 

The consensus panel of experts in the first and second Delphi surveys conducted a content analysis. The 
5-point Likert-scale scores in the third Delphi survey were analyzed using PASW Statistics version 18.0 and 
Microsoft Excel 2010. The content validity ratio (CVR), convergence, consensus, stability and Cronbach’s α of 
each item were calculated by analyzing the mean, standard deviation, quartile and median. Minimum cut-off 
point of CVR was set to 0.33 [36]. The stability is the coefficient of variation calculated by dividing the standard 
deviation by the average of each item. Coefficients of variation were defined as follows: “no additional survey 
required, <0.5”, “stable, 0.5–0.8” and “further questionnaire required, >0.8”. The convergence is the degree of 
deviation from the quartile, and a higher consensus indicates greater agreement among the opinions of the 
experts. 

 

3. Results 

3.1 Results of Delphi Survey 

The primary Delphi survey questionnaire was composed of open-ended questions asking for comments on 
the addition, modification, integration and deletion of 52 items selected for the Delphi survey. The second 
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Delphi questionnaire was composed of open-ended questions about the items reconstructed based on the 
primary response, which were scored on a 5-point Likert scale as follows: "very unsuitable", " unsuitable", 
"average", "suitable" or "very suitable". Modification or integration of the items was conducted based on the 
secondary response. The average Likert scale score was calculated and used as a reference in the third Delphi 
survey. The third Delphi survey provided a self-response and average Likert scale score, based on which the 
experts reconsidered their opinions. Table 2 presents the response rates of the three Delphi surveys. 

Table 2. Personnel Selection and Response Rate to the Delphi Survey 

Job Personnel selection 
Response rate 

First Delphi Second Delphi Third Delphi 
Professor 8 8 (100) 7 (87.5) 7 (87.5) 

Occupational Therapist 5 5 (100) 5 (100) 5 (100) 
Social worker 5 5 (100) 5 (100) 5 (100) 

Driving employee 10 10 (100) 10 (100) 10 (100) 
Older driver 5 5 (100) 5 (100) 3 ( 60) 

Total 33 33 (100) 32 (96.9) 30 (90.9) 

3.1.1 First Delphi Survey 

According to the opinions of the experts in the first Delphi survey, item No. 19 was incorporated into item 
No. 18, and item No. 22 into No. 23 (Table 3). In addition, the contents of item Nos.1, 4–6, 12, 15-18, 21, 23, 
32, 35–40, 45–47 and 49–51 were modified (Table 5). Thus 50 items were selected in the first Delphi survey. 

3.1.2 Second Delphi Survey 

According to the experts’ opinions on the open-ended questions of second Delphi survey, item Nos. 3 and 
8 were integrated with Nos. 2 and 11 (Table 3). And the contents of item Nos. 2, 11, 14, 20, 32, 36 and 51 were 
modified. As a result, 48 items were finally selected (Table 5). 

3.1.3 Third Delphi Survey 

In the third Delphi survey, item Nos. 2, 16, 17, 37 had a CVR lower than 0.33, and so were deleted (Table 
4). A final total of 44 items were identified as suitable for use in screening for the safety risk of elderly drivers 
(Table 5). 

Table 3. Integrated Items Based on The First and Second Delphi Surveys 

No. Items Integrated to 
3 You have difficulties opening and closing the doors of a car. No. 2 
8 You have difficulty driving within a lane. No. 11 
19 You are under stress due to specific traffic conditions or other drivers. No. 18 
22 You find it difficult to follow fast-moving traffic. No. 23 

Table 4. Items Deleted in The Third Delphi Survey 

Items M SD CVR Convergence Consensus Stability Cronbach’s α
2 3.79 0.80 0.290 0.50 0.75 0.211 0.961 
18 3.63 0.78 0.161 0.50 0.75 0.217 0.960 
20 3.46 0.79 0.097 0.50 0.75 0.230 0.960 
41 3.96 0.89 0.226 1.00 0.50 0.226 0.960 
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Table 5. The Final Selected Questions Based on The Delphi Survey 

No. Items M CVR 
12 You forget to wear a seatbelt while driving. 4.46 0.806 

21,2 You have difficulties getting in and out of a car (e.g., opening and closing the 
doors). 

3.79 0.290 

42 You have difficulty adjusting the driver's seat, considering the distance from the 
steering wheel and the field of view, etc. 

4.17 0.548 

52 You have difficulty operating control box (e.g. radio, head light, switch) during 
vehicle. 

4.38 0.871 

62 You have difficulty driving in certain conditions (e.g., weather conditions, night 
driving). 

4.75 1.000 

7 You have difficulty driving in unfamiliar environments (e.g., with use of a map, 
navigation, signs). 

4.42 0.871 

9 You have difficulty in reversing the car (e.g. viewing mirror while reversing, 
going to the right place). 

4.54 1.000 

102 You have difficulty rotating the steering wheel (e.g., left, right) while driving. 4.54 0.935 

112 You have difficulty fixing the steering (e.g. keeping the lane straight or in a turn) 
wheel during driving. 

4.71 0.935 

12 You use the rear-view instead of side mirrors, to check traffic and change lanes. 4.13 0.613 
13 You have difficulty proceeding through a congested intersection or rotary. 4.58 0.935 

142 You have difficulty noticing moving people, signs, billboards, etc. while 
driving. 

4.75 1.000 

152 You have experienced several near-accidents caused by drowsy driving. 4.58 0.806 
162 You have received several traffic citations or warnings. 4.17 0.484 
172 Because of your negligence while driving, traffic accidents occur frequently. 4.58 0.742 

181,2 You are under stress due to specific traffic conditions such as a congested road 
or other drivers. 

3.63 0.161 

201,2 You prefer specific driving environments (e.g., urban road, highway, local road). 3.46 0.097 

212 Passengers (e.g., children, family members, friends) are concerned about your 
ability to drive safely. 

4.63 0.806 

232 You have difficulty on or entering a fast-moving road, such as the highway. 4.63 0.935 

24 You have difficulty in quickly responding to dangerous situations while driving. 4.75 1.000 

25 You exhibit involuntary violent behavior (e.g. flashing light, blowing horn) 
while driving. 

4.04 0.355 

26 Other drivers react negatively to my driving (e.g. flashing light, blowing horn). 4.25 0.742 

27 Often surprised by a vehicle that you didn’t notice until it was quite close to you. 4.67 0.935 

28 You have difficulty maintaining a safe distance from the preceding vehicle (e.g. 
lane change, rotation, parking). 

4.79 1.000 

29 You have difficulty focusing because of light (e.g., sunlight, another vehicle 
light, dashboard light). 

4.79 1.000 

30 You find it difficult to judge the moving speed of the vehicle (e.g., speed of 
approach to the vehicle in front, speed without looking at the speedometer). 

4.75 1.000 

31 You have difficulty quickly operating the brake (e.g., verifying the location of 
foot, strongly pushing) while driving. 

4.92 1.000 

322 If you get lost while driving, you have difficulty finding a route using the 
navigation or map. 

4.25 0.613 

33 You have difficulty driving and understanding the changing traffic rules. 4.33 0.677 

34 You often hesitate at intersections without stop signs or red lights. 4.46 0.806 

352 You have difficulty talking with passengers while driving. 4.08 0.548 
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362 You often forget the location of documents related to driving (vehicle 
registration, insurance policy), driver's license and keys. 

4.17 0.742 

372 You have difficulty understand traffic guidance on the road. 4.58 0.742 

382 You often forget something pre-defined (go to the mart or gas station). 4.21 0.548 

392 You have difficulty finding your car in a parking lot 4.50 0.806 

402 You have difficulty finding a house by driving in familiar places (grocery stores, 
etc.). 

4.63 0.871 

411 You regularly verify the latest information related to health and well-being due 
to anxiety. 

3.96 0.226 

42 You often get tired while driving. 4.54 0.935 

43 You regularly verify your vision due to worry about its effect on the driving. 4.33 0.613 

442 You screw up your eyes to see distant objects and signs. 4.25 0.677 

452 You have difficulty reading the small print in the navigation or map. 4.54 0.806 

462 You have difficulty find a specific sign among many signs (e.g., finding a 
restaurant on the street) 

4.42 0.677 

472 You have difficulty hearing a car horn, navigation voice guidance, etc. 4.70 0.867 

48 You experience pain or stiffness or weakness (in the hips, knees, ankles, and 
feet) during or after the driving. 

4.63 0.935 

492 You feel decreased mobility (e.g., 2 m walk and climbing two floors without 
help) and flexibility (e.g., head turning while driving). 

4.21 0.742 

502 You usually take medications (e.g., for sleep, blood pressure, depression, 
anxiety). 

4.29 0.484 

512 You have consulted a doctor or pharmacist due to worry about the effect on 
driving of a medical condition. 

4.58 0.806 

52 In the past 2 years, you have experienced dizziness, seizure or loss of 
consciousness. 

4.75 0.806 
1Deleted items, 2Modified items 

 

4. Discussion 

Driving is an essential occupation to adapt to social change in the elderly [37]. However, many elderly 
drivers have potential risk factors for accidents due to the natural course of aging [38]. Thus the purpose of this 
study was to develop items for screening of driving risk of the elderly. 

The four items were combined with other items in the first and second Delphi surveys. The integrated item 
Nos. 2 and 3 were contained in four and three prior evaluations. The contents of these two items were similar, 
so item No. 2 was integrated into “open and close door.” Item Nos. 8 and 11 were contained in two and five 
evaluations. Thus the meaning of these two items was duplicated. Therefore, they were integrated into the 
broader item No. 11. Item Nos. 18 and 19 were used in six and two prior evaluations. These were thus integrated 
into item No. 18 “Certain driving situations such as congested roads.” Items No. 22 and 23 were used in four 
prior evaluations, and were integrated into the broader item No. 23. The local independence estimates the 
difference in response between the items, and is necessary for item development [39]. Overlapping items were 
integrated based on the opinion of the Delphi panel in an attempt to ensure local independence. 

Due to the lack of an absolute standard for content validity, the CVR in the existing theory is defined as 
“0.40–0.60, validity” and “0.60–0.80, high validity” [36]. Accordingly, item Nos. 4, 25, 35, 38 and 50 can be 
interpreted as having validity. The remaining items with the exception of the deleted item Nos. 4, 18, 20 and 41 
can be interpreted as having high validity. Item Nos. 25 and 35 were to related traffic violations and reckless 
driving. These items were judged by some experts to be observed in general immature and impulsive driving. 
Item Nos. 4, 38 and 50 comprised information about driver’s seat control, amnesia, and use of sleeping pills. It 



International Journal of Contents Vol.19, No.3, Sep. 2023 106  

was estimated by opinion of some experts that cannot affect driving in the process of natural aging. According 
to this opinion, these five items had a CVR lower than 0.33 and were thus removed. 

Driving is a complex task that requires cognition, perception and motor functions [1], [2], [12]. These 
were related to “Nos. 1 and 4–17, on the road”, “Nos. 21 and 23–31, coping or getting around”, “Nos. 32–40, 
thinking”, “Nos. 43–46, seeing” and “Nos. 42 and 47–52, health”. These reflect essential elements of driving 
behavior—coping with driving, thinking, seeing and health [22]—that are included in the existing self-reported 
test of older drivers. Driving behavior included the ability to operate the door, steering wheel, control box and 
driver’s seat; driving abilities in specific traffic and weather conditions; and the ability to identify road signs 
and traffic rules. Coping was included the ability to adapt to changes in the environment, traffic conditions, and 
emergency situations. Thinking included pathfinding, understanding traffic rules, attention, and memory. 
Seeing was the ability to distinguish maps or navigation systems, signboards or traffic signs. And health was 
related to general health, physical function, drug use, loss of consciousness and seizures.  

A self-reported driving test should involve elderly individuals assessing their driving status by self-
regulation. The test should be concise and involve all information relevant to driving [22], [29]. The 44 items 
finally selected in this study involved all elements of driving. Previous self-reported tests comprised around 100 
items relevant to driving, or ≤20 items relevant only to driving behavior [23]-[26]. This why the items in this 
study differ from those used in previous evaluations. 

The self-reported assessments have been used in various countries, it includes DDW, Driver 65 Plus, 
SDBM et al. [23], [27]-[28], [40]. The meaningful discovery of this study is that new evaluation items were 
developed by considering Korean culture and reflecting the latest information. Various countries provide IT-
based self-examination services so that elderly drivers can check their problems on their own [41]. It is expected 
that IT-based self-examination services will be provided in Korea using the developed items of this study. 

This study suggested the content validity and reliability of key items related to elderly driving. Future 
research should determine the reliability and validity of assessments of older drivers. Then, the items identified 
in this study will be useful for evaluation of elderly drivers. 

 

5. Conclusions 

The study comprised a Delphi survey of items predictive of the risk of elderly drivers. The results of three 
Delphi surveys were used to derive 44 key questions among the items used in the existing elderly driver self-
reported evaluation. The results indicated the content validity and reliability of the key items, it was concisely 
involved all information to relevant the driving. The items will be used in a test for elderly drivers that will be 
useful in both the research and clinical fields. 
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