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This paper addresses the impact of using automated flagging devices in road construction instead of 
using construction workers. To examine the efficacy of automating this construction activity, a group of 
drivers with diverse characteristics/demographics was involved in the study. The diverse 
characteristics included gender, age, years of driving experience, and level of formal education (e.g., 
high school, college, and graduate degrees). Each participant was requested to view road construction 
scenarios involving the use of traffic control means/devices. The participants were requested to 
complete a questionnaire after viewing the scenarios to determine the drivers’ perceptions (that is, 
comfort/discomfort) in each scenario. The scenarios were displayed on a computer, and an eye-tracking 
software was used to determine where drivers focused their attention as they approached the road 
construction zones. During the viewing of the scenarios, the eye-tracking software recorded the driver’s 
eye movements, determined the screen coordinates where the driver was looking, and noted the time 
spent at each coordinate. The results did not show significant differences in the drivers’ perceptions for 
the use of traditional flagging methods and the automated ones. However, the traditional methods (that 
is, involving labor) scored higher on the visibility questions, and the automated systems were judged 
more effective by younger drivers. Moreover, the use of automated systems did not present any 
noteworthy obstacles for construction companies in implementing traffic control plans during roadway 
improvements or repair.  
 
Key words: Site traffic management, automated flagging, construction industry, traditional flagging. 

 
 
INTRODUCTION 
 
Automation and robotization of the construction activities 
have been studied by many researchers in order to 
enhance work productivity and improve workers’ safety 
(Bock, 2015; Cai et al., 2019; Chui and Mischke, 2019; 
Lundeena et al., 2019). Although different in many ways, 
one may expect the construction industry to follow a  path 

to automation similar to the one that took place in the 
manufacturing industry (Kahane and Rosenfield, 2004; 
Warszawski and Navon, 1998). A literature review shows 
that the repetitive and the more risky construction 
activities are good candidates for automation (Wetmore 
and Alemany, 2019; Paull, 2020).   
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Figure 1. Automated flagging assistant device (AFAD) #1. 

 
 
 
One of such activities is flagging during road construction. 
If the use of automated devices prove as effective as the 
traditional methods, then the workers’ interest will also be 
served by eliminating an activity known for being among 
the highest risky activities in work zone. This can be 
proven by confirming that drivers respond appropriately 
to automated systems as they do to the construction 
flaggers common in today’s road construction zones.  
 
 
METHODOLOGY 
 

To study the efficacy of automating the flagging activity, drivers’ 
responses to the use of automated traffic control devices were 
recorded and analyzed. An experiment was conducted to measure 
when, how often, and for how long a driver would observe the 
various objects (that is, items, areas, devices, and aspects) when 
approaching roadway construction zones. The study utilized an 
open-source eye tracking software to collect the data. The software 
was developed by XLabs (xlabsgaze.com) as a Google Chrome 
Extension, and it works on any computer with Google Chrome 
browser and a webcam.  

In this study, the software was used to determine the first 
moment each driver noticed the different objects (that is, items, 
areas, devices, and aspects) of a construction zone scene, as well 
as, to track how long he/she focused on each object in the different 
work zone scenarios. The drivers were also surveyed afterwards to 
determine their level of comfort in each scenario. The data 
collection was based on tracking the eye movements of the viewer 
and measuring the duration the viewer focused on a given object. 
The viewer was provided construction zones equipped by 
automated sensors or construction flaggers. The construction 
zones represented work conditions during daytime and during night 
hours.  The   objective   was   to   determine   which  system/device/ 

approach was better in attracting the driver’s attention as he/she 
approached a roadway construction zone. The sequence of 
displaying the construction work zones was randomized to 
eliminate the possible influence of conditioning the drivers by 
following a certain sequence. Upon the completion of the viewing 
session, each viewer was requested to complete a questionnaire to 
capture the post-viewing feelings concerning the use of automated 
signals and the use of human flaggers in roadway construction. The 
total time required for completing a viewing session and the 
questionnaire was about 10-15 min. 

 
 
Data collection 

 
The data was collected as the software video recorded the viewer’s 
gaze information and stored the Cartesian coordinates of the 
viewer’s focus and time stamped each eye movement during the 
viewing session. From this data, the following information was 
composed: (a) which object was observed initially, (b) how long an 
object was viewed, and (c) how much the viewer’s gaze moved 
while viewing the construction work zone scenarios. Figures 1 to 4 
show the types of construction zone scenarios viewed by the 
participants. The data collected from the eye-tracking software was 
also augmented by a post-viewing questionnaire to document the 
individuals’ feelings towards the automated signals in contrast to 
the use of human flaggers in roadway construction work zones. 
Specifically, the questionnaire requested each participant to 
indicate his/her agreement with the following statements: 
 
1) The construction flagger was visible 
2) The automated signaler was visible 
3) I would follow the flagger’s directions 
4) I would follow the signaler’s directions 
5) The flagger will produce fewer traffic delays 
6) The signaler will produce fewer traffic delays 
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Figure 2. AFAD #2. 

 
 
 

 
 

Figure 3. Flagger #1. 

 
 
 
7) I would follow the signaler's directions when no workers are 
present 
8) The automated signal needs a barrier mechanism to enforce 
compliance 
 
The participants were given the following choices as answers to 
each of the above statements: Strongly Agree, Slightly Agree, 
Neither Agree nor Disagree, Slightly Disagree, and Strongly 
Disagree. In addition, the participants were given the following 
instructions prior to starting a viewing session: 
 
1) This study is designed to measure driver's responses to road 
construction zones. 
2) The task is to analyze each picture as if you were driving a 
vehicle towards the construction zone. Focus on the areas that 
provide you with the information you need in order to safely 
navigate through the construction zone.  

3) Each image will be displayed for five seconds. 
4) The participant needs to calibrate the eye-tracking software 
before starting the recording. 
5) No incentives are offered to the participants 
 
 
Statistical analysis 
 
Descriptive statistics using Microsoft Excel and IBM’s Statistical 
Package for the Social Sciences (SPSS) were used to explore the 
relationships between the viewers’ demographic variables (i.e., age, 
education, driving experience, gender) and the viewers’ 
perception/reaction to the construction work zone scenarios. Tables 
4 to 7 provide the descriptive statistics for each variable. When 
comparing the visibility of the two systems that is, automated vs. 
flaggers), the flaggers generated a higher weighted average across 
all viewers (4.72 vs 4.61)  and  had a lower standard deviation. This  
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Figure 4. Flagger #2. 

 
 
 
suggests that the presence of humans (flaggers) may naturally 
attract more drivers’ attention than a control device.  

The aggregated results show almost no difference in the 
responses regarding the willingness to follow directions for the 
entire population. However, examining the results by the 
demographic groups highlights some differences. As shown in 
Figures 13 to 15, it appears that age, education level, and years of 
experience can create gaps between the preference of flaggers and 
AFADs. Figure 13 may suggest that the younger generations have 
more acceptance of automated systems in daily life. It is speculated 
that the trends shown in Figures 14 and 15 are also influenced by 
the age of the drivers. Individuals with longer years of driving and/or 
degrees of higher education are obviously older in age. To further 
explore the above observations, One-Way Analysis of Variance 
(ANOVA) was performed to determine if the different age groups 
have statistically different answers. Tables 8 to 11 provide such 
analyses. 

Table 8 shows no significant statistical difference (Sig. <0.05) in 
responses among the age groups, except in the drivers’ opinion 
about the need for a barrier to aid the automated device. For this 
issue, the significance was less than 0.05. However, one should not 
overlook that this opinion is speculative and could not be confirmed 
or negated. No other answers/results indicated significant statistical 
difference (Sig. < 0.05) across the demographic groups. 

 
 

RESULTS 
 

The study comprised 61 views. Examining the eye 
movements of any single view was not found useful. 
However, the software offers a heat-map image that 
shows the cumulative views for each scenario. Figures 5 
to 8 show the heat-maps for the images provided in 
Figures 1 to 4. In a heat-map, the software maps the 
intensity of the cumulative focus in different colors. It 
shows in red the areas with the reviewers’  highest  focus 

and shows in blue the areas with the reviewers’ lowest 
focus. In other words, the heat-maps show briefly the 
objects that captured most of the drivers’ attention, and 
the objects that attracted the least attention. Table 1 
summarizes of the questionnaire results, and Table 2 
summarizes the viewers’ demographics. 
 
 
DISCUSSION 
 
Figures 5 to 8 show no shift in the drivers’ primary focus 
(red area) when approaching a construction flagger or 
approaching an automated flagging device. Regardless 
of the flagging method (worker or device), the drivers 
focused generally on the road ahead to plan for the 
incoming maneuvers. There is no evidence for 
measurable differences in the attention or distraction due 
to the use of construction flaggers or the use of 
automated flagging devices.  

The questionnaire data (Table 1) shows that about 90% 
of the drivers did not show preference/difference between 
the use of automated device or the use of a construction 
flagger. The drivers who agreed with the statements 
ranged between 53 and 56 out of 61 participants. 
However, this was the case regarding two issues: (1) 
which method should produce fewer delays, and (2) 
whether the automated device needs a barrier 
mechanism to enforce compliance. The number of drivers 
agreeing with the statements ranged between 29 and 35 
out of 61 participants.  Nonetheless, it should be noted 
that the responses to these two issues are speculative 
and could not be supported objectively. 
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Table 1.  Post view survey responses. 
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The construction flagger was visible 3 2 1 13 42 5 1 55 

The automated signaler was visible 3 2 3 16 37 5 3 53 

I would follow the flagger's directions 2 2 2 13 42 4 2 55 

I would follow the signaler's directions 1 0 4 14 42 1 4 56 

The flagger will produce fewer traffic delays 1 8 17 23 12 9 17 35 

The signaler will produce fewer traffic delays 2 8 19 21 11 10 19 32 

I would follow the signaler's directions when no workers are present 2 3 1 25 30 5 1 55 

The automated signal needs a barrier mechanism to enforce 
compliance 

7 13 12 21 8 20 12 29 

 
 
 

Table 2. Demographic data. 
 

Age Education Yrs Driving Gender 

Range # Level # Range # Female 17 

15-20 15 High school 3 1-2 8 Male 44 

21-25 19 Some college 36 2-5 18 
  

26-30 9 Bachelor's 12 5-10 16 
  

30-40 11 Master's 10 10-20 12 
  

41-50 6 
  

20+ 7 
  

51-60 1 
    

  

 
 
 

 
 

Figure 5. AFAD #1 heat-map. 
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Figure 6. AFAD #2 heat-map. 

 
 
 

 
 

Figure 7. Flagger #1 heat-map. 

 
 
 
The software also allowed the analysis of areas of 
interest (AOIs) in each scenario/image. In each  scenario, 

four AOIs were identified: (1) the stopping mechanism 
(that is, stop sign for flaggers or traffic light for AFAD), (2) 
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Figure 8. Flagger #2 Heat-Map. 

 
 
 

 
 

Figure 9. AFAD #1 Areas of Interest (AOIs). 
 
 
 

the roadway, (3) the operator of the stopping  mechanism (that  is,  flagger or AFAD), and (4) a peripheral distractor 
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Figure 10. Flagger #2 AOIs. 

 
 
 

Table 3. AFAD #1 First & average view analysis. 

 

Area Avg. First View All Views Total Time Avg. View Time Viewed by 

A1 (A1) 2.35 s 3.34 s (1%) 0.27 s 12 of 55 (21%) 

A2 (A2) 1.30 s 41.15 s (15%) 0.87 s 47 of 55 (85%) 

A3 (A3) 2.23 s 5.75 s (2%) 0.30 s 19 of 55 (34%) 

A4 (A4) 1.75 s 0.07 s (0%) 0.07 s 1 of 55 (1%) 

 
 
 
object (e.g., surrounding scenery, heavy clouds, road 
signs, stalled car). Figures 9 and 10 illustrate the areas of 
interest (AOIs) in the construction work zones, and Table 
3 provides an example of the AOI analysis provided by 
the software. Table 3 provides the average duration of 
the 1

st
 view of each AOI (in seconds), the cumulative 

duration of viewing each AOI (in seconds) for all drivers, 
the average time per view (in seconds), and the                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
percentage of the viewers that focused on each AOI. This 

information is summarized in Table 4 to compile the 
information available from the four scenarios shown in 
Figures 1 to 4. Table 4 provides the 1

st
 view, total views, 

and percentage of drivers viewed each AOI. In this table, 
AOI-1 refers to the stopping mechanism (that is, stop sign 
for flaggers or traffic light for AFAD), AOI-2 refers to the 
roadway, AOI-3 the operator of the stopping mechanism 
(that is, flagger or AFAD), and AOI-4 prefers to peripheral 
distractor   objects   (e.g.,   surrounding   scenery,   heavy 
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Table 4. Compilation of AOIs analysis. 
 

 Scenario 

Avg. 1st View (s) Total Views (s) Viewed by (%) 

AOI-1 AOI-2 AOI-3 AOI-4 AOI-1 AOI-2 AOI-3 AOI-4 AOI-1 AOI-2 AOI-3 AOI-4 

Mech. Road Oper. Scene Mech. Road Oper. Scene Mech. Road Oper. Scene 

Autom 
1 2.35 1.30 2.23 1.75 3.34 41.15 5.75 0.07 21.00 85.00 34.00 1.00 

2 2.70 1.92 2.09 2.74 8.46 27.72 25.87 3.01 49.00 80.00 36.00 25.00 

Labor 
3 1.37 1.20 1.20 0.00 8.28 55.01 19.00 0.00 30.00 85.00 63.00 0.00 

4 1.32 2.16 1.92 2.38 7.59 12.95 19.23 4.15 27.00 50.00 63.00 27.00 

 

Total 7.74 6.58 7.44 6.87 27.67 136.80 69.85 7.23 127.00 300.00 236.00 53.00 

1+2 5.05 3.22 4.32 4.49 11.80 68.87 31.62 3.08 70.00 165.00 110.00 26.00 

3+4 2.69 3.36 3.12 2.38 15.87 67.96 38.23 4.15 57.00 135.00 126.00 27.00 

 
 
 

Table 5. Age Descriptive statistics. 
 

 
N Mean 

Std. 
Dev. 

Std. error 

95% Confidence 

interval for 
mean Min. Max. 

Lower 
Bound 

Upper 
Bound 

The construction flagger 
was visible. 

15-20 15 4.60 0.507 0.131 4.32 4.88 4 5 

21-25 19 4.79 0.419 0.096 4.59 4.99 4 5 

26-30 9 5.00 0.000 0.000 5.00 5.00 5 5 

30-40 11 4.73 0.467 0.141 4.41 5.04 4 5 

41-50 6 4.33 0.816 0.333 3.48 5.19 3 5 

51-60 1 5.00 . . . . 5 5 

Total 61 4.72 0.488 0.062 4.60 4.85 3 5 

          

The automated signaler 
was visible. 

15-20 15 4.53 0.743 0.192 4.12 4.94 3 5 

21-25 19 4.68 0.478 0.110 4.45 4.91 4 5 

26-30 9 4.67 0.500 0.167 4.28 5.05 4 5 

30-40 11 4.64 0.505 0.152 4.30 4.98 4 5 

41-50 6 4.33 0.816 0.333 3.48 5.19 3 5 

51-60 1 5.00 . . . . 5 5 

Total 61 4.61 0.585 0.075 4.46 4.76 3 5 

          

I would follow the flagger's 
directions. 

15-20 15 4.53 0.743 0.192 4.12 4.94 3 5 

21-25 19 4.68 0.478 0.110 4.45 4.91 4 5 

26-30 9 4.89 0.333 0.111 4.63 5.15 4 5 

30-40 11 4.82 0.405 0.122 4.55 5.09 4 5 

41-50 6 4.50 0.548 0.224 3.93 5.07 4 5 

51-60 1 5.00 . . . . 5 5 

Total 61 4.69 0.534 0.068 4.55 4.83 3 5 

          

I would follow the signaler's 
directions. 

15-20 15 4.60 0.632 0.163 4.25 4.95 3 5 

21-25 19 4.74 0.452 0.104 4.52 4.95 4 5 

26-30 9 4.78 0.667 0.222 4.27 5.29 3 5 

30-40 11 4.55 0.820 0.247 3.99 5.10 3 5 

41-50 6 4.33 0.516 0.211 3.79 4.88 4 5 

51-60 1 5.00 . . . . 5 5 

Total 61 4.64 0.606 0.078 4.48 4.79 3 5 
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Table 5. Contd. 

 

The flagger will produce 
fewer traffic delays. 

15-20 15 3.80 0.775 0.200 3.37 4.23 3 5 

21-25 19 3.79 0.631 0.145 3.49 4.09 3 5 

26-30 9 4.00 0.500 0.167 3.62 4.38 3 5 

30-40 11 4.18 0.751 0.226 3.68 4.69 3 5 

41-50 6 4.00 0.894 0.365 3.06 4.94 3 5 

51-60 1 5.00 0. 0. . . 5 5 

Total 61 3.93 0.704 0.090 3.75 4.11 3 5 

          

The signaler will produce 
fewer traffic delays. 

15-20 15 3.73 0.799 0.206 3.29 4.18 3 5 

21-25 19 3.68 0.671 0.154 3.36 4.01 3 5 

26-30 9 4.22 0.441 0.147 3.88 4.56 4 5 

30-40 11 4.09 0.701 0.211 3.62 4.56 3 5 

41-50 6 4.00 0.894 0.365 3.06 4.94 3 5 

51-60 1 5.00 . . . . 5 5 

Total 61 3.90 0.724 0.093 3.72 4.09 3 5 

          

I would follow the 
signaler's directions when 
no workers are present. 

15-20 15 4.40 0.507 0.131 4.12 4.68 4 5 

21-25 19 4.63 0.496 0.114 4.39 4.87 4 5 

26-30 9 4.56 0.527 0.176 4.15 4.96 4 5 

30-40 11 4.36 0.674 0.203 3.91 4.82 3 5 

41-50 6 4.50 0.548 0.224 3.93 5.07 4 5 

51-60 1 5.00 . . . . 5 5 

Total 61 4.51 0.536 0.069 4.37 4.65 3 5 

          

The automated signal 
needs a barrier 
mechanism to enforce 
compliance. 

15-20 15 3.80 0.561 0.145 3.49 4.11 3 5 

21-25 19 4.16 0.688 0.158 3.83 4.49 3 5 

26-30 9 4.22 0.667 0.222 3.71 4.73 3 5 

30-40 11 3.82 0.603 0.182 3.41 4.22 3 5 

41-50 6 4.67 0.516 0.211 4.12 5.21 4 5 

51-60 1 3.00 . . . . 3 3 

Total 61 4.05 0.669 0.086 3.88 4.22 3 5 

 
 
 

Table 6. Education descriptive statistics. 
 

 
N Mean 

Std. 
Dev. 

Std. 
Error 

95% Confidence 

Interval for Mean 
Min. Max. 

Lower 
bound 

Upper 
bound 

The construction flagger was 
visible. 

Bach. 15 4.67 0.488 0.126 4.40 4.94 4 5 

Master 46 4.74 0.491 0.072 4.59 4.89 3 5 

Total 61 4.72 0.488 0.062 4.60 4.85 3 5 

          

The automated signaler was 
visible. 

Bach. 15 4.60 0.507 0.131 4.32 4.88 4 5 

Master 46 4.61 0.614 0.091 4.43 4.79 3 5 

Total 61 4.61 0.585 0.075 4.46 4.76 3 5 

          

I would follow the flagger's 
directions. 

Bach. 15 4.73 0.458 0.118 4.48 4.99 4 5 

Master 46 4.67 0.560 0.083 4.51 4.84 3 5 

Total 61 4.69 0.534 0.068 4.55 4.83 3 5 
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Table 6. Contd. 
 

I would follow the signaler's 
directions. 

Bach. 15 4.53 0.743 0.192 4.12 4.94 3 5 

Master 46 4.67 0.560 0.083 4.51 4.84 3 5 

Total 61 4.64 0.606 0.078 4.48 4.79 3 5 

          

The flagger will produce fewer 
traffic delays. 

Bach. 15 4.00 0.845 0.218 3.53 4.47 3 5 

Master 46 3.91 0.661 0.097 3.72 4.11 3 5 

Total 61 3.93 0.704 0.090 3.75 4.11 3 5 

          

The signaler will produce fewer 
traffic delays. 

Bach. 15 3.93 0.704 0.182 3.54 4.32 3 5 

Master 46 3.89 0.737 0.109 3.67 4.11 3 5 

Total 61 3.90 0.724 0.093 3.72 4.09 3 5 

          

I would follow the signaler's 
directions when no workers are 
present. 

Bach. 15 4.67 0.488 0.126 4.40 4.94 4 5 

Master 46 4.46 0.546 0.080 4.29 4.62 3 5 

Total 61 4.51 0.536 0.069 4.37 4.65 3 5 

          

The automated signal needs a 
barrier mechanism to enforce 
compliance. 

Bach. 15 4.13 0.743 0.192 3.72 4.54 3 5 

Master 46 4.02 0.649 0.096 3.83 4.21 3 5 

Total 61 4.05 0.669 0.086 3.88 4.22 3 5 
 
 
 

Table 7. Driver experience descriptive statistics. 
 

 
N Mean 

Std. 
Dev. 

Std. 
Error 

95% Confidence 
interval for mean 

Min. Max. 
Lower 
bound 

Upper 
bound 

The construction 
flagger was visible. 

1-2 8 4.50 0.535 0.189 4.05 4.95 4 5 

2-5 18 4.72 0.461 0.109 4.49 4.95 4 5 

5-10 16 4.88 0.342 0.085 4.69 5.06 4 5 

10-20 12 4.83 0.389 0.112 4.59 5.08 4 5 

20+ 7 4.43 0.787 0.297 3.70 5.16 3 5 

Total 61 4.72 0.488 0.062 4.60 4.85 3 5 

          

The automated 
signaler was visible. 

1-2 8 4.75 0.463 0.164 4.36 5.14 4 5 

2-5 18 4.50 0.707 0.167 4.15 4.85 3 5 

5-10 16 4.75 0.447 0.112 4.51 4.99 4 5 

10-20 12 4.58 0.515 0.149 4.26 4.91 4 5 

20+ 7 4.43 0.787 0.297 3.70 5.16 3 5 

Total 61 4.61 0.585 0.075 4.46 4.76 3 5 

          

I would follow the 
flagger's directions. 

1-2 8 4.63 0.518 0.183 4.19 5.06 4 5 

2-5 18 4.50 0.707 0.167 4.15 4.85 3 5 

5-10 16 4.88 0.342 0.085 4.69 5.06 4 5 

10-20 12 4.83 0.389 0.112 4.59 5.08 4 5 

20+ 7 4.57 0.535 0.202 4.08 5.07 4 5 

Total 61 4.69 0.534 0.068 4.55 4.83 3 5 

          

I would follow the 
signaler's directions. 

1-2 8 4.63 0.518 0.183 4.19 5.06 4 5 

2-5 18 4.61 0.608 0.143 4.31 4.91 3 5 

5-10 16 4.81 0.544 0.136 4.52 5.10 3 5 

10-20 12 4.58 0.793 0.229 4.08 5.09 3 5 
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Table 7. Contd. 

 

 20+ 7 4.43 0.535 0.202 3.93 4.92 4 5 

 Total 61 4.64 0.606 0.078 4.48 4.79 3 5 
          

The flagger will 
produce fewer 
traffic delays 

1-2 8 3.50 0.756 0.267 2.87 4.13 3 5 

2-5 18 3.94 0.639 0.151 3.63 4.26 3 5 

5-10 16 3.88 0.619 0.155 3.55 4.20 3 5 

10-20 12 4.17 0.718 0.207 3.71 4.62 3 5 

20+ 7 4.14 0.900 0.340 3.31 4.97 3 5 

Total 61 3.93 0.704 0.090 3.75 4.11 3 5 
          

The signaler will 
produce fewer 
traffic delays 

1-2 8 3.75 0.886 0.313 3.01 4.49 3 5 

2-5 18 3.78 0.732 0.173 3.41 4.14 3 5 

5-10 16 3.88 0.619 0.155 3.55 4.20 3 5 

10-20 12 4.08 0.669 0.193 3.66 4.51 3 5 

20+ 7 4.14 0.900 0.340 3.31 4.97 3 5 

Total 61 3.90 0.724 0.093 3.72 4.09 3 5 
          

I would follow the 
signaler's directions 
when no workers 
are present 

1-2 8 4.38 0.518 0.183 3.94 4.81 4 5 

2-5 18 4.44 0.511 0.121 4.19 4.70 4 5 

5-10 16 4.75 0.447 0.112 4.51 4.99 4 5 

10-20 12 4.33 0.651 0.188 3.92 4.75 3 5 

20+ 7 4.57 0.535 0.202 4.08 5.07 4 5 

Total 61 4.51 0.536 0.069 4.37 4.65 3 5 
          

The automated 
signal needs a 
barrier mechanism 
to enforce 
compliance 

1-2 8 4.13 0.354 0.125 3.83 4.42 4 5 

2-5 18 3.94 0.639 0.151 3.63 4.26 3 5 

5-10 16 4.19 0.750 0.188 3.79 4.59 3 5 

10-20 12 3.75 0.622 0.179 3.36 4.14 3 5 

20+ 7 4.43 0.787 0.297 3.70 5.16 3 5 

Total 61 4.05 0.669 0.086 3.88 4.22 3 5 

 
 
 
clouds, road signs, stalled car). It also provides the 
cumulative durations for the two automated scenarios  
(1+2), and the cumulative durations for the two manual 
(labor) scenarios (3+4). 

Figure 11 provides a graphic depiction of the 1
st
 view 

data of each of the AOIs for each of the four scenarios. 
Series 1, 2, 3, and 4 refer to scenarios 1, 2, 3, and 4, 
respectively. In general, the Figure suggests that the 
automated systems are capturing more attention in the 
first view in all AOIs. This could be due to the 
unfamiliarity of the drivers with the automated devices 
and hence the natural curiosity of the viewers. This 
speculation could be supported by examining the 
cumulative time (Figure 12) instead of the 1

st
 view time 

(Figure 11). 
Figure 12 shows that there is no apparent/consistent 

trend differentiating the preference for one of the two 
systems (that is, automated vs. manual). The difference 
in the cumulative time spent on each AOI for each 
scenario could be explained by direct comparisons among 

the views. For example, the simplicity of the stopping 
mechanism (one traffic light) in scenario-1 (Figure 1) may 
explain the less time spent focusing on this object 
compared to the other scenarios. In scenario-3 (Figure 
3), the presence of construction activities, heavy 
equipment, and traffic control cones may explain the 
reason for the roadway to capture the highest attention 
among the four scenarios. In scenario-2 (Figure 2), the 
large solar panel stand may be responsible for the 
stopping mechanism to capture the highest attention 
among all scenarios. The stalled car in scenario-2 (Figure 
2) and the yellow sign at the end of the traffic control 
cones in scenario-4 (Figure 4) could explain why the 
distractors attracted more attention in these two 
scenarios than the other two scenarios. 
 
 
Conclusions 
 
Although  limited  in  scope,  this  study  indicates that the 
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Table 8. Gender descriptive statistics. 
 

 
N Mean 

Std. 
dev. 

Std. 
error 

95% Confidence 
Interval for Mean 

Min. Max. 
Lower 
bound 

Upper 
bound 

The construction flagger was 
visible. 

Female 17 4.82 0.393 0.095 4.62 5.03 4 5 

Male 44 4.68 0.518 0.078 4.52 4.84 3 5 

Total 61 4.72 0.488 0.062 4.60 4.85 3 5 
          

The automated signaler was 
visible. 

Female 17 4.76 0.437 0.106 4.54 4.99 4 5 

Male 44 4.55 0.627 0.095 4.35 4.74 3 5 

Total 61 4.61 0.585 0.075 4.46 4.76 3 5 
          

I would follow the flagger's 
directions. 

Female 17 4.82 0.529 0.128 4.55 5.10 3 5 

Male 44 4.64 0.532 0.080 4.47 4.80 3 5 

Total 61 4.69 0.534 0.068 4.55 4.83 3 5 
          

I would follow the signaler's 
directions. 

Female 17 4.88 0.332 0.081 4.71 5.05 4 5 

Male 44 4.55 0.663 0.100 4.34 4.75 3 5 

Total 61 4.64 0.606 0.078 4.48 4.79 3 5 
          

The flagger will produce 
fewer traffic delays. 

Female 17 3.88 0.857 0.208 3.44 4.32 3 5 

Male 44 3.95 0.645 0.097 3.76 4.15 3 5 

Total 61 3.93 0.704 0.090 3.75 4.11 3 5 
          

The signaler will produce 
fewer traffic delays. 

Female 17 3.88 0.781 0.189 3.48 4.28 3 5 

Male 44 3.91 0.709 0.107 3.69 4.12 3 5 

Total 61 3.90 0.724 0.093 3.72 4.09 3 5 
          

I would follow the signaler's 
directions when no workers 
are present. 

Female 17 4.59 0.507 0.123 4.33 4.85 4 5 

Male 44 4.48 0.549 0.083 4.31 4.64 3 5 

Total 61 4.51 0.536 0.069 4.37 4.65 3 5 
          

The automated signal needs 
a barrier mechanism to 
enforce compliance. 

Female 17 4.18 0.728 0.176 3.80 4.55 3 5 

Male 44 4.00 0.647 0.098 3.80 4.20 3 5 

Total 61 4.05 0.669 0.086 3.88 4.22 3 5 

 
 
 

 
 

Figure 11. First View Duration per AOIs. 
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Table 9. ANOVA – Education influence. 
 

 
Sum of squares df Mean square F Sig. 

The construction flagger was visible. 

Between groups 0.059 1 0.059 0.247 0.621 

Within groups 14.203 59 0.241 
  

Total 14.262 60 
   

       

The automated signaler was visible. 

Between groups 0.001 1 0.001 0.002 0.961 

Within groups 20.557 59 0.348 
  

Total 20.557 60 
   

       

I would follow the flagger's directions. 

Between groups 0.040 1 0.040 0.138 0.711 

Within groups 17.042 59 0.289 
  

Total 17.082 60 
   

       

I would follow the signaler's directions. 

Between groups 0.224 1 0.224 0.604 0.440 

Within groups 21.842 59 0.370 
  

Total 22.066 60 
   

       

The flagger will produce fewer traffic 
delays. 

Between groups 0.086 1 0.086 0.170 0.681 

Within groups 29.652 59 0.503 
  

Total 29.738 60 
   

       

The signaler will produce fewer traffic 
delays. 

Between groups 0.020 1 0.020 0.038 0.847 

Within groups 31.390 59 0.532 
  

Total 31.410 60 
   

       

I would follow the signaler's directions 
when no workers are present. 

Between groups 0.500 1 0.500 10.760 0.190 

Within groups 16.746 59 0.284 
  

Total 17.246 60 
   

       

The automated signal needs a barrier 
mechanism to enforce compliance. 

Between groups .141 1 0.141 0.311 0.579 

Within groups 26.712 59 0.453 
  

Total 26.852 60 
   

 
 
 

Table 10.  ANOVA - Driver experience influence. 
 

 

Sum of 
squares 

df 
Mean 

square 
F Sig. 

The construction flagger was 
visible. 

Between groups 1.520 4 0.380 1.670 0.170 

Within groups 12.742 56 0.228 
  

Total 14.262 60 
   

       

The automated signaler was 
visible. 

Between groups 0.926 4 0.232 0.661 0.622 

Within groups 19.631 56 0.351 
  

Total 20.557 60 
   

       

I would follow the flagger's 
directions. 

Between groups 1.576 4 0.394 1.423 0.238 

Within groups 15.506 56 0.277 
  

Total 17.082 60 
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Table 10. Contd. 
 

I would follow the signaler's directions. 

Between groups 0.844 4 0.211 0.557 0.695 

Within groups 21.221 56 0.379 
  

Total 22.066 60 
   

       

The flagger will produce fewer traffic delays. 

Between groups 2.519 4 0.630 1.296 0.283 

Within groups 27.218 56 0.486 
  

Total 29.738 60 
   

       

The signaler will produce fewer traffic delays. 

Between groups 1.275 4 0.319 0.592 0.670 

Within groups 30.135 56 0.538 
  

Total 31.410 60 
   

       

I would follow the signaler's directions when no 
workers are present. 

Between groups 1.546 4 0.386 1.378 0.253 

Within groups 15.700 56 0.280 
  

Total 17.246 60 
   

       

The automated signal needs a barrier mechanism to 
enforce compliance. 

Between groups 2.631 4 0.658 1.521 0.209 

Within groups 24.221 56 0.433 
  

Total 26.852 60 
   

 
 
 
Table 11. Gender ANOVA. 
 

 
Sum of squares df Mean square F Sig. 

The construction flagger was visible 

Between groups 0.246 1 0.246 1.037 0.313 

Within groups 14.016 59 0.238 
  

Total 14.262 60 
   

       

The automated signaler was visible 

Between groups 0.589 1 0.589 1.742 0.192 

Within groups 19.968 59 0.338 
  

Total 20.557 60 
   

       

I would follow the flagger's directions 

Between groups 0.430 1 0.430 1.522 0.222 

Within groups 16.652 59 0.282 
  

Total 17.082 60 
   

       

I would follow the signaler's 
directions 

Between groups 1.392 1 1.392 3.972 0.051 

Within groups 20.674 59 0.350 
  

Total 22.066 60 
   

       

The flagger will produce fewer traffic 
delays 

Between groups 0.064 1 0.064 0.127 0.723 

Within groups 29.674 59 0.503 
  

Total 29.738 60 
   

       

The signaler will produce fewer 
traffic delays 

Between groups 0.009 1 0.009 0.016 0.898 

Within groups 31.401 59 0.532 
  

Total 31.410 60 
   

       

I would follow the signaler's 
directions when no workers are 
present 

Between groups 0.151 1 0.151 0.521 0.473 

Within groups 17.095 59 0.290 
  

Total 17.246 60 
   

       

The automated signal needs a 
barrier mechanism to enforce 
compliance 

Between groups 0.382 1 0.382 0.851 0.360 

Within groups 26.471 59 0.449 
  

Total 26.852 60 
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Figure 12. Total views duration per AOIs. 

 
 
 

 
 

Figure 13. Response by age (system direction). 
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Figure 14. Response by Education (System Direction). 

 
 
 

 
 

Figure 15. Response by driving experience (System Direction). 

 
 
 
adoption of automated systems could be an adventurous 
alternative to the risky utilization of flaggers in road 
construction work zones. There are many potential 
benefits to using automated systems for roadway 
construction. These include increased worker safety, 
reduction of construction cost, and standardization of 
construction zone setups. In addition, automating this 
risky construction activity will assist in satisfying the 
construction labor shortage. However, the results also 
show that the need for barriers that complement the 
automated systems is a topic that needs further 
investigation. The technology is currently available and 
has been implemented in some areas around the nation. 
It appears that younger drivers tend to be more accepting 
of automation into their daily activities.  
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