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Abstract
The Rural Intersection Conflict Warning Systems (RICWS) have been implemented across the state of Minnesota to inform motorists when it is not safe to cross thru-STOP controlled intersections. These intersections are among the most common types of rural intersection, and are subject to higher numbers of serious and fatal injuries. Insufficient gaps accepted by drivers has been identified as a predominant contributing factor for the most severe types of crashes (i.e., right-angle crashes) that occur at these intersections. The design of the RICWS sign, however, may be associated with several potential human factors issues that could limit its usefulness and consequently lead to other safety concerns. The main objectives of this paper are therefore to describe the various challenges and restraints that the Minnesota Department of Transportation (MnDOT) had to face in the development and execution of RICWS, as well as outline the process of integrating human factors principles into the design and evaluation of the system. Several human factor issues and safety concerns related to the current design have been identified. Usability tests were also conducted to guide iterative design modifications of multiple alternative design options that allow road users to quickly process and properly interpret the sign messages. Finally, candidate design options that met the Minnesota Manual of Uniform Traffic Control Devices (MMUTCD) guidelines and received the best user preferences were selected for further safety assessments. The integration of human factors into ITS design and evaluation provided significant implications for establishing effective intelligent infrastructure systems for the future. 
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Introduction 
Crashes occurring at intersections on high-speed rural highways or expressways are often associated with higher risks of serious injuries and fatalities. According to the U.S. National Highway Traffic Safety Administration (NHTSA) Fatal Analysis Reporting System (FARS), the crash fatality rate per 100 million miles travelled on rural roadways was more than twice as much as the fatality rate on urban roadways in 2014 [1]. It was also estimated that approximately one out of five deaths resulting from vehicle collisions in rural areas was intersection-related [1]. At the state level, this emerging public safety concern has also received considerable attention by transportation agencies, local practitioners and general road users. For instance, thru-STOP controlled intersections, identified as the most frequent type of rural intersection in Minnesota State, have consistently seen high numbers of severe and fatal right-angle crashes over recent years [2]. Moreover, the most significant attributable factor for these crashes at thru-STOP intersections has been identified as motorists’ inability to select sufficient gaps on crossing or entering the through traffic [3]. There is an urgent demand for actions to be taken to better support driver decision making at these high-risk rural intersections. 

Intelligent Transportation Systems (ITS) provide the potential to develop and build better roadway infrastructure solutions that enable acquisition of real-time traffic information, as well as communicate this information to road users. To address the gap acceptance problem at thru-STOP intersections, a series of continuous efforts have been conducted by national and state transportation agencies. In response to the initiatives of the American Associations of State Highway and Transportation Officials (AASHTO) Strategic Highway Safety Plan, the Rural Intersection Conflict Warning System (RICWS) was developed and implemented at approximately 55 Minnesota rural thru-STOP intersections to inform motorists when it is not safe to cross rural thru-STOP intersections. However, while many previous efforts have been directed on the realization of system functionalities, less have been discussed regarding the regulatory challenges and other operational restraints that the state department of transportation had to face, throughout the entire deployment process, to produce the most cost-effective and environmentally friendly solutions that can be accepted by general road users. 
The significance of applying human factors in ITS design and evaluation have been recognized ever since the early 90s. Hancock and Parasuraman [4] summarized several important aspects of how a human-oriented approach can be proactively involved in ITS design and integrated into ITS technologies in order to help provide assistive in-vehicle information to drivers, determine appropriate levels of driver mental workload and trust allocated to the system, as well as understand the differences of driver behaviours and responses between different driver groups and among individuals. More recently, the scope of human factors applications has been expanded to a broader spectrum of ITS technologies that range from human-automation interaction to communications between multiple vehicles and infrastructures. Multiple human factors techniques and approaches have been utilized in ITS development, assessment, and planning, including use low-cost low-fidelity usability tests and safety audits to identify driver’s cognitive processing process, conduct driving experiments to evaluate driver behaviours in a simulated environment, as well as carry out controlled field tests to further understand naturalistic driving performances. However, the exact role of human factors in reshaping the design and evaluation processes of ITS remains unclear. In particular, how to involve multiple stakeholders such as transportation agency planners and engineers, local practitioners, human factors professionals, and general road users, into working collaboratively towards the goal of building up effective and well-accepted ITS solutions demands careful and practical considerations. 
This investigation presented the initial efforts of a larger, ongoing project that aimed to evaluate the safety effectiveness of the RICWS sign on promoting better gap acceptance among different targeted driver populations at Minnesota rural thru-STOP controlled intersections. The objectives of this paper were to describe the various challenges and restraints that the Minnesota Department of Transportation (MnDOT) had to face in the development and execution of RICWS, as well as outline the process of integrating human factors principles into the design and evaluation of the system. Several human factor issues and safety concerns associated with the current design were identified using human factors analysis. Usability tests were conducted to guide iterative design modifications of multiple alternative design options to allow road users to quickly process and properly interpret the sign messages. Finally, candidate design options that received the highest user preferences were selected for further safety assessments. This approach highlighted road user’s preferences, sign perceptions, and feedback under the framework of ITS design. It provided significant implications for facilitating collaborative efforts involving multiple stakeholders to establish effective intelligent information infrastructures that will promote better roadway communications and enhance the overall transportation safety performance in the future.  
Challenges of the RICWS System
System Overview 
An overview of the RICWS system layout is depicted in Figure 1. The system was designed to detect oncoming traffic approaching an intersection from either the major (i.e., through route) or minor road (i.e., STOP-sign controlled route) of the intersection and provide dynamic warnings to drivers on the minor or major road. In this study, only the minor road warning sign was examined because it had received numerous complaints from road users since implementation, whereas the major road warning sign was demonstrated to be effective in reducing vehicle speeds on major roads. For simplicity in this paper, the RICWS system discussions refer only to the minor road warning system. The design of the system (as shown in Figure 1) was made up of three major components, including two flashing beacons on the top of the blank-out sign, a dynamic blank-out sign with constantly illuminated light-emitting diode (LED) messages of “TRAFFIC APPROACHING” displayed on a black background, and an underlying static placard with the message of “WHEN FLASHING”. The system consists of three different sign states which are meant to imply 1) “Traffic is approaching and it is unsafe to cross” when the beacons are consistently flashing; 2) “Sign is on/operating and no traffic is detected” when the beacons are off; and 3) “Sign is off/inoperable” when the beacons are off and when the dynamic sign’s LED message is blacked out.                        
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Figure 1. Rural Intersection Conflict Warning System (RICWS) Layout and Design (adapted [5])
Regulatory Challenges and Restraints
For successful development and implementation of the RICWS system, there were several regulatory challenges and restraints that MnDOT planners and engineers had to overcome. To begin with, a sequence of MnDOT funded research initiatives were taken to identify the most dangerous types of rural intersections, and further rectify the needs of developing a real-time decision aid system to better assist gap acceptance for road users at these thru-STOP intersections [2-3]. Candidate rural intersections were selected across the state based on a systematic review on the pertinent crash risks and other hazardous characteristics of these intersections. In order to devise fully functional solutions, joint efforts were continuously performed by MnDOT engineers with the local practitioners and manufactures. In particular, careful considerations had to be taken for all design elements under the guidelines and restraints of the USDOT Federal Highway Administration (FHWA) Manual on Uniform Traffic Control Devices (MUTCD). 
It is a consistent challenge to develop cost-effective solutions for ITS design, installation and maintenance. A unique blank-out sign design was established to distinguish clearly between the “Sign On/Operating” state and the “Sign Off” states of the RICWS system. The overall costs associated with RICWS were estimated to be $120,000 for each intersection [6]. However, an economic analysis based on aggregating data from multiple states, often not including a blank-out sign, presented an annual cost savings at a minimum of 10:1 benefit to cost ratio for similar conflict warning systems installed at rural intersections to reduce crash frequencies and relevant injuries [7]. Beyond these efforts, University of Minnesota researchers were utilized to assess the accuracy of the RICWS system, and it was reported that the system maintained a high and reliable detection rate of over 99.95% upon its first implementation [8]. However, it appeared the RICWS loop detectors had limited abilities to detect small fast moving objects, such as motorcycles, therefore resulting in potential technical challenges to be evaluated and addressed.
Human Factors Concerns for Executive Agencies and Road Users
A RICWS Sign survey was administered to Minnesota county engineers that queried their experiences and perceptions of RICWS signs with regard to comments or complaints from local drivers and any additional information to guide the design of the project. Approximately 60% of (12 out of 20) county engineers reported receiving any kind of feedback (e.g., comments, complaints, praise, etc.) from on average 7-9 residents regarding the RICWS signs in their county. The few positive comments reported that the system was perceived to be useful to capture driver’s attention and slow down the mainline traffic when it was flashing. However, the majority of local road users found this system to be “distracting”, “confusing”, “overwhelming”, and “always flashing/not functioning”. 
For example, some drivers reported the message to be confusing because “Traffic Approaching” was always lit up even when there was no traffic approaching. This was particularly problematic at night when the placard of “When Flashing” was less discernable. In addition, many county engineers also expressed their concerns that the system provides overwhelming information for drivers, especially older drivers, to experience at an intersection. Furthermore, the effectiveness of the system was reported to be very limited at intersections with a high volume of thru and turning vehicles and the intersections. It is thought that the constantly flashing beacons may present less meaningful information to road users [9]. Other potential human factors issues were also identified with the use of the RICWS sign through primary human factors analysis, including the reversed ordering of message components, misleading interpretations of the sign status for the first-time users, as well as possible overreliance on the system for frequent users. These issues may hinder drivers’ ability to properly process information, make prompt decisions within such a demanding driving condition, and consequently, result in serious potential safety concerns.     
Interestingly, although many drivers reported that the signs failed to respond to traffic appropriately and appeared to be malfunctioning, they were in fact working as intended when engineers surveyed these sites and inspected them. This discrepancy might reflect a considerable mismatch between drivers’ perceived knowledge of the system and how it was supposed to operate due to various reasons. Likewise, 25% of county engineers (4 out of 16 responses) suggested that they didn’t understand or were somewhat unsure how the system’s three sign states functioned. Among those who indicated that they have a good understanding of the sign, most of the answers were very simple and without detailed descriptions. While only two of all surveyed engineers were able to describe the functionality of the system using technical terms (e.g., loop detector, radar technologies, etc.), some of them also suggested that they were unaware of or misunderstood the inoperable state of the sign. Overall, a lack of professional training regarding the operation and maintenance of the RICWS sign with the corresponding county engineers may have been an issue.

Integrating Human Factors into RICWS Design and Evaluation
Usability Test Approach 
The study consisted of three rounds of usability tests, involving 30 total participants (i.e., 15 males and 15 females), with a diverse age range (Mean = 43.4, SD = 16.5). Five alternative RICWS design options were developed to comply with best usability practices and to address specific issues identified with the original RICWS sign. The primary goal of the test was to evaluate the effectiveness of each sign’s ability to convey information regarding each of its three states (i.e., Do not cross/turn, sign-on, and sign-off). A secondary goal was to evaluate the clarity and appropriateness of terminology and other design elements. Driver’s cognitive processes, first impressions, and decision making regarding each sign were measured as well.  
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Figure 2. Contexts provided to participants: intersection layout and sign placement

To start, participants were introduced to the layout of a thru-STOP controlled intersection and the context of placing a “smart” (i.e., RICWS) sign across the major road (Figure 2). In order to simplify the decision-making process and clarify the scenario, participants were asked to only consider going straight across the major road, rather than turning left or right. Prior to encountering each sign, participants were provided with an imaginary scenario where they were stopped at a thru-STOP controlled intersection and based on their view from where they were sitting, it was difficult to judge the speed of vehicles traveling to the intersection from both directions on the major road. Participants were then asked about their decision making of whether to continue to wait, cross the intersection, or report if they feel that they didn’t have enough information. Prior to evaluating signs, participants were given an example of each state of sign using police officers as a proxy for conveying various messages (Table 1). This comparison allowed researchers to convey each of the three states of the sign without priming participants by using actual signs, which may have biased their perceptions upon later exposure. To eliminate any order or practice effects on the results, sign options were displayed in a counterbalanced order for each participant in the study. 

Table 1. Comparisons of sign states using a police officer
	Sign States
	Traffic is Approaching
	Sign is on/operating
	Sign is non-operational

	Police Examples
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	Message Conveyed
	There is not enough time to cross.
	There is enough time to cross.
	This officer is not operational, like signs can sometimes be.


Test Results and Findings 
The design of the five alternative signs underwent two major rounds of iterative design modifications and three rounds of user testing. Participants were asked to rank their top three sign sets, based on comprehension, design, safety, and overall preference. The scoring mechanism that researchers used to synthesize the results involved assigning weighted scores for each sign set that participants ranked among their preferred top three. Signs which were selected as the participant’s least favorite received a negative score. All scores were aggregated to determine the comprehensive preference of different sign options and terminologies. The calculation method applied to all three rounds of usability tests, as well. One design was eliminated initially due to its costly and complex design, while the remaining signs (see Table 2) received a series of modifications of terminology and other design elements (e.g. icons, size, and color). 
Table 2. Recommended sign designs for simulation study

	
	A
	B
	C
	F

	Do not cross/turn (SIGNS FLASH: e.g., red frame or beacons)
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	Sign is on
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	Sign is off
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Rejected terminology by participants was: THRU TRAFFIC/THRU TRAFFIC APPROACHING, EXPECT TRAFFIC/EXPECT CROSS TRAFFIC and VEHICLE DOES NOT STOP. The top-rated terminology recommendations for the ‘Do not cross/turn’ sign state were: TRAFFIC APPROACHING, CROSS TRAFFIC APPROACHING and CROSS TRAFFIC TOO CLOSE. The top-rated terminology recommendations for the ‘Sign is on’ sign state were: CROSS TRAFFIC DOES NOT STOP and WATCH FOR TRAFFIC. The use of the terminology TRAFFIC APPROACHING (with WHEN FLASHING placard) in the original RICWS sign was familiar to a number of participants (see Sign C in Table 2) but received substantial criticism and reported confusion in the ‘Sign is on’ (i.e. beacons not flashing) state. Three alternative sign designs (see Signs A, B, and F in Table 2) along with the original RICWS were chosen for further subjective and behavioral analyses. Table 3 presents an overall road user evaluation of the signs. 
Table 3. An overall evaluation of recommended signs

	Sign Options
	“Do not cross/turn” state
	“Sign is on” state

	Sign A
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High Preference
	Participants commented “…has a punch to it” and “…is clear why I should not go”. The stop sign icon with red frame largely received positive feedback for being “clear” and “universal”. While some liked the redundancy of the icon, others felt it was “too redundant” or was unnecessary.
	“Cross traffic does not stop” was the second highest ranked terminology for this state. 

	Sign B
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Positive Feedback 
	Quotes: “explicit”, “direct” and “very clear”. 
Some were critical, however, stating the sign had “too many words”, the wording “lacks flow”, or that TOO CLOSE was “too subjective”.
	Overwhelmingly positive feedback as a “good/great/helpful reminder”

	Sign C
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Mediocre Ranking
	Positive feedback tended to come from participants who reported that they had already seen the sign, felt that it was “familiar”, and “clearly identifies a threat”. Largely, participants reported that the sign was “too cluttered”, “too much stuff”, or required “too many head movements to process”. The terminology was called “weird” and “disconnected” between the two sign states.
	Participants expressed confusion about when the lights were not flashing, reporting “when the lights are not flashing and makes me think traffic could still be approaching” and that the sign is “not helpful”, “passive”, and “vague”.

	Sign F
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Mixed Reviews
	Those who favored the sign described it as “concise”, “simple/minimal design”, and “really clear”. Conversely, some reported that the message “doesn’t convey that it is a good time to cross”.
	WATCH FOR TRAFFIC in the ‘Sign is on’ state was called a “nice reminder” and conveys that drivers should “be responsible” or “be attentive”. 

	WHEN FLASHING Placard
	The expectation of the sign’s flashing behavior was uncertain with participants saying it is “unclear how it [the proposed flashing] relates to the sign” and that it is “unclear if it is supposed to be for the beacons or for the sign”.
	Participants failed to follow the logic statement when the beacons are not flashing, reporting that it “makes it confusing and I am unsure of where the cars are”.


Follow-up Discussions on Sign A
Despite of the high acceptance of Sign A among drivers, MnDOT technical panel reviewers required that the deployment of the system should follow the guidelines of the MMUTCD. A follow-up usability survey was designed to evaluate alternatives to building an action message (i.e., stop) into the RICWS design. Two other sign options (Figure 4), along with Sign A, were randomly presented to 51 drivers (Mean age=40.9, SD=11.6) in the settings of a rural thru-STOP intersection layout, similar to the previous usability tests. Participants were surveyed about their comprehension of the sign messages and their decision making logic in response to each state of the sign. After being exposed to each sign option individually, each participant viewed all three design options and ranked them based on their preferences of the displays. 
Overall, participants demonstrated much higher levels of sign acceptance and greater proportions of correct interpretations of the sign messages for the Sign A (i.e., with the STOP icon in a flashing dash border) and Sign A.1 (i.e., with the “WAIT” message), than Sign A.2 (i.e., with the hand icon). Most of the participants associated the hand icon with pedestrians and may not perceive the sign message to be directed at driver, therefore Sign A.2 was eliminated from further consideration. For Sign A, approximately 7.8% of participants perceived the message incorrectly; 5.9% indicated their concerns about the STOP icon, but reportedly would watch for traffic that might be coming; and the remaining 86.3% perceived the sign message correctly. For Sign A.1, approximately 90.2% of participants reported correct perceptions or correct actions towards the sign messages, whereas almost all participants who interpreted the messages incorrectly related the “WAIT” message as pedestrian information. However, the rate of correct perception was expected to increase in the more realistic driving scenarios or at real-world rural highway intersections where pedestrians were less likely to be presented. To summarize, participants tended to develop higher level of situation awareness and were better supported for prompt decision making by integrating the action commands (i.e., stop and wait) and contextual information (i.e., cross traffic approaching) into the sign. More importantly, they were also found to be more prone to expect changes on the sign messages as well as expect the mainline traffic to approach, especially regarding the word message of “WAIT”. Some of the positive quotes from participants were cited as “This is a warning that you need to stop and wait at my stop sign. I would stop and wait until the "Wait" goes away, double check each direction by looking, then proceed to cross the major road.”, “Cars are coming on the major road and I should not try to cross at that time. I will use my best judgment but follow the signs when I was unsure of the (speed, etc. of) approaching cross traffic.” and “Traffic coming. Not cross until the sign goes away.”, etc. 
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Figure 4. Alternative designs for Sign A (Left to Right: Sign A.1 and Sign A.2)
To comply with the restraints of MMUTCD, further discussions were brought up in terms of how Sign A should be modified and refined to obtain a better design acceptance by MnDOT planners and engineers. The integration of STOP icon was thereby not allowed to be used in the dynamic signs and nor was the flashing dashed border. Although the word of “STOP” has not been tested in the follow-up usability test, it might be considered as an alternative option that could be further assessed, to communicate the action commands to drivers. Additionally, red letter color was deemed to inappropriately convey prohibited information, instead an orange “WAIT” was prescribed by engineers to represent the warning messages within MMUTCD standards. However, the prescribed adaptations of the message display, color and layout executed upon the signs raised concerns of a potential reduction in contrast and saliency of the messages, as well as mitigate the power to enforce action information. Furthermore, the ability of Sign A.1 to promote better sign acquisition may be further suppressed by fitting all the message lines within a limited size of LED sign. 
Summary and Future Insights 
The final usability test results, along with an updated design developed based on Sign A.1 (see adapted Sign G), were illustrated in Figure 5 and were further selected to be tested in the driving simulator study. To conclude, this paper summarized the challenges and restraints that Minnesota Department of Transportation had to face during the process of RICWS development and implementation, as well as identified the potential human factors issues and confusions for county agencies and road users. The importance of a human-oriented approach in identification of potential cognitive problems, driver acceptance, and driver trust associated with the design of ITS should be recognized and carefully considered by transportation agencies. Human factors professionals are encouraged to get involved early and remain engaged throughout the lifespan of ITS design and evaluation projects. 
In this paper, low-cost and low-fidelity usability analysis was presented to iteratively modify RICWS designs to promote driver acceptance and comprehension. Considerations of utilizing the more intuitive ITS design solutions (e.g., CICAS system [10]) in the future may provide better opportunities for addressing the gap acceptance problem at rural thru-STOP intersections, however, these solutions may be prohibitively expensive. Driver behaviors towards these proposed RICWS sign options (Figure 5) will be investigated in the ongoing driving simulator study and will provide further insight into understanding significant human factors problems at these high-risk intersections.       
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Figure 5. Final usability test results
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