Improved Driver Vehicle Interface (DVI) in Police Cruisers for Operational Safety 
Sampling Plan for Human Subject Recruitment

The Protective Technology Branch (PTB) of the Division of Safety Research (DSR) of NIOSH is conducting a project titled “Improved Driver Vehicle Interface (DVI) in Police Cruisers for Safer Operation.” This project aims to understand the effects of police cruiser workspace design (the placement of aftermarket police equipment: mobile data terminal or MDT, center console, radio and siren control) on the performance of a secondary task by police officers while driving. The mockup of a Ford Police Interceptor Utility will be used by participants, who are equipped with direct reading instruments and sensors during a simulated driving activity. Data will be collected from these direct reading instruments and sensors. The experiment will be conducted in NIOSH’s High Bay Lab located in Morgantown, WV. 

1. Respondent Universe and Sampling Methods

Potential Respondent Universe
This study will include active service law enforcement officers (LEOs) in the Morgantown metropolitan area and those in the surrounding area who are willing to travel further to the NIOSH facility where this study will be conducted. Participants must have a minimum of six months of experience operating a police cruiser in the street or university campus as part of their job responsibilities to ensure they possess adequate experience in operating police cruisers. All participants must be right-handed or ambidextrous as the study is analyzing the motion of the right hand/arm. Left-handed participants may introduce an extraneous variable, confounding the study results.
Table 1. Potential Respondent Universe in Recruiting Area
	Police Departments in Recruiting Area 
	Number of Police Officers in Recruiting Area

	Morgantown Police Department
	76 

	Westover Police Department
	18

	Star City Police Department
	  6

	Granvile Police Department
	16

	WVU Police Department
	55

	
	171 (Total)



2. Sampling Methods

This study utilizes both a convenience and purposive sampling strategy. This non-probability sampling method is used based on organizations or individuals who respond to recruitment materials (Attachment 1 and 2). From experience gained while conducting similar projects at the Division of Safety Research Labs in Morgantown, West Virginia, one of the main challenges that researchers expect to encounter during the recruitment process is low response numbers. The reasons being that the study population has specific age (18 years or older) and experience (6 months in law enforcement) and the small number of LEOs in the Morgantown metro area. To circumvent these challenges, the recruitment area was extended to surrounding areas with the ability to compensate for some travel time.

Initially, researchers will include all interested LEOs that meet the inclusion criteria; this sampling process will reflect a random selection process of participants from a convenience sample. Then, as additional screening and eligibility processes occur, researchers will analyze the demographic composition of the human subjects that are volunteering to participate and will compare this composition against the targeted demographic composition aimed by the study, until the quota for every demographic composition is filled as much as reasonably practical, thereby composing our purposive sample (See Section 3).

3. Respondent Selection Methods and Anticipated Sample
According to a US Department of Justice report [1], Women make up 13.5% of local law enforcement force while men 86.5%. Local police departments include general-purpose law enforcement agencies such as municipal, county, and regional police departments, excluding sheriff’s offices, state and highway patrol agencies. To increase the pool of potential participants, project researchers budgeted to expand the recruitment area to the Pittsburgh metro area, which includes Pittsburgh, New Castle, Weirton PA-OH-WV combined statistical areas, if necessary. We anticipate recruiting approximately 22 (61% of our sample) men and three (8% of our sample) women. 
4. Sampling and Recruitment Procedures

The instrument that will be used to recruit potential human subjects is a Recruitment Flyer, shown in Attachment 1 and introduction email (Attachment 2). Researchers will contact local law enforcement agencies and ask them to post the flyers in common areas of their workplace. Interested parties who call the telephone number listed on the recruitment flyer will be provided information about the project, its purpose, duration, and compensation; they will be asked two questions to determine whether they are susceptible to motion sickness, and if they meet the inclusion criteria of age, experience as construction workers, and US citizenship (to access government facilities), they will be provided with a scheduled date and time. All six police departments in the Morgantown metropolitan area are anticipated to receive materials about this project. Among the police departments that the flyers will be sent are:

Morgantown Area Police Departments:
Morgantown Police Department
Westover Police Department
Star City Police Department
Granville Police Department
West Virginia University Police Department

5. Statistical Method for Sample Selection 
Since this study uses a non-probability sampling method, all participants will be recruited on a voluntary basis. The sample size was determined based on NIOSH’s previous human digital simulation data and previous literature with a similar research focus [2]. Univariate tests were conducted on task completion time between the Existent Configuration and Modified Configuration for the performance of each of the four secondary tasks. The results showed that it was reasonable to assume a medium effect size (ES= 0.50) difference between the two configurations for all 4 secondary tasks. To achieve a statistical power = 0.8 and α = 0.05, a sample size of 36 participants will be needed. In the event there are dropouts, additional participants will be recruited until 36 participants have completed the study. 

6. Data Collection and Organization
6.1. Participant Recruitment. A hardcopy or electronic version of the recruitment flyer (Attachment A) will be distributed to LEOs within traveling distance of the NIOSH Laboratory in Morgantown, WV, as well as at other venues where organizations/participants may be interested (e.g., labor/union conferences, NIOSH public safety sector committee). Interested officers will call a NIOSH telephone number or communicate through email. A NIOSH researcher will ask a few questions to ensure that the officer meets the inclusion criteria of the research and is not susceptible to simulator sickness. If the criteria are met, an appointment will be made for the participant to come to the NIOSH Lab facility to participate. A total of 36 LEOs will be recruited to participate in this study. Participants must be ambidextrous/right-handed and have at least six-months of street or campus patrol experience as part of their daily duties.
6.2 Lab Check-in and Consent. When participants arrive at the NIOSH facility, they will be met by a researcher at the security desk, where they will sign in as a visitor. Their police badge will be checked to establish eligibility for the study. Then, they will be led into the building, take an elevator to get to the basement, and walk down a walkway to the High Bay Lab where the vehicle mockup is located. 
Using the Informed Consent Form (Attachment 5), research staff will explain the purpose and procedures of the data collection, including that they will be seated in a vehicle mockup, equipped with direct reading instruments and sensors to record data points, and will perform several simulated driving tasks that would be a part of their routine street patrolling duty. They will be given the Informed Consent Form (Attachment 5) to read and ask questions. The readability of the Consent Form has been determined to correspond to Flesch-Kincaid reading grade level 11. The signed Consent Form will be filed in a locked cabinet. Only the project officer will have access to the cabinet. 
6.3 Data collection procedures using direct reading methods/sensors
Anthropometric Marking and Measurement. While participants are wearing their normal duty gear, researchers will measure and record four body measurements (body weight, body height, sitting height, and eye height) for each participant using a scale, bench, and anthropometer. Data will manually be entered into Microsoft Excel (Attachment 6). The data in the Excel spreadsheet will not contain any identifiable private information. All participants will be traced by  a randomly assigned participant number. 
Measurement of subject preferred seating and other adjustment using FaroArm Measurement. Participants will be asked to wear their duty belt and work shoes before being seated in the simulator. They will fasten the seatbelt, and adjust the positions of the seat, steering wheel, MDT, rear view mirror, and side viewing mirror, until they are satisfied with the setup. This setup will be considered the preferred cab workspace for the participant. Researchers will use a FaroArm to record the cab setup preferred by individual participants, including the positions of the seat, steering wheel, and MDT. In addition, the researcher will record the position of the participant’s first knuckle while holding the steering wheel, and sellion point. These measurements taken by the FaroArm will be saved in one datafile by the proprietary software named after the participant’s unique ID. After the data collection is over, the data from the proprietary software will be transferred to the Excel file (Attachment 6) using participant ID. 
Simulated Driving with Ergoneer Eye Tracking. Participants will don the Ergoneer eye tracking glasses and sit in their preferred posture. This video-oculography-based system will record the eye position with video cameras worn by the participants throughout the study. The Ergoneers proprietary software, D Lab, analyzes the video trains and exports the eyes-off-the road time data into a Microsoft Excel spreadsheet (Attachment 6). Eyes-off-the-road time will be identified by the participant’s ID and no PII will be included in the dataset.
After donning the glasses, participants will place both hands, initially, at the 10 am and 2 pm positions on the steering, press down on the accelerator (recorded voice instructions will prompt the participant to start the trial by pressing down the accelerator) to trigger the driving scene which will play out on the TV monitors in front and the sides of the windshield. 
There will be four voice prompts will be given, sequentially, for the participant to perform the 4 routine tasks in the duration of the trial runs. The timing and order of the verbal prompts will be randomized. During these tasks, task completion time, lane departure, and speed keeping will be collected electronically by MATLAB. This software will record electronic signals from tactile sensors and switches and export the output to the Microsoft Excel data spreadsheet (Attachment 6).  
The 4 routine tasks performed by the participants will be identical in the existent and modified configuration groups. These tasks are as described in the following table with illustrated images provided (if available) to help visualize the tasks:
 
	Configurations 
	Task Name  
	Task Description
	Illustration

	 Passenger seat mounted vs. dash-mounted docking stations in facilitating a point-and-touch action on the mobile computer monitor while driving.
 
	MDT screen touch
	The participant will drive with the left hand while reaching out with the right hand from the steering wheel to touch two spots (Points A and then B, which are two, 2 x 2 cm squares located at the center but separated by a horizontal distance of 10 cm) on the monitor of a passenger-seat-mounted or center-console-mounted MDT. When the task is complete, the participant will return the right hand to the original position on the steering wheel. 
 
	 
 MDT screen touch task on passenger seat mounted MDT.
 
MDT screen touch task on dash-mounted MDT
 

	 Passenger-seat-mounted vs. dash-mounted docking stations in facilitating keyboard entry on the mobile computer while driving.
	Keyboard entry
	The participant will drive with the left hand, while reaching out with the right hand from the steering wheel to the keyboard of the passenger-seat-mounted or center-console-mounted MDT and enter a 6-digit input (3 letters followed by 3 numbers). When the task is complete, the participant will return the right hand to the original position on the steering wheel. 
	Keyboard entry task on the passenger seat mounted MDT.
 
 
Keyboard entry task on the dash-mounted MDT.
 
 

	Radio control unit installed on Standard flat console vs. a 36-degree angled console in facilitating a channel selection task on the two-way radio control unit.
	Radio zone selection
	The participant will drive with the left hand while reaching out with the right hand from the steering wheel to the radio unit to perform a zone selection task. The task will include pressing the zone button, pressing (three times) the navigation button to scroll the zone to the right, and pressing the home button to confirm the desired zone. When the task is complete, the participant will return the right hand to the original position on the steering wheel.
	Radio control unit (indicated by the yellow arrow) on a flat center console.
Radio control unit (indicated by the yellow arrow) on an angled center console.

	 Standard flat console vs. a 36-degree angled console in facilitating a lightbar and siren operation task on the light/siren control unit.
	Lights and Siren Control
	The participant will drive with the left hand while reaching out with the right hand from the steering wheel to the light and siren control unit to perform a light and siren operation task. The task will include flipping the color selection switch from red to blue and then pressing the MAN button 3 times. When the task is complete, the participant will return the right hand to the original position on the steering wheel. 
 
	Light and siren control unit (indicated by the yellow arrow) on a flat center console.
 
Light and siren control unit (indicated by the yellow arrow) on an angled center console.


 
Post-Test Questionnaire. After the simulated driving tasks, participants will be asked to fill out a post-test questionnaire concerning their preferences during the simulated driving (Attachment 8).
The duration of the study will be 2.5 hours. After the study is completed, participants will be compensated $100 for their time at the rate of $40 per hour. This level of compensation is on par with the median hourly payment of $32.58 for LEOs in West Virginia and Western Pennsylvania. Participants may also be compensated for travel time, if applicable. This level of compensation is being provided to support sufficient participation.                                                                                                                                                                
6.4. Data Analysis 

Data collected by direct reading instruments/sensors (e.g., FaroArm, MATLAB, and Ergoneers) will be directly recorded or exported into an Excel spreadsheet (Attachment 6) to serve as the final dataset. This dataset will consist of Participant ID, data collection date, age, sex, years of service, and all measurements collected as a part of the study, including anthropometric measurement (standing height, sitting height, eye height, & body weight); participant preferred cab workspace layout (positions of the MDT, seat, and steering wheel), driving performance (task completion time, lane departure, speed keeping), and eye movement (eyes-of-the road percent time). No identifiable private information will be included in this spreadsheet.
This Excel datasheet will be imported into SAS system for statistical analysis. A multivariate analysis of variance (MANOVA) will be employed to compare the Existent Configuration and Modified Configuration for task completion time and eyes-off-road time, respectively. If the overall F-statistic is found significant for task completion time, univariate analyses will be conducted to compare the configurations on task completion time for each of the four tasks, individually. Likewise, If the overall F-statistic is found significant for eyes-off-road time, univariate analyses will be conducted to compare the two configurations for eyes-off-road time for each of the four tasks, individually. It is noteworthy that the baseline trial under either the existent configuration or modified configuration will not be part of the analysis mentioned above because neither has secondary tasks. They are designed to provide a heuristic value of eyes-off-road time during normal driving only.
7. Methods to Maximize Response Rates and Deal with Nonresponse

To maximize participation, we will offer the following incentives: 1) Compensation for the participants time at a rate of $40/hour, rounded up to the nearest half hour; 2) Individuals, who travel from outside the Morgantown Metropolitan Area for this study, will receive an additional compensation for travelling from police department to NIOSH facility where the study is set up and return up to 3 hours in travel time at a rate of $20 per 30 minutes.

In addition, to boost the recruitment rate, we will ask all human subjects that participated in this study to pass the information to their coworkers, to encourage them to participate.
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