DRIVER USE OF EN ROUTE REAL-TIME TRAVEL TIME INFORMATION 
TASK 3 DRAFT RESEARCH WORK PLAN
Introduction
Travel time is one of the most important pieces of information that can be given to motorists.  Communications and display technologies now exist that permit the provision of key travel information to drivers in real time.  Travel time, speed, or delay information is typically given by destinations or roadway segments, using changeable message signs (CMS).  Such real-time travel time displays are increasingly used in the United States, and more extensive use and innovative displays are seen in other countries.  Travel time information has the potential to improve driver decision making, resulting in benefits to the individual traveler and improved performance of the roadway system.  There does not currently exist a good empirical basis, or adequate design guidance, for providing information in a way that most effectively aids the motorist.  The information provided should be useful, understandable, timely, credible, and safely used, and should result in predictable effects on route choice and route diversion.

The purpose of this project, “Driver Use of En Route Real-Time Travel Time Information,” is to conduct human factors research to establish a basis for effective provision of real-time travel time information.  The focus is on the presentation of estimated travel time, or related information such as travel speed, delay, or congestion level, in real time to motorists via CMS.   Such systems will only work well if they are designed with consideration of driver information needs and an understanding of the driver decision process.  Motorists must receive the type and amount of information that they need and can process effectively while driving. 
In a previous task (Task 2) of this project, an extensive literature search and review of current practice helped to identify key findings, major issues, and research needs.  The project now moves into the research phase, where new studies will be conducted to collect data on selected issues (described in the next section) and to progressively filter down to the most effective approaches.  The present document provides the Research Work Plan for those studies.  Three studies are planned and they are described below.  Taken together, this set of studies will allow us to better understand and quantify driver response and determine the factors related to display effectiveness.  These findings will be used to produce recommendations for the provision of real-time travel time information.
Overview

The Task 2 report identified a wide range of unanswered questions related to the design and use of real-time travel time CMS displays.  Within the scope of the present project, it is not possible to address all of them in detail.  However, we have devised an approach that allows us to address, to at least some degree, many of the major issues.  The approach is based upon three distinct studies, each using a different method.  Each study is designed to answer a particular set of real-time travel time display questions.  At the same time, the sequence of studies is designed to progressively filter the issues and display options so that each experiment is progressively more focused.  Table 1 shows the three studies and summarizes the issues addressed in each experiment.
Table 1. Real-time travel time display issues addressed in each of three planned experiments.

	 
	Exp 1
	Exp 2
	Exp 3

	 
	Actual Driver Experience & Decisions
	Comprehension & Interpretation of Alternatives
	Driver Ability to Use Alternative Displays

	 
	Driver Log & Focus Group
	Lab - Static Evaluation
	Lab - Dynamic Evaluation

	How do drivers use RTTT in decisions?
	X
	X
	 

	Effects of RTTT on route choice/diversion
	X
	X
	X

	What triggers a diversion?
	X
	 
	X

	Behavioral effects of delay information (safety, slowing)
	X
	 
	X

	Confusion/ambiguity of meaning
	X
	X
	X

	Type of travel information (time, speed, delay, etc)
	 
	X
	X

	Usefulness of supplementary information
	X
	X
	X

	Alternate formats and message construction
	X
	X
	X

	Amount of information/reading & comprehension time
	 
	 X
	X

	Destinations – selection of, descriptors
	X
	X
	 

	Sign location/distance from destination
	X
	X
	X

	Credibility - degree of, influences on
	X
	X
	 

	Perceived benefits of RTTT
	X
	 
	 

	Perceived limits on usefulness of RTTT
	X
	 
	 

	Driver population, trip characteristics
	X 
	X
	X


In addition to the issues shown in the table, the experimental design of the individual studies will allow consideration of additional factors such as driver age and gender, familiarity with the roadway, trip purpose, etc.
The three studies are:
· Study 1: Actual driver experience and decision making with real-time travel time displays

· Study 2: Driver comprehension and interpretation of display alternatives

· Study 3: Driver ability to use alternative real-time travel time displays

Study 1 uses driver log and focus group techniques, while Studies 2 and 3 are laboratory-based methods.

Study 1 recognizes that some of the key questions and initial factors to explore are not readily addressed through laboratory experiments.  Instead, the study will recruit participants who regularly use routes where real-time travel time information is provided, from several regions of the country where real-time travel time practices differ from one another.  Through a combination of driver trip logs and focus groups, we will explore how drivers are actually using the real-time travel time information in their decisions, what problems or limitations they encounter, the benefits they perceive, and various other issues as indicated in Table 1.  The focus groups will also present these drivers with examples of real-time travel time display types from other regions, to see what differences may be deemed helpful, how decisions may be influenced by alternative formats, and so forth.  Although Studies 2 and 3 are quantitative, focus group data is more qualitative.  Nonetheless, it is probably the most direct way to collect information on specific questions as experienced by real-world real-time travel time information users.  Specific questions that will be addressed include the following:
· How do they use travel time information in their decision making?

· What effect does it have on their route choice?

· What triggers a route change?

· What is the perceived credibility of the information and what influences that?

· What are the perceived benefits and overall value of real-time travel time?

· What behaviors are seen when a significant delay is presented?

· Their own behavior and what they observe in traffic

· Include unintended consequences, if any (conflicts, abrupt lane changes, more cell phone use, etc.)

· What limits the usefulness of real-time travel time displays?

· Are there confusions or ambiguities about the meanings of the displays?

· How helpful are the destinations used and the placement of the real-time travel time signs for your trip?  What could be improved?

· Supplementary information that might be useful and how it might be displayed

· Discussion of alternate formats used in other regions and discussion of preferences and strengths/weaknesses

The driver log portion of Study 1 will begin following the focus groups and will collect additional data from drivers who regularly confront real-time travel time displays.  A brief form will be completed at the completion of each trip, while the information displayed and the decision process are still fresh.  The form will include such items as the information content, how it was or was not used in decision making, actions taken, helpfulness, perceived accuracy, timeliness of the information, and additional information it would have been helpful to receive.
Study 2 is a laboratory-based experiment that uses primarily static displays to compare alternatives in terms of how well the viewer is able to comprehend the message and use the information in reaching a decision about route choice.  The “comprehension” measures include both the speed and ease of processing the display and the “message” that the viewer actually takes from the display.  The method uses a combination of objective performance measures and group discussion, which will expand and clarify the empirical data.  For example, a group of displays may vary in terms of several dimensions, such as whether and how they indicate uncertainty or variability in the travel time estimate.  After empirical data have been collected on this set of signs (comprehension time, interpretation, route choice, confidence, etc.), group discussion will take part regarding factors that varied within the set, such as the means of conveying uncertainty.  This discussion will supplement the empirical data and suggest why the response to various displays differs and what might be done to optimize the format.  The method is designed to allow for efficient inclusion of a wide range of alternative messages, formats, and scenarios.  Study 2 will provide preliminary answers for a number of the key questions (as indicated in Table 1), and will also serve as a basis for identifying the most promising display strategies to carry forward to Study 3.
Study 3 employs dynamic roadway scenes and evaluates the ability of the research participants to process and use travel time information in real time.  Participants will view realistic driver’s-eye-view video of roadway and traffic scenes, with various CMS travel time displays embedded in the scene.  The study will focus on driver decisions about diversion, including the decision made, confidence in the decision, and approach speed and slowing to deal with the decision (participants will control the apparent speed of approach to the CMS).  Study 3 will include “benchmark” signs (CMS and fixed signage unrelated to travel time) that are acceptable or not acceptable under MUTCD criteria or other CMS guidance.  For example, for fixed destination signs the MUTCD (Section 2D.34) prohibits more than four destinations on a panel and recommends that even for four destinations, the use of two panels is preferred.  Thus including some three, four, and five destination fixed sign panels in the study allows a comparison of various travel time displays with traffic control devices that currently have acceptable and unacceptable criteria.  This also prevents participants from concentrating exclusively on the travel time displays and ignoring other traffic control devices; thus the simulation is improved. “Driver” perception and performance with the real-time travel time displays will be compared to the benchmarks.

Taken together, this set of three studies will address a wide range of key questions and will converge on a set of best practices.
The pages that follow provide more detailed descriptions of each of the three planned studies.  The descriptions are structured around a common set of topic headings, which are: objective; general method; study design; site/scenario selection; participant selection; methodology; data collected; and analysis.

Study 1: Driver log/focus group study of actual driver experience and decision making with real time travel time displays

Objective: Study 1 has the objective of addressing those issues best answered by exploring the behaviors and beliefs of actual experienced users of en route real time travel time information.  The study will collect both objective (driver log) and subjective (focus group) data.  Specific issues include:
· How do drivers actually use real-time travel time information in their decision making?

· What effect does it have on their route choice?

· What triggers a route change?

· What is the perceived credibility of the information and what influences that?

· What are the perceived benefits and overall value of real-time travel time information?

· What behaviors are seen when the information displayed indicates a significant delay?

· Their own behavior and what they observe in traffic

· Include unintended consequences, if any (conflicts, abrupt lane changes, more cell phone use, etc.)

· What limits the usefulness of real-time travel time displays?

· Are there confusions or ambiguities about the meaning of the displays?

· How helpful are the destinations used and the placement of the real-time travel time signs for the person’s trip?  What could be improved?

· Supplementary information that might be useful and how it might be displayed

· Discussion of alternate formats used in other regions and discussion of preferences and strengths/weaknesses 
In addition to directly addressing these issues, Study 1 has the additional objective of providing a basis for decisions about what scenarios, messages, and displays to include in the subsequent phases (Study 2 and Study 3) of this research.

General method: The study will use two distinct methods: focus groups and driver logs.  Both methods focus on the actual experience of drivers who routinely encounter en route real-time travel time information, rather than “what if” questions.  The focus groups will follow a carefully designed question path, to capture information on the issues highlighted in Table 1.  The questions will focus on those particular issues where information is best provided through focus group techniques, as opposed to the laboratory methods used in the subsequent studies. Visual aids depicting various messages, formats, and communication strategies will be used to assist the discussion and make the examples concrete.  After discussing their experiences and the displays used in their region, the participants will be shown examples from other regions and the discussion will permit comparisons based on the insights of actual users. The individual driver log data collection will take place after the focus groups.  The participants will be instructed on the procedure and given the log forms at the end of the focus groups.  Participants will complete a log form following each trip they make as a driver, for a period of two weeks.  They will also complete a broader questionnaire at the end of the two weeks.  The log forms will allow us to collect information on how the travel time displays influenced driver thinking, performance, and decisions, in close to real time.
Study design: Region of the U.S. (and the associated type of travel time display) is the only formally manipulated variable in this design.  Although a number of factors will be approximately balanced in the groups (e.g., age, gender, commute characteristics), the focus group method does not allow formal statistical analysis for these factors.  However, the driver log portion of the study will allow data to be associated with individual participants.  Age group categories may be determined post hoc based on the participant pool, but will include either two or three age categories.  
Site/scenario selection: Three different urban areas will be selected as sites for this study.  They will all be areas that have reasonably extensive programs of en route real-time travel time information.  However, the three areas will be geographically distinct (i.e., no more than one from northeast, southeast, midwest, southwest, and west) and will differ in their approach to provision of travel time information.  Based on these criteria, our recommendation is to conduct the study in Atlanta, Milwaukee, and either Seattle or the Bay Area.
Participant selection: The participants will be drivers who regularly commute along a route that provides en route real-time travel time information via CMS. Equal numbers of participants will be recruited at each of the three sites.  To the extent the pool of respondents will permit, the selection at each site will include a broad distribution of driver age, similar numbers of male and female drivers, and a range of commuting trip lengths.
Methodology: At each of the three sites, two focus groups of about 10 participants each will be conducted.  These same individuals will subsequently complete the driver log portion of the study, for a total sample size of about 60 participants.
The focus groups will be approximately 90 minutes in duration and will follow a structured question path.  This will assure that all of the key points are addressed, in a logical sequence.  Several of the key personnel on this project are experienced in the design and moderation of focus groups and will jointly prepare the question path.  Based on our past experience with driver focus groups, we find it is very helpful to use illustrative photos or illustrations to make sure everyone understands what is being discussed and to guide the discussion from the abstract to the concrete.  This will also help clarify the discussion of travel time display examples from unfamiliar regions. Example CMS displays will be integrated into the discussion at all key points.
The driver log portion of the study will be based around a short form that the driver completes after each trip.  It will provide trip information (e.g., length, purpose, roadway, congestion level), travel time information (presence and nature of travel time displays), other information sources used on this trip (e.g., websites, radio reports), and driver response and opinion regarding the travel time information (e.g., influence on decisions, actions taken, accuracy, helpfulness).  Most questions will be cast in a checkbox or short answer format, so that the form can be completed in about 3 minutes.  A reminder procedure will be implemented to assure that participants are regularly completing the form.  After two weeks of data collection, participants will complete a more detailed questionnaire, regarding their use or non-use of the travel time information, limitations and problems, safety or operational concerns, suggested improvements, etc.

Participants will be paid $150 for their participation.  They will be paid a portion of this ($70) at the completion of the focus group and the remainder when the trip logs are submitted (in a pre-addressed envelope).
Data collected:  The driver log portion of the study will collect data on driver characteristics, trip characteristics, display types encountered, travel time information received (from CMS and other sources), decisions made, and opinions regarding the information’s effects and value.  These data will be recorded for each trip.  The focus group portion of the study is a qualitative method.  Focus groups are an excellent way to identify real-world behaviors, strategies, problems, opinions, and so forth.  These are not quantified, however, but do help direct subsequent quantitative studies.  The specific questions for which information will be collected in the focus groups are listed under “Discussion,” above.
Analysis:  The driver log data will be analyzed using both qualitative analysis and statistical techniques.  First, a basic frequency distribution will be constructed for each variable of interest.  Approaching the data in this way will give a bird’s eye view of the underlying sample population (based on demographic responses) and trip/system characteristics (based on driver responses).  This would be useful for responses which are purely categorical (as in the previous example or driver demographics).  Furthermore, the short answer responses for some log questions can be coded by raters and then entered into the subsequent statistical analysis.  Second, frequencies will be compared for significant differences across groups of responses with a chi-squared based significance measure.  It may also be useful to use a categorical canonical correlation to compare clusters of response variables.  A categorical canonical correlation relates one set of categorical variables to another set.  Furthermore, the driver opinions about helpfulness or value, which will be on an approximately continuous ordinal scale, can be used as a dependent variable in a categorical multiple regression (with demographic, location, and display as categorical independent variables).  For example, it could be determined whether a higher helpfulness rating is predicted by a particular category of location, display, or driver background (or a combination of all).  Note that if the dependent variable of interest is binary (e.g., accuracy), then a logistic regression model can be used, which has similar assumptions/constraints, but is tailored to binary dependent variables.  In the case of a dependent variable with multiple non-ordinal categories (e.g., actions taken), we can also use a discriminant analysis to separate out relationships among the response variables. 
Focus group data are not quantitatively analyzable.  Not only are the results qualitative, but because of the back-and-forth nature of the discussion, responses (opinions, agreement, etc.) cannot be counted or assigned to individuals.  Westat analysts will review the discussion using video replays in order to identify: range of influences of real-time travel time; individual differences in use and strategies; problems or deficiencies encountered; perceptions of value; points on which there is general consensus; points on which there is disagreement or controversy; and descriptions of real-world decision processes.
Study 2: Driver comprehension and interpretation of display alternatives

Objective: The objective of Study 2 is to experimentally compare alternative displays in terms of their ability to quickly and accurately convey the desired message and encourage appropriate route choice.  The study will encompass a wide range of alternatives in terms of format, message content, message structure, coding conventions, and destination factors.  The findings will indicate the strengths and weaknesses of various approaches and will help define the set of promising alternatives to carry forward to Study 3.
General method: Participants will be tested in groups of about ten, each person having their own computer console for display and response. Participants will view static displays for a limited period of time (to be determined by piloting) and make several responses to each.  The general sequence of events is this. 
· The participant is presented with the trip scenario and shown a brief video clip to illustrate the roadway and traffic conditions

· A real-time travel time display is shown for a fixed period.  The duration will be determined by piloting and is likely to be on the order of 5-6 seconds.

· The participant pushes a key or button as soon as they feel they have acquired the relevant information.  The sign display terminates when the button is pushed, or when the maximum display period has timed out.  This provides a measure of comprehension time for each display.

· A question regarding the information is presented and the participant keys in the response (e.g., what is the travel time to your destination [or choice point]?) This provides a measure of the accuracy of the communication.
· The participant makes ratings (10-point scale) of:

· Ease of coping with the information

· Likelihood of route diversion 

· Confidence in the choice made as the best alternative

The scenarios will include both familiar (Montgomery County, Maryland) and unfamiliar (other locale) freeways.  Following a set of scenarios, there will be group discussion of key factors that varied among the scenes.  For example, some displays will vary in whether and how they indicate the uncertainty or range in the travel time estimate.  This will provide a more full understanding of driver response than we would get from the rating data alone.  Based on piloting and how well the displays can be grouped, we will determine if this discussion takes place periodically, on particular topics related to the displays just viewed, or just once at the end of the session.  
Study design: The experimental design includes the within-subjects variables of display and scenario.  The “scenario” factor will not be fully crossed with “display” in this design, since it is of secondary interest.  A representative subset of displays will be selected for consideration under multiple scenarios to determine whether scenario has an influence and whether it may interact with display types.
Site/scenario selection: Since the main focus is on the ability of participants to interpret the display, a wide range of scenarios is not required.  However, we feel it is important to provide a concrete example of the trip conditions, so that participants have a common basis for making their judgments.  The scenarios will vary in terms of whether the freeway is familiar to the participants or not, and in terms of whether surrounding traffic at the time of the display is moderate or congested.
Participant selection: Thirty participants will take part.  They will be drivers in the Westat area (Montgomery County, Maryland) who are familiar with the local freeway system.  Although driver characteristics are not a formal part of the design, we will attempt to recruit approximately equal numbers of drivers under age 55 and those 55 and older, as well as males and females.

Methodology: The participants will be tested in groups of about ten in a computer training laboratory with each participant seated at their own computer console.  Each session will be approximately 90 minutes in duration, and will be composed of training/practice (10 minutes), data collection (60 minutes), group discussion (15 minutes), and debrief (5 minutes).  We estimate that the data collection phase should move comfortably at a rate of one display per minute, so that about 60 display/scenario conditions will be presented.  Scenarios are not fully crossed with displays in this design, so we anticipate that about 40 unique displays will be included.  These displays will incorporate the range of features and formats seen in domestic practice (based on the Task 2 Report findings) as well as promising foreign practice and additional concepts as suggested by research literature or Study 1 findings.  The display elements manipulated will include type of information included, means of describing time/congestion, display format, message framing, indication of destination, number of destinations, means of dealing with variability/uncertainty, phasing, text vs. diagrammatic displays, congestion coding conventions, supplementary types of information, and recency indications. 

After a short training and practice period, data collection will begin.  Each participant will view the displays at their own consoles and will have individualized data entry.  For each data collection trial, the scenario will be defined by a brief video clip with text overlay indicating the roadway, destination, and time of day.  Then, the display will appear on the computer screen and will remain on until the participant makes the response (probably a mouse click, to be determined when we implement) or the maximum duration times out.  Following this, a question regarding travel time will appear on the screen and the participant will select the correct response from a list.  Following that, the three rating questions will appear, with the participant providing the numeric rating for each. That will complete the trial.  When all the participants in the group have finished, the next trial will begin.  After a group of displays (or all displays, to be determined) are completed, the experimenter will raise a number of questions related to the displays for group discussion.  For example, the displays may vary in terms of whether and how they show variability.  The group can discuss whether this information is useful, what is the preferred way to provide it, how it will influence them, etc.  This discussion portion will be limited so as to provide useful supplementary data to aid interpretation, but not to limit our ability to collect the primary data of this study.
Data collected: The primary data collected will be the display comprehension time, the correctness of responses to the post-display questions, and the ratings of ease of information processing, likelihood of diversion, and choice confidence.  These data will be supplemented by qualitative information derived from the group discussions on specific display attributes.
Analysis: A first pass of the data would be performed that would sum the data and note basic response ranges to get an idea of the underlying response distribution (and the sample characteristics).  A basic set of parametric or non-parametric correlations (e.g., Kendall’s tau) can also be run to set the stage for the regression analyses (to get a sense of important interactions among variables of interest).  This may help answer some preliminary questions and focus on the more strongly related variables.  Next, categorical multiple regression analyses can be performed to model age, gender, display, and scenario as predictor variables (measuring their impact on such dependent variables as accuracy, comprehension time, ratings, etc.).  See Study 1 analysis discussion regarding regression models. Note that another analytical approach to this design would be a 2-way repeated measures ANOVA (the design is a 2-way, nested factorial).  The regression approach will be a clearer way of explaining relationships and answering questions of interest (note that the two methods are mathematically related and very similar).  ANOVA focuses on differences between variables (which is not our primary focus).  A regression model approach will allow us to not only look at differences among predictor variables, but also magnitude and more detailed relational information.  Variables that are allowed to roam freely, such as age, gender, and driver travel habits, can be entered into the regression as predictors, which will allow us to better understand their impact, along with the manipulated independent variables (display and scenario).
Study 3: Driver ability to use alternative displays

Objective: Study 3 will evaluate the ability of participants to process and use real-time travel time information under dynamic conditions that simulate the driving environment.  The CMS travel time displays will be realistically embedded in video scenes filmed from the driver’s perspective.  The set of display options included will be selected based on Study 2 findings. The study will include performance measures related to visual demand, accurate comprehension, slowing, route decisions, and reported problems. The findings (along with the previous studies) will form the basis for specific recommendations for provision of real-time travel time information.
General method: Participants will be tested individually.  The participant will view video clips of driver’s-eye view traffic scenes, projected so that the image subtends the same visual angle at driver eye position that the actual roadway view does.  In other words, the video image is “life size.”  The video playback speed will be under computer control, so that the apparent approach speed can be varied.  The approach speed initially will be 55-60 mph, but the participant will be able to slow the apparent approach speed if desired (using a pedal or joystick, to be determined as we design the apparatus).  It may also prove necessary to have the participants engaged in a secondary tracking task, to keep them from focusing all attention on the CMS (the need to add a secondary task will be determined by piloting).
Most trials during data collection will involve the approach to a CMS real-time travel time display, but some will involve “benchmark” signs with other types of messages.  The general sequence of events is this:

· The video drive begins with the vehicle approximately 20 seconds (20+2 s) from the CMS at the approach speed.  This corresponds to roughly 1600-1900 feet.
· The drive proceeds until the CMS panel is reached. During this, the participant is allowed to slow the apparent approach speed to whatever extent they feel is needed, to a minimum of 30 mph.
· After completing the drive-by, the participant makes ratings (10-point scale) of:

· Ease of coping with the information

· Likelihood of route diversion 

· Confidence in the choice made as the best alternative

· The participant is also given the opportunity to describe any noteworthy problems (e.g., confusion in meaning, poor legibility).  This will only be done as necessary.

For the benchmark trials, the procedure is similar.  Participants will rate the ease of coping with the information, but will not be asked about route diversion.  Instead, there will be a question relevant to the sign content.  This is to require that participants actually process the information in the sign.  Benchmark signs can then be compared to the travel time displays in terms of coping with the information and slowing on approach.  We should be clear that the degree of slowing in this experiment is not assumed to be an actual quantitative estimate of the degree of traffic slowing under actual field conditions.  Rather, it is a relative measure used for comparing alternatives on this dimension.  The benchmarking will also provide some indication of what degree of slowing in this experiment corresponds to “problem” displays under real roadway conditions.
The final portion of the study involves a set of debriefing questions, providing information on participant problems, preferences, and other opinion data.

Study design: The experimental design includes the within-subjects variables of display and posted travel time/delay.
Site/scenario selection: The scenarios will be taken from local (familiar) freeways under conditions of moderate congestion.

Participant selection: Thirty participants will take part.  They will be drivers in the Westat area (Montgomery County, Maryland) who are familiar with the local freeway system.  They will be approximately equally distributed among drivers under age 55 and those 55 and older, as well as males and females.

Methodology:  Participants will be tested individually in the Westat laboratory.  Each session will be approximately 90 minutes in duration, and will be composed of training/practice (10 minutes), data collection (70 minutes), and debrief (10 minutes).  We estimate that the data collection phase should move comfortably at a rate of about one trial every 70 seconds, which would permit up to 60 trials.  The research plan calls for 55 trials, leaving some cushion for those participants who tend to provide more or longer optional responses regarding problems.  The details of this plan may change slightly if piloting indicates a faster or slower rate of trials.
Fifteen real-time travel time displays will be included in the study.  Each will be presented three times, with a different travel time estimate on each presentation.  The three time estimates will represent minimal, moderate, and significant delays (actual travel time values will be derived from previous studies and literature).  Thus there will be 15*3=45 travel time displays.  There will also be 10 benchmark signs, for a total of 55 trials.  All the scenarios will involve roadways familiar to the recruited participants.  

The experimental system will allow the participants to experience a realistic drive-by of a CMS travel time display.  This projected video display will subtend the same visual angle from the viewer position that the actual scene subtended during the recording drive.  Images of the CMS will be inserted into the video scene and will realistically loom and pan by as the “driver” approaches them.  The participant will also have the ability to slow the apparent speed of approach, through a pedal or joystick.  Also video clips will have the same initial approach speed (55-60 mph), so that the degree of voluntary slowing provides a measure of processing demand and a presumed correlate (but not identical measure) of potential slowing or other operational issues on the road.  The experimental system to accomplish this study will consist of a projected video display, an analog input device (joystick or brake pedal), keypad input device, and control software.  The analog input device will allow participant control of playback speed of the video.  It will not permit the participant to exceed the initial apparent speed of 55-60 mph but will allow slowing to as little as 50% of the original speed.  The video clips will include computer-generated overlays that look like actual CMS displays, which will be accurate in terms of size, color, font, and roadway location.  The CMS images will loom, pan, and maintain their apparent location in a realistic manner. To accomplish this, the video will be played under control of a computer program running on the control PC.  Within that same program, an image fabricated within a drawing package and saved as a JPEG-format object can be displayed over any portion of the video image that we wish.  By knowing the looming and panning parameters that we want to create for the image, including when to start and stop it (both temporally and spatially) within the confines of the image we can make it appear to move with the actual video that provides the contextual backdrop for a given scenario.  Each video clip will likely have a slightly different set of parameters, but once the parameters are defined, they can be repeated for different messages that we wish to overlay on a given video to create a similar, realistic display effect.

On each trial, the video clip begins with the vehicle traveling at 55-60 mph from a distance of about 1600 to 1900 feet from the CMS, putting it about 20+2 seconds from the CMS if that speed is maintained.  The +2 second variability from trial to trial is intentionally planned so that there remains some uncertainty for the participant about exactly when the CMS will be encountered.  The video clip continues until the participant reaches the CMS.  The speed on approach remains constant unless the participant chooses to slow the approach, at whatever rate and to whatever degree they wish.  However, the instructions will ask the participant to not slow unless they feel it is necessary in order to deal with the sign.  Immediately following the video drive, the participant will provide the three 10-point scale ratings, of ease of coping with the information, likelihood of route diversion, and confidence in the choice made as the best alternative.  Then the participant has the option of keying in any brief comment if there is a noteworthy problem.  For benchmark trials (not travel time related), participants only rate the ease of coping with the information.  They will also be presented with a question relevant to the content of the sign.  This is done to insure that the participant must process the sign information, even if they recognize it does not present a travel time message.
Prior to piloting, we do not know if a secondary tracking task will be required in order to “load” the participants and prevent them from devoting inordinate visual attention to the CMS.  If the secondary task is required, it will be a continuous tracking task that requires some degree of visual monitoring.  

The debriefing portion of the session will present participants with photographic examples of the 15 alternative displays used in the study.  Participants will indicate preferences and have the opportunity for open-ended comments on the displays.  There will also be some targeted questions, based on the final set of displays used and on issues raised in the preceding studies.  For example, there might be a question on displays that show a range of travel time rather than a single estimate.
Data collected: The primary quantitative data will be approach speed and the ratings of ease of information processing, likelihood of diversion, and choice confidence.  Multiple measures related to approach speed will be analyzed to determine what measure is most sensitive (e.g., average speed, minimum speed, maximum deceleration rate).  These data will be supplemented by qualitative information derived from the voluntary reports of noteworthy problems and the debriefing opinion information.

Analysis: Similar to Study 2, a first pass of the data would be performed that would compile the data and note basic response ranges to get an idea of the underlying distribution (and the sample characteristics).  A basic set of parametric or non-parametric correlations (e.g., Kendall’s tau) can be run to get an overview of relationships between variables and to set the stage for the regression analyses.  This may help answer some preliminary questions, better describe relationships of interest, and focus subsequent analyses.  Next, categorical multiple regression analyses can be performed with display, delay, age, and gender as predictor variables modeling the impact on such dependent variables as accuracy, comprehension time, ratings, etc.  See Study 2 analysis discussion for why a regression approach is being chosen over a repeated-measures ANOVA approach.
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