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Roadway construction has become a common fixture in our daily travels.  

According to the Federal Highway Administration (FHWA), fatalities in highway work 

zones were up nearly 50% between 1997 and 2003.  In 2003 alone, there were 41,000 

injuries and 1,028 fatalities in these locations.  Increasingly, safety interests are searching 

for characteristics associated with work zones that contribute to the dangers of such areas.  

Like many aspects of traffic safety, a better understanding of the contributing factors in 

crashes can potentially lead to improved countermeasures.  Examining crash data is a 

principal method by which engineers, police, and safety advocates attempt to determine 

those factors, but such data are often incomplete.  The prospect of improving the data set 

requires examining the potential of a supplemental data collection system.  Using 

qualitative research, work zone stakeholders potentially provide a better understanding of 

work zone incidents, rendering new data elements.  Creating a web-based supplemental 

collection system can assist police in gathering the data while completing the current 



x 

traffic crash report.  Supplemental data elements and collection systems have the 

potential to enrich the data set, and bolster the cause of safety. 
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CHAPTER 1 
INTRODUCTION 

Background 

According to the Federal Highway Administration [1], there was a nearly 50% 

increase in U.S. work zone fatalities between 1997 and 2003.  In 2003 alone, there were 

1,028 work zone fatalities, a figure that represents about 2.4% of all roadway fatalities for 

the year.  A larger view of the problem is evident in the estimated 41,000 people injured 

in the more than 102,000 work zone crashes for that same year.  Florida statistics mirror 

this compelling national problem.  In 2003, 104 fatalities and 3,607 injuries occurred in 

3,509 crashes in Florida highway work zones [2]. 

The danger that work zones pose for construction personnel is readily apparent.  

The less visible statistic about these locations is the peril for motorists.  Nationally, 85 %  

of fatal crash victims in work zones are drivers or occupants, and in Florida that 

proportion increases to 90 %, as 9 in 10 are motorists or pedestrians [1, 2].  Regardless of 

the reason for being in a highway work zone, it is a potentially dangerous environment 

for everyone. 

Like many states around the nation, Florida is constantly trying to stay ahead of 

rapid population growth with new road projects.  When coupled with routine 

maintenance efforts to address aging road and bridge infrastructures, the work zone has 

become a common fixture on our roadways.  Nationally, an average of 23,745 miles of 

federal aid roadway improvement projects were underway annually from 1997 to 2001 

[3].  These improvements are in addition to innumerable work zones associated with 
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municipal, county and state road departments, utility construction, and public works 

projects. 

Increasingly, safety interests are searching for characteristics associated with 

crashes that occur in work zones.  Like many aspects of traffic safety, a better 

understanding of the contributing factors in crashes can potentially lead to new and 

improved countermeasures.  Examining aggregate crash data is usually the means by 

which engineers, police, and safety advocates attempt to determine those contributing 

factors.  Individual police crash reports potentially focus attention on specific time, 

location, and causation factors. 

Problem Statement 

Complete and accurate data is essential to the conduct of meaningful research.  

Traffic safety research often relies in some part on data from police traffic crash reports 

and aggregate crash statistics.  In every state in the nation, crash report data elements 

have evolved to capture relevant information about location, vehicles, persons, 

conditions, and causation.  The data derived from these reports are often the foundation 

of safety-related research. 

The basic crash report is designed to document facts for various governmental 

purposes as well as satisfy insurance industry needs.  With such general purpose, the 

reports sometimes lack the detail necessary to be of value in examining unique crash  

situations, like the work zone crash.  While aggregate crash report data are suitable for 

general frequencies analysis and cross tabulation, the lack of coding for roadway 

construction variables makes work zone analysis difficult. 

The Florida Traffic Crash Report Long Form (HSMV-90003) is completed anytime 

there is a crash resulting in property damage in excess of $500 [4].  An abbreviated 
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report, the Law Enforcement Short Form Report (HSMV-90006), may be completed in 

lieu of the previous for any crash that does not result in a vehicle being removed by 

wrecker, an injury, or a crime (such as DUI or leaving the scene).  The use of separate 

report formats based on such criteria is commonly referred to as accident reporting 

thresholds.  The forms are very similar, and most of the coding for crash variables is, in 

fact, identical.  The main difference in the forms is that the diagram, narrative, and much 

of the coding is optional for the officer with the use of the Short Form Report.  Only 

Long Form reports are used in tabulation of  statewide crash statistics.   

While the hand written crash report remains a staple, many agencies are migrating 

to automated methods of reporting crashes.  These systems usually consist of officers 

using laptop computers in the field to input crash data electronically.  Such systems have 

proven to reduce errors and greatly improve the timeliness of data.  Their continued 

evolution will solve some data issues, but the completeness of data continues to be an 

obstacle in the research of work zone incidents.  These gaps in data are more of a 

function of the format of the reports than anything else. 

For most purposes, the current reports are well-designed and adequately capture the 

most relevant data.  The reports do, however, lack detail where highway work zones are 

concerned.  In Florida, linking crash reports to work zones is accomplished through a 

code for “Work Area” (1-none, 2-nearby, 3-entered).  Less prominent codes contained in 

other report areas, may also indicate work zone involvement:  

• “Road Conditions at Time of Crash” 04-Road Under Repair/Construction 
• “First/Subsequent Harmful Event(s)” 24-Collision with Construction Barricade 

Sign 
• “Pedestrian Action” 07-Working in Road 
• “Traffic Control” 10-Officer/Guard/Flagperson 
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When one can discern that a crash occurred in a work zone, there are generally 

insufficient data to describe the nature of the work, the maintenance of traffic (MOT) 

control present, or the conditions created by the road work.  Information that may prove 

valuable to improving work zone safety is typically not captured. 

Difficulties associated with studying work zone crashes often stem from 

incomplete data.  The logical remedy is to improve the data set by adding data elements 

to the police crash report form.  Changing statewide crash report forms is not a task to be 

undertaken lightly, however, since it involves months of planning, meetings and 

significant printing costs. Adding data elements for these purposes should be 

accomplished with a supplemental reporting methodology, to eliminate the impact on 

status quo reporting procedures.  While collecting more data in work zones will require 

additional officer time and effort, such concerns are diminished by the relative 

infrequency of crashes in these locations.  Given the uniqueness of work zones and their 

temporary nature, it is essential to capture as much detail as possible about incidents in 

these areas in order to effect positive safety improvements. 

Research Objective and Supporting Tasks 

The fundamental question posed by this study is, “What can we document at the 

scene of a work zone crash that will enhance our understanding of those incidents?”  The 

objective of this research effort is to answer that question through a qualitative research 

approach. 

Since police routinely respond to traffic crashes for reporting purposes, they are 

logical candidates to assist in any enhanced data collection effort.  Creating an instrument 

that police use to better document work zone crashes is seen as a means whereby the data 

sufficiency can be improved.  For purposes of this study, such an instrument should be 
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supplemental to the statutorily required crash form, so it can be used selectively and cost 

efficiently. 

Identifying the data needed is as important as the collection and tabulation process 

itself.  Determining data elements to be contained in the new instrument to be used by 

police is made possible through the use of focus groups conducted with various work 

zone stakeholders.  By using individuals who are knowledgeable in the field, across 

several disciplines, there is a greater likelihood that the additional data collected will have 

the desired utility.  Such qualitative research methods will illuminate new data elements. 

Through the design of a supplemental data collection instrument, new data 

elements can be evaluated by select Florida Highway Patrol (FHP) personnel in 

conjunction with actual work zone crash investigations.  After newly created data 

elements are field tested, an analysis will be conducted to determine relationships with 

state of the practice work zone data elements.  

Document Organization 

Having identified work zone data sufficiency as a problem, the research objective 

and supporting tasks described above serve to direct the overall research effort 

envisioned.  An effective research approach further involves systematically looking at the 

research others have done, undertaking original study, analyzing the results of that study, 

and ultimately drawing conclusions.  This archetype forms the basis for chapters 

contained in this document.  Chapter 2 provides an overview of previous related research.  

Chapter 3 describes the research approach and methodology used to satisfy the objectives 

of this project.  Chapter 4 presents analysis of the data collected in conjunction with this 

project, and Chapter 5 provides conclusions and recommendations. 
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CHAPTER 2 
LITERATURE REVIEW 

Current Crash Reporting Systems 

Police traffic crash reporting likely began in March of 1896, when an early 

automobile struck a bicyclist in New York, resulting in the driver of the auto spending a 

night in jail [5].  As the automobile gained in popularity in the early 20th century, police 

standardized the way motor vehicle mishaps were reported, and ultimately states 

standardized the forms for their respective jurisdictions.  With the evolution of the 

accident report at the state level, gathering statistics about crashes became possible.  State 

reporting and statistical practices have progressed to relatively efficient systems in most 

states.  

Because there is currently no mandatory national standard for police crash report 

forms, state crash reports assume a wide range of designs that can be handwritten, 

elaborately coded, bubble coded, or even computer generated.  While they all certainly 

have a different appearance, the reports typically capture similar information about the 

location, persons, vehicles, and environment of traffic collisions.  The information is 

coded with varying degrees of detail, for inclusion in state collision databases.  

Conclusions about vehicle movements and crash causation factors are typically the 

product of police interpretation of these elements.  Almost all formats allow for a 

narrative and pictorial representation of the crash events. 

While state formats differ, there are common data elements.  It is through this 

commonality that national statistical efforts have traditionally been undertaken.  Even 
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with common data elements, getting data to integrate has often been a daunting task, due 

mainly to a lack of uniformity in data elements, structure and definition.  To improve data 

portability, there remains a need for improved standardization. 

In 1998, a joint effort was initiated to bring about greater uniformity in reporting.  

The Model Minimum Uniform Crash Criteria Guideline (MMUCC) is a joint effort 

between the National Highway Traffic Safety Administration (NHTSA), the Federal 

Highway Administration (FHWA), the Federal Motor Carrier Safety Administration 

(FMCSA), and the Governors Highway Safety Association (GHSA).  “MMUCC 

represents a voluntary and collaborative effort to generate uniform crash data that are 

accurate, reliable and credible for data-driven highway safety decisions within a state, 

between states and at the national level” [6:iii]. 

The MMUCC Guideline, 2nd Edition (2003) contains 111 data elements, of which 

77 are collected by law enforcement at the scene of a crash [6].  The remaining elements 

are derived from the data collected, for example, the number of vehicles involved, 

number of people injured, etc.  The MMUCC establishes a “minimum” set of data 

elements, but does not dictate design of the actual report form.  With standardized data 

elements, the integration of data across multiple databases is made possible.  Therein lays 

the promise of the MMUCC, integrating state data for national statistical purposes. 

It has only been in the last decade that crash reports have sought to capture data that 

is unique to highway work zones.  In 1992, only 27% of state crash reports contained an 

explicit field for work zone presence [7], while today 67% contain such a section.  

Historical codes for “roadway under construction” have increasingly given way to a more 

specific representation of the presence of work zones. 
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Section C19 of the MMUCC establishes guidelines for work zone-related data 

elements.  The rationale for inclusion of data elements in crash reporting center on the 

need to “assess the impact on traffic safety of various types of on-highway work activity, 

to evaluate Traffic Control Plans used at work zones, and to make adjustments to the 

Traffic Control Plans for the safety of workers and the traveling public” [6].  The Guide 

also adeptly notes that the temporary nature of work-zones requires documentation of 

their presence.  Table 1 lists the work zone elements and attributes recommended by the 

MMUCC. 

Table 1.  MMUCC Work Zone Elements and Attributes 
Data Element Attribute 

  
Yes 
No 

Was the crash in or near a 
construction, maintenance or 

utility work zone? Unknown 
  

Before the First Work Zone Warning Sign 
Advance Warning Area 
Transition Area 
Activity Area 

Location of the crash 

Termination Area 
  

Lane Closure 
Lane Shift/Crossover 
Work on Shoulder or Median 
Intermittent or Moving Work 

Type of Work 

Other 
  

Yes 
No Workers present? 
Unknown 

 

Because the MMUCC is only a guide, a review of state reporting forms is 

necessary, in order to determine the scope of work zone data collected through police 

reports.  Specifically for this research effort, the police report forms used in all fifty states 

and the District of Columbia were reviewed in detail for elements associated with work 
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zones.  While a complete representation of the content in those reports is represented in 

tabular form in the appendix of this report, Table 2 summarizes how work zone 

information is depicted on the crash reports used in those jurisdictions.  Analysis of those 

forms is further described in the following paragraphs. 

Table 2.  State Report Form Work Zone Methodologies 
  Embedded Data Elements 

 
Work Zone Specific Section 

 Road Traffic Control Event Ped 

 

Basic 
Data 

(Y/N or 
Code) 

Detailed 
Data 

Captured 
None 

 

Under 
Repair/Const. Flagger 

Const. 
Sign or 

Barricade 

Collision 
with 

Barricade 

Working 
in/on 
Road 

States 23 11 17  24 33 9 21 39 
% 45 22 33  47 65 18 41 76 

 

Work zone data are represented in US crash reports in two ways; the presence of 

work zone specific sections on the reports, and the use of embedded coding for crash 

attributes that may indicate the presence of a work zone.  Work zone specific sections on 

traffic crash reports are fairly new features, being added in the latest iteration of the forms 

in most cases.  For example, the state of Florida added the section in its January 2002 

revision of the Florida Traffic Crash Report [8].  Of the 51 crash report forms reviewed, 

34 (67%) had a separate or explicit section for work zone data.  On a continuum, the 

detail of these explicit work zone sections ranges from a simple ‘yes/no’ check box to 

multiple data elements describing the work zone location.  To further delineate the use of 

explicit work zone sections, reports that use a special section can be can be grouped on 

either end of this continuum, based on the level of detail, as either basic or detailed. 

Basic work zone reporting sections generally have separate data element(s) for 

capturing the presence of a work zone, but they do not expound upon the circumstances 

present.  Of the 51 reports reviewed, 23 forms (45%) use methods of yes/no or simple 
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codes to indicate the presence of a work zone. Figure 1 and Figure 2 are examples from 

Florida and Wisconsin respectively. 

 

Figure 1.  Florida Traffic Crash Report 

 

Figure 2.  Wisconsin Motor Vehicle Accident Report 

Some states capture greater detail about the presence of road work.  In the case of 

11 states, or 22% of those reviewed, the data capture went beyond simply noting the 

presence of road work.  The guidance of the MMUCC is evident in this detail, noting 

where the crash occurred in relation to the work zone, the type of work being performed, 

and the presence of workers.  Only five states (Iowa, Nebraska, Ohio, Pennsylvania, and 

South Carolina) follow the entire MMUCC guideline for elements and attributes relevant 

to work zones.  Pennsylvania uniquely captures the presence of law enforcement at the 

work zone crash location and the presence of special speed limits.  Figure 3 and Figure 4 

are examples from Pennsylvania and South Carolina respectively.  
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Figure 3.  Commonwealth of Pennsylvania Police Crash Reporting Form 

 

Figure 4.  South Carolina Traffic Collision Report Form 

A total of 17 states (33%) do not have a designated section for capturing work zone 

information on crash reports.  Researchers are required to find other report data to link 

these incidents with work zone activity.  This is typically accomplished through 

“embedded” attributes. 

Embedded report attributes or codes can be mined to indicate the presence of work 

zone conditions, albeit indirectly.  These attributes can be used in conjunction with or 

independent of a specific work zone report section.  They are typically found in report 

categories describing the roadway conditions, traffic control present, harmful event, or 

pedestrian action.  All 51 report formats from the states plus the District of Columbia 

include some form of these embedded attributes.  When cross tabulated with other report 

variables, greater insight into the work zone crash is possible. 

“Roadway conditions” is a data element contained in almost all police crash 

reports.  Defects in the roadway, obstructions, loose surface material, holes, and standing 

water are all types of attributes that may be present.  For purposes of this analysis, 
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specific attributes such as “road under repair” or “road under construction” can be 

associated with a work zone.  Of the 51 reports reviewed, 24 (47%) contained such an 

attribute. 

Traffic control can take many forms, but generally it involves the signs, signals, 

and other controls present at the crash location.  With respect to work zone analysis, the 

presence of a flag person coded in this section of a report is a strong indicator that a 

highway work zone may have been implicated.  Coding for this type of traffic control 

was present in 33 reports, representing 65% of the total.  Additionally, 9 reports (18%) 

specifically noted the presence of a construction sign or barricade as a traffic control 

device. 

Harmful events are captured to describe the damage or injury producing crash.  

While first harmful events are generally captured, subsequent harmful events are 

beneficial to illuminate the entire series of events in a crash.  Practically anything that a 

motor vehicle strikes, including the manner in which it strikes another vehicle, is 

considered a harmful event.  When a vehicle collides with a construction barricade, 

barrel, or piece of work equipment, it may be an indication that the crash occurred in a 

highway work zone.  Collision with one of these objects is seen in 21 reports (41%) as a 

“harmful event.” 

Like vehicles, pedestrians are represented in crash reporting as “traffic units.”  The 

recognizable role of pedestrian construction workers readily comes to mind when one 

considers highway work zones.  For reporting purposes, the action of pedestrians is 

classified in a section that describes what the pedestrian was doing at the time of the 

collision.  Typically this section is coded as crossing the street, walking along the road, 
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standing in the road, or similar descriptions of people that one might encounter near 

roadways.  Attributes that specifically denote the pedestrian as “working on/in the road” 

are a good indicator of work zone involvement.  All 51 report formats reviewed except 12 

(76%) contain such a description of pedestrian action or movement.   

Embedded attributes describing collision events, roadway conditions, traffic 

control, and pedestrian actions were traditionally the indicators that were used to identify 

the presence of a work zone.  Statisticians were historically required to link these 

elements to other data to determine if a work zone was implicated in the crash.  Their 

continued inclusion, coupled with specific work zone sections, can provide information 

about work zones and the circumstances of crashes that occur within them.  

Unfortunately, too little information about work zone crashes is still the norm in state and 

national crash reporting systems. 

Work Zone Data Collection-Related Studies 

Several studies have examined alternatives to basic police reporting for collection 

of data in highway work zone crashes.  Reviewing these alternative methods is of value, 

since this project seeks to go beyond the traditional crash report approach as well.   

Wang, et al. conducted research using data from the Highway Safety Information 

System (HSIS) to explore the issue of work zone crashes [9].  The conclusions of their 

study indicate that the absence of a universal definition of “work zone” is problematic.  

Additionally, they found that police reporting systems require modification to include 

additional data elements that better describe work zone attributes.  Data fields 

recommended by their report are designed to answer the following questions: 

• Did the crash occur in or near a construction, maintenance, or utility work area? 
• Was there work activity at the time of the crash? 
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• Where did the crash occur in relation to the work? 
• What was the type of work performed? 
• Did the work area have an influence on or contribute to the crash? 

 
Khattak and Targa investigated the role of large trucks in work zone traffic crashes, 

using HSIS data and North Carolina Police Crash Reports [10].  Examining the narrative 

and diagram in each crash report, researchers sought to enhance the data set by creating 

unique data elements.  They noted that this method of data acquisition was very laborious 

and only possible given the limited scope of subject incidents, (i.e., large truck crashes in 

work zones).  Ha and Nemeth mined police reports in Ohio for unique work zone data 

elements and also found the process to be difficult [11]. 

Garber and Zhao examined crash characteristics in work zones by examining police 

crash reports believed to be work zone related from 1996 through 1999 [12].  The scope 

of their study was 1,484 reports after nearly 500 reports were discounted because of 

inconsistencies in reporting.  To facilitate more detailed analysis, they recommended that 

the Virginia Police Accident Report be modified to capture additional information 

relevant to location, work activities, traffic control, speed limit, and presence of workers. 

Raub et al. sought to determine causal factors in work zone crashes by enhancing 

police reporting [13].  Making a case that the data derived from police reports was largely 

insufficient with respect to work zones, researchers developed a separate data collection 

instrument for the purpose of determining the contributing factors associated with 103 

crashes in Illinois between 1998 and 1999.  In these cases, police completed a 

supplemental form to assist researchers in their analysis.  The supplemental form did not 

use a methodology for developing data elements, and was basically designed to be a 

stand-alone data system, not linked to the larger crash reporting database. 
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Schrock et al. concluded research in 2004 that analyzed 77 fatal work zone crashes 

in Texas [14].  Faced with issues about sufficiency of crash data, trained researchers 

responded to the scene of fatal work zone crashes in an attempt to document factors at the 

scene.  Reviewers attempted to respond as soon after the crash as possible, but their 

response was sometimes in the days that followed.  Environmental factors generally 

duplicated attributes already captured in reporting with the exception of identifying the 

location of the crash within the work zone, and the nature of work being performed.  The 

Georgia Department of Transportation (DOT) has developed a practice whereby they 

attempt to respond to all fatal work zone crashes as well [15]. 

The Florida DOT, like some other states, uses an “Engineers Maintenance of 

Traffic (MOT) Evaluation at Accident Site” report to better understand the factors 

associated with work zone crashes.  After work zone crashes, FDOT engineers are tasked 

with completing a report to capture information about the work zone.  The report has 

historically not consistently been completed by FDOT personnel, and Spainhour and 

Mtenga sought to revise and automate the form [16].  While the electronic entry format 

was superior to the paper form it replaced, the fact that it did not increase use by FDOT 

engineers was seen as an indication that the data set continues to be notably incomplete.  

Graham and Migletz noted similar problems with underreporting in their review of 

project manager-based reporting systems used in Iowa and North Carolina [17]. 

Thielman examined the potential of expert systems in the collection of traffic crash 

data, although not specifically work zone data [18].  The foundation of the expert system 

was data elements derived from experts in the field.  Panelists included traffic officers, 

crash investigation trainers, safety analysts, reconstructionists, vehicle safety engineers, 
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and highway engineers.  After determining data to be collected, officers equipped with 

pen-based computers used the expert system to focus greater detail on seatbelt use, 

vehicle damage, and roadside barriers.  The expert system required an average of two 

minutes of officer time to collect the data, and field tests of the system confirmed that 

officers would be receptive to additional collection responsibilities.  While it did not 

specifically focus on work zone areas, the concept of enhanced data collection and the 

use of an expert panel were viewed as successful. 

In some cases, video images of vehicles entering work zones are used to measure 

the effectiveness of merge operations [13].  Video can also be used to mitigate congestion 

in conjunction with ITS applications [19, 20].  The potential for such technology in crash 

data collection has not been empirically explored, but the wider use of these systems may 

hold that potential.  While the prospect of capturing actual crashes with these systems 

would likely only be possible in very isolated instances, they may be well suited for 

establishing the environment present at the time of a crash.  

While there have been a number of studies relating to work zone crashes and the 

sufficiency of data within these unique locations, substantial issues remain.  Some studies 

have focused loosely on crash attributes in work zones, but none broach the topic from 

the perspective of perfecting the process by which data elements are identified in a 

qualitative way.  Similarly, despite efforts to bolster collection systems, potential exists 

for improvement as well.  No study approached the topic of supplementing work zone 

data as a two-fold proposition requiring qualitative data identification and collection 

system development.  
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CHAPTER 3 
RESEARCH APPROACH 

Overview 

The prospect of improving the data set for work zone incidents requires defining 

what information to collect and how to better accomplish that collection.  With these 

objectives in mind, the concentration of this project is to identify, test, and validate new 

crash report data elements that specifically relate to work zone incidents.  Subordinate to 

that objective, a strategy for implementing the data elements is also tested, with the 

creation of a web-based collection system for officer use.  Through identifying new data 

elements and actually collecting said data, the body of knowledge concerning work zone 

incidents will be improved. 

Methodology 

A systematic approach to improving the data set requires identification of the 

specific data needed.  While some previous studies have sought to embellish the work 

zone crash data set through supplemental reporting, none have qualitatively approached 

the process of determining the data to be collected.  Ruab et al. [13] used police in Illinois 

to complete a supplemental report form, but the content of that form was not the product 

of a qualitative effort.  Many of the data elements duplicated normal crash report data 

elements and some were quite subjective, asking for officer opinion.  The supplemental 

form was not designed to be linked with crash records, and was generally a stand-alone 

product.  Enhancing the data set requires a clear understanding of data needs of the crash 
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data consumers, a proposition that mandates their involvement in the development 

process. 

Development of work zone-specific crash data elements is a process that can be 

described as several distinct steps.  Mining potential data elements from discussions with 

stakeholders provides the foundation of knowledge necessary for analysis.  The content 

of those meetings can yield specific issues/items when vetted using qualitative text 

analysis methods.  Once potential data elements are identified, they are contextually 

linked to the original group discussion to develop the issue more precisely.  Pilot testing 

the product under real world conditions determines if the data element is mechanically 

sound.  The final step in the process involves validating the data elements against state of 

the practice standards.  The figure below is a graphic representation of the process 

described herein. 

 

Figure 5.  Data Element Development Process 

The development of a collection system is both a part of the data element 

development process as well as an integral part of the overall data supplementation 

proposition.  The use of a supplemental collection system is described in greater detail as 

a component of the data element testing section, and later in Chapter 4. 
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Traditional Crash Report Content Decisions 

Because traffic crash reports serve a wide variety of purposes, their development 

typically finds origins in public administration and public policy arenas.  This is 

supported by staff at the Florida Department of Highway Safety and Motor Vehicles 

(DHSMV), who describe the process as highly collaborative and involving of 

stakeholders.  Input, clarification, and construction are products of meeting with a small 

number of interested individuals.  Inclusion in the group ranges from mere stakeholders 

to subject matter experts.  The leader of the group is generally a public administrator, 

representing a state agency that is charged with the responsibility for the forms by statute 

or administrative rule.  The group could be referred to as an “expert panel”, and their 

meetings and activities are generally conducted informally. 

Intuitively, the expert panel may be viewed as a practical way to approach the task 

of determining the content of traffic crash report forms, but determining consensus of the 

panel is often elusive.  Some research suggests that the views of outliers are often 

discounted to further the objective of consensus [21].  In addition, even the most 

representative and well-intentioned panel may fall victim to common pitfalls associated 

with individual and group dynamics.  Closely related concepts such as groupthink, social 

consciousness, and Abilene paradox must be considered in group settings.  For additional 

information on these issues, the readers is referred to the works of Elizabeth Scott, Emile 

Durkhiem, and Jerry Harvey [21,22,23]. 

While a detailed analysis of how individual and/or group dynamics may affect 

small group meetings is beyond the scope of this effort, it is important to note that 

committees or groups assembled for almost any purpose may be susceptible to these and 
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other errors.  When an expert panel is convened to examine crash report form changes, 

the informal exchange may produce unexpected and unreliable results.  

Data Mining Using Qualitative Methods 

Qualitative research is, “Research involving detailed, verbal descriptions of 

characteristics, cases, and settings.  Qualitative research typically uses observation, 

interviewing, and document review to collect data” [24:1].  This form of research is 

rooted in the social sciences and is an excellent vehicle for examining things that may not 

be measurable quantitatively.  Qualitative research can be accomplished through surveys, 

questionnaires, personal interviews, researcher observation, or similar methods.  The 

research seeks to learn more about things in their natural environment through people’s 

attitudes, perceptions, recollections, and feelings. 

Getting people together for the purpose of determining direction for a project need 

not fall victim to problems associated with group dynamics.  One way to potentially 

produce more reliable results is the use of qualitative research.  For our purposes, 

enhancing the content of crash reports is best undertaken as a function similar in 

approach.  Using qualitative research, investigating the topic of crash incident data 

represents a form of collaboration.  Similar to currently used methods, stakeholders such 

as law enforcement, engineers, private contractors, drivers, and safety advocates form the 

basis for input.  But by employing a qualitative research methodology, potential errors 

related to group dynamics can be minimized and a more reliable product is possible.  A 

more dependable consensus among stakeholders is also possible with qualitative 

methods, since they employ an approach that is grounded in social science.  A more 

detailed examination of qualitative techniques is included as Appendix A, Overview of 

Qualitative Methods.   
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Focus Groups In Qualitative Research   

Choosing a qualitative research method for purposes of identifying potential work 

zone data elements requires weighing available methods such as Delphi, survey, and 

focus groups.  While all three methods employ the use of stakeholders, focus groups 

holds the greatest promise for success, given their interactive nature and structural 

similarity to the traditional crash report development approach.  

Focus groups have been used as a qualitative research tool for several decades, and 

are readily associated with market and product research.  Recently, the technique has 

gained favor as an academic research and public policy tool.  A focus group is described 

as an assembly of people for the purpose of discussing a topic.  The discussion is led by a 

prepared moderator who guides the group, producing a collection of opinions, 

perceptions, and experiences of the participants.  Multiple focus group sessions broaden 

input and improve the reliability of data collection. 

As with any research tool, the use of focus groups requires following acceptable 

guidelines for their conduct.  Some of these guidelines are contained in Appendix A – 

Overview of Qualitative Methods.  The implementation of focus groups is best described 

as functions of group composition, administrative preparation, moderator and content 

preparation, administration, and post-session processing. 

Group composition 

Identifying focus group participants is an important factor in the development of 

the research method.  Having group members with similar backgrounds describes a 

homogeneous group composition, and most researchers agree that this allows for 

common threads of discussion [25].  Designing groups that represent work zone 
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stakeholders thus requires segregating FDOT traffic engineers, private contractors, 

police, and average citizens into separate focus groups. 

Traffic engineers in both the public and private sectors are those primarily 

responsible for the design, setup, and maintenance of work zone traffic plans.  Because of 

their significant role and expertise, they are necessary participants.  Segregating public 

sector engineers (FDOT) from contractor personnel is beneficial because of sometimes 

divergent priorities.  Further segmenting FDOT personnel into field and headquarters 

elements ensures all aspects of public-sector engineering are represented.  The rationale 

for separation within FDOT is that the people at the headquarters level are those mostly 

responsible for developing and/or changing policy with regard to standards indices and 

traffic control plans, while at the district level, they were mostly responsible for 

implementation.  A focus group with FDOT field personnel involves construction 

personnel, who are in work zones on a daily basis.  The FDOT headquarters focus group 

included engineering representatives from the safety office, roadway design office, and 

construction office.  FDOT and industry representatives make up three separate focus 

group sessions. 

Law enforcement plays a significant role in work zones, and they represent 

valuable stakeholders in gaining additional insight.  Police are charged with enforcing a 

myriad of laws within work zones, in order to promote the safety envisioned by 

engineers.  Additionally, they are responsible for investigating incidents at these 

locations, and therefore document the conditions present and circumstances surrounding 

incidents.  Sworn law enforcement officers make up a separate focus group. 
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While they may lack traffic safety expertise, the layperson brings a unique 

perspective to discussions about work zones.  Such a perspective may be beneficial when 

compared to the views of traffic safety practitioners.  Since work zones are ostensibly 

designed with the average motorist in mind, it is of value to gain their insight into these 

locations.  While they may not be direct consumers of incident data, one can readily 

understand their value as stakeholders and benefactors of changes in the driving 

environment.  A collection of licensed drivers, representing the public at large, make up 

the final focus group. 

Administrative preparation 

Conducting group meetings with individuals requires significant planning with 

respect to scheduling activities.  With the exception of the public meeting, all of the focus 

groups were conducted without compensation to participants.  Accommodating 

participant work schedules and enlisting volunteers can be challenging.  For public-sector 

organizations such as law enforcement, and the FDOT, participants are supported by their 

respective organizations.  The session with law enforcement and two sessions with FDOT 

personnel were all well attended, as expected.  Conducting the meetings at their 

respective work locations proved to be a wise accommodation.   

The industry focus group was much more challenging from the perspective that 

release of employees from work is more difficult for private business.  Additionally, 

assembling participants from diverse employers and work locations requires effort on the 

part of the participant to travel and meet at a specified location.  While 7 participants 

were scheduled, work obligations precluded 3 from attending at the last minute.  

Conducting the industry session with less than 6 participants was less than ideal, but the 

level of discussion by participants made data collection acceptable.   
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The citizen focus group sought to gain input from the average driver.  This group 

was conducted at the Perceptive Market Research (PMR) facilities in Gainesville.  

Participants were selected to be demographically representative of the community and 

compensated by the market research firm.   

As part of the research strategy, a composite group representing stakeholders was 

deemed beneficial to review the homogeneous group findings.  Using a regularly 

scheduled meeting of the Alachua County Community Traffic Safety Team to facilitate 

the composite stakeholder meeting was an excellent way to minimize impact on 

participants.  All meetings were scheduled at convenient locations, with suitable facilities 

for privacy and comfort.  The table below describes the setting, attendance, and duration 

of all focus groups. 

Table 3. Focus Group Composition 

Group Date Location No. 
Participants 

Approx. 
Duration 

(hrs.) 
Law Enforcement 11/08/05 Jacksonville, FHP 6 1.50 
Industry 11/08/05 Jacksonville, FHP 4 1.75 
FDOT Lake City 12/02/05 Lake City, DOT 8 1.50 
Citizen 03/08/06 PMR, Gainesville 10 1.75 
FDOT Tallahassee 03/27/06 Tallahassee, DOT 7 1.75 
CTST* 04/20/06 Gainesville Technology 

Enterprise Center 
20 N/A 

*Composite group not a focus group session. 

In addition to scheduling, administrative preparation involves the use of a Group 

Sign-In Form, Participant Instructions, and an Informed Consent Form.  The Participant 

Instructions provides each focus group participant with a one-page explanation of the 

objectives, format, and basic guidelines for the conduct of the forum.  These forms are all 

included in Appendix B. 
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Moderator and content preparation 

Content planning involves establishing clear objectives on the part of the research 

team.  The focus group is a moderator-led discussion, so the moderator must be well 

equipped to perform in a way that promotes group interaction and adequately explores 

the subject at hand.  Dr. Scott Washburn is an experienced focus group moderator, and 

the moderator for all focus group sessions.  The role of the moderator is well established 

with the use of a Moderator Guide.  The Moderator Guide is a document that dictates the 

steps followed by the moderator to ensure a systematic approach and efficient use of 

time.  The guide is a step-by-step script of sorts, that lists events, basic instructions, and 

target time limits.  The guide includes participant sign in, welcome and introductions, 

background of the study, explanation of the format and scope of the meeting, and the 

questions to be used to promote discussion.  The guide also provides some reminders to 

the moderator on methods for handling shy or reluctant participants, as well as those 

participants who may be monopolizing discussion.  The questions used in the focus 

groups for are, by design, left quite general to promote maximum opportunity for 

exploration of the subject of work zones.  Four basic questions form the basis for the 

work zone focus groups, however the moderator has a number of follow-up questions 

available for use if necessary.  Questions are not all inclusive, since the guided discussion 

is designed to illuminate the subject.  Latitude is afforded the moderator to explore areas 

that may be beneficial to the objective of the research.  The following table is 

representative of the questions available to the moderator for the work zone focus group 

sessions.  The Moderator Guide is included as Appendix C. 
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Table 4.  Focus Group Moderator Questions 

1. Why do work zone crashes occur?   

Physical features of the roadway 

Issues with MOT and traffic control devices 

Driver behaviors 

Vehicle / Worker characteristics (trucks, exposed workers, etc) 

2. What are positive things that are being done to help the situation?   

Advance Warning 

Speed Limits 

Better MOT 

Separation - Barricades, barrels, walls, and other devices 

Enforcement 

Public Information and Education 

3. What are things that still need to change?   

Driver behaviors 

Physical design of work zone 

Traffic Control 

Enforcement Issues 

4. What can we learn from Incidents that occur in work zones?  

Role of congestion 

Secondary collisions 

Location of incidents 

Type of collision (rear end, sideswipe, run off road, with barricades/equipment, etc.) 

 

Administration/conduct of meetings 

Administration of the focus groups brings together the planning associated with 

participants and the moderator(s).  Site setup requires the focus group team to arrive at 

the location early to prepare seating, visual aids, recording equipment, and refreshments.  

Participants are greeted and offered refreshments, followed by the moderator welcoming 
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everyone and beginning the session.  A PowerPoint presentation accompanies the 

moderator’s program, primarily highlighting main questions and providing for supporting 

visual aids if necessary.   

Audio recording of focus groups is essential to later analysis of content.  Recording 

is made possible by a laptop computer equipped with software and CM3 boundary 

microphones strategically placed near participants.  A backup cassette tape recorder with 

one CM3 boundary microphone can be used as a backup device.  Since it is important to 

link participants with their respective comments, specialized recording software is 

necessary to allow the research team to annotate speakers while recording.  The Meeting 

Commander software product is a commercial package [26] that allows the research team 

to graphically depict speakers with on-screen icons, the same way they are seated in the 

focus group setting.  Once recording begins, the recording assistant simply clicks on 

speaker icons each time there is a change in speakers.  Speaker changes are captured in 

the audio file, so that later playback depicts speaker changes.  Elapsed time and speaker 

change time stamps are included in the digital audio recording.  Figure 6 represents an 

illustration of the Meeting Commander screen, with speaker seating on the left and a 

chronological representation of the recording, complete with speaker changes, on the 

right. 

Post-Session Processing 

Qualitative analysis of the focus groups requires that content be reduced to a text 

form.  Post-session processing of the focus group audio recordings requires listening to 

the audio to review speaker comments and subsequently transcribing the audio into word-

for-word text.  The Meeting Commander software produces a time stamped chronological 

listing of speakers as an exportable text file.  Playback of the audio using the software or 
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Windows Media Player allows the person performing transcription to monitor speaker 

changes and type text with the appropriate speakers.  A USB foot-pedal facilitates 

playback of the audio and eases transcription.  The transcript is ultimately reviewed and 

compared to the actual audio recording for final quality assurance. 

 

Figure 6. Meeting Commander Recording Software Interface 

Data Element Identification—Qualitative Analysis 

After data is collected through the use of focus groups, the data must be analyzed to 

provide usable results.  Text analysis has been widely used for mining news outlets and 

more recently, for mining operations involving the internet, blogs, and email.  Such 

analysis generally focuses on obtaining frequencies for words or phrases to attach some 

statistical significance to their occurrence. 

Analyzing text obtained in conjunction with qualitative research is often described 

as “content analysis” or “qualitative text analysis”.  The systematic and replicable 

technique for compressing words or phrases into content categories, given established 

rules, is a general description of the process [27].  The analysis of open-ended text 
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responses for qualitative research involves more than just determining word count or 

frequency.   The process employs coding techniques that allow the researcher to reduce 

text which is produced by open-ended questions, in a categorical way.  “A category is a 

group of words with similar meaning or connotations.” [28:37] 

After scanning the text, numerous codes are created, without a great deal of 

categorization.  When screened in a more focused way, some codes are eliminated, 

grouped into larger themes, and/or subdivided [29].  The process of analyzing text with 

this coding enables the researcher to organize and digest the content of focus group data. 

Focus group expert Richard Krueger describes the traditional process of focus 

group content analysis using colored paper, colored markers, and cut and paste 

techniques [30].  Using these items, the researcher identifies and rearranges text obtained 

from research to create descriptive summaries.  Such techniques may appear rudimentary, 

but they are still used for qualitative analysis of focus group data.  For our purposes, 

similar methods are used. 

Each focus group session is tape-recorded for later review and analysis.  When 

audio recordings from focus group sessions are transcribed, a wealth of text data becomes 

available.  These data, however, are unstructured and in a raw form, rather unusable for 

research purposes.  Similar to other forms of data obtained in qualitative research, the text 

must be processed or analyzed in ways that make the data meaningful to researchers.  The 

fundamental question of this analysis centers on finding meaning in volumes of text.  

That question is answered in the process of qualitative analysis. 

The process of qualitative text analysis can be summarized as three basic steps; 1) 

the reduction of the original database, 2) the construction of linkages, and 3) the 
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comparison of findings [31].  Reducing the text is the process of coding, where segments 

of the data are given representations that are more easily manipulated and categorized.  

Constructing linkages is the attempt to form coded units, based on subject meaning.  

Finally, those subject meanings are compared to infer invariants [31].  Through this 

process one can move the data from mere words to meaning. 

Focus group data can also be analyzed by computer.  Many commercially available 

text analysis programs focus on word counting and frequency distributions.  This form of 

analysis is most useful in marketing fields, and for media applications.  Qualitative 

analysis software is a rapidly evolving area of research in the social sciences.  Programs 

that have the ability to perform coding and other analysis functions are eagerly being 

embraced.  Programs like SPSS Text Analyst, AQUAD, NUD*IST, ATLAS/ti, and 

HyperRESEARCH are all packages that have include capabilities useful for the social 

scientist and others who may need to qualitatively analyze data.  It is important, however, 

to remember that interpreting the meaning of text is something that the researcher cannot 

delegate to a computer.  Therefore, the role of computers in qualitative analysis should be 

viewed as supportive of the researcher’s duty to understand the text [32]. 

Analysis of the data derived from focus group sessions with work zone 

stakeholders renders insight into the issues surrounding those locations and the types of 

factors that are involved in work zone incidents.  Potential data elements can be identified 

from this form of qualitative research. 

Data Element Definition—Interpretation of Results  

Analytical techniques transform raw data in the form of focus group text into more 

meaningful representations of the data.  Analysis segregates data into categorical codes.  

Codes are measured using their intensity and frequency among various homogeneous 
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groups.  The product of the analysis is an ordered listings of codes.  Linking that data 

with content from the focus groups is necessary to form meaning in the coded data.  The 

product of linking codes with content reveals potential crash report data elements. 

Since a composite group of stakeholders is used to determine if the product of the 

qualitative research effort is representatives of stakeholders, analysis is essentially 

verified.  The composite group can determine if the product is defective in any way, and 

also insure that it is fully exhaustive of the subject.  No qualitative analysis of the 

composite focus group is necessary, since their involvement is merely a review of 

conclusions.  

Data Element Testing—Supplemental Collection System  

The newly created data elements must be presented to individuals responsible for 

data collection in a way that maximizes the chances for success.  Where Raub et al. [13] 

created a paper supplemental report form for police use, creating an instrument for 

collection now requires a format of electronic entry for officers, since their current crash 

reports are now in electronic form in many cases (via a laptop computer in the police 

vehicle).  An ancillary benefit to this format is the elimination of secondary data entry, 

from hand written crash reports to an electronic database.  This speeds entry of data, 

reduces the potential for data entry error, and makes data management easier. 

Data entry for the new work zone elements can be accomplished in three basic 

ways.  The current officer reporting software can be reprogrammed to include added data 

fields, a web-based application can be created, or a stand alone database can be 

implemented. 

The software currently used by FHP troopers to complete the Florida Traffic Crash 

Report is licensed by the agency from a private vendor.  Making modifications to the 
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software for purposes of this research would be cost prohibitive, involving programming 

changes to an end user software product.  Such changes would result in version changes 

to the product, and require upgrade of all agency computers.  This may be desirable for 

permanent changes to fields of the crash report, but are not practical given the limited use 

and distribution of data elements for this project.  Because of these reasons, the current 

crash report application will not be altered for testing purposes. 

A web-based application offers utility and flexibility that are desirable for simple 

data collection.  Given the infrequency of work zone incidents, and the limited data fields 

envisioned, such a format would be practical.  One inherent disadvantage to web-based 

collection is the requirement for officers to leave the report application, log into a web 

site, and enter data.  A second disadvantage is the requirement to post-process the data, 

merging Florida Traffic Crash Report data with the newly created web-based data.    

Neither of these disadvantages is viewed as significant, however.  A common data field 

ensures that the crash report and supplemental work zone databases can be merged.  This 

form of data collection will be used by the officers for testing, because it most closely 

resembles current reporting technology. 

A stand alone database that is not accessible by the end user is easily created with 

readily available application software.  This method, however, is the least desirable 

alternative, particularly because of the need for post processing officer-collected data.  

Officers would essentially complete a paper report that would be coded by clerical 

personnel into the computer database.  Such a system may be needed for wider 

application of the newly created work zone elements, given that many agencies/officers 
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do not use vehicle-based computers.  For purposes of this effort, a paper format will be 

created, but not used, since all testing officers are issued laptop computers. 

Technical framework of collection system 

The traditional hand-written police traffic crash report would logically lend itself to 

a supplemental report that is also hand-written.  When specialized crash reporting 

software is used by police, the traffic crash report process is automated and the need for 

subsequent key punching or manual entry into a database is eliminated. 

Both the hand-written report and the report created with reporting software pose 

limitations when one considers modifying or supplementing those systems.  Hand-written 

reports require modifications to printing, officer training, and data entry systems.  

Changing the many custom software packages used by police would involve significant 

investment in additional programming.  While each may have advantages, neither is a 

pragmatic solution in an effort to add supplemental data.  Both have institutional and 

financial issues that would prove prohibitive. 

A desirable solution for supplementing traffic crash reporting for work zone-

specific data would be cost effective, not affect current reporting systems, and ultimately 

be palatable for the institutions that are charged with managing crash data.  By creating a 

stand alone web-based collection system, expensive programmatic software changes are 

avoided, yet officers are able to take advantage of available mobile computing 

technology.  Officers who complete regular traffic crash reports in work zones are asked 

to additionally access a web site to provide unique supplemental data.  In this effort, the 

Florida Highway Patrol supports a supplemental work zone data collection web site and 

officers will use the system.   
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Since the Florida Highway Patrol supports a computer network that encompasses 

all patrol vehicles, the framework for officer computing is in place.  Each patrol car has a 

laptop computer with continual access to the network and internet.  The agency supports 

an internet web site for public use, and an intranet web site exclusively for agency 

personnel.  Several online databases are used by the agency, accessible by personnel who 

are authorized by means of a password-protected architecture.   

For security reasons, Microsoft SQL 2000 [33] is well suited to create the database 

and ASP.Net [34] for the HTML user interface.  These applications provide an increased 

level of security, since database operations can pose potential access to dangerous code or 

controls.  Florida Highway Patrol servers are excellent host systems for supplemental 

collection applications, since they are already in place and they currently provide a level 

of security that is desirable. 

Microsoft SQL 2000 supports eXtensible Markup Language (XML) schema that 

are becoming the standard for crash report data.  This will ensure compatibility and 

transportability of data collected in conjunction with this effort. 

Since each Florida Traffic Crash Report Form has a unique number assigned by the 

Department of Highway Safety and Motor Vehicles, such a number becomes an excellent 

candidate for use as a primary key field.  This field will link the traffic crash report with 

the supplemental work zone database.  As a backup, additional fields may be designated 

as potential linkages between the databases. 

Operational framework of collection system 

After the data collection instrument is finalized, select Florida Highway Patrol 

(FHP) troopers serve as “beta-testers” for a short evaluation period.  The process of field 

testing the elements, attributes, and collection instrument requires direction, training, and 
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verification.  FHP Troop “G” encompasses nine (9) counties in northeast Florida.  The 

troop is staffed by approximately 140 sworn personnel.  Troopers are introduced to the 

study by a supervisory memorandum that provides an overview and instructions.  This 

direction to participate in the research effort will establish organizational commitment 

and increase officer buy-in.  Instructions are provided with this directive, and a time 

period for testing is established. 

Since all personnel involved with testing are familiar with incident (crash) 

reporting, each has general knowledge about work zones, and basic computer skills are 

present among users, it is anticipated that the learning curve for these testers will be 

minimal.  Training will be accomplished by written instructions, with an opportunity for 

supervisory follow-up. 

Given there are currently several large work zone projects underway in the study 

area (Troop “G”), the supplemental data elements and collection system will receive a 

reasonable amount of testing.  There is no statistical requirement for sample size, since 

such analysis is beyond the scope of this project. 

Because the supplemental system is not mandated by law or administrative rule, the 

system used by officers is essentially voluntarily.  Organizational commitment from the 

Florida Highway Patrol replaces a legal mandate for officers to use the supplemental 

work zone data collection system.  According to information provided by the DHSMV, 

the FHP works about 65% of all work zone crashes in Florida and 95% of all work zone 

crashes on interstate highways.  They are excellent candidates for this project because of 

their significant role in reporting work zone incidents.  Colonel Christopher A. Knight’s 
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directive serves to require personnel assigned to the pilot test area to use the supplemental 

system in all cases where they complete a traffic crash report in a work zone. 

Data Element Validation 

Section 19 of the 2003 Edition of the MMUCC describes data elements and 

attributes that are unique to work zones.  These elements closely resemble the data 

recommendations of the 1996 study by Wang et al. [9].  These elements are described in 

Table 1 of Chapter 2, and they represent the current state of the practice for police 

reporting of work zone elements, albeit the MMUCC guidance for work zones is not 

widely embraced by the states. 

Validating new data elements for work zone incidents is the final step in the 

development process, and this involves comparing the newly created work zone data 

elements and attributes with those that constitute the state of the practice.  Such a 

comparison can provide an indication of whether current practices require modification.  

In addition, field testing data elements with officers in actual work zone crash 

investigations provides a pragmatic validation. 
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CHAPTER 4 
RESULTS AND ANALYSIS 

Qualitative Analysis – Data Element Identification 

Because qualitative research assumes many forms and purposes, the method of 

analyzing data is equally diverse.  While quantitative measures are typical in scientific 

and engineering disciplines, the social sciences and the analysis of qualitative data is not 

necessarily rooted in numbers.  Some researchers gravitate to the use of numbers while 

others steer away from their use.  “Those who can answer their research questions 

without counting codes should feel well justified in doing so – no appeals to imagined 

problems with statistical independence or random sampling are necessary.” [35:62]  “In 

quantitative analysis it is sometimes easy to get caught up in the logistics of data 

collection and in the statistical analysis of data, thereby losing sight of theory for a short 

time.  This is less likely in qualitative research, where data collection, analysis, and 

theory are more intimately intertwined” [36:370].   

In the first step in qualitative analysis, text and audio is reduced to data segments.  

A code is used to represent those segments [31].  Nearly all qualitative research is 

analyzed using some form of coding.  Coding is the process of transforming text data into 

a form that is more standardized [36].  The most common form of coding for focus 

groups concentrates on manifest content [35].  Manifest content is that which is on the 

surface, seeking the occurrence of a term or concept [36].  Latent coding uses the 

underlying meaning of what is said to standardize content [36].  Coding is accomplished 

by analyzing transcript text and identifying the terms, concepts, and content that work 
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together to convey a similar meaning, that is, they fit similar categories.  Categories can 

be related to sub-categories, and each is considered a ‘code’. 

While mere occurrence of words or concepts may be analytically useful, it is also 

beneficial to determine what groups felt were important issues.  Morgan describes factors 

that indicate the emphasis given to a topic by a group as the product of how many groups 

mentioned it, how many in each group mentioned it, and how much energy they 

associated with the topic [35].  The energy and enthusiasm that individuals display for a 

topic appears somewhat subjective, and therefore this measure will not be attempted in 

this effort. 

Qualitative analysis for this inquiry involves steps that potentially produce a list or 

set of work zone discussion issues.  From those issues, the most important factors can be 

determined using qualitative measures, notably measures of agreement and intensity.  

Agreement describes the number of focus groups where a given code was discussed, and 

intensity describes the number of mentions of the code within and across groups.  A third 

potential measure identifies cases where all participants mention a code, but it is more 

appropriate for market research thus it is not included in this effort [35]. 

Automated methods of analysis using specialized computer software is gaining 

popularity; however, more traditional manual approaches like the “long table” method are 

still effective, if not as glamorous.  As a process, analysis involves reducing focus group 

audio recordings to word-for-word text, copied on uniquely colored paper for each 

different focus group.  The text is read to find common themes in content and notations 

are made in the margin of the transcript.  Then text is physically cut out of the document 

using scissors and is grouped and later sub-grouped based on topic or code.  The process 
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continues until an exhaustive analysis of the text renders many assembled bits of what 

speakers said into logical groups.  These groups form the categorical basis of the codes 

which drive the process of transforming text into meaningful representations of what the 

people said in the focus groups.  The coded text is measured using the methods 

previously described and some conclusions about importance and relevance can be made. 

 

Figure 7. Long Table Method of Analysis 

A Priori Categorization 

Before formal text analysis begins, a number of work zone crash factors can be 

considered relevant, without biasing results.  As is the case with any traffic safety 

analysis, causation factors associated with drivers and the roadway environment readily 

come to mind as potentially important.  Because there are a myriad of traffic control 

devices used in work zones like signs, cones, barrels, message boards, and barricades, a 

category for traffic control devices is likely important as well.  Driver behaviors, traffic 

control devices, and construction/roadway conditions form a broad basis for categorizing 
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work zone crash factors.  Creating a category for ‘other’ factors provides an opportunity 

for coding to reach beyond the boundaries of these broad coding categories, and ensures a 

comprehensive qualitative analysis is possible.  In reviewing the audio of each focus 

group, these general categories represent most discussion content.  While these categories 

only form an initial framework for analysis, they prove useful as a starting point for the 

process of coding.  From these a priori codes, deeper coding is possible using more 

emergent techniques. 

Emergent Categorization 

A more detailed analysis is illuminating of the subject of work zone crash factors, 

based on the discussions of the various focus groups.  Using the traditional “long table” 

method of focus group analysis, extracted text pieces can be grouped according to 

content, and categories emerge from the process.  As the text is analyzed and re-analyzed, 

more and more groupings become possible.  This process is aptly named emergent 

categorization, because with each review of the text, more categories emerge. 

In the first emergent categorization effort, 44 categorical codes were created to 

represent the discussion of participants in the five focus groups.  Another group of text 

items remained, comprised mostly of single speaker issues, and topical items that were 

isolated within the context of the larger work zone subject.  Similar to the larger category 

of ‘other’, a code for other was used to capture this orphaned subset of codes. 

Final Categorization 

Emergent categorization provides a level of detail in coding that is suitable for 

purposes of content analysis.  Because the long table method physically segregates text, it 

does not always make it easy to identify strings of text that may contain multiple codes 

however.  For this reason, a complete version of each focus group text is reviewed after 
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long table, using the codes derived from the emergent process.  Babbie points out that, 

“You can always code and recode and even recode again if you want, making certain that 

the coding is consistent” [36:324].   Salient differences in either code or content were 

resolved by either expanding the code set or collapsing categories.  This additional 

review of the transcripts can demonstrate a need for more codes, representing more 

specific content.  The final process of coding rendered 69 unique categorical codes. 

Since each focus group is homogeneous in composition, a group representative of a 

cross-section of traffic safety stakeholders is needed to verify the codes.  The Alachua 

County, Florida Community Traffic Safety Team (CTST) provides an excellent 

composite group of stakeholders to review codes.  Their monthly meeting on April 20, 

2006 provided a setting for presenting the findings of the researchers and soliciting 

feedback.  The group was comprised of individuals from law enforcement (6), FDOT (4), 

local public works departments (3), private utility companies (2), emergency medical 

services (2), and independent persons (3).  The CTST group found no disagreement with 

the codes derived from the homogeneous focus groups.   

A spreadsheet listing 69 unique categorical codes was created to begin the process 

of cataloging the responses of the focus groups.  Columns representing the five focus 

groups were aligned adjacent to each code, to correlate the code with the focus group.  

Each focus group’s content was analyzed to identify unique speakers that contributed to 

discussion relating to the subject contained in the unique code categories.  The numerical 

speaker assignment for each focus group participant was noted for every participant who 

entered into discussion relating to the code.  The table below reflects several of the codes, 

and the respective speaker assignments.  For example, the code for “Movement of 
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Construction Equipment” was discussed by speakers 3, 6, 2, and 5 in the Police focus 

group, and by speaker numbers listed in the other groups similarly.   

Table 5. Unique Speakers by Group and Code 
Discussion Issue Police Citizen Industry FDOT LC FDOT Tal 

Movement of Construction Equipment 3,6,2,5 8,5, 5,1, 9,4, 1,2,4,5,3,6 
Daytime vs. Nighttime Road Work 2,6, 7,8,9,2,10,11 1,5, 9,10, 2,6,5,1,4, 
Worker Present 5,6, 2,6,8,10,11,5 5,1,2 4,9, 4,6, 
Narrow Lanes 6,5 2, 5,1, 2, 1,5, 
Queuing and backups 2,5,6,3, 10,4,8,7, 1,5, 10,1,6,4, 2,4,3,1, 
Driver Speed 2,6,5 8,10,2,4,11 1,5,2,3 9,4,2, 1,7, 
Driver Distraction (General) 6,1,5 7,8,10,4, 1,5,3 10,9,6,1,4,2 3, 
Law Enforcement Static vs Ticketing 4,5,3,6 4,2,10,8,3,9,11 5,1,2 9,3,6,2,4, 2,7,4, 
Law Enforcement Visibility 3,6,2,5 5,2,8,4,3 1, 10,6,4 2,4,6, 
Enhanced Fines 2,5, 8,9,11,4, 5,1,2 9,4,   
Advanced Warning  1,6,5, 3,11, 5,1, 10,9,4, 4,5,3, 
Artificial Work Lighting at Night 6,   1,2 4, 5, 
Lane Shifts 3,2 2,8,5,       
TCD Lighting / Night Visibility 6, 5,2, 1, 1, 1, 
Law Enforcement MOT Training 5,6,1,   5,1, 6,2, 2, 
Advanced Notice of Work Zone 2,6,5 4,2,10,2,7,8,11 2,5,1, 3,10,4,9,5,   
ITS and Variable Message Signs 2,6 8,10,4,6,7, 5, 10,4,5,6, 2, 
TCD Maintenance 2,6, 5,7,8,2, 1,5, 1,2,10,9,   
Work Zone Project Physical Length   7,8,3, 5,1 6,9, 3,6, 
Work Zone Project Time to Complete 6, 2,9,10,7,8,4,3,5 5, 6,4 1,6, 
No Shoulder / Drop off 6,     6,2, 5,2,1, 
Visual obstruction created by barrels or other TCD 6,3, 4,2, 1,2,     
Work Zone Contributing 6,2,3 7,     7,4,2, 
Lane Closures / Merge 1,5 7,10,4,5,8, 5,2 10,9, 2,5,1,6, 
Driver Training and Education   2,5,4,3,6, 5,2, 9,6, 2, 
Impaired Drivers   4,8,10,2,   9, 2,3, 
Location of Crash within the Work Zone 6,   2,1,5 4, 2,1, 
Photographs as part of reporting     1, 9,4,6, 4,1,3,5, 
Police Reporting - Narrative & Diagram 2,3,6,1,   1,5,   2,3,1,5 
Flagperson / Worker Action 6,2, 10,   4,   
Speed Trailers 2,6,3,   5,3,2 4,9,   
TCD Clarity of message 6, 8,11,10,2, 2, 4,   
Color / Reflectivity of Items in Work Zone   10, 1, 2,4,   
Temporary Rumble Strips       4,9, 2, 
Driver Licensing   4,5,2,6,7,8,10, 5,1, 4,6,   
Side Street Control during Lane Closures   7,5,   6,4,9,   
Liability 1,3   2,1,5 9,   
Flagger / Worker Training 6,2     4,9,1,   
Law     5,     
Changing MOT plans     1,5,2 4,9,1, 1,6, 
Highway Advisory Radio   2,8,   6,4,9   
Commercial Motor Vehicles 6         
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Table 5. Continued. 
Discussion Issue Police Citizen Industry FDOT LC FDOT Tal 

FDOT MOT report 6     9,4,1, 2,1, 
Harmful Even sequencing in reports         3, 
TDC Speed Signs 3,6,5 3,5,8       
Type of channeling device         2, 
Length of Tapers 1 10, 5,2,   1,2 
Worker Fatigue       9,6   
Hydroplane, Standing Water 5,6         
Type of Work Being Done         2 
Law Enforcement Positioning with TCD (rolling)       6,10,9,2   
Law Enforcement not part of MOT planning process         2 
Alternate Routes & Detours   2,4,3,6     1 
Commonplace of Road Work 2,5 7 5     
Productivity or money outweighs safety 3     4,9   
Human Toll of Work Zone Crashes   5,8 5     
Business Access during Construction     1     
Driver Training for Those Ticketed in Work Zones     2,1,5 6   
Recurring crash sites 6       2 
End Work Zone Signs Needed   2,4,10       
Temporary Striping 3,6     9,4   
Temporary Curbing     2 2   
Presence of Temporary TCD*         2 
Type of TCD present / used     5,1   2 
Weather Conditions 6         
Adding WZ data or fields on reports 2,5,6,3         
Driver behavior (general) 6,5, 3,10 1     
Police Rolling Roadblock     5,1   2 
MOT Devices Hit         2 

 

Agreement Measure 

Whether each group’s discussion contained a given code was noted as a measure in 

analysis.  Migrating from unique speakers in each group, based on subject codes, to a 

measure of agreement is a relatively simple task.  As a more general representation of the 

unique speaker assignment, if any code had one or more speakers for the focus group, it 

was considered included in the agreement measure.  To simplify the task of tracking 

these measures, a binary code is created with 1 representing agreement and 0 representing 

cases where there was no discussion within the focus group. 
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When binary codes for individual focus groups are totaled, the level of agreement 

among groups can be determined.  The highest level of agreement would be represented 

by a numerical measure of 5, representing that all 5 focus groups contained some 

discussion of the particular code.  Conversely, a measure of 1 would indicate that only 

one of the 5 groups discussed a code.  The measure of agreement being totaled for all 69 

codes, a ranked listing is possible, listing those with the most agreement (5) to those with 

the least agreement (1).  The table below depicts all codes and their respective binary 

measures of agreement.   

Table 6. Agreement by Group and Code (Binary) 
Discussion Issue Police Citizen Industry FDOT LC FDOT Tal Total 

Movement of Construction Equipment 1 1 1 1 1 5
Daytime vs Nighttime Road Work 1 1 1 1 1 5
Worker Present 1 1 1 1 1 5
Narrow Lanes 1 1 1 1 1 5
Queuing and backups 1 1 1 1 1 5
Driver Speed 1 1 1 1 1 5
Driver Distraction (General) 1 1 1 1 1 5
Law Enforcement Static vs Ticketing 1 1 1 1 1 5
Law Enforcement Visibility 1 1 1 1 1 5
Advanced Warning  1 1 1 1 1 5
TCD Lighting / Night Visibility 1 1 1 1 1 5
ITS and Variable Message Signs 1 1 1 1 1 5
Work Zone Project Time to Complete 1 1 1 1 1 5
Lane Closures / Merge 1 1 1 1 1 5
Enhanced Fines 1 1 1 1 0 4
Artificial Work Lighting at Night 1 0 1 1 1 4
Law Enforcement MOT Training 1 0 1 1 1 4
Advanced Notice of Work Zone 1 1 1 1 0 4
TCD Maintenance 1 1 1 1 0 4
Work Zone Project Physical Length 0 1 1 1 1 4
Driver Training and Education 0 1 1 1 1 4
Location of Crash within the Work Zone 1 0 1 1 1 4
TCD Clarity of message 1 1 1 1 0 4
Length of Tapers 1 1 1 0 1 4
No Shoulder / Drop off 1 0 0 1 1 3
Visual obstruction created by barrels or other TCD 1 1 1 0 0 3
Work Zone Contributing 1 1 0 0 1 3
Impaired Drivers 0 1 0 1 1 3
Photographs as part of reporting 0 0 1 1 1 3
Police Reporting - Narrative & Diagram 1 0 1 0 1 3
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Table 6. Continued. 
Discussion Issue Police Citizen Industry FDOT LC FDOT Tal Total 

Flagperson / Worker Action 1 1 0 1 0 3
Speed Trailers 1 0 1 1 0 3
Color / Reflectivity of Items in Work Zone 0 1 1 1 0 3
Driver Licensing 0 1 1 1 0 3
Liability 1 0 1 1 0 3
Changing MOT plans 0 0 1 1 1 3
FDOT MOT report 1 0 0 1 1 3
Commonplace of Road Work 1 1 1 0 0 3
Driver behavior (general) 1 1 1 0 0 3
Lane Shifts 1 1 0 0 0 2
Temporary Rumble Strips 0 0 0 1 1 2
Side Street Control during Lane Closures 0 1 0 1 0 2
Flagger / Worker Training 1 0 0 1 0 2
Highway Advisory Radio 0 1 0 1 0 2
TDC Speed Signs 1 1 0 0 0 2
Alternate Routes & Detours 0 1 0 0 1 2
Productivity or money outweighs safety 1 0 0 1 0 2
Human Toll of Work Zone Crashes 0 1 1 0 0 2
Driver Training for Those Ticketed in Work Zones 0 0 1 1 0 2
Recurring crash sites 1 0 0 0 1 2
Temporary Striping 1 0 0 1 0 2
Temporary Curbing 0 0 1 1 0 2
Type of TCD present / used 0 0 1 0 1 2
Police Rolling Roadblock 0 0 1 0 1 2
Law 0 0 1 0 0 1
Commercial Motor Vehicles 1 0 0 0 0 1
Harmful Even sequencing in reports 0 0 0 0 1 1
Type of channeling device 0 0 0 0 1 1
Worker Fatigue 0 0 0 1 0 1
Hydroplane, Standing Water 1 0 0 0 0 1
Type of Work Being Done 0 0 0 0 1 1
Law Enforcement Positioning with TCD (rolling) 0 0 0 1 0 1
Law Enforcement not part of MOT planning 
process 

0 0 0 0 1 1

Business Access during Construction 0 0 1 0 0 1
End Work Zone Signs Needed 0 1 0 0 0 1
Presence of Temporary TCD 0 0 0 0 1 1
Weather Conditions 1 0 0 0 0 1
Adding WZ data or fields on reports 1 0 0 0 0 1
MOT Devices Hit 0 0 0 0 1 1

 

A total of 14 codes represent agreement among all 5 groups.  Another 10 codes 

indicate agreement among 4 groups, and 15 codes each for agreement among 3, 2, and 1 

groups. 
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Weighted Measure of Intensity 

All mentions of a code within a focus group provide a potentially valuable measure 

of intensity.  Because each focus group varies in size, it was important to weight the 

measure of intensity, based on the size of the group.  Five individual speakers discussing 

a code in a group of six has greater intensity than a similar number discussing an issue in 

a group of ten.  When homogeneous focus group intensity is weighted, measured, and 

summed, an intensity score results.  Equation 1 gives the formula for calculating this 

intensity value. 
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where 
I = Weighted Measure of Intensity 
Si = Unique speakers discussing code in focus group i 
ni = Number of participants in focus group i 

 
For example, “Movement of Construction Equipment” is a discussion topic in all 

five focus groups, with 4, 2, 2, 2, and 6 speakers contributing to the discussion in each 

group respectively.  Since the total number of participants in each focus group is 6, 10, 4, 

8, and 7 respectively, the weighted intensity formula would be applied as: 
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All 69 codes can be calculated for weighted intensity and their values ranked 

accordingly.  While the highest possible intensity measure is 7.6, the highest recorded 
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measure was 4.2, and the lowest 0.2.  The table below depicts code weighting using the 

formula above.   

Table 7. Weighted Measure of Intensity 
Discussion Issue I 

Law Enforcement Static vs. Ticketing 4.2 
Queuing and backups 3.8 
Daytime vs. Nighttime Road Work 3.5 
Driver Speed 3.5 
Law Enforcement Visibility 3.5 
Advanced Notice of Work Zone 3.4 
Driver Distraction (General) 3.3 
Lane Closures / Merge 3.3 
Movement of Construction Equipment 3.1 
Worker Present 3.0 
ITS and Variable Message Signs 3.0 
Advanced Warning  2.6 
TCD Maintenance 2.6 
Work Zone Project Time to Complete 2.6 
Driver Licensing 2.4 
Enhanced Fines 2.3 
Driver Training and Education 2.3 
Work Zone Project Physical Length 1.9 
Impaired Drivers 1.8 
Police Reporting - Narrative & Diagram 1.7 
TCD Clarity of message 1.7 
Photographs as part of reporting 1.6 
Narrow Lanes 1.5 
Law Enforcement MOT Training 1.4 
Work Zone Contributing 1.4 
Changing MOT plans 1.4 
TDC Speed Signs 1.4 
TCD Lighting / Night Visibility 1.3 
Speed Trailers 1.3 
Side Street Control during Lane Closures 1.3 
Highway Advisory Radio 1.3 
FDOT MOT report 1.3 
Alternate Routes & Detours 1.3 
Lane Shifts 1.2 
No Shoulder / Drop off 1.2 
Visual obstruction created by barrels or 
other TCD 1.1 
Location of Crash within the Work Zone 1.1 
Length of Tapers 1.1 
Flagger / Worker Training 1.0 
Driver behavior (general) 1.0 
Flagperson / Worker Action 0.9 
Color / Reflectivity of Items in Work Zone 0.9 

Liability 0.9 
Law Enforcement Positioning with TCD 
(rolling) 0.9 
End Work Zone Signs Needed 0.9 
Artificial Work Lighting at Night 0.8 
Temporary Striping 0.8 
Temporary Rumble Strips 0.7 
Commonplace of Road Work 0.7 
Human Toll of Work Zone Crashes 0.7 
Adding WZ data or fields on reports 0.7 
Productivity or money outweighs safety 0.6 
Driver Training for Those Ticketed in 
Work Zones 0.6 
Worker Fatigue 0.5 
Recurring crash sites 0.4 
Type of TCD present / used 0.4 
Police Rolling Roadblock 0.4 
Hydroplane, Standing Water 0.3 
Temporary Curbing 0.3 
Commercial Motor Vehicles 0.2 
Harmful Even sequencing in reports 0.2 
Type of channeling device 0.2 
Type of Work Being Done 0.2 
Law Enforcement not part of MOT 
planning process 0.2 
Presence of Temporary TCD 0.2 
Weather Conditions 0.2 
MOT Devices Hit 0.2 
Law 0.1 
Business Access during Construction 0.1 
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Composite Ranking of Items 

Recall that according to Morgan, the way to determine the emphasis groups give to 

a code is measuring how many persons in each group mention a code (intensity) and how 

many different groups mention a code (agreement).  He refers to this a “group-to-group 

validation” [35].  To make the results of agreement and intensity rankings more 

meaningful, the measures can be combined to produce a composite list of codes.  The 

composite list seeks to determine those items that have an agreement measure of 4 or 5 

and an intensity in the 80th percentile.  The 80th percentile was chosen, since it represents 

a measure analogous to that of 4 out of 5 groups.  A total of 15 code items met the criteria 

of the composite ranking.  Table 8 is a side-by-side comparison of the codes with an 80th 

percentile intensity (15 codes) and those codes (24) with agreement measures of 5 or 4.  

Both columns in the table are sorted alphabetically for ease of comparison.   

Table 8. Comparison of Intensity and Agreement Measures 
Agreement  Weighted Intensity I 

Advanced Notice of Work Zone  Advanced Notice of Work Zone 3.4 

Advanced Warning   Advanced Warning  2.6 

Artificial Work Lighting at Night  Daytime vs Nighttime Road Work 3.5 

Daytime vs Nighttime Road Work  Driver Distraction (General) 3.3 

Driver Distraction (General)  Driver Speed 3.5 

Driver Speed  ITS and Variable Message Signs 3 

Driver Training and Education  Lane Closures / Merge 3.3 

Enhanced Fines  Law Enforcement Static vs Ticketing 4.2 

ITS and Variable Message Signs  Law Enforcement Visibility 3.5 

Lane Closures / Merge  Movement of Construction Equipment 3.1 

Law Enforcement MOT Training  Queuing and backups 3.8 

Law Enforcement Static vs Ticketing  TCD Maintenance 2.6 

Law Enforcement Visibility  Work Zone Project Time to Complete 2.6 

Length of Tapers  Worker Present 3 

Location of Crash within the WZ    

Movement of Const. Veh/Equipment    

Narrow Lanes    
Queueing and backups    

TCD Clarity of message    
TCD Lighting / Night Visibility    
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Table 8 Continued 
Agreement  Weighted Intensity I 

TCD Maintenance    
Work Zone Project Physical Length    
Work Zone Project Time to Complete    
Worker Present  Highlighted = 4 of 5 groups  
 

When the top 20% of the table for weighted intensity and all agreement measures 

of 4 or 5 are integrated, table 8 is the resulting list of 14 codes.  No ranking of these items 

is necessary, so they are listed alphabetically , for ease of reading between tables. 

Table 9. Composite Codes 
Composite Codes 

Advanced Notice of Work Zone 
Advanced Warning  
Daytime vs Nighttime Road Work 
Driver Distraction (General) 
Driver Speed 
ITS and Variable Message Signs 
Lane Closures / Merge 
Law Enforcement Static vs Ticketing 
Law Enforcement Visibility 
Movement of Construction Equipment 
Queuing and backups 
TCD Maintenance 
Work Zone Project Time to Complete 
Worker Present 

 

Interpreting Analysis – Definition of Elements 

While reducing text and audio to codes is the important first step in qualitative 

analysis, reconstructing content to derive some meaning is equally important.  In 

accomplishing this task, the researcher seeks to create linkages in sometimes subjective 

meaning.  Each focus group participant and each group discussion is unique.  The task for 

the researcher is to find common themes in words to ‘discover’ relationships.  It is from 

those relationships and meanings that we can look beyond mere codes and understand the 

basis of the content.  This process will ultimately allow codes to be transformed into 

potential crash report data elements. 
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The following section examines the composite list of codes by presenting 

descriptions of agreement and synopsizing focus group discussion. 

Creating Linkages 

Advanced Notice of Work Zone—Four of five groups discussed the need for public 

notification of work zone activities, in advance of such work.  The use of print and 

electronic media, and the deployment of variable message boards before construction 

begins were cited as important ways to inform drivers before changes in the driving 

environment occur.  A representative statement from the citizen focus group gives an 

example of the discussion, “I think the community would be better off if there was a 

mailing letting you know what exactly this project is.”   

Advanced Warning Signage—Advanced warning signage was noted as import in 

all five focus groups.  Warning drivers of potential changes in the driving environment 

was cited as important because of factors related to driver expectancy.  An example of the 

discussion is evident in the police focus group where the following was said, “A lot of 

times the construction company will go in and make changes in the pattern or flow of 

traffic and they'll make these changes and there isn't often adequate signs for it.” 

Daytime vs. Nighttime Road Work —Every group discussed differences between 

construction activities occurring during the nighttime versus the daytime.  While there 

was no consensus regarding which time of day was perceived to be safer, the effects on 

both traffic flow and safety were noted and discussed.  A representative comment from 

one of the FDOT focus group noted, “There are also times where we require operations to 

be done at night and you can’t do them in the daytime because of the traffic volume 

impact.” 
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Driver Distraction—Similar to driver speed, driver distraction was noted in every 

group as a significant reason that work zone collisions occur.  Distractions inside and 

outside the vehicle are viewed as important factors for drivers in work zones.  An officer 

from the law enforcement group pointed out, “More and more distractions take place 

inside the vehicle, then they're really not paying attention to what’s going on outside the 

vehicle.”  

Driver Speed—Without fail, every group noted driver speed as one of the very first 

discussion issues that contribute to work zone crashes.  The failure of drivers to comply 

with normal or reduced speed limits in work zones was particularly relevant in focus 

group discussions.  The FDOT focus group conducted in Tallahassee noted, “We try to 

slow them down sometimes 10-20 mph below the speed limit and they continue to travel 

10 mph faster than the speed limit.”  The police confirm the role of speed with comments 

such as, “I got to concentrating at a place that is 45 and they are not usually running 45.”  

The contractor group noted succinctly, “They don’t slow down.” 

ITS and Variable Message Signs—All focus groups discussed the use of variable 

message signs as advanced warning devices and additionally their role as advance notice.  

A representative statement from the FDOT focus group in Lake City was, “Variable 

message boards, keep them up to date…change your message on it a lot.  It keeps them 

looking at it, helps out.” 

Lane Closures/Merges—All focus groups discussed lane closures and merge 

operations as factors in work zone crashes; however, the nature of the discussion was 

varied.  The citizen group discussed driver behavior in merge situations, while other 

groups discussed the warning ahead of a merge, and the place within the merge where 
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crashes occur.  A characteristic comment from the citizen group notes, “Sometimes its 

really unclear if one lane has been closed.”  Another citizen participant added, “I notice 

that’s very irritating you see a sign that says ‘right lane closed ahead,’ and everybody 

jumps in that right lane and they just keep going and going.” 

Law Enforcement Static vs. Ticketing—All groups discussed the importance of 

active law enforcement in work zones, to modify driver behavior.  The use of static patrol 

cars, parked in or near work zones, was noted as not being as effective as the visible car 

and officer engaged in enforcement action.  The citizen focus group noted, “I think that 

there should be an officer or two officers actually walking the construction site in 

between the workers.”  Engineers from the FDOT focus group in Lake City made 

statements like, “We don’t want them (police) sitting on the side of the road, but want 

them writing tickets.” 

Law Enforcement Visibility—Similar to extensive discussion by all groups about 

law enforcement action in the work zone, it was certain among participant groups that 

law enforcement visibility has an impact on driver behavior.  Visible presence of 

enforcement vehicles and officers is seen as relevant to compliance with speed limits in 

work zones.  A representative comment from the citizen focus group notes, “I like the 

fact that they have a highway patrol car there. That always gets my attention. The 

flashing lights.”  A participant from the contractor group adds, “One of the biggest 

deterrents for us that I’ve seen is when you do have an officer out there and the blue 

lights are on.” 

Movement of Construction Vehicles—All groups discussed the movement and 

actions of construction vehicles as potentially contributing, directly or indirectly, to work 
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zone collisions.  Vehicles entering or crossing traffic were noted, as well as slow moving 

vehicles which enter or leave work zone areas.  A comment from the Lake City FDOT 

focus group is representative of the discussion, “I didn’t have such a problem with pickup 

trucks and vehicles that generally can accelerate and get across the road real fast.  But 

when you start putting a 20 ton dump truck trying to run across the road, I don’t like 

that.” 

Queuing and Backups—All groups mentioned rear-end-type collisions as being 

particularly problematic in the work zone setting.  Reductions in speed limits, physical 

changes in the driving environment, and driver actions were all noted as contributing to 

queues and backups.  A representative comment from the police group was, “Traffic 

stops and he rear ends it.”  

Traffic Control Device Maintenance—Four of five groups cited the maintenance of 

traffic control devices as an important factor in evaluating crashes in work zones.  

Misaligned cones and barrels, along with lighting on devices were specifically mentioned 

as relevant.  The contractor group noted, “I know for some of our job sites, we’ve got an 

assigned MOT crew where it’s sometimes two guys and they ride the site all day pretty 

much setting up cones, taking them down, and maintaining what we’ve got that’s out 

there.” 

Work Zone Project—Time to Complete—The long duration of construction activity, 

often months or years, was noted by all groups as a factor in crashes.  Driver 

complacency with warnings and environment changes was believed to occur when 

projects take so long to complete.  A representative comment from the citizen group 

summarizes the issue, “Boy highway construction takes along time.” 
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Workers Present—Every group noted differences in the dangers of a work zone 

when workers and construction activity is present.  All groups indicated that it was a 

relevant factor in crashes whether or not workers are present.  One comment from the 

citizen group relates, “So they don’t slow down figuring, well I can wait because if there 

are no workers there then you are not endangering them.” 

The descriptive summary of how each code was discussed among focus groups is 

quite revealing.  When accompanied by just a few sample quotes from the focus groups, 

the codes become more real and illustrate the process of linking codes back to actual 

content.   

Converting Codes to Data Elements 

Focus group discussion items make up the codes used in qualitative analysis.  

Codes that were determined to be of sufficient importance were subsequently identified 

as potential crash data elements, through a process of linking them with focus group 

content.  The next step in the data element development process is to determine which 

codes have potential value for inclusion in an effort to improve crash data.  Moving 

potential codes to data elements requires making a determination of whether the data 

sought is available from other resources.   

According to the MMUCC, it is desirable to create linkage to other sources of data 

whenever possible to reduce the burden of data collection at the scene [6].  The term 

linkage here is dissimilar from that which was used in qualitative analysis to clarify 

codes.  In this case, linkage refers to managing data sets so that they can be combined or 

merged.  For example, a traffic crash report would not capture some information about 

injury mechanics, because that information could alternatively be obtained by linking 

with EMS, hospital, or insurance records.   
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Department of Transportation project files would likely be a source for information 

on advance notice and public information efforts, as well as the spatial and temporal 

length of projects.  The speed of the vehicle and the determination of whether speed was 

a contributing cause are current data elements on the Florida Crash Report, as is driver 

distraction.  Law enforcement ticketing activities may be obtained from traffic citation 

records or other data stored within enforcement agencies. 

The role of daytime versus nighttime work is potentially a derived data element, if 

current reporting fields capturing lighting conditions are married with a new element 

capturing workers being present. 

Table 10. Data Linkage 
Composite Codes  Linkage Potential 

Advanced Notice of Work Zone  FDOT project records 
Advanced Warning     
Daytime vs Nighttime Road Work  New Element + Current 
Driver Distraction (General)  Current Report Field 
Driver Speed  Current Report Field 
ITS and Variable Message Signs    
Lane Closures / Merge    
Law Enforcement Static vs Ticketing  Citation Data 
Law Enforcement Visibility    
Movement of Construction Equipment    
Queuing and backups    
TCD Maintenance    
Work Zone Project Time to Complete  FDOT project records 
Worker Present    

 
Elements as Interrogatives / Binary Values 

After codes are filtered using analysis techniques, eight codes remain, that are 

potential work zone crash data elements.  The guidance of the MMUCC requires that data 

elements be appropriate, that is, they must be needed for traffic safety purposes and not 

be administrative in nature [6].  All of the remaining codes meet that requirement.  While 

the MMUCC seeks to minimize the total number of data elements in the interest of 

officer time, the proposition of supplementing data collection does not conflict with that 
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objective.  Since work zone crashes are fairly infrequent events, supplemental data 

collection would not unduly burden individual officers.  Supplemental elements for work 

zones would not be used in cases where there was not a work zone involved.  Null data 

would not be captured. 

Having identified topical work zone issues in the form of codes and subsequently 

linking discussion to form context, it is then possible to form the basis of data collection, 

the data element.  Traditional crash reports make extensive use of terse categories that 

represent data elements and pick lists of attributes.  Attributes are typically given alpha or 

numeric codes to make them suitable for data entry and analysis.  Given the objective of 

broadening data about work zones without burdening officers, the use of interrogative 

statements can speed data collection.  Transforming potential data elements into complete 

questions allows for the use of simple “yes/no” responses from officers.  This allows for a 

more accurate description of work zone features that are sometimes not familiar to police 

officers.  The state of Wisconsin (Figure 2) makes use of “yes/no” input fields, and 

Pennsylvania (Figure 3) employs interrogatives with check boxes to capture certain 

information in their reporting format.  The use of both the “yes/no” input method and the 

interrogative as a data element are both proven techniques for data collection. 

Creating questions from potential data elements is the product of again examining 

the context of focus group discussion.  Stakeholders discuss work zone issues in various 

degrees of detail, and consequently provide insight into their data needs. 
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Figure 8. Data Analysis Process 
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One can determine the type of data they seek, and construct report questions that 

officers can answer, thereby improving the data set.  .It would be impossible to create a 

data element and associated set of attributes for every conceivable work zone incident 

scenario.  Even the availability of multiple attributes cannot satisfy the myriad of 

situations one may observe.  The crash report diagram and narrative are excellent tools 

for documenting things that are not suitable for coding.  Officers often neglect to fully 

utilize the crash report narrative and diagram to document work zone attributes and 

observations.  The supplemental system for collecting work zone incident data can also 

serve as a pointer system, reminding the officer to collect additional information, and 

informing analysts examining the data element that the master crash report form may 

contain additional data.  This bolsters the effectiveness of the supplemental system, 

without duplicating the value of the crash report narrative and diagram. 

Table 11. Converting Elements to Supplemental Report Questions 
Potential Element (Code) Report Interrogative (Yes/No Format) 

Queuing and backups Did a backup or queuing of traffic contribute to the 
crash?  

Law Enforcement Visibility Was an on or off-duty police officer working in the 
construction zone nearby? 

Lane Closures / Merge Did the crash occur within a lane closure or merge 
section of roadway? 

Movement of Construction Equipment Did the movement of construction trucks or equipment 
contribute?   If so, explain the type of equipment or 
vehicle and nature of the movement in the crash report 
narrative. 

ITS and Variable Message Signs Was a variable message sign or arrow board used to 
warn of construction ahead?  If so, please include the 
location in your crash report diagram. 

Worker(s) Present Were workers present in the vicinity of the crash? 
Advanced Warning  Were advanced warning signs in place? Please be 

sure to include the location of advanced warning signs 
in the crash report diagram. 

Traffic Control Device Maintenance Were temporary traffic control devices (signs, 
barricades, cones, pavement markings, etc.) in good 
condition and proper working order at the time of the 
crash?  If “No”, please describe in the crash report 
narrative. 
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By reminding the officer to include the type of construction vehicle or equipment 

and the nature of the movement in the crash report narrative, the data set is accomplished.  

When the officer adds the location and position of message boards and advance warning 

devices to the report diagram, valuable information concerning those two elements is 

documented. 

Supplemental Collection System — Element Testing 

Developing new traffic crash report data elements, specifically for work zone 

incidents, sets the stage for improving the crash data set.  Merely identifying potential 

data elements, however, does not fulfill the objective of this research effort.  The second 

component required for supplementing work zone data collection requires a mechanism 

for actually collecting data at the officer level.  Once such a mechanism is chosen, actual 

testing by field officers, in real crash scenarios, can help transform conceptual 

supplementing of work zone data into an actual proof of concept. 

While creating a simple paper form may be the easiest way to capture additional 

data, it is decidedly not the preferred method.  Using a web-based system allows officers 

to expedite data collection, and takes full advantage of technologies currently available to 

officers.  To implement such an electronic system, technical and operational frameworks 

must be considered.  

Technical Framework of Collection System 

A web-based collection system requires, in its simplest form, a database structure 

and a computer network structure.  Database structure describes the data fields used, 

while the network structure describes the user interface, hosting, and storage systems. 

Using an eXtensible Markup Language (XML) data schema is a requirement for 

this type of activity, since the overall objective is maximum transportability of the data.  
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Any number of commercial databases could be used to create the database structure, but 

since ActiveX controls are a security concern, Microsoft SQL 2000 was chosen.  This 

powerful database application allows for the expedient development of databases using 

tabular systems.  Most importantly, enhanced security features ensure that host systems 

will be protected from potential intrusion. 

Before simply including work zone specific data elements, the prospect of linking 

the supplemental database with a larger traffic crash record system is essential to 

complete data.  Primary key fields must be created to provide the link between 

independent data sets and/or tables used by the database.  The unique and sequential 

“HSMV” number on each Florida Traffic Crash Report Form provides an excellent field 

for linking data sets.  The supplemental database will include an HSMV number that will 

use the same numeric format as the original.  The database will also include a feature that 

returns an error if the user enters a duplicate number.  Subordinate to the HSMV report 

number key field, additional data fields can capture data that duplicates other Traffic 

Crash Report Form data, for the purpose of providing additional linkages, and also to 

make the supplemental database somewhat stand alone.  These additional data fields are 

date, county, officer ID, and location of the crash.  The officer ID is automatically 

captured from the officer login, via an authorized user table.  An additional variable for 

“Long Form” or “Short Form” differentiates the traffic crash report type, based on 

reporting thresholds established by Florida Statute.  This variable provides an additional 

mechanism by which to sort, search, and link the supplemental database with the two 

types of master crash report.  This is beneficial, since “Short Form” reports are not 

considered for Florida statistical reporting purposes.  These reports are however, 
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automated by the FHP, and therefore potentially enhance the overall data set, when 

combined with the supplemental work zone reporting data.  

Having created a database structure to handle the basic data necessary for linking 

the supplemental database, the remainder of the database structure involves the inclusion 

of the twelve data elements that were created herein.  The structure of these data elements 

is simplified by the use of binary codes that represent agreement with the interrogative 

that forms the basis for the element.  For example, the question “Did a backup or queuing 

of traffic contribute to the crash?” would be captured as a yes/no response, and stored in 

the supplemental database as a value of FALSE for “no” and TRUE for “yes”.  The 

figure below depicts the data structure used for the supplemental work zone data 

collection database.  

 

*Florida Traffic Crash Report shown for illustration purposes only 

Figure 9. Supplemental Work Zone Database Structure 

Microsoft ASP.NET was selected to create a simple web-based design interface for 

officers who would use the supplemental database system.  The software offers excellent 
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tools for the user interface and exceptional support for desirable security features.  

Officers accessing the supplemental reporting intranet web page are screened in, based on 

their access to the wireless network and their logon password.  Their ID number is 

automatically captured and that information populates the screen and database.  A date 

picker tool is provided to assist officers with the date field.  Table-driven drop down lists 

are used to assist officers in selecting the county of crash and major work zone project 

locations underway.  Radio buttons are provided to toggle between the “Long Form” and 

“Short Form” report types.  The HSMV report number is a manual entry, with a feature 

that prohibits duplicate numbers being used.  Each of the seven work zone-specific 

supplemental data elements is displayed as a question, listed on the screen for the user to 

see.  “Yes” and “No” radio buttons accompany each question.  Edit rules require one of 

the two buttons to be selected or an error message will appear.  A “Yes” selection is 

saved as a “True” value and a “No” choice is saved as a “False” value in the database.  A 

“submit” button on the bottom of the page allows the user to store the record and exit the 

system.  Minimum data requirements are date, county, location, report type, and HSMV 

number, along with a choice of “Yes” or “No” for each question.  If the minimum data 

requirements are not met, the user cannot save the record and an error message prompts 

them to reconsider the offending value.  Figure 10 depicts a screen shot of the actual web 

page.  

The data collection web page is designed to be simple to use and self-explanatory.  

As part of the web design, however, help is available for officer users to explain 

individual data elements.  Help buttons associated with each data element direct the user 

to a text file where context sensitive help is provided.  The scope of the help file is to 
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better explain the objective of the data element, and provide illustrations or other support 

when appropriate.  

A separate web page was developed for administrative review of the supplemental 

database.  Microsoft ASP.net provides a simple report that lists all records in tabular 

form, with rows representing unique records and columns representing all of the database 

fields.  The data is readily imported into any database project or Microsoft Excel for 

manipulation.  Figure 11 is a screen shot of the ASP.Net report page. 

For purposes of the supplemental work zone data collection system, the existing 

architecture of the FHP system lends itself well to a web-based approach.  Since mobile 

computing, communications, and server systems are currently in place within the agency, 

setting up a database for data collection is quite simple. 

The Florida Highway Patrol computer network provides the backbone for the 

supplemental data collection system.  Every patrol vehicle in the agency is equipped with 

a laptop computer connected to the network via a continuous cellular link.  Officer laptop 

computers are primarily used for applications associated with computer aided dispatch 

and crash reporting software.  Officers also use their computers for accessing local, state, 

and national information systems, obtaining information on persons, vehicles, and 

articles.  The agency recently migrated to an “i-evidence” system that allows troopers to 

catalog property and evidence they seize, prior to entering the items into storage rooms.  

The job of the FHP trooper is highly automated and most personnel are very comfortable 

with their use.  
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Figure 10. Supplemental Data Collection Web Site 



 

 

65

 
 

Figure 11. Work Zone Data Results Screen 
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Laptop computers in each patrol vehicle communicate to a central State of Florida 

shared resource switch via Global System for Mobile Communications (GSM) 

technology.  From the switch, information is routed to various destinations, based on type 

of traffic.  For the purposes of a supplemental work zone database, that information 

would pass to an FHP proxy server, where it would further be routed to a web server.  A 

firewall would enhance protection as the data moves to a database server, and ultimately 

to the storage system.  The figure below depicts the basic architecture of the FHP system. 

 
Figure 12. FHP Mobile Computing Architecture 

Field Implementation and Testing of Collection System 

Knowing the information to collect at the scene of a work zone traffic collision is 

the central purpose of this report.  Creating a mechanism for actually collecting the data 

was a subordinate, but integral component of the effort.  For the concept to be proven, 

however, a demonstration project is required.  The Florida Highway Patrol worked 

closely with the researchers on this project and volunteered to participate in a small pilot 

of the supplemental data collection system.  Troop “G” covers nine northeast Florida 

counties (Nassau, Duval, Baker, Clay, St. Johns, Bradford, Union, Putnam, and Flagler) 

and is based in Jacksonville, Florida.  Since several major road construction projects are 

underway in the troop, they were selected to test the supplemental system.  The troop is 

large enough to obtain a reasonable usage, but far short of a statewide rollout of the 

product. 
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Florida Highway Patrol Director Colonel Christopher A. Knight issued a 

memorandum to all 147 sworn personnel assigned to Troop “G”.  The memorandum 

provided information about the supplemental work zone system and directed them to use 

the system anytime they conducted a traffic crash investigation in a work zone.  In 

addition, the logon screen for individual officer laptop computers displayed a reminder 

message to troopers.  Within the first 5 days of implementation, several records were 

recorded, indicating that troopers were actively using the system.  Rollout coincided with 

other laptop training given to all personnel during the first week of June 2006, so all 

personnel were able to obtain assistance on the use of the system if required.  Because of 

the familiarity of troopers with both crash reporting and the use of computers, as well as 

the simplicity of the web-based collection system, there were very few user issues.  

Results of Collection 

The early days and weeks of data collection reinforced the acceptance of officers to 

the concept of supplemental reporting using a web-based approach.  The collection 

mechanism proves simple in design and application.  The collection system and pilot 

project continues through the end of 2006. 

Records from the supplemental database were successfully linked to their 

counterpart records in the traffic crash reporting system.  This proves portability of the 

data and reinforces the objective that the work zone crash data set be improved and 

expanded. 

Validation of Elements 

The Model Minimum Uniform Crash Criteria, MMUCC, provides general 

guidelines for work zone data elements.  One or more of these data elements are 

generally used by the states that gather data about work zone crashes.  A priori, one 
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would look to these data elements as the state of the practice, against which potential data 

elements would be measured.   

Two of the four work zone data elements contained in the MMUCC are consistent 

with the results of this research effort.  Essentially, through qualitative research, these 

common data elements are mutually validated. 

“Was the crash in or near a construction, maintenance or utility work zone?”  This 

MMUCC data element is already present in the Florida Traffic Crash Report Form.  The 

Florida form uses “none, nearby, or entered” for attributes while the MMUCC offers, 

“yes, no, unknown”.  Subtle differences in attributes can be potentially complicating, 

creating more justification for binary values, yes/no, although this can also lead to more 

ambiguity.  Because this particular data element is already included in the Florida format, 

it will not be duplicated as part of a supplemental effort. 

“Location of the crash” is an MMUCC data element that seeks to pinpoint the 

location of the crash within the limits of the work zone.  The attributes associated with 

this element are, “before the first warning sign, advanced warning area, transition area, 

work area, termination area”.  These variables do not represent descriptions that officers 

would readily understand, and the values, as depicted in the MMUCC, were not 

supported by qualitative research.  This effort identified “merge areas” and “lane 

closures” as relevant locations within a work zone.  The location of the crash within the 

work zone is simplified by determining if it occurred within a “merge” or “lane closure”.  

The value in pinpointing the location more specifically was not reinforced by research. 

“Workers present?” is another MMUCC data element that directly corresponds to 

the findings of this report.  The attributes for this variable are, “yes, no, or unknown”.  
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Qualitative research produced a high emphasis on the presence of workers, thus the data 

element is valid. 

“Type of Work” is an MMUCC data element that seeks to identify the nature of the 

road work in some general terms.  The attributes for this data element are, “lane closure, 

lane shift/crossover, work on shoulder or median, intermittent or moving work, and 

other”.  Similar to the MMUCC guidance on location, this particular data element may be 

difficult for the officer to identify, given the variety and complexity of work zone 

projects.  The utility of the data element did not screen into a supplemental collection 

system through qualitative research.  The “type of work” data element will be discarded 

for purposes of this effort. 

In addition to the four data elements found in the MMUCC, other data elements 

were derived from the qualitative research process.  These data elements should be 

included in any supplemental data collection effort.  The influence of queuing or backup, 

presence of police in the work zone, nighttime work activity, the presence of advanced 

warning devices, the use of message/arrow boards, and the movement of construction 

equipment were determined to be additional variables of value. 

Comparing the state of the practice data elements of the MMUCC with the data 

elements produced through qualitative research, we find that the latter are more 

encompassing and more representative of stakeholder needs.  Two of four MMUCC 

elements are directly supported, one is supported with modification, and one is not 

supported as relevant.  A total of fourteen data elements were produced through 

qualitative research, representing six new data elements that should be considered for 
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inclusion in any collection methodology that seeks to fully explain the work zone 

incident. 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS  

Conclusions 

With continued demands to improve the roadway transportation infrastructure, it is 

certain that work zones will continue to be a prominent part of the driving environment.  

Since a primary objective of roadway design, maintenance, and improvement is safety, it 

is only logical that the activity undertaken in that improvement, work zones, be made as 

safe as possible.  Understanding roadway incidents in work zones continues to be a way 

in which trends can be identified and countermeasures developed.  The difficulty is 

translating what occurs in actual traffic crashes into data that can be later analyzed. 

Stakeholders have a great deal to contribute when crash reporting systems are 

modified.  This research effort has shown that qualitative research methods are a 

desirable way to capture what stakeholders have to say.  Qualitative analysis has been 

demonstrated to be a viable way in which we can better understand that contribution.   

Qualitative research produced a total of 14 potential data elements for use in 

conjunction with supplementing the work zone data collection effort.  Of those 14 

elements, 8 actually screen in a new collection methodology, given the remainder are 

capable of being obtained through linkages with other data sets.  Advanced warning, law 

enforcement visibility, lane closures and merges, backup and/or queuing traffic, variable 

message signs, moving construction vehicles, traffic control device maintenance, and the 

presence of workers are the elements produced by analysis. 
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Qualitative analysis provides a basis for making conclusions about stakeholder 

input, where mere meetings with interested parties cannot.  While there are many ways to 

approach analysis, this effort determined which items were important by measuring 

agreement between groups and the number of persons within groups who discussed those 

items.  Measuring agreement and intensity provides “group-to-group validation” and 

increases the chances that the correct items are seen as those most significant.  

Qualitative results are desirable, given they are more defensible, and ostensibly more 

valid. 

The second component of enhancing the work zone incident data set involves 

exploring alternative collection mechanisms.  Chapter 4 details the considerations for a 

supplemental collection system.  A desirable solution for supplementing traffic crash 

reporting would be cost effective, not affect current reporting systems, and ultimately be 

palatable for the institutions that are charged with managing crash data.  By creating a 

stand alone web-based collection system, expensive programmatic software and/or form 

changes are avoided, and new data can easily merge with existing data by observing 

XML schema.  Since current reporting systems were not affected by this project, 

institutional support was not an issue.  It was concluded that this was the best approach 

for this project.  

Recommendations  

A tradeoff exists when using law enforcement to supplement work zone incident 

data.  They do not necessarily possess the detailed knowledge of work zone traffic 

control design, nor the FDOT standards indexes that dictate their setup.  They do 

however respond to almost all incidents regardless of time or location, providing 

maximum access to scenes.  While reporting by engineers potentially resolves issues of 
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technical knowledge of work zones, their access is limited by their lack of 24-hour 

availability.  The short-lived nature of the temporary traffic control is precisely the 

variable for which their expertise is needed.  Either methodology has potential, but their 

respective shortcomings should be resolved for best results.  The need to balance access 

and expertise must continue to be evaluated in future efforts. 

Similar to the role that both law enforcement and engineers potentially assume in 

incident reporting, this research illuminated a greater need for law enforcement 

participation in the work zone planning process.  The design and implementation of 

temporary traffic control in work zones can benefit from law enforcement input, to 

promote safety for motorists and officers who travel in those areas.  

Through this research effort, the notion of photographing work zones in 

conjunction with incident investigation received much discussion among stakeholders.  

Although the topic of photography did not screen in as a potential data element, it is 

certain that such a use of technology may bridge the gap between access and expertise.  

Cost-effective digital photographic equipment and readily available storage and retrieval 

systems make routine photography of work zone crashes a tangible proposition.  Such 

applications should be considered for future studies. 

Future Work Zone Applications 

This research has identified ways to supplement the work zone incident data set.  

While this effort originally envisioned a way to apply supplemental collection to all 

crashes that occur in work zones, the pilot test conducted by the Florida Highway Patrol 

revealed that a narrower objective would be more appropriate.  Rather than require 

supplemental work zone data collection in all work zone crashes throughout Florida, such 

a system may be better used in a project-specific way.  The data derived from a specific 
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work zone location, say a major interchange project, would likely be more meaningful 

than an attempt to capture additional data on all work zones.  When married with project-

specific information, the supplemental crash report data would have the potential to be 

much more illuminating.  In addition, a project-specific approach has the potential to 

provide real time data, expediting countermeasures when necessary. 

Other Applications 

Unique crash scenarios are often difficult to study because they occur infrequently, 

because current reporting systems do not adequately address data collection needs, or 

some combination of both.  Like the case of work zones, current traffic crash report 

forms do not contain the level of detail needed for analysis in such cases.  Crashes 

involving school buses or school zones, fatal crashes, crashes involving emergency 

vehicles or motorcycles, or those occurring on bridges are all examples of unique crashes 

where supplemental data collection may be helpful.  A method for identifying data 

elements using qualitative research and collecting data using web-based systems may be 

useful. 
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APPENDIX A 
OVERVIEW OF QUALITATIVE RESEARCH METHODS 

Qualitative research is, “Research involving detailed, verbal descriptions of 

characteristics, cases, and settings.  Qualitative research typically uses observation, 

interviewing, and document review to collect data.”[24]   This form of research is rooted 

in the social sciences and is an excellent vehicle for examining things that may not be 

measurable quantitatively.  Qualitative research can be accomplished through surveys, 

questionnaires, personal interviews, researcher observation, or similar methods.  The 

research seeks to learn more about things in their natural environment through people’s 

attitudes, perceptions, recollections, and feelings. 

Getting people together for the purpose of determining direction for a project need 

not fall victim to problems associated with group dynamics.  One way to potentially 

produce more reliable results is the use of qualitative research.  For our purposes, 

enhancing the content of crash reports is best undertaken as a function similar in 

approach.  Using qualitative research, investigating the topic of crash incident data 

represents a form of collaboration.  Similar to currently used methods, stakeholders such 

as law enforcement, engineers, construction industry representatives, drivers, and safety 

advocates form the basis for input.  But by employing a qualitative research 

methodology, issues related to group dynamics can be minimized and a more reliable 

product is possible.  A more dependable consensus among stakeholders is also possible 

with qualitative methods, since they employ an approach that is grounded in social 

science. 
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To set the stage for qualitative research as a methodology herein, examining several 

qualitative methods will be beneficial.  Delphi technique, survey research, and focus 

groups are qualitative research methods that may be useful.  Survey research streamlines 

the collection and analysis of input from larger audiences, through a systematic method 

of data collection.  When analyzed qualitatively, the content of multiple focus group 

sessions with stakeholders may lend insight into potential data elements.   

Delphi Technique 

The Delphi technique uses iterative ranking methods to determine levels of 

importance.  Like other forms of qualitative research, the Delphi technique is a way to 

obtain information and judgments from participants to facilitate problem-solving, 

planning, and/or decision-making [37].   The technique was developed by the RAND 

Corporation in the 1960s as a forecasting technique.  The US government subsequently 

improved upon the model and promoted its use as a group decision-making tool. 

The Delphi technique can be used in a group setting, or with the proliferation of 

communications technologies like fax and email, conducted independent of actually 

assembling groups of people together.   Not physically assembling participates creates 

logistical advantages that are often appealing to participants and researchers alike.  From 

the perspective of group dynamics, the Delphi technique may hold advantages since the 

technique sidesteps many of the issues that accompany groups of people working 

together.  In either case, the technique is similarly implemented.  Group sizes in the 

Delphi technique range from several people to several hundred. 

The Delphi technique employs an iterative process that encourages people to offer 

their view of the relative importance of an idea, concept, or topic.  Participants are 
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typically knowledgeable concerning the area of study, much the same as the case of an 

expert panel or focus group.  In the case of non-assembled participants, they may respond 

anonymously to a coordinator, who asks questions and then simply assembles the 

responses for redistribution for additional input.  Panelists make individual estimates that 

are summarized and circulated among participants, and each can alter his or her opinion.  

The process is repeated until a consensus is reached.  

To initiate the technique, a coordinator prepares a simple open-ended question and 

asks participants to offer brief ideas.  These ideas usually take the form of words and 

phrases, and not fully developed concepts.  From the responses, the coordinator 

assembles a second questionnaire, requesting participants offer commentary on all of the 

responses.  Participants list strengths and weaknesses of those responses and resubmit 

them to the coordinator.  The coordinator once again reassembles the responses, creating 

a 3rd questionnaire, asking again for input, including new ideas.  This process can 

continue to the point that the coordinator feels that no new thoughts are being introduced. 

After the iterative brainstorming process, the coordinator is charged with resolving 

the results.  Resolution can manifest itself through the emergence of a consensus, at 

which point the process if complete or it can move to the conduct of a formal evaluation 

by the coordinator [37].  If a formal resolution is used, the coordinator will ask 

participants to utilize a scale to rank ideas on a continuum from zero to seven (or other 

number), with zero being the least weighted and the upper limit, the most effective in 

dealing with the issue.  Responses are tabulated to create a rank-order listing of the ideas. 

Another way to implement the formal resolution is the use of Nominal Group 

Technique for participant “voting” for ideas [37]   In this case, the members are asked to 
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identify the top five ideas and assign numeric points to the most promising, on a 

descending scale to the least promising of the five.  The “votes” are tallied by the 

coordinator who again creates a rank-order listing of ideas, based on the number of votes 

each received. 

Depending upon the subject studied, the process of ranking that is described above 

may also have to be iterated, to form a statistically suitable result.  Showing panelists the 

results of first iteration ranking may allow for clarification, discussion, or re-evaluation 

by the panelists.  This can be helpful when responses do not reveal clear conclusions. The 

final ranking process should produce a consensus, and a subordinate list of next best 

group choices. 

Variations of the Delphi technique alter the number of participants, the number of 

iterations, the number of graphic scoring points, anonymity of the participants, and the 

definition of statistical consensus.  Implementation of the technique requires the 

researcher have a clear understanding of these factors before entering into the process. 

It should be noted that the Delphi technique mentioned herein is a tool for 

qualitative research.  If properly implemented, Delphi can produce valid results, suitable 

for research, planning, or decision-making, particularly in a monovariable study.  Like 

any form of research, it must be used with competency, credibility and integrity.  The 

results of the Delphi method are statistically arrived at through the process of iterative 

ranking, however one must be reminded that the basis of those statistics are only as good 

as the opinions of the participants[36].  Like any form of qualitative research, participant 

selection is critical. 
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Recently the name Delphi has been attached to efforts where groups are essentially 

led by skilled “manipulators” who seek to move consensus rather than uncover it.  These 

sometimes antagonistic coordinators are neither interested in research nor truth, and their 

misuse of the technique is unfortunate.  Given there is some negative sentiment 

concerning this misuse of the technique, a qualifying statement is in order to separate 

appropriate and inappropriate uses of the Delphi technique.  The Delphi method 

described herein is not related to some of these recent abuses that have been improperly 

associated with the properly used research tool. 

Survey Research 

Perhaps the most recognizable form of qualitative research is survey research.  The 

term “survey” generally describes a method whereby information is gathered from a 

number of people who ostensibly represent a larger population.  Within statistical 

parameters decided by the researcher, the responses of those who are surveyed will be an 

indication of how the larger population would answer the same set of questions.  Reliable 

research data can be achieved with survey research, without the expense of asking 

everyone in the population the same question.   

Survey research takes many forms including self-administered questionnaires 

(mail, online), personal interviews, and telephone interviews.  It may be as innocuous as 

entering your zip code upon entering a web page, or as involved as the complete multi-

page form of the US Census.  Surveys form the basis for everything from consumer tastes 

to major public policy decisions.   

As a form of social/qualitative research, surveys provide a way to collect data when 

observation is not possible.  While they often seek opinion, a well designed survey 
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instrument can mine factual information from individuals as well.  The design of surveys 

and questionnaires is rooted in social science, therefore they offer validity and allow for 

statistical processing of respondent data.  While the technical design of questions and the 

form of the instrument are beyond the scope of this composition, it is sufficient to say 

that, as in other forms of qualitative research, it must be designed with care. 

The premise of a survey is to sample a subset of a larger population.  It is essential 

that the selected sample be representative of the population being studied.  Surveys can 

quantify variables to make statistical conclusions about cause and effect.  They can also 

be used as a gauge of public opinion, as is the case in the plethora of polls conducted by 

academic, media, and marketing entities.  

Survey research generally requires adherence to rules governing sample size and 

composition.  If the researcher is not strictly bound by such sampling conditions, a 

general survey can provide some information or insight into an issue, although the results 

would be more an estimation than a provable fact.  Potential respondents might be asked 

to participate in an online survey about traffic safety issues, similar to a recent 

undertaking of the Florida Department of Transportation.  In complying with Federal 

requirements for states to have a Strategic Highway Safety Plan, the FDOT created an 

online survey for the purpose of gauging the sentiment of stakeholders.  By selecting 

items from a list, respondents are able to offer their opinion about traffic safety priorities.  

A sample of the survey and introductory instructions can be viewed at 

www.dot.state.fl.us/safety/ [38].  Traffic safety stakeholders would potentially makeup 

the population for potential respondents in an effort to identify crash reporting variables 

or content changes in reports. 

http://www.dot.state.fl.us/safety/
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Figure 1 - Florida DOT Online Safety Survey 

While surveys offer advantages in terms of time and money, they are not capable of 

probing an issue any deeper than the original question.  The designer of the survey must 

have a clear concept of the questions, before they are asked, because there is no 

opportunity to rephrase or clarify with the respondent.  For example, a questionnaire is 

generally reduced to the least common denominator for all of the potential respondents, 

often neglecting specifics that may be more appropriate for some than others [36].  

Unlike the open-ended questions used in the focus group and Delphi method, the survey 

is sometimes limited by the form of the instrument.  This structure limits the exploratory 
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value of the survey, when compared to the other qualitative methods, making them less 

effective at exploration. 

Analysis of surveys involves the use of descriptive and inferential statistics.  

Descriptive statistics allow the researcher to present quantitative information in a way 

that is more easily understood.  When describing single variables or associations between 

two or more variables, descriptive methods like association, regression analysis, or other 

multivariate techniques are used.  Inferential statistics are more common in the social 

sciences, and they make estimates of larger populations from samples.  Test for statistical 

significance and estimations of relationships between variables is generally the basis for 

such methods [24]. 

Using surveys to explore potential crash report data elements may be difficult to 

implement, given the immense volume and diversity of the topic.  They may be 

worthwhile for focusing on specific elements and attributes associated with specific 

scenarios.  Examining how to better capture data about unique crashes, like those 

involving work zones for example, may be sufficiently limited to lend themselves to the 

use of surveys.   

Focus Groups 

Focus groups are a relatively new qualitative research technique, and they are used 

to obtain information from people in a group setting.  Focus groups are defined as, “A 

group of individuals selected and assembled by researchers to discuss and comment on, 

from personal experience, the topic that is the subject of the research.” [37]   They have 

been widely used for marketing purposes, in an attempt to measure consumer opinion or 

sentiment.  In the focus group, a moderator promotes discussion among a relatively small 
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group of individuals.  The group discusses the issue(s) presented by the moderator in 

such a way that their opinions, attitudes, and observations are brought to the surface. 

Group forces and dynamics are seen as advantageous parts of the process with 

participants discussing issues with each other, rather than simply dialoging the 

moderator.  Many researchers believe this process produces richer and more detailed data 

than possible with other research methods [36]. 

The moderator of the focus group creates a comfortable environment for the 

participants and seeks to stimulate their thoughts and discussion by asking a series of 

open-ended questions.  The role of the moderator is an important one, for he/she must 

introduce the topic, use probing questions when necessary, maintain order, and finally 

summarize the meeting.   

Focus group meetings usually last about one to two hours, and are generally held at 

locations suitable for privacy and comfort.  The recommended number of participants for 

focus groups is somewhat subject to debate; 6-10 [39], 5-6 [40], 6-8 [41], and up to 

fifteen [42].  Since some assert that a group of 6-12 is appropriate if the group is 

homogeneous [30]. 

The number of separate focus group sessions to be conducted is another salient 

issue that the researcher must decide.  If only one focus group is used, it runs the risk of 

observing the dynamics of a group and little else [43].  Conducting more than one session 

is desirable, particularly if distinct subgroups are present.  Additional sessions serve to 

increase the available data, and insure that individual group dynamics do not skew 

results.  In some cases, multiple sessions may be conducted with the same group of 

people, particularly when temporal trends may be an issue. 
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Focus groups are a valuable form of social research.  As a qualitative form of 

research, they provide the inputs that are necessary for identifying work zone issues.  In 

some ways, these forums emulate the collaborative process that has been described in the 

development of crash report forms.  Such similarity affirms the appropriateness of the 

method for data collection.  Focus groups were selected as the preferred method of 

qualitative research and data collection for this effort. 



 

 

APPENDIX B 
FOCUS GROUP ADMINISTRATIVE FORMS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

86 

 
  Transportation Research Center 

 
 

Work Zone Data Collection Focus Group Meeting 
 

DATE:   __________________   MODERATOR:   ________________ 

TIME:   __________________   ASSISTANT:   ___________________ 

LOCATION:________________________________________________ 

 

PARTICIPANTS’ LIST (please print your name) 

1) ___________________________________________________________ 

2) ___________________________________________________________ 

3) ___________________________________________________________ 

4) ___________________________________________________________ 

5) ___________________________________________________________ 

6) ___________________________________________________________ 

7) ___________________________________________________________ 

8) ___________________________________________________________ 

9) ___________________________________________________________ 

10)___________________________________________________________ 

11)___________________________________________________________ 
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Transportation Research Center 

 
Data Collection Requirements for Work Zone Incidents 

Focus Group Interview 
 

 
Roadway construction has become a common fixture in our daily travels.  These 
locations can present unique challenges to traffic safety interests, as well as the motoring 
public.  Like many aspects of traffic safety, a better understanding of the contributing 
factors in crashes can potentially lead to new insight and improved countermeasures.   
 
The University of Florida Transportation Research Center, under a grant from the 
Southeastern Transportation Center (STC), is conducting group interviews called “focus 
groups” with FDOT engineers, private contractors, law enforcement, and drivers to 
obtain a better understanding work zones.  By examining the unique perspective and 
expertise of each group, we hope to develop a better understanding of work zone 
dynamics and develop the tools for more effective analysis of crashes in these areas.  
 
Objectives of this focus group exercise: 

1. Identify factors that might contribute to incidents in work zones.  
2. Determine attributes associated with those factors. 

 
Format of this focus group session: 

1. The background, objectives, and benefits of this focus group interview will be 
explained by the moderator. 

2. The moderator will describe the format of the focus group session, and the points to 
keep in mind. 

3. An open-ended question will be presented by the moderator .  
4. For the given question, participants discuss the issue and provide their perceptions 

or opinions relevant to the issue. Additional questions may also be asked by the 
moderator to fully explore the issue.   

5. A total of approximately 4 to 6 questions will be presented.   
 
Points to keep in mind: 

• When possible, discuss the issue in non-technical terms.  Minimize the use of 
acronyms and jargon that may be common within your field of expertise.   

• The terms incident, accident, crash, and collision will all be considered equivalent 
in our discussion of work zones. 

• For efficient use of the time period allotted for the interview, the moderator may 
need to interrupt and/or redirect the discussion, to insure that all questions are 
covered. 
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Informed Consent Form for Focus Group Interview 

Protocol Title: Data Collection Requirements for Work Zone Incidents 
 

Purpose of the research study: 
The purpose of this study is to identify data elements that can potentially be collected at the scene 
of work zone crashes, to better understand the factors surrounding work zone incidents.   
 

What you will be asked to do in this study: 
After everyone in the room introduces themselves, a moderator will lead a group discussion about 
highway work zones, and incidents that occur in those locations.  You will be asked to offer 
opinions about construction zones, and their impact on the driving environment. 
 

Time Required: 
Up to 2 hours 
 

Risks and Benefits: 
There are no risks involved in this study. While we do not anticipate that you will benefit directly 
from participating in this study, it may lead to improved data collection at the scene of work zone 
incidents.  This additional data may contribute to better statistical analysis of work zone incidents, 
and potentially a better understanding of the factors surrounding these incidents.      
 
Compensation: 
There is no monetary compensation for participation in this study. 
 

Confidentiality: 
We will record the names of those participating in this study, however, your name will not be 
associated with your individual comments in the focus group interview. Your name will not be 
used in any published reports and your identity will be kept confidential to the extent provided by 
law. 
 

Voluntary participation: 
Your participation in this study is completely voluntary. There is no penalty for not participating. 
 
Right to withdraw from the study: 
You have the right to withdraw from the study at any time without consequence.  
 

Whom to contact if you have questions about the study: 
Scott S. Washburn, Ph.D, P.E. 
Civil and Coastal Engineering, 365 Weil Hall, P.O. Box 116580, Phone: (352) 392-9537 x1453. 

 

Whom to contact about your rights as a research participant in this study: 
University of Florida Institutional Review Board (UFIRB). 
UFIRB Office, P.O. Box 112250, University of Florida, Gainesville, FL 32611-2250, 
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Phone: (352) 392-0433. 
 
Agreement: 
I have read the procedure described above.  I voluntarily agree to take part in the procedure and I 
have received a copy of this description. 
 
Participant: __________________________________________  Date ____________ 
 
 
Interviewer:__________________________________________  Date ____________ 
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Transportation Research Center 

 
Focus Group Moderator’s Guide 

(Data Collection Requirements for Work Zone Incidents) 
 

This document is designed to assist the moderator in the conduct of focus groups relating to the 

titled research.  The guide covers both administrative and subject matter issues, and is presented 

in a chronological form for ease of use.  Suggested time notations are made in the interest of 

maximizing the time available with the participants. 

 

1) Sign-in Form and Informed Consent Form Distribution (Duration = 5 minutes) 

Each participant is asked to provide his/her name on the Sign-in Form, and fill out the 

Informed Consent Form before taking part in the focus group meeting. The Informed Consent 

Form is required by the University of Florida Institutional Review Board (UFIRB) to ensure 

that the participants were made of aware of the risks and benefits of participating in this study 

by the researchers, and that they voluntarily agreed to participate in it. 

 

2) Welcome and Introductions (Duration = 5 minutes) 

The moderator introduces themselves and any assistant(s) that may be present.  Appreciation 

is offered to participants for their time and participation. Each participant is asked to 

introduce themselves. 

 

3) Overview of Study Background, Objectives, and Benefits (Duration = 5 minutes) 

The background, objectives, and potential benefits of this study will be briefly described by 

the moderator. A separate hand-out can be provided to participants that highlights these 

comments.   

 

4) Explanation of Format and Scope of the Focus Group Session (Duration = 5 minutes) 

The moderator will briefly explain that the session is designed to solicit the ideas and 

opinions of the participants.  The format of the forum will be reviewed, and the moderator 

will establish some simple ‘ground rules’.  The moderator will inform participants that the 

session is being recorded for later analysis, but also assure them that their comments will be 

kept confidential. 
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5) Focus Group Questions 

During the course of each focus group session, several open-ended or subject-specific 

questions will be presented by the moderator to the participants. The participants will then 

discuss each topic amongst themselves and with the moderator. Each question should be 

written on a white board, or presented on an electronic slide, or the like, for all participants to 

easily see. The (tentative) questions are listed below in chronological order with the 

approximate time assigned for discussion of each subject within a two-hour focus group 

meeting. Factors and issues that the researchers thought are worth discussing are presented 

under each question for the moderator to inquire about the importance of the factors, in case 

they are not brought up by participants. Additional questions may also be asked about why 

the discussed factors are important or the participants’ experience related to the factors. 

 

1. Why do work zone crashes occur?  (expected time = 30 minutes) 

Physical features of the roadway 

Issues with MOT and traffic control devices 

Driver behaviors 

Vehicle / Worker characteristics (trucks, exposed workers, etc) 

2. What are positive things that are being done to help the situation?  

(expected time = 20 minutes) 

Advance Warning 

Speed Limits 

Better MOT 

Separation - Barricades, barrels, walls, and other devices 

Enforcement 

Public Information and Education 

3.        What are things that still need to change?  (expected time = 20 minutes) 

Driver behaviors 

Physical design of work zone 

Traffic Control 

Enforcement Issues 

4.      What can we learn from Incidents that occur in work zones? (expected time = 
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20 minutes) 

Role of congestion 

Secondary collisions 

Location of incidents 

Type of collision (rear end, sideswipe, run off the road, with barricades/equipment, 

etc) 

 

6) Concluding remarks and wrap up (Duration = 5 minutes) 

The moderator brings about a conclusion to the discussion of the subject and thanks the 

participants for their contribution.  Volunteers are sought for a follow-up group meeting that 

will be conducted with a composite group at a later date. 

 

 

Strategies for a moderator to solicit input from shy or quiet participants 

The moderator should maximize eye contact with shy or quiet participants to encourage them to 

speak in the discussion.  The moderator can also call on a quiet participant by name. “Jordan, you 

haven’t had a chance to say anything about this. What do you think?” or “Jordan, I don’t want to 

miss what you have to say. Would you like to add something?”   

 

Strategies for a moderator to interrupt remarks when it is necessary  

A moderator is usually not recommended to interrupt participants’ remarks during the meeting. 

There may be cases where the moderator needs intervene (i.e., to redirect discussion when it gets 

off the right track, to give others the opportunity to speak in the discussion, etc.). When it 

happens, the moderator may find a chance to interrupt with some comments observing the 

breathing pattern of the speaker. It should be remembered that a person can not speak while 

inhaling. If a participant says too much, the moderator might say “Thank you, Jordan, that’s been 

helpful. Let’s hear from others in the group”. “Excuse me, Jordan, but what we want to focus on 

now is …” may be said when a participant is getting off the track. A big board showing each 

question will be prepared to get the participants on the right track as well. Asking favor to 

participants about potential need of interruption and clear explanation of the scope of the 

discussion will be helpful.  
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