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Review of Helmet Safety Literature

The vast majority of children and youth between the ages of 5 and 14 ride bicycles, with estimates of 70% (Sacks, Kresnow, Houston, & Russell, 1996). Although cycling confers significant health benefits, the bicycle is associated with more injuries than any other consumer project with the exception of motor vehicles (Wilson, Hoover, Baker, Teret, Shock, & Garbarino, 1991).  Data from the National Highway Traffic Safety Administration (2008) indicate 698 bicyclists were killed and 44,000 were injured in 2007 and 15% of those killed and 29% of those injured were under the age of 16.  These data also show the 10 to 15 year age group had the highest fatality and injury rates, with fatality rates 46% and injury rates 162% more than the average rate for all bicyclists.  Bicycle fatality rates are highest in the state of Florida. 

Head injuries account for 75% of bicycle related deaths and more than two thirds of bicycle related hospital admissions (Brewer et al., 1995; Rivara et al., 1998).  Bicycle helmets have been documented to reduce the risk of head injury by 85% and brain injury by 88% (Thompson, Rivara, & Thompson, 1996).  Another study by Thomas, Acton, Nixon, Batttistutta, Pitt, & Clark (1994) examined crashes in children and found a 63% reduction in the risk of head injury. They also found that the majority of children that receive head injuries were injured in collisions with a motor vehicle, while less serious head injuries involve crashes or falls that did not involve a motor vehicle. Of particular interest is the finding of Rivara et al. (1999) that children and youth who wore poorly fitted helmets were more likely to be injured than those who wore properly fitted helmets.  Foss and Beirness (2000) found that helmet misuse in the 6 to 15 age group was more than double the level observed in the 16 to 30 age group.  These data indicate that countermeasures that target helmet use in this age group must also target appropriate helmet use.

A number of studies indicate that helmet use is lower among young teens than younger children (Schieber et al. 1992; Dannenburg et al., 1992).  A number of studies have attempted to determine why middle school aged children are less likely to wear helmets or respond to education programs and helmet giveaways then elementary aged students.  One factor that appears in many studies is lack of peer support and unappealing helmet design (Lajunen, T., & Rasanen, M., 2001; Liller, Morissette, Noland, & McDermott, 1998).  Another study (Loubeau, 2000) conducted focus group discussions with young adolescents who reported that bicycle helmets were uncomfortable because they were difficult to fit, and made them “feel dumb,” “like a nerd,” “you’re a loser,” “your mother makes you,” “your mother is over protective.”  

Other studies have shown that the introduction of bicycle helmet legislation is associated with both increased helmet use and reductions in bicycle related deaths and injuries (Graitcer, Kellerman, & Christoffel, 1995; Mackinan, & Medenorp, 1994; MacPherson et al., 2002; Wesson, Stephens, Parsons, & Parkin, 2008). A study by Thomas, Hunter, Feagues and Foss (2002) concluded that the law, in North Carolina, mandating helmet use for children ages 0-15 years failed to generate a differential increase in helmet use” and suggest that this law should to be combined with enforcement and promotion of the benefits of proper helmet use. These studies suggest that helmet use should be a major intervention target for middle school-aged children.  

Currently 18 states have laws requiring helmet use for cyclist less than 16 years of age (National Highway Traffic Safety Administration, 2008). Although helmet use laws have been shown to increase helmet use, enforcement of helmet laws for children is relatively rare.  There are several reasons why the enforcement of bicycle helmet use laws is more challenging than the enforcement of motor vehicle laws.  First, drivers of motor vehicles must be in the possession of a valid license.  This provides identification and loss of the driving permit can be a consequence of not paying fines associated with violations.  Young cyclists often do not possess identification, and are not required to have a permit to operate a bicycle.  Second, the person that typically would pay a fine for a child or youth violation is typically the parent rather than the violator. 

One alternative enforcement technique that attempts to overcome these drawbacks is the impoundment of the bicycle, and requiring the parent to retrieve it at the police station with their child, where the safety message was reinforced and helmet ownership was verified or provided before releasing the bicycle (Gilchrist, Schieber, Leadbetter, & Davidson, 2000). This program was paired with education, and a helmet giveaway program. The program was associated with an increase in helmet use from 0% to a mean of 45% for children ages 5-12 with a smaller increase from 0% to a mean of 18% for teens aged from 13-15.  Overall 650 helmets were given away and 167 bicycles were impounded.  The absence of a poor experimental design, however, makes it difficult to determine the overall impact of the impoundment treatment.  Impounding a bicycle would be a more practical approach then attempting to ticket parents for their child’s infraction.  Ticketing parents for their child’s helmet infraction could lead to court challenges and would likely compromise public support.    

Experts in the field are finding that it is so challenging to pass State bicycle helmet laws, that local jurisdictional laws may be a more practical way to increase coverage in areas with significant bicycle use - personal communication with Paula Bawer, National Highway Traffic Safety Administration, and Safety Programs.  Bawer suggests that proclaiming helmet use laws at the local municipal level would be easier to attain by advocacy groups and could even involve middle and high school students interested in promoting bicycle safety in their communities.
The most commonly employed countermeasures to increase bicycle helmet use other than legislation include helmet give away programs and education programs. A review evaluating the effects of bicycle helmet legislation has documented variable increases in helmet use following the introduction of bicycle helmet laws (Karkhaneh, Kalengal, Hagel & Rowe, 2006).  Another strategy for increasing helmet use is the use of a helmet give away program.   Two studies evaluated the effects of a helmet give away program on helmet use (Logan et al., 1997; Parkin et al., 1995).   Parkin et al.  (1995) found an extensive helmet give away program failed to produce an increase in low income students bicycle helmet use.  In another study, Logan et al. (1997) found that a helmet give away program increased bicycle helmet use in elementary aged students from 3% to 38% but had no effect on bicycle helmet use of middle school students.  These data suggest that giving middle school students helmets alone will not increase middle school children’s helmet use.  Parkin, et al. (1993) evaluated the effects of an educational program on bicycle helmet use at 18 Canadian schools.  They found an increase in helmet use from 3.4% to 16% following the introduction of the educational intervention. It is interesting to note that a meta analysis of non-legislative interventions to increase helmet use among children and young people found stronger evidence for effectiveness for studies with short-term follow-up than those with longer-term follow-up (Royal, Kendrick & Coleman, 2007).  Future studies should assess methods of promoting long term helmet use and whether adults maintain helmet use when outside areas under supervision.  One of the few studies examining whether helmet use is maintained when outside the range and time frame when data is typically collected is the Van Houten, Van Houten and Malenfant (2007) study.

Behavior strategies to change transportation safety behaviors related to the use of safety equipment have typically focused on safety-belt use.  Some interventions employed to increase safety-belt use are posted feedback (Malenfant, Well, Van Houten, & Williams, 1996), enforcement (Van Houten, Malenfant, & Rolider, 1985), peer monitoring (Cooper & Phillips, 2004) and incentives and rewards (Geller, Kalsher, Rudd, & Lehman, 1989).  

Van Houten, Van Houten & Malenfant (2007) applied these behavioral strategies to increase the helmet use of middle school children. A program that consisted of peer data collection of correct helmet use, education on how to wear a bicycle helmet correctly, peer goal setting, public posting of the percentage of correct helmet use, and shared reinforcers, all of which were implemented by the school resource officer, increased afternoon helmet use and afternoon correct helmet use in all three schools. Probe data collected a distance from all three schools indicated that students did not remove their helmets once they were no longer in close proximity to the school, and probe data collected in the morning at two of the schools showed that the behavior change transferred to the morning.  Two of the target schools had a history of helmet enforcement in the past while the third school had no history of enforcement. Helmet use increased from 82% to 98% and from 52% to 95% at the two schools with a history of enforcement and from 14% to 45% at the school with no history of enforcement.  These data suggest that the effects of enforcement as part of a comprehensive approach to increase helmet use can lead to higher use levels then when enforcement is absent. 

Review of Adolescent Behavior Change Literature

Many factors can contribute to the participation of school-aged children in community or school-based activities. Fletcher, Glen, Elder, & Mekos (2000) identified parent endorsement and modeling involvement in activities as important elements and Huebner and Mancini (2003) found that endorsement by peers influences involvement.  Further some of these factors can vary across subcultures.  For example, studies of Hispanic youth suggest that parental endorsement can be an important variable in youth participation, while studies of African American youth suggest enjoyment of the activity (Gambone & Arbreton, 1997), getting along with others, and the development of competence and self esteem were important to low income youth from a variety of backgrounds.  

Klassen, MacKay, Moher, Walker, and Jones (2000) indentified community involvement and ownership of the intervention increases the likelihood of modeling and peer pressure that can result to wide scale adoption of a safety behaviors.  Klassen et al. also state that in order to make health or safety messages effective one needs to get teens to perceive a susceptibility to a negative safety outcome, perceive the severity of the condition, and see the benefits of the preventive behavior that outweighs the personal costs of the action.  They also believe that behavioral processes based on social learning theory are needed to accompany the safety message to cement the behavior change.  Examples of these behavioral processes critical to produce a sustained behavior change in youth are modeling, reinforcement and social group contingencies.  A meta-analysis of 120 studies targeting drug use in middle school aged students found that interactive peer interventions produced better results than non-interactive programs led by adults (Black, Tobler, & Sciacca, 1998).

One prerequisite for program success is teen participation.  One variable that has been linked to teen participation is program quality (Walker & Arbreton, 2005).  One of the best ways to achieve high program quality is through hands on programs that provide numerous sources of reinforcement including feelings of empowerment and success.  The goal is to include as many evidence-based procedures as possible to help insure success.  Such a multifaceted program can take advantage of the synergistic interaction of numerous effective variables.  

Program efficacy is also potentiated if students are able to take credit for much of the success of a program.  Program ownership will enhance the feeling of satisfaction engendered in the participants. The curriculums of successful programs also need to take into account relationship building, and altering social norms.  Group goal setting is one way to address the issue of changing social norms (Walker et. al., 2005). 

Evidence also indicates that adults and youth leaders also play a large role in determining whether teens become engaged in programs (Pearce, and Larson, 2006).  Successful programs were found to be related to youth forming personal connections with adult leaders and peers.  Behavioral programs can be designed to establish and support such connections.  

Recommendations and Feedback from Experts in the field

In order to solicit input from a wide range of professionals in the subject matter, through the good offices of Paula Bawer, Bicycle and SRTS Program Manager at NHTSA, emails were addressed to the Listserv mailing list of the following groups or organizations: the State Pedestrian and Bicycle Coordinators; the Association of Pedestrian and Bicycle Professionals; the National Bicycle Safety Network; and the State and Territory Injury Prevention Directors Association.  

Through the good offices of Pat Pieratte, SRTS Coordinator, Florida DOT, emails were addressed to the Listserv mailing list of the following groups or organizations: the Florida SRTS Coordinators; the Florida Pedestrian and Bicycle Coordinators.  Email and telephone communication were also made to the National Center for Safe Routes to School at the University of North Carolina; The Oregon Center for Applied Sciences; the North Carolina Highway Safety Resource Center and Safe Kids Tampa.  

Responses to the Listserv solicitation were prompt and many valuable suggestions were provided which will be incorporated in the revised or second generation helmet safety proposed for this NHTSA study.  The responses to the Listserv solicitation led to additional individual email and/or telephone communications, which in turn led us to additional published studies.  These have been included in the literature review.

After studying each response we received from the professionals in the field we selected the ones that suggested specific and concrete ways to improve the proposed helmet safety program or future iterations of the program.  Many worthwhile ideas were suggested that were not applicable to this research study. It is important to mention that the similar suggestions and ideas come from multiple sources, a clear indication that they were successfully applied in a number of settings. Many of the suggestions we received were already a part of our proposed helmet safety program.

The following summaries the best suggestions we received.  Bevin Maynard from Safe Kids Tampa discussed a program for older Boys and Girls Club members to assist with bike rodeos for younger children.  She found that helmet use of the older students went up, as well as the younger children, as they taught the safety rules.  A number of studies on peer tutoring dating back to the mid 1980s have observed the same effect. Greenwood, Dinwiddie, Terry, Wade, Stanley, Thibadeau and Delquadri (1984) found that teaching a subject reinforces knowledge of the subject.  They found that allowing some students to tutor others was educational for both the tutors and the tutored. Peer tutoring does not require that the tutor be older than the student being tutored. Situations in which both the tutor and the tutored were the same age produced the similar results, Sideridis, Utley, Greenwood, Delquadri, Dawson, Palmer and Reddy (1997).  

In our original helmet studies in Florida, same-aged students were successfully used to collect reliable data on helmet and proper helmet use of their peers when they left school in the afternoon.  Same-aged students were also used to verify proper helmet use and provided corrective feedback to teach proper helmet use.  They also prepared and posted the weekly percentages, of helmet use and proper helmet use, on signs placed at strategic locations in the school to inform the school population.  The participation of students as data collectors, to post weekly helmet use results and to provide positive and corrective feedback to fellow students on proper helmet use is fundamental to developing a sense of ownership by the students and a key component to attaining the program’s objective without requiring undue classroom teacher time. 

We were referred to individuals exploring several innovative approaches to increasing helmet use.  One program used a device that read a Radio Frequency Identification (RFID) tag attached to the child’s helmet or backpack. (O’Connor, 2008)  The sensor is mounted in a post and records school bicycle trips when the cyclist rides under the post.  One drawback of this system is the cost of the infrastructure.  Another drawback is that it would not discriminate a properly worn helmet from an improperly worn helmet or even a helmet attached to the bicycles handlebars.

Shirley Betournay, at Monroe Middle School in Eugene, Oregon generously shared a successful program that she employed that had many elements in common with our program. She reports that helmet usage increased to a consistent 98% - 100% in the past year.  There are several components from her program that could be incorporated into our program.  First, information on the law and the degree of safety the helmet offers the child was presented to the children and also sent to parents via a newsletter and E- News.  We will introduce a component to keep parents informed on the progress of the program. Second, Ms. Betournay or the Director contacted the parents to ask them if they were aware that their sons or daughters were not wearing a helmet.  However, this idea could undermine student ownership of the program.  Providing positive feedback to parents of pupils that contribute to and actively participate in the program through the use of emails and/or postcards is one way to reinforce good behavior and generate positive regard for the program by parents, pupils, the school staff and the community.   Third, banners were placed in the bike corral to promote the program.  We might also have the students design the banner in our program.  Placing a large banner in the bike corral so that it is visible to people that walk or ride by the school would give the program community visibility.  Fourth, they encouraged students to decorate their helmets and supply a variety of stickers.  As part of this component the students’ names and emergency numbers are also put inside each student’s helmet.  We think that this is a smart idea and we will discuss this with the participating pupils to see how they would like to decorate their helmets and their bicycles.  One of the ways we are exploring is the possibility of providing attractive reflective tape that they would place on their bicycles when pupils commit to the program by signing a pledge. This would serve three important functions; a) it would give the participants a sense of belonging to a proactive group. b) the reflective tape would make them more visible when riding at night and c) it would facilitate the task of adult data collectors when they collect probe data outside of the immediate school zone. Fifth, the local patrol officers were asked to pull over helmet use violators to educate and warn them.  Sixth, they set up a helmet bank fund.  This may be required to assist pupils that cannot afford to purchase a helmet.  Seventh, they invited paramedics and police officers to classrooms.  We could plan for one or two additional assemblies for this purpose during the middle of the helmet safety program to provide pertinent information, positive feedback, celebrate group successes and to motivate the participants to play an advocacy role. 

Tommy Bensko, Bike Safety Coordinator at Cycles for change in Oakland, Ca. informed us that BMX helmets were very popular among middle school age group. Bensko is also a supporter decorating helmets, police enforcement, with tickets, for helmet noncompliance and police reinforcement, with free ice cream, for helmet compliance.

Claire Dannenbaum, a Roosevelt Middle School parent volunteer in Eugene, OR stressed the need of middle school aged pupils for independence, individualism and peer acceptance.  She emphasized that biking culture should be associated with a sense of responsibility and freedom of mobility. She mentioned middle school aged pupils’ attraction to “green values”, electronic gadgets and sophisticated technology.  She suggests the use of printed handouts for teachers and the use of stylish rainproof book bags, cool hats, and RFID sticker tags as reinforcers.   One of her suggestions, not mentioned by others, was that pick up and drop off for parents should be set back at least a block away from the school for the safety of pupils.  These are good ideas that merit being presented to the middle school participants for consideration.

Theresia Rogerson Health Educator, at the Santa Cruz Health Services Agency, stated that less than 50% of children that live within a mile from school walk or bike to school.  She suggested that we motivate them by providing a number of reasons for biking such as getting in shape, improving our health and protection of the environment.

Allison Kendall, at Kendall Planning in Santa Monica Ca. suggested the organization of “Bike to School Days” and to use Facebook, Twitter, My Space, You Tube to popularize biking. These suggestions are commendable and middle school aged pupils could probably undertake such activities individually and as group projects.  These suggestions would require considerable organization and might be easier to set up at the High School level.

We also contacted Amy Birney and Ann Glang from the Oregon Center for Applied Science.  They have been working on an interactive web based program to teach middle age students to identify hazards.  It appears to us that this approach holds much promise but we do not have the resources to implement such a component in our program.

Focus Group Interviews

We conducted a simple focus group in a middle school that did not have a helmet safety program, in New Brunswick, a jurisdiction with a helmet use law but one in which enforcement is relatively nonexistent.  It became very clear that inaction on the part of school personnel, support staff and school volunteers resulted in a generalized disregard for the law, low numbers of pupils that bike to school and missed opportunities to promote the benefits of safe bicycling.  This also translated in missed opportunities to motivate pupils to undertake initiatives that develop proactive group activities, leadership and sensitize middle school aged pupils to the joys of bicycling.

One meeting with a group of 5 middle school boys that have not had the benefit of a helmet safety program revealed that bicycle safety is not one of their concerns.  All of these students rode bicycles in their immediate neighborhoods, none wore a helmet, and they admitted riding against the traffic. They did not have reflective tape or lights on their bicycles.  Although one of their friends broke a collarbone riding his bike during the summer, there was an attitude of nonchalance regarding bicycle safety. They responded that “It was an accident and accidents happen” when asked if the bike crash could have been prevented.

During the focus group discussion, we learned that although most boys rode bicycles, none rode their bikes to school.  Three of the 5 were driven to school by their parents and lived 3 km from school; one lived within one kilometer and was also driven to school.  When the focus of the questions turned to bike helmets, only 3 of which had helmets, and their response as to why they did not wear them was “I don’t know”, “I only ride my bike in the neighborhood to see my friend”.  I learned that it was a non-issue for them. They didn’t have strong feelings against wearing a bike helmet.  They did not seem to think that it was necessary.  

Comments by the group were more encouraging when the discussion turned the elements of the program.  They reacted well on the prospect of actively participating in fun program where interested pupils would have the chance to set goals, collect data, public post data, and attend assemblies to review progress and celebrate their successes.  The idea of a final pizza party was very well received and they reacted well to the prospect that they would in large measure be running the program with the assistance of an adult coordinator.

A meeting to discuss the issue with the vice-principal revealed that bicycle safety was not on their list of priorities. Nevertheless, we were left with the impression that the school administration would be supportive of our initiative providing that it not unduly disrupts classroom instruction and if the 8 to 10 week program was under the supervision of a trusted coordinator.

The whole exercise was worthwhile because we learned that the students would actively participate in the programs we described to them, not because of their interest in bicycle safety and helmet use but mostly because of the possibility of actively participating in a program where they could assume responsibility, have a sense of ownership combined with fun activities culminating with a final pizza party to celebrate their successes.   We learned that students can be motivated to embrace a cause if we can make it clear to them that with a little effort and a well structured program, they can produce desired changes in their milieu. 

Summary of Program Revisions Based on the Review, Expert Feedback and Focus Group Results.

The following is a summary of the suggestions and ideas we will either incorporate in the NHTSA Helmet Safety Program for middle schools or seriously consider for a second-generation program more adapted for High School students.  We have summarized the suggestions into three groups: Thirteen (13) that came from the Helmet Safety Literature Review; Seven (7) from the Adolescent Behavior Change Literature; Fifteen (15) from the Suggestions and Feedback from Experts in the field; One from the focus group.  In all we have summarized 36 suggestions and because of duplication, they have been regrouped into 29 specific recommendations.  

Recommendations
Eleven (11) of the 29 recommendations are already in the proposed program.  Eight (8) recommendations were made that could enhance items in the program that are already a part of the program.  Five (5) innovative recommendations, not in the proposed program, will be incorporated in the revised program. Five (5) recommendations were made that could not be integrated into the program for various reasons.  Four (4) recommendations could be considered for a new generation program for the High School Level and one (1) could be considered for the elementary level. 

Recommendations that are already a part of the helmet safety program that will remain relatively unchanged:

1. Target not only helmet use but appropriate helmet use.
2. Publicly post feedback on the helmet use and proper helmet use.
3. Facilitate peer monitoring.   In the existing proposed program, peers collect data on helmet use and proper helmet use.
4. Keep required time and work by school staff to a minimum.
5. Arrange for shared reinforcers and celebrate successes.
6. Collect probe data outside the school zone.
7. Make students aware of the negative outcomes and the severity of head injuries.
8. Encourage active teen participation with hands-on tasks.
9. Arrange for group goal setting. 
10. Provide adult support and coordination.
11. Use same-aged peers as tutors to verify proper helmet use.  

Recommendations that will enhance items that are already a part of the program:

1. Encourage police enforcement and warnings.  We will work with the School Resource Officer (SRO) and encourage enforcement and warnings by providing them with an information flyer highlighting the risks and severity of head injuries and the benefits of proper helmet use.
2. Generate peer support.  We will enhance peer support by providing each student an opportunity to verify proper helmet use and to reinforce their peers.
3. Encourage police to provide corrective feedback to students that fail to comply with bike laws.  We will encourage the SRO to warn and even cite students for wrong way biking, failing to stop at traffic lights or stop signs, and riding without lights or reflective materials on their bike after dark.
4. Provide small incentives and rewards.  Although we plan on short assemblies to provide feedback on the progress of the program and provide a lot of social reinforcement combined with a final wrap up pizza party and a raffle of prizes, we will focus more attention on catching students riding safely by giving them a token reward such as a special pen or by sending an email or postcard to their parents. We will also explore the possibility of having peers involved as reinforcing agents.

5. Generate interactive peer interventions.  We will arrange to have the students catch their fellow students riding safely by modeling and role playing activities during one of the assemblies.
6. Keep parents informed. We will be more proactive in providing general information to parents via information flyers and email Listserv messages.
7. Have students sign a pledge.  Although this is already a part of the program, we will enhance the pledge by providing the students with reflective tape for them to put on their bicycles to make them more visible at night.  This will also be useful for the adult probe data collection because this will help them to identify participating students riding their bikes outside the school zone.
8. Invite icons, paramedics and police officers to assemblies.  SROs have played this role in the past and we will attempt to have such people make presentations at assemblies.

Recommendations that we believe will enhance the program that are not part of the existing proposed program:

1. Require parent endorsement. As mentioned above, we will be more proactive in informing parents of the program objectives.  We will provide periodic progress reports.  We will also seek the support of the parents through Home and School Association and/or the school’s List serve to parents.  We will go a step further and send emails or postcards to individual parents to inform them of their child’s contribution to the program and we will arrange to have postcards and positive emails sent to students that are caught riding safely.  These messages will be concise and very specific.

2. Associate helmet use with self-esteem.  Efforts will be made to give credit to pupils for the role they will be asked to play as data collectors, as assistants to organize assemblies and publicly posting the feedback signs.
3. Erect a banner near the bike corral and in plain view of the people that pass by the school.  This will make the program more publicly visible.
4. Facilitate the decoration of helmets, bicycles and book bags etc. with attractive reflective stickers.
5. Associate biking with freedom of movement, getting in shape and green values.

Recommendations that will not be integrated in the program but will be considered for a new generation program at the High School Level:

1. Establish a helmet bank to give away helmets to those that need them.
2. Use Facebook, Twitter, YouTube and MySpace to popularize biking.
3. Encourage and participate in the proclamation of helmet laws at the local level.
4. Establish an advocacy group to promote safe bicycling in the community.

One (1) recommendation that could be considered for the elementary or a new version of the middle school program is the organization of the “Bike to School Day”.
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