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Abstract

Background—Concussions are responsible for numerous emergency department visits and 

hospitalizations among children annually. However, there remains a great deal of confusion about 

how to prevent and manage concussions in youth. To teach children aged 6 to 8 years about 

concussion safety, the Centers for Disease Control and Prevention (CDC) created a mobile gaming 

application called HEADS UP Rocket Blades. This report introduces the game and presents 

findings on its evaluation.

Methods—The aim of the game is to teach children what a concussion is, its commons signs and 

symptoms, how to prevent one, and what to do if one occurs. An early version of the game went 

through two rounds of usability testing with children and parents to obtain initial impressions and 

make improvements.

Results—The first round of usability testing focused on the mechanics of the game. Based on 

feedback from this session, CDC and the developers simplified the messaging and adjusted the 

game’s level of difficulty. The second round focused on the gaming experience. The children 

indicated that they enjoyed playing, and nearly all were able to relay at least one learning 

objective.

Conclusions—Parents and children rated Rocket Blades as a good learning tool and indicated 

that they would download it for personal use.

Keywords

concussion; mobile gaming; health communication

Address correspondence to Jill Daugherty, Centers for Disease Control and Prevention, National Center for Injury Prevention and 
Control, Division of Unintentional Injury Prevention, 4770 Buford Highway NE, Atlanta, GA 30307, USA; jdaugherty@cdc.gov. 

The findings and conclusions in this report are those of the author(s) and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention.

HHS Public Access
Author manuscript
Health Promot Pract. Author manuscript; available in PMC 2020 January 01.

Published in final edited form as:
Health Promot Pract. 2019 January ; 20(1): 22–30. doi:10.1177/1524839918764670.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

In 2013, traumatic brain injuries (TBIs) were responsible for 640,000 emergency department 

(ED) visits, 18,000 hospitalizations, and 1,500 deaths among children 14 years of age and 

younger (C. A. Taylor, Bell, Breiding, & Xu, 2017). A concussion is a type of TBI that is 

caused by a bump, blow, or jolt to the head or by a hit to the body that causes the head and 

brain to move rapidly back and forth. This sudden movement may cause the brain to bounce 

around or twist in the skull, creating chemical changes in the brain and potentially damaging 

brain cells (Centers for Disease Control and Prevention [CDC], 2017). Within the pediatric 

population, a substantial percentage of concussions occur during sports- or recreation-related 

activities (Coronado et al., 2015; Stewart, Gilliland, & Fraser, 2014). Despite increased 

attention to concussions, research has demonstrated that there is still confusion among 

children and parents about how to both prevent concussions and handle them after an injury 

has occurred (Lin et al., 2015; Mannings, Kalynych, Joseph, Smotherman, & Kraemer, 

2014; McKinlay, Bishop, & McLellan, 2011; University of Pittsburgh Medical Center, 

2016). Making sure that parents of youth athletes know what to do if a concussion is 

sustained is critical for reducing the health burden of this injury.

Over the past decade, the CDC’s HEADS UP campaign has designed and disseminated 

concussion awareness materials for coaches, parents, and school and health care 

professionals. The HEADS UP campaign includes a website (www.cdc.gov/headsup) that 

houses information and tools for youth athletes, parents, coaches, and others interested in 

concussion prevention in youth and online trainings for youth sports coaches, clinicians, and 

youth sports officials. While such materials play an important role in concussion education, 

there are limits to the potential impact of didactic delivery modalities in terms of learner 

engagement and content retention (e.g., Höffler & Leutner, 2007). Experiential learning, and 

online gaming in particular, is a potentially promising avenue for education about 

concussion. Previous research has shown that mobile phone–based gaming applications can 

be valuable sources for increasing knowledge and changing behavior for a variety of health 

issues. For example, results from a 34-site study of young cancer patients found that the 

game Re-Mission was highly effective. Players showed a 70% faster acquisition of cancer-

related knowledge, a threefold increase in cancer-specific efficacy, and greater adherence to 

medication regimens (Kato, Cole, Bradlyn, & Pollock, 2008; Tate, Haritatos, & Cole, 2009). 

Specific to the topic of head injuries, these applications have also been shown to increase 

awareness of the dangers of concussion and improve decision making with regard to removal 

from and returning to play (Curaudeau, Sharma, & Rovin, 2011). With this evidence and the 

fact that mobile applications are playing an increasingly prominent role in children’s 

education and entertainment (Ching, Lowenstein, Rejeski, & Thai, 2009; Kabali et al., 2015; 

The NPD Group, 2013), in 2015 the CDC developed an application called “HEADS UP 

Rocket Blades” to teach basic concussion safety to youth ages 6 to 8 years old. The 

application is available to download free of charge to the general public. This article is a 

description of the application development process, formative evaluation, and dissemination 

plans concerning HEADS UP Rocket Blades.
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BACKGROUND

Program Overview and Theoretical Foundations

Using the backdrop of a futuristic world of racing adventures, the game aims to help 

children learn the benefits of engaging in recreational activities in a safe and smart manner. 

Using Sawyer and Smith’s (2008) taxonomy, Rocket Blades can be characterized as a 

preventive and educational public health–focused game. The application seeks to address 

two key behaviors: reporting a possible concussion to an adult and resting after sustaining a 

concussion. The integrated behavioral model (IBM; Montano & Kasprzyk, 2015) informed 

game conceptualization, targeting cognitions such as knowledge and skills necessary to 

report and rest after a concussion. Consistent with IBM, the constructs of habit and self-

efficacy, or confidence in one’s ability to perform these behaviors, were also targeted. Habit 

was an integral component of the game, as game mechanics encourages players to engage in 

the same concussion prevention behaviors with each new level they entered. The construct of 

self-efficacy was applied during the game through repeated opportunities for experiential 

learning, verbal reinforcement, and progressive goal setting (winning the next game level). 

The IBM (Montano & Kasprzyk, 2015) served as a conceptual guide to situate and 

understand the pathways through which Rocket Blades could influence behavior. 

Experiential and instrumental attitudes are described as contributing factors that lead to 

intention or decision to perform a behavior (Montano & Kasprzyk, 2015). Attitudes in this 

context would refer to a player’s overall perception of favorableness or unfavorableness 

toward concussion prevention activities (e.g., reporting a possible concussion to an adult and 

resting after sustaining a concussion). Experiential attitudes would refer to the player’s 

emotional response to the idea of performing the concussion prevention activities. 

Instrumental attitudes would be determined by the player’s beliefs about outcomes of 

concussion prevention activities (Figure 1).

Rocket Blades takes advantage of the fact that at the ages of 6 to 8, children are in a critical 

stage of developing learned attitudes toward injury. Data suggest that a majority of older 

adolescent and young adult athletes will continue to play a sport even after experiencing 

symptoms of a concussion (Llewellyn, Burdette, Joyner, & Buckley, 2014; Meehan, Mannix, 

O’Brien, & Collins, 2013). This behavior may result from learned attitudes regarding 

“toughness” that are reinforced during sport participation. Early intervention to shape safety-

supportive attitudes has the potential to establish healthy behavioral patterns and reshape 

what is considered normative behavior (Kroshus, Gillard, Haarbauer-Krupa, Goldman, & 

Bickham, 2016; Morrongiello et al., 2008). Consequently, it was critical to ensure that the 

content of the game was developmentally appropriate. Children aged 6 to 8 benefit from 

learning that is based on logic and generally would be able to understand that injuries come 

with easily recognized symptoms that can resolve with rest (Kroshus et al., 2016; Piaget, 

2003). The more “invisible” concussion symptoms, such as “feeling foggy” or “trouble 

remembering,” may be more difficult for children of this age to understand (Andrews, 2011). 

Rocket Blades illustrates some of these less-somatic symptoms with concrete graphics and 

cartoons.
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METHOD

Development of the Game

A five-phase digital game–based learning-instructional design (DGBL-ID) model (Zin, 

Jaafar, & Yue, 2009) was used to develop the mobile gaming application. The DGBL-ID 

development process was applied to influence both experiential and instrumental attitudes, 

which are elements to one of the four main constructs represented in the IBM discussed 

above. The five phases of DGBL-ID are as follows:

1. Analysis: Developed a creative brief based on background research to document 

the characteristics of the target audience, learning objectives, and creative 

considerations

2. Design: Created a storyboard design reflecting the game’s proposed settings, 

characters, and interactions

3. Development: Created static images of the game and programmed core game 

mechanics

4. Quality assurance: Tested a prototype to ensure quality functionality

5. Implementation and evaluation: Conducted two rounds of usability testing to 

assess learning outcomes

Findings from the formative evaluations informed critical updates to key messages and 

design. CDC successfully implemented the DGBL-ID model to create the Rocket Blades 

application.

Description of the Game

Rocket Blades employs an “endless runner” design in which a player dodges obstacles while 

trying to complete a racecourse. The game has six levels, and the racecourse becomes 

progressively more difficult with each subsequent level. A user cannot “beat” the game; 

instead, a user earns a high score and then aims to top his or her high score in future games. 

From a user’s perspective, the goal of the game is for a team of three healthy players to 

successfully complete each game level and collect as many power gems—that is, prizes that 

contribute to a player’s score—as possible. The intention is to teach children about 

concussion while at the same time providing an enjoyable gaming experience.

Before children begin playing, however, they are required to watch a short video. The video 

explains the game and introduces information about concussion safety. Specifically, the 

video introduces the futuristic world of Rocket Blades, defines “concussion,” emphasizes 

the importance of safety gear (helmets), states the importance of avoiding head injury, and 

informs children that resting and taking a break from play after experiencing a head injury is 

essential for recovery.

After the intro video, the game begins in a “tutorial mode” to allow the children an 

opportunity to learn the mechanics of gameplay. The tutorial level also reinforces 

educational messages while orienting children to gameplay. The game is centered on a 

futuristic race where “rocket blades” are similar to rollerblades. The three skaters (players in 
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the game) on the team wear helmets during the race, and children are told that the color of 

each of their players’ helmets indicates brain health (Figure 2). If a player has a green 

helmet, he or she has not injured his or her brain. If the player hits an obstacle or falls, the 

helmet will turn yellow and she or he will start to experience concussion symptoms. The 

child will notice that the player does not move or react as quickly and has blurry vision 

(Figure 3). When one of their players gets a concussion (yellow helmet), children receive a 

message that the player is hurt, they should tell a grown-up, and they should swap their 

injured player for a healthy teammate on the bench.

If a child chooses not to swap out an injured player for a healthy teammate and his or her 

player hits another obstacle, the concussion symptoms get worse and the player’s helmet 

turns red. When this happens, children receive a message indicating that “[you have] hit your 

head while your brain was already hurt. This puts your brain in danger. You’ll need to rest 

and recover before playing again” (Figure 4). If all three players get concussions, then the 

whole team must rest and the level ends.

Children playing the game aim to safely lead their players through the course and 

successfully avoid obstacles to prevent a crash and subsequent concussion. As the children 

keep their players safe, they have the opportunity to collect “power gems.” Power gems are 

worth points, which accumulate to “power up” their spaceship. Injured players are not able 

to collect power gems. If a team fails to complete a level, the doctor and coach provide a 

summary about the negative effects of concussions and the importance of resting after a head 

injury. After completing all six levels of gameplay, players will reach “Galactic City” and 

are rewarded by having their photo taken for the Galactic News using the phone’s built-in 

camera.1 After winning, children are able to see themselves take off in their spaceship to the 

All-Star Party in Galactic City (Figure 5).

Usability Testing

CDC conducted two rounds of usability testing with children and parents in January 2015 

and May/June 2016 to determine the following:

• If the gaming application successfully delivered intended concussion messages

• If children enjoyed playing the game

• If children understood the mechanics and objectives of the gaming application

• Whether or not parents felt that Rocket Blades is a learning tool they would 

download for their children

The first round of testing focused on the application’s functionality. A pool of 12 eligible 

participant pairs (one child and one parent) were recruited from a market research and 

product-testing panel. Response saturation was met after nine pairs were interviewed, and 

thus interviewing was halted at that time. All participating children were between the ages of 

6 and 8, were involved in team sports or other athletic activities, and played games on 

1A privacy policy in the game’s tutorial explicitly states that CDC does not save or send the photo. The decision to take a photo within 
the application is optional.
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mobile devices regularly. The sample was divided between boys and girls. Interview guides 

and child-friendly feedback forms were used to solicit feedback from children and their 

parents during testing.

Each testing session for the first round had three distinct parts. The first part was a short 

introductory conversation with the child and the parent that focused on the child’s current 

gameplay behaviors. Next, the parent was escorted to a separate viewing room where they 

watched the child play Rocket Blades on a large monitor. The interviewer asked the child 

questions that focused on the child’s own assessment of his or her gameplay behaviors. The 

second part of the session focused on the task of playing the game. The child was given his 

or her first opportunity to play the game without any guidance from the interviewer. After 

several minutes of gameplay, the interviewer asked the child to pause and answer a series of 

questions about the child’s reactions to the game and to rate the playability and various 

design features of the game. The child was then given a second opportunity to play the 

game. The interviewer again paused the gameplay and asked the child a series of questions 

that focused on the child’s cognitive processing of the information he or she received while 

playing. The third part of the usability testing session began when the interviewer invited the 

parent back into the room. This final conversation with the parent and the child was 

structured around the parent’s assessment of the game, their recommendations for 

improvement, and whether they would be interested in letting their child play.

Numerous changes to the game were made after the first round of testing, including 

simplifying the messaging and expanding the instructions, and thus it was determined that a 

second round was needed. The second round of testing focused on a different set of 

children’s (n = 13) and parents’ (n = 12) perceptions and impressions of the game and the 

content. Sessions were conducted with one child–parent pair at a time. Each testing session 

had three distinct parts: (a) an introductory conversation with the child and the parent, (b) 

the child playing the game without guidance, and (c) final conversations with the child and 

the parent. Each session lasted between 35 and 60 minutes. Interviewers used standardized 

interview guides for usability testing.

At the beginning of each testing session, each child–parent pair were interviewed together 

regarding the child’s experience with and knowledge of concussion, the child’s exposure to 

video and mobile games, and how the pair identify games for the child to play. Following 

this initial interview, the child was taken to a separate room from the parent where he or she 

was asked to play Rocket Blades three times and answer questions about the game after each 

time. The parent was led into a room where he or she could observe the child playing the 

game and was subsequently asked follow-up questions regarding whether he or she thought 

that Rocket Blades was a good learning tool and whether this was the type of game the 

parent would download for his or her child. Parents were also asked general questions about 

concussion awareness.

Analysis

During development, CDC determined that the game would be considered successful in 

achieving its purpose if all of the children understood at least one of the following three 

learning objectives after playing the game. These learning objectives for Rocket Blades were 
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formulated based on (a) research on concussions in youth and (b) research on how youths of 

this age can absorb health-related information (Coronado et al., 2015; Höffler & Leutner, 

2007; Kroshus et al., 2016; Piaget, 2003; Stewart et al., 2014; C. A. Taylor et al., 2017).

1. Hitting your head can cause brain injury (concussion): This is important for 

children to learn because experiencing a concussion in childhood can interrupt 

the normal course of neurological development (Graham, Rivara, Ford, & Spicer, 

2014; Prins & Giza, 2012) and cause long-term changes in behavior (Anderson, 

Godfrey, Rosenfeld, & Catroppa, 2012; Keightley et al., 2014; Li & Liu, 2013; 

Liu & Li, 2013; H. G. Taylor et al., 2015). In Rocket Blades, concussion is 

simulated by implementing strategic changes to gameplay after a character in the 

game hits his or her head on an object. After a skater hits an object, the screen 

blurs (representing blurry vision), the skater’s speed and reaction time slow, and 

the skater is unable to collect gems for the rest of the round (representing 

decreased skill postinjury).

2. You should tell your coach, parent, or another adult if you hit your head: This 

learning objective speaks to the idea that to recover properly from a concussion, 

a child must first let an adult know that the child hit his or her head. This concept 

is conveyed throughout the game through strategic messaging delivered by 

characters depicting a coach and a doctor.

3. You should rest before returning to play and see a doctor after a concussion: The 

final learning objective is based on the fact that once a person sustains one 

concussion, he or she is more likely to sustain another (CDC, 2016; Guskiewicz, 

McCrea, Marshall, & et al., 2003). Individuals who sustain multiple concussions 

tend to have longer lasting symptoms (Chrisman, Rivara, Schiff, Zhou, & 

Comstock, 2013; Corwin et al., 2014) and are more likely to suffer from serious 

neurological consequences later on (Iverson, Echemendia, LaMarre, Brooks, & 

Gaetz, 2012). Therefore, it is critical that if a child is suspected of having a 

concussion, he or she should cease activity, see a health care provider, and get 

cleared for activity before returning to play. In the game, the coach and doctor 

characters encourage children to rest an injured player and let a noninjured 

teammate finish the race. If the children decide to continue playing their injured 

player, their performance will diminish.

To determine if these learning objectives were met, after playing the game in the second 

round of usability testing, a trained interviewer asked each child a series of questions:

• What did you think of that game?

• Did you see/read the messages on the screen? Do you remember what any of 

them said?

• What role does the coach/doctor play?

• Why are they wearing helmets?

• What happens when they fall? What do you think you should do when they get 

hurt?
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• What would you do if this was real life and you fell like that?

• How can a person get an injury to his or her brain?

• If you thought that you had an injury to your brain, would you tell someone?

Answers to the questions were recorded and analyzed for overall themes.

RESULTS

Usability Testing

The first round of usability testing focused on the mechanics of the game. Based on first-

round feedback, CDC and the application developers simplified the messaging, introduced 

the idea of a “player swap” (the ability of the user to switch out an injured player—with a 

yellow or red helmet—for one who is on the bench), and added the introductory video to 

help explain the purpose of the game, better define concussion, and discuss basic rules of the 

game.

An updated version of the game was tested with children and parents during the second 

round of testing. During this second round of testing, all of the children seemed to enjoy 

playing Rocket Blades and found it generally fun and educational. Almost all of the testers 

could point to the purpose of the game (to avoid concussion), understood that they needed to 

switch out injured players to allow them to rest, and clarified their definition of “concussion” 

after playing the game. All of the children understood at least one of the learning objectives 

outlined above, and most were able to report on all three. After getting feedback during this 

round of testing about the messages in the application disappearing too quickly for the 

children to fully comprehend, messages were retained longer on the screen and certain 

messages were further simplified in the final version of the game. Additionally, the tutorial 

level was enhanced because testers stated that they would like more instructions up front 

about how the game works. Most testers indicated that they would recommend Rocket 

Blades to their friends as a fun game to play.

The parents who participated in the second round of testing similarly had positive 

impressions of the game after observing their children play during the testing sessions. All 

of the parents agreed that Rocket Blades was a good learning tool for their children, and 

most said that they were likely to download Rocket Blades for their children to play at home. 

Parents liked Rocket Blades because it clearly captures children’s attention, the information 

presented is easy for the children to understand, it teaches children about an important health 

and safety topic, it is age-appropriate, and it will be free for download.

DISCUSSION

The purpose of this article was to describe the HEADS UP Rocket Blades gaming 

application, which was developed using a systematic approach based on best practices for 

developing health communication programming for children. Findings from the usability 

testing were critical to achieving CDC’s aim of developing an entertaining concussion 

education tool for young children based on the latest science. Ultimately, both children and 

parents rated it as a good learning tool that was able to convey its primary learning 
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objectives. Digital games have long been viewed as a means of child’s play and fantasy, but 

they are also well-suited teaching tools (Murphy et al., 2002). Similar to previous games 

(e.g., Kato et al., 2008; Tate et al., 2009), this evaluation of Rocket Blades has demonstrated 

that it has the ability to increase knowledge and change attitudes. A full evaluation of Rocket 

Blades will be conducted after the application has been launched to the public in order to 

allow CDC to collect data on how often the application is downloaded and how children use 

the application.

Consistent with dissemination strategies used for other CDC HEADS UP products, CDC 

aims to use an innovative and cost-effective approach for dissemination of Rocket Blades. 

The game will primarily be disseminated through partnerships with youth and sports 

organizations. These organizations offer existing and extensive dissemination mechanisms 

like email lists, newsletters, and social media platforms. Furthermore, they offer credibility 

among the target audience. In addition, these organizations are key influencers for 

concussion in sports education efforts and have contact with millions of children and parents 

that CDC would not otherwise be able to reach. Digital or online promotion, such as through 

social media platforms, will also be used. Both of these strategies have been successful in 

the past in disseminating HEADS UP and similar materials (Damschroder et al., 2009; 

Sarmiento, Hoffman, Dmitrovsky, & Lee, 2014).

To help support dissemination, CDC also developed supporting informational materials for 

parent and coaches, including a short video about Rocket Blades, infographics, PowerPoint 

slides, a handout that provides an overview of the game, and a tip sheet for parents that 

includes strategies for talking to their children about concussion safety. All of these 

materials are available for view or download on the CDC HEADS UP website (https://

www.cdc.gov/headsup).

There are a few limitations to this study. First, the sample used to conduct the two sessions 

of usability testing was small and not randomly selected. It is also possible that the parents 

volunteered because they were already aware and concerned about concussions and 

therefore might have already taught their children about concussions and how to avoid them. 

The usability testing was also done in a lab setting and not in the field, which may have 

caused the children place more importance on their answers and to respond differently than 

they would if they were playing the game in a more relaxed setting. Because of these 

reasons, the results that we found cannot necessarily be generalizable to the entire 

population of children age 6 to 8. Finally, it is not clear if there are specific aspects of the 

Rocket Blades game that may be more or less effective, and future research would be helpful 

to examine how particular components of Rocket Blades influence behavior. Despite these 

limitations, findings from the formative evaluation have important implications for efforts 

designed to prevent TBIs among children. CDC’s efforts to increase concussion knowledge, 

embedded in an entertaining but informative context, may more likely influence the behavior 

of children than content distributed in a more didactic manner.
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CONCLUSION

Further research is needed to understand how families are using Rocket Blades and whether 

there are any barriers to its use that can be addressed through an augmented dissemination 

and implementation strategy. CDC plans to collect data from the application after it is 

released to track and analyze the acquisition, engagement, and behavior of users.
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FIGURE 1. 
Integrated Behavioral Model
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FIGURE 2. 
Rocket Blades Screenshot Describing the Meaning of the Skaters’ Different Helmet Colors.
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FIGURE 3. 
Rocket Blades Screenshot Illustrating What It lLooks Like for a Skater to Experience 

Concussion Symptoms.

Daugherty et al. Page 15

Health Promot Pract. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 4. 
Rocket Blades Screenshot Illustrating the Warning Message Children Will Receive if One of 

Their Players Gets Injured After an Initial Concussion.
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FIGURE 5. 
Rocket Blades Screenshot Showing the All-Star Party in Galactic City That the Children 

Reach After Successful Completion of the Game.
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