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Abstract 

 

Concerns regarding the short and long-term effects of sport-related head injury have grown in 

recent decades. The damage incurred by mild traumatic brain injury in the context of collision 

sports has thus received significant attention in both the media and in scientific research. 

Although this field of enquiry largely concerns the neurological impact of acute head injury 

(including concussion), a recent proliferation of research considering more subtle mechanisms 

of brain damage has also taken place. General observations from the study of “subconcussion” 

suggest a potential link between repeated head impacts of a subclinical nature and increased risk 

of neurodegeneration.  

 

The act of intentionally playing the ball with one’s head, or “heading”, is an integral part of football 

gameplay, and has since been identified as a potential vehicle of subconcussive injury. Despite the 

lack of conclusive evidence for a link between the act of heading and increased risk of brain injury, 

both the United States and the United Kingdom have recently taken precautionary measures by 

introducing regulations on junior heading exposure. To date, no empirical study has investigated 

public perceptions of heading as a possible health risk. 

 

The present study explored attitudes of the New Zealand public towards heading in an effort to 

gauge how the factors of scientific uncertainty and precautionary information influence heading-

related risk perceptions. A sample of domestic players and parents of junior players (n= 89) was 

recruited to take part in an online survey. Participants were presented with information 

regarding subconcussion research and the notion of a link between heading and 

neurodegenerative disease.  

 

Individuals presented with a disclosure of scientific uncertainty tended to report a higher level of 

risk attributable to heading compared to controls. Conversely, information regarding 

precautionary measures generally resulted in slightly lower risk perceptions than controls. 

Analysis revealed a medium-large interaction effect between the factors of uncertainty and 

precautionary information (p<.05), illustrating significantly higher risk perceptions when 

uncertainty was paired with a “strong” example of precaution (banning junior heading) compared 

to when uncertainty was associated with an example of weaker precaution (limiting junior 

heading exposure).  

 

The findings show that information on precautionary heading guidelines may act to attenuate 

concerns regarding heading as a possible health risk. Moreover, acknowledgment of the 

uncertainty inherent to current heading research may combine with information on strong 

precautionary measures to prompt a more intuitive and perhaps pessimistic assessment of risk. 

These findings have significant implications for the communication of current and future heading 

guidelines to the public, as transparent risk communication demands honest appraisals of the 

scientific uncertainty and value-laden precautionary judgments that underpin regulatory 

decisions. Considering the potential health risk posed by heading, alongside the general health 

benefits of physical activity; the communication of heading guidelines must take care in 

promoting the safety of at-risk populations while also avoiding the risk of escalating public 

concerns and reducing participation in football. 
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 Introduction 

1.1 Heading in football: emerging concerns 
 

In recent decades, the topic of sports-related head injury has become far more prominent in the 

public discourse and within the scientific community. However, the connection between 

neurodegenerative conditions and certain sporting activities has been apparent for nearly a 

century. The clinical symptoms of “punch drunk”, today recognised as chronic traumatic 

encephalopathy (CTE), were first described by Martland in 1928. The signs of neurodegeneration 

seen in boxers were thought to be the consequence of “single or repeated blows to the head or 

jaw” (p. 1103) and were described as being “Parkinsonian” in nature (Martland, 1928). CTE is a 

neurodegenerative disease that presents numerous symptoms, including memory impairment, 

depression and the ultimate onset of dementia (Baugh et al., 2012), although these symptoms 

may not appear until well after the infliction of trauma (McKee et al., 2009). While evidence 

implicates a link between CTE and repeated concussive head trauma (McKee et al., 2009), the 

current understanding of how repeated subconcussive impacts may contribute to CTE—or to 

neurodegeneration in general—is less conclusive (Mainwaring, Ferdinand-Pennock, Mylabathula 

& Alavie, 2018).  

Bailes, Petraglia, Omalu, Nauman and Talavage (2013) define a subconcussive blow as, “a cranial 

impact that does not result in known or diagnosed concussion on clinical grounds” (p. 1236), 

noting that the repetitive, cumulative nature of these impacts is thought to harbour the 

deleterious effects of subconcussion. Head impacts such as these, as well as rapid acceleration-

deceleration of the body and torso (Bailes et al., 2013), result in the collision of the semisolid 

brain and cerebral fluids with the skull, initiating what is known as the “slosh effect” (Smith et al., 

2012).  

In their review of the literature on subconcussion in sport, Mainwaring et al. (2018) analyse the 

use of 41 unique terms in describing the phenomenon of subconcussion across 56 papers, 

highlighting the potential inadequacy of the term itself: “defining subconcussion by what it is not 

does not tell us what it is” (p. 52). Mainwaring et al. (2018) argue that terms such as 

“subconcussion” and “subconcussive injuries” therefore cannot be operationally defined. In lieu 

of such amorphous terminology, Belanger, Vanderploeg, and McAllister (2016) and Mainwaring 

et al. (2018) suggest using alternative terms such as “head impact”, as there is a suggestion that 

“subconcussive” changes may in fact be indicative of undiagnosed concussive trauma (Forbes, 

Glutting & Kaminski, 2016). Although the notion of subconcussion might currently be considered 

an “elusive theoretical construct” (Belanger et al., 2016), the remainder of this thesis will continue 
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referring to this phenomenon as “subconcussion”, as this represents the predominant 

terminology within the literature being discussed. 

 

Most of the empirical (and anecdotal) focus of CTE research and sports-related head injury has 

traditionally centred on those sports for which head injuries are more likely to occur given the 

nature of the activities involved. For example, boxing has long been associated with progressive 

neurodegeneration due to the sport’s prevalence of mild traumatic brain injury (mTBI) (Gavett, 

Stern & McKee, 2011). Concussion incidence in American football has also drawn considerable 

attention, with the detrimental neuropsychiatric effects of repetitive mTBI (Didehbani, Cullum, 

Mansinghani, Conover & Hart, 2013; Guskiewicz et al., 2005) and evidence of increased CTE 

incidence (Mez et al., 2017) among former players generating widespread concern.  

Although the link between repeated concussions and degenerative diseases such as CTE is not 

entirely clear (Gavett et al., 2011), public and academic interest in sports-related CTE and 

subconcussion has undoubtedly been fuelled by high-profile deaths of former professional 

athletes—and football is no exception. The untimely death of former professional footballer Jeff 

Astle, 59, for instance, garnered significant media attention, with the coroner ultimately 

attributing his accrued neurodegeneration to a career of heading a football (Eaton, 2002). Similar 

cases of footballers exhibiting neurodegenerative pathology have since arisen, including Ling et 

al.’s (2017) study of 14 retired players presenting with dementia. Four of the 6 individuals made 

available for post-mortem examination were diagnosed with CTE, with concomitant pathologies 

arising in all 6 (Ling et al., 2017). Since these men spent an average of 26 years playing the game, 

with the onset of cognitive impairment around age 63; the authors surmised that a probable link 

exists between prolonged exposure to repetitive head impacts and their observed pathologies 

(Ling et al., 2017).  

The act of “heading” in football is a core component of a player’s repertoire, the goal of which is 

typically to initiate contact with the ball at or around the hairline in order to intentionally direct 

the flight of the ball (Kirkendall, Jordan & Garrett, 2001). Cases of neuropathology in former 

players have since highlighted the act of heading in football as perhaps an entirely unique 

mechanism of subconcussive injury. As noted earlier, the literature on sports-related head injury 

is largely concerned with high-impact sports such as American football and boxing, and typically 

focuses on their potential to inflict concussive impacts (e.g., Guskiewicz et al., 2005; Neselius et 

al., 2014; Papa, Ramia, Edwards, Johnson & Slobounov, 2015). However, a growing subset of 

research has begun investigating the nature of repeated, subconcussive impacts in sport (e.g., 

Davenport et al., 2016; Lipton et al., 2013; Stewart et al., 2018), and the act of intentionally 
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heading a football—an event not replicated in any other sporting endeavour—presents a unique 

opportunity to investigate the acute and chronic effects of subconcussive exposure on 

neurological health (Maher, Hutchison, Cusimano, Comper & Schweizer, 2014). 

 

1.2 Heading regulation 
 

In November of 2015, the first case of widespread heading regulation was introduced when the 

U.S. Soccer Federation announced their “U.S. Soccer Concussion Initiative”. This set of guidelines 

was adopted as a means of addressing head injuries in the national game following a 2014 class-

action lawsuit in which a group of parents cited nearly 50,000 concussions among high school 

players during the 2010 season (Yang & Baugh, 2016). Enforced by US Club Soccer, this initiative 

includes a set of guidelines recommending junior players abstain from heading the ball, stating 

that players aged 10 and under “shall not engage in heading, either in practises or in games.” (US 

Club Soccer, 2016). Furthermore, players aged between 11 and 13 are limited to a maximum of 

30 minutes of heading per week during practise, given that this does not exceed 15 to 20 headers 

per week. There is no restriction on heading during games for players in these age groups.  

Following the ground-breaking US announcement, the English Football Association (FA) clarified 

their own stance on junior heading regulation, citing insufficient evidence to follow the example 

of U.S. Soccer (Moore, 2015). However, evidence emerging from FA and PFA (Professional 

Footballers’ Association) funded research highlighting neurodegenerative disease in former 

professional players would ultimately prompt the United Kingdom’s own adoption of junior 

heading guidelines in February of 2020 (The FA, 2020). The FIELD (Football’s InfluencE on 

Lifelong health and Dementia risk) study is a retrospective cohort study of former professional 

Scottish players (Russell et al., 2019). Five of 7 former players presenting with dementia exhibited 

neuropathology consistent with CTE following post-mortem assessment, with similar findings 

among 4 former professional rugby players (Lee et al., 2019). Further, among the 1180 former 

football players and 3807 matched controls of the FIELD cohort to have died, neurodegenerative 

disease was listed as the primary cause of death for 1.7% of former players versus 0.5% of 

controls (Mackay et al., 2019).  

Despite acknowledging that “there was no evidence in the FIELD study to suggest that heading 

the ball was the cause to the link with incidence of degenerative neurocognitive disease”, the FA 

introduced junior heading guidelines to “mitigate against any potential risks” heading poses to 

junior players (The FA, 2020). Unlike the US guidelines, the FA’s announcement does not pertain 

to junior heading during games, and instead recommends that heading should not be introduced 
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to training until the age of 11. These guidelines also stipulate a graduated approach to heading in 

training, wherein the following frequencies are advised: 

 

• Under-12 age group: maximum of 1 heading session per month (no more than 5 headers 

per session).  

• Under-13 age group: maximum of 1 heading session per week (no more than 5 headers 

per session). 

• Under-14 to under-16 age groups: maximum of 1 heading session per week (no more 

than 10 headers per session). 

• Under-18 age group: “Heading drills should be reduced as far as possible”. 

 

1.2.1 Critical reception 
 

To date, these announcements represent the only two instances of widespread heading 

regulation in football’s history, although there are indications that the Union of European Football 

Associations (UEFA) intends to introduce Europe-wide guidelines within 2020 (The FA, 2020), 

and individual clubs appear to be following suit (Hodson, 2020). As might be expected, public 

reception of these guidelines has been mixed (Schuppe, 2015; Topping, 2020).  

Heading guidelines have received praise for restricting both the potential number of concussions 

and subconcussive hits incurred by junior players, a sentiment buoyed on by concerns regarding 

the adverse effects of brain trauma at a highly developmental age (Babikian, Merkley, Savage, Giza 

& Levin, 2015). Others argue that any form of heading regulation may be premature (Kontos et 

al., 2017), noting that heading is relatively rare in the junior game. Studies observing the number 

of headers performed by junior players report averages ranging from ~1 (Forbes et al., 2016; 

Janda, Bir & Cheney, 2002; Kaminski, Cousino & Glutting, 2013) to ~2 (McCuen et al., 2015) 

headers per player per game. Professional cohorts, on the other hand, have estimated players 

carry out between 50 and 2100 headers in a single season, with a median of 800 (Matser, Kessels, 

Jordan, Lezak & Troost, 1998). Notably, the number of headers incurred during training does not 

factor into Matser et al.’s (1998) figures. Some argue that the disparity in heading exposure 

between junior and professional players—apparent in both the number of headers per game and 

the number of games and training sessions carried out per season (Forbes et al., 2016)—should 

not be overlooked. Interestingly, the rarity of junior heading during gameplay is what influenced 

the FA to omit games from the UK’s heading guidelines and focus solely on reducing exposure 
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during training. In this sense, the US and UK heading guidelines are incompatible with one 

another.  

Some critics have noted the somewhat paradoxical nature of opting to regulate junior heading 

based on findings from professional players. The FIELD study has been influential in the 

introduction of the UK’s junior heading regulation; however, their findings indicate professional 

football players as a potentially high-risk population. Some argue the decision to reduce heading 

exposure for junior players is therefore not the logical conclusion to take from the current 

findings of the FIELD study (Malcolm, 2019). The researchers themselves note, “The relevance of 

our findings in elite athletes to recreational soccer participation is not known. These observations 

cannot be applied directly to recreational and amateur soccer players” (Mackay et al., 2019, p. 

1807). Conversely, there appears to be no incentive to regulate heading exposure among the 

population identified as being at an inordinate risk of neurodegenerative disease (Malcolm, 

2019).  

In the context of safety in junior sport, the notion of heading regulation is by no means novel. In 

March of 2016, an open letter signed by 73 academics and public health professionals called for 

the removal of tackling from junior rugby (SportCIC, 2016). Citing the prevalence of “harmful 

contact”, the authors argue that rugby puts players under the age of 18 at a high risk of injury—

including concussion—compared to those in other sports. This desire to increase protection for 

junior players persists across multiple high-contact sports. For example, most parents would 

support age restrictions on tackling in junior American football if this were an option (Chrisman 

et al., 2019). 

Critics often warn of the risk that overregulation in junior sport could lead to increased sedentary 

behaviour (MacDonald & Myer, 2017; Molcho & Pickett, 2011), noting the universal health 

benefits conferred by physical activity (Blair & Morris, 2009; Hiles, Lamers, Milaneschi & Penninx, 

2017; Lautenschlager et al., 2008). Indeed, results of the FIELD study show former players had 

lower all-cause mortality than controls, and were less likely to die from lung cancer or ischemic 

heart disease, leading the authors to suggest that a higher level of physical activity in former 

players was associated with lower levels of smoking and obesity than that of the general public 

(Mackay et al., 2019). Further criticisms suggest current heading guidelines are not stringent 

enough, and that given limitations on heading exposure are arbitrary and risk providing a false 

sense of protection (Schuppe, 2015). Moreover, Dr Dominic Malcolm, Reader in the Sociology of 

Sport at Loughborough University, voices concerns that heading guidelines act simply to appease 

worried parents: “This is not evidence-based policy but a desire to be seen to be doing 

something.” (as cited in Topping, 2020). 
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As will be discussed in more detail, the subject of heading in football as being a possibly 

deleterious mechanism of long-term brain injury represents an issue of scientific uncertainty. 

Despite indications that a career of prolonged heading exposure may underlie cumulative, 

subconcussive damage (Mackay et al., 2019), the clinical significance of heading is not well 

understood (O’Kane, 2016).  

The protective measures introduced in the form of junior heading guidelines reflect a risk 

management approach akin to that of the “precautionary principle,” wherein the limited available 

evidence has prompted decision makers to err on the side of caution.  

These aspects of uncertainty and precaution have significant implications for public health 

intervention, not the least of which pertains to how these concepts are communicated between 

researchers, decision makers and the general public. A 2016 survey from the US revealed most 

people agree with the notion that neurodegenerative disease stemming from repeated brain 

trauma in sport represents a serious public health issue (Dyck & Talty, 2016). This survey also 

showed that the same proportion of adults who consider tackling in American football unsafe for 

pre-high school children (~60%) also believe heading in football is unsafe for children in this age 

group.  

To date, no empirical study has investigated the New Zealand public’s perception of heading in 

football as a possible health risk factor. The remainder of this thesis aims to provide a detailed 

description of the uncertainty and precaution inherent to the issue of heading as a potential 

health risk, and presents an exploratory analysis of the perceived risk that New Zealanders 

attribute to the intentional act of heading in football. Furthermore, this topic is employed as a 

means of investigating communicative health science outcomes influenced by uncertainty and 

precaution, with the aim of contributing to a wider understanding of effective science 

communication under such uncertain conditions.  
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1.3 Thesis structure 
 

This initial chapter has introduced the topic of subconcussion research, including a discussion of 

the concerns regarding heading in football as a mechanism of cumulative brain injury. Chapter 

one also describes two examples of heading regulation adopted in response to these growing 

anxieties, discussing a brief background of the nature and implementation of the recent US and 

UK junior heading guidelines. This introductory chapter closes with an acknowledgment of the 

uncertainty and precaution inherent to junior heading regulation, presenting an opportunity to 

explore the implications of communicating science under these conditions. 

Chapter two provides a review of the subconcussion literature, including a discussion of the key 

findings that have contributed to our current understanding of subconcussion and of how 

participation in football may factor into the development of later-life neurodegeneration. The 

research of interest is separated into three distinct categories: neurobiological, 

neuropsychological and biomechanical findings. The findings of each field are discussed in terms 

of their significance to the subconcussion literature and how each has contributed to our 

understanding of heading as a potential risk. Most importantly, Chapter two aims to illustrate the 

degree of scientific uncertainty that currently pervades the football heading literature. 

Chapter three discusses scientific uncertainty in general, illustrating different forms of 

uncertainty and how these come to permeate certain areas of scientific enquiry. This chapter 

discusses some of the implications that uncertainty presents for policy makers, followed by a 

particular focus on the significance of uncertainty to the practise of science communication, and 

a consideration of how the presentation of uncertainty can influence public perceptions of risk.  

Chapter four introduces the precautionary principle as a decision-rule employed by policy 

makers faced with uncertain risks. Opening with a description of the precautionary principle’s 

history and variety of formulations, Chapter four continues with a consideration of the principle’s 

critical appraisal, highlighting the pros and cons identified by researchers in risk management. 

This chapter also discusses research into the communication of precautionary information and 

the effect this can have on risk perceptions.  

In the fifth chapter, a description of the methods employed in undergoing this investigation is 

provided, including an explanation of the study design and resources used to manipulate the 

experimental factors of uncertainty and precaution.  

Chapter six summarises the main findings of the research component of this thesis. Lastly, 

Chapter seven discusses the relevant theory explaining observed trends in risk perception and 

considers the broader implications of communicating uncertainty and precaution in the context 
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of heading as a potential health risk. The final chapter concludes with a discussion of 

methodological limitations, suggestions and directions for further research in this area. 
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 Subconcussion literature 
 

2.1 Neurobiological findings 

2.1.1 Neuroimaging 
 

Experimental studies employing neuroimaging techniques are among the most important in the 

developing subconcussion literature (Davenport et al., 2016). While there is a substantial 

background of neuroimaging research into concussive head impacts, or mTBI (Shenton et al., 

2012), studies exploring the relationship between repeated subconcussive head impacts and 

changes in the brain’s microstructure have begun to mount, even in patients without a history of 

concussion (Koerte, Ertl-Wagner, Reiser, Zafonte & Shenton, 2012; Lipton et al., 2013).  

The repeated heading of a football as a mechanism for this subconcussive effect on brain anatomy 

was presented as early as 1989, following Sortland and Tysvaer’s (1989) examination of former 

professional players. Thirty-three former representatives of the Norwegian National Football 

Team underwent cerebral computational tomography (CT) scans which were observed for 

evidence of cerebral atrophy (i.e., widening of the cerebral cortical sulci and enlargement of the 

ventricular system). The authors concluded that one third of the examined players exhibited 

cerebral atrophy above normal values and considered this to be a result of “multiple small head 

injuries mainly connected with heading” (Sortland & Tysvaer, 1989, p. 48). However, similar 

studies have yielded conflicting results. For instance, in a study of 25 active players from the 

United States Men’s National Team training camp, magnetic resonance imaging (MRI) findings 

did not support a relationship between reported heading frequency and increased brain 

structural change (Jordan, Green, Galanty, Mandelbaum & Jabour, 1996). There was also no 

significant increase in brain abnormalities compared to a control group of track athletes, with the 

authors concluding, “any evidence of encephalopathy in soccer players relates more to acute head 

injuries received playing soccer than from repetitive heading” (p. 205). 

Notwithstanding their noted limitations (e.g., the lack of comparative CT scans from similar-aged 

Norwegian males; higher age of players considered experienced “headers” of the ball; see 

Sortland & Tysvaer, 1989), each of these studies illustrates a common difficulty in subconcussion 

research. Conventional CT and MRI techniques have proven to be insufficient tools for observing 

the subtle changes in brain structure typical of subconcussive impacts (Koerte, Lin, Willems et al., 

2015), so the findings of these early studies should be considered with caution. Using T1-

weighted MRI scanning—a more sensitive neuroimaging modality (Koerte, Lin, Willems et al., 

2015)—evidence of greater cortical thinning has been observed in former professional players in 

comparison to non-contact athletes (Koerte et al., 2016). Kemp, Duff and Hampson’s (2016) 5-
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year longitudinal study of active amateur footballers (aged 18-19) utilised similar highly sensitive 

MRI scans. However, these yielded no evidence of increased atrophy at baseline or 5-year follow-

up. 

Diffusion tensor imaging (DTI) has proven to be a particularly effective tool in this area, as diffuse 

axonal injury tends to be the most commonly observed brain alteration in mTBI (Koerte, Lin, 

Willems et al., 2015). As a measure of water molecule diffusion in tissue, fractional anisotropy 

(FA) observed through DTI can provide information regarding the integrity of the brain’s white 

matter microstructure (Koerte, Lin, Willems et al., 2015). Amateur football players have exhibited 

a relationship between heading and lower FA within various brain areas, suggesting diffuse 

axonal damage (Lipton et al., 2013). This association was not explained by a history of diagnosed 

concussion and suggests white matter abnormalities may be a result of repeated subconcussive 

heading.  

DTI findings also suggest that female players may be at a greater risk of these deleterious effects, 

with females exhibiting a stronger relationship between heading and lower FA, as well as a 

significantly higher volume of affected white matter (Rubin et al., 2018). Myer et al.’s (2018) 

longitudinal study of female high school football players also illustrates significant changes in 

white matter microstructure over the course of a regular season. Interestingly, this study also 

investigates the potential protective effect of jugular vein compression, finding that players who 

wore a compression collar for the duration of the season did not exhibit the same significant white 

matter changes (Rubin et al., 2018). Compression of the jugular vein aims to reduce outflow of 

blood from the brain, thereby reducing the brain’s overall compliance by filling the vascular 

“reserve volume” and providing some resistance to the slosh effect induced by head impacts 

(Smith et al., 2012).  

Although evidence of white matter abnormalities may signal the importance of DTI studies to 

subconcussion research, consideration of the activities already linked to these changes—beyond 

heading a ball—must also be afforded. Studies observing white matter integrity in abusers of 

alcohol and other addictive substances reveal similar deficits in brain microstructure (Arnone, 

Abou-Saleh & Barrick, 2006), something that few studies investigating the effect of repeated head 

impacts have controlled for (Mainwaring et al., 2018).  

 

2.1.2 Biochemical markers 
 

Another emerging area of subconcussion research that shows promise is concerned with the 

biochemical markers related to neurological damage (Maher et al., 2014). Although neuroimaging 
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techniques and neuropsychological evaluation provide valuable insight into the outcomes of 

sport-related head injury, these processes are often incapable of adequately detecting subtle 

effects such as diffuse axonal injury (Papa et al., 2015). The search for clinically reliable measures 

of monitoring head injury has intensified over the last 10 years, resulting in an influx of traumatic 

brain injury biomarker studies (Papa et al., 2015). To date, CTE is only diagnosable post-mortem, 

therefore, significant incentive has been placed on finding objective biomarkers of the 

neurodegenerative disease that may provide much earlier diagnosis and prognosis (Baugh et al., 

2012). 

CTE pathology is primarily characterised by neuronal loss and deposits of hyperphosphorylated 

tau protein, rendering tau a biological marker of great histological significance (Bailes et al., 

2013). Alosco et al.’s (2017) study of 96 former NFL (National Football League (American 

football)) players investigates the efficacy of total blood plasma tau (t-tau) as an in vivo biomarker 

for CTE, finding that greater repetitive head impact exposure predicted higher levels of tau in 

blood plasma. There were no differences in the plasma tau levels of former NFL players compared 

to controls of the same age (40-69), however, suggesting injuries indicative of CTE were “below 

threshold” for most former players in the study (Alosco et al., 2017). Kawata et al. (2018) examine 

the acute changes in plasma tau levels in current collegiate-level American football players 

following training camps, finding no relationship between rate of subconcussive impacts and 

increased plasma tau. However, the absence of this relationship in these studies perhaps reflects 

the inadequacy of tau as a biochemical marker of subconcussive injury. As a biomarker of general 

cortical axonal damage, plasma tau does not allow for differentiation between distinct 

tauopathies (Alosco et al., 2017), and inconsistencies between plasma and CSF levels of tau are 

known to arise in the head trauma literature (Papa et al., 2015).  

The role of neuroinflammation in mediating subconcussive injury is one of increasing academic 

interest. The neuroinflammation theory posits that axonal injury incurred by cumulative head 

impacts may result in chronic inflammation and a cascade of deleterious effects (Bailes et al., 

2013). Signs of neuroinflammation and early tauopathy have been observed in animal model 

studies, such as in Tagge et al.’s (2018) rat model of concussion. Following induced mTBI, rats 

exhibited blood–brain barrier disruption, microgliosis, neuroinflammation, phosphorylated 

tauopathy, and electrophysiological dysfunction, all of which showed no correlation to 

neurobehavioural dysfunction (Tagge et al., 2018). Evidence of increased neuroinflammation has 

also been observed in a human cohort without any history of concussion, with Koerte, Lin, 

Muehlmann et al.’s (2015) study of 11 former professional footballers observing a relationship 

between heading frequency and increased markers of neuroinflammation compared to former 

non-contact sport controls.  
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Shultz, MacFabe, Foley, Taylor and Cain (2011) employed mild lateral fluid percussion to induce 

head injury in their rat model of subconcussion. Immunohistochemical analysis found a 

significant increase in microglia/macrophages in rats following subconcussive injury compared 

to controls. Microglia are integral actors in the neuroinflammatory response, and their increased 

levels are perhaps indicative of neuroinflammation following repetitive subconcussive events 

(Shultz et al., 2011). Increased levels of nerve growth factor (NGF) and brain-derived neurotropic 

factor (BDNF) in the blood serum of 17 professional football players following a controlled bout 

of heading also suggests a neuroprotective response to microtrauma (Bamac et al., 2011). While 

these neurotrophic factors are argued to be indicators of brain tissue damage (Hicks, Martin, 

Zhang & Seroogy, 1999), these results should be treated with caution, as NGF and BDNF are 

produced by other tissues in the body, and their blood serum levels may simply be a result of 

increased blood-brain barrier permeability (Bamac et al., 2011). 

As in Myer et al.’s (2018) longitudinal study, Smith et al. (2012) also examine the effects of jugular 

compression in reducing traumatic axonal injury due to the slosh effect, although within the 

context of an animal model of concussion. A control group of rats without compression collars 

exhibited greater numbers of axons positive for amyloid precursor protein (APP) following 

concussion, compared to rats wearing a collar at the time of injury (Smith et al., 2012). Reports of 

head injury resulting in eventual Alzheimer’s disease pathology have been linked to increased 

APP expression (Spear, 1995), and abundant accumulation of amyloid plaque presents in 

approximately 50% of CTE patients (Blaylock & Maroon, 2011). It is important to note, however, 

that Smith et al. (2012) aimed to simulate concussion in their rat model, and it is unknown 

whether repetitive subconcussive injury presents the same risk of this “amyloid cascade” and 

subsequent onset of dementia (Spear, 1995).   

Neurofilament light protein (NF-L) is a constituent of the cytoskeleton responsible for supporting 

the growth and function of large myelinated axons (Rubin et al., 2019), and represents a 

promising biomarker of acute neuroinflammation and microtrauma following repetitive head 

impacts (Mainwaring et al., 2018). Neselius et al.’s (2014) study of 30 seasoned amateur boxers 

saw an increase in CSF NF-L in 77% of participants following a bout, compared to that of non-

boxing controls. However, neuropsychological evaluation exhibited no significant difference 

between boxers and controls. Rubin et al. (2019) builds upon the efficacy of NF-L as a biomarker 

with their study of 18 collegiate-level American football players. Analysis of blood samples taken 

pre- and post-training, alongside impact data recorded by mouthguard accelerometers, showed 

that subconcussive impact frequency and magnitude were predictors of increased plasma NF-L 

levels (Rubin et al., 2019). The potential neuroprotective effect of Docosahexaenoic acid (DHA) 

presents an interesting avenue for further research, as the ingestion of DHA by collegiate 
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American football players over the course of a season appeared to attenuate serum NF-L levels 

compared to a placebo control group (Oliver et al., 2016). Similar biomarker results have been 

replicated in a controlled heading experiment, with collegiate-level footballers exhibiting raised 

serum NF-L after both 1 hour and at 22 days following an acute bout of heading (Wallace et al., 

2018). 

S-100β is a calcium-binding protein that reflects injury to glial cells (Zetterberg et al., 2007), and 

is the most commonly examined biochemical marker in the traumatic brain injury literature 

(Papa et al., 2015). Kawata et al. (2017) observed significant increases in plasma S-100β of 

collegiate American football players following repeated subconcussive impacts, with number of 

impacts, as well as the sum of peak linear head acceleration (PLA) and peak rotational head 

acceleration (PRA), significantly associated with these increases. S-100β is also the biomarker 

most commonly found to increase with exposure to heading (Maher et al., 2014), as was observed 

in Stålnacke, Ohlsson, Tegner and Sojka’s (2006) study of 44 female football players. Despite the 

correlation observed between heading and increased S-100β, similar findings in non-contact 

athletes without head trauma potentially signals the protein’s release from other cells like 

chondrocytes and adipocytes, calling into question S-100β’s specificity to the brain (Papa et al., 

2015).  

Mainwaring et al.’s (2018) review of the subconcussion literature highlights biomarker research 

as an area showing particular promise, emphasising the need for further exploratory and 

confirmatory studies. Maher et al. (2014) share this sentiment, acknowledging the great potential 

of both neuroimaging and biomarker studies for assessing concussive and subconcussive 

consequences, given the research continues to be fine-tuned. Biomarker research has not 

received a positive consensus, however, and evidence of no change in biomarkers including S-

100β, NF-L and tau following exposure to heading a football (Dorminy et al., 2015; Straume-

Næsheim, Andersen, Jochum, Dvorak & Bahr, 2008; Zetterberg et al., 2007) illustrates the need 

for further refinement. Mayer et al.’s (2018) review of TBI biomarker research insists a relative 

paucity of biomarkers that are able to provide objective measures of head injury, especially as it 

pertains to the rapidly changing brains of children.  
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2.2 Neuropsychological findings  
 

A prominent subfield of subconcussion research concerns the functional changes brought on by 

repeated mild head impacts. Most behaviours arise from complex interactions between 

structures in the brain, therefore, it holds that any disruption to these processes may result in 

measurable disturbances to functional brain activity (McCrory, Makdissi, Davis & Collie, 2005). 

Cognitive impairment is recognised as a potential short or long-term consequence of concussion 

(Gysland et al., 2012), as well as a major feature of CTE during latter stages of the disease 

(McCrory, Meeuwisse, Kutcher, Jordan & Gardner, 2013). A considerable portion of studies 

discussed here utilise cognitive tests that have proven useful for gauging neuropsychological 

deficit in concussed athletes (Echemendia, Putukian, Mackin, Julian & Shoss, 2001). The subject 

of heading in football provides a unique quandary, however, as the neuropsychological effects of 

subconcussion—independent of concussion—are not well understood (McCrory et al., 2005). 

Tysvaer, Storli and Bachen’s (1989) investigation of former professional football players exhibits 

somewhat abnormal electroencephalography (EEG) readings compared to that of matched, non-

athlete controls—findings that are also replicated in Tysvaer and Storli’s (1989) study of active 

professionals. Neuropsychological testing also exhibited impaired memory and lack of 

concentration in the players within these studies, among other symptoms of mTBI. However, the 

utility of abnormal EEG recordings as a marker of minor brain damage remains questionable, as 

these values lack specificity and such abnormalities are found in ~10% of the population (Spear, 

1995). Similar findings have been observed in active professional (Matser et al., 1998) and 

amateur players (Matser, Kessels, Lezak, Jordan & Troost, 1999), with those involved in football 

faring worse than controls in cognitive tasks including planning and memory.  

Tysvaer and Storli (1989) note that younger players were more likely to exhibit abnormal EEGs 

than older players, a finding the authors suggest could be explained by a combination of smaller, 

weaker necks and less experience of correct heading technique. Yet, as Rutherford, Stephens and 

Potter (2003) point out, such a finding is inconsistent with the notion that EEG abnormalities 

arise in proportion to one’s lifetime exposure to heading. Downs and Abwender (2002) build 

upon these early neuropsychological findings, illustrating poorer cognitive performance among 

US collegiate and professional players compared to collegiate swimmers. Contrary to Tysvaer and 

Sortli (1989), Downs and Abwender (2002) hypothesised that older players would exhibit poorer 

outcomes than their younger counterparts. The resulting cognitive deficit apparent in older 

players supported their hypothesis, leading to the proposal of a dose-response relationship 

between heading exposure and cognitive decline. 
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Further studies have revealed a link between estimated lifetime heading exposure and cognitive 

function, with higher estimates predicting poorer outcomes in neuropsychological batteries 

(Witol & Webbe, 2003); while both recent heading (in the last 7 days) and high lifetime frequency 

combine to make for poorer cognitive outcomes than other such combinations of heading recency 

and frequency (Webbe & Ochs, 2003).  

Lipton et al.’s (2013) multimodal study of amateur football players found those with the highest 

annual frequency of heading exhibited both white matter structural abnormalities (reduced FA) 

and poorer performance on memory tasks than those within a “medium” and “low” heading 

frequency range. Heading frequency exhibited a non-linear relationship with these structural and 

functional changes, introducing the concept of a potential “heading threshold”, above which the 

risk of TBI increases significantly. This relationship prompted Lipton et al. (2013) to suggest that, 

“repair mechanisms may be unable to keep pace with the cumulative injury that occurs beyond 

this degree of exposure” (p. 854). Of note is the apparent disparity between the heading threshold 

for reduced FA and that of poorer cognitive function, with a higher exposure threshold predicting 

the latter (1800 headers per year). The authors assume this difference may relate to differential 

lead times, wherein pathological change (WM abnormalities) precedes the clinical manifestation 

of impaired cognitive function (memory deficit). Svaldi et al. (2017) similarly observe a potential 

non-linear relationship between head impact exposure and neurophysiological change, with 

asymptomatic female players exhibiting decreased cerebrovascular reactivity (CVR)—a known 

biomarker of mTBI—over the course of a season. Levitch et al. (2019) report impaired 

performance on the same cognitive battery employed in Lipton et al. (2013); however, this 

impairment was differentially associated between recent (reduced psychomotor speed) and 

long-term (poorer verbal memory) heading.  

Early research such as the Norwegian (Tysvaer et al., 1989; Tysvaer & Storli, 1989) and Dutch 

(Matser et al., 1998; Matser et al., 1999) studies are widely referenced in the subconcussion 

literature, with their findings supporting a relationship between purposeful heading and 

cognitive decline (Kirkendall et al., 2001). However, Kirkendall et al.’s (2001) review of the early 

subconcussion literature notes the curiously low number of reported concussions in the 

Norwegian studies, citing difficulty in defining concussive episodes as a possible explanation. 

Meanwhile, Matser, Kessels and Troost (2001) illustrate differential consequences of concussion 

and purposeful heading, with each variable leading to impairment in separate domains of 

cognition. As will be discussed further, confounding concussion and subconcussion is just one 

methodological shortfall common to the neuropsychological literature.  
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2.2.1 Confounding concussion & subconcussion 
 

The utility of neuropsychological evaluation for the early detection of concussion is well 

supported in the traumatic head injury literature (Neselius et al., 2014). Concerns regarding the 

neurological consequence of sport-related concussion have also been well documented in recent 

years, buoyed on by research into the increased risk of cognitive impairment resulting from 

multiple concussions throughout a professional career (Guskiewicz et al., 2005). A history of 

multiple sport-related concussions has been linked to increased severity of depressive symptoms 

in former NFL players (Didehbani et al., 2013), while multiple concussions predict higher rates of 

depression diagnosis in amateur football players (Hunter et al., 2018). Both animal models (Tagge 

et al., 2018) and human studies (Terwilliger, Pratson, Vaughan & Gioia, 2016) illustrate the 

increased susceptibility to further head injury that single concussive episodes impose, as well as 

the significantly increased burden of symptoms arising from continued head trauma. 

Killam, Cautin and Santucci (2005) observe neuropsychological dysfunction in concussed 

contact-sport athletes compared to non-concussed and non-athlete controls. Participants 

experiencing concussion within the last 2 years were considered recently concussed, with these 

athletes exhibiting particular deficit in tasks of immediate memory recall. The authors posit that 

this alteration to cognitive functioning may resolve over time, as non-recently concussed athletes 

did not share this outcome, implying some features of cognitive impairment may be transitory in 

nature. Interestingly, contact sport athletes without a history of concussion still performed worse 

than non-athlete controls, suggesting the burden of repeated, subconcussive impacts may still 

result in cognitive sequelae (Killam et al., 2005).  

Talavage et al. (2014) adopt a similar approach by comparing the cognitive performance of 

concussed and non-concussed high school American football players. While non-concussed 

players were initially intended as matched controls for the concussed group, the authors 

discovered a subset of these players who still exhibited neuropsychological dysfunction in the 

absence of clinically observed concussion. Gysland et al.’s (2012) findings seem to contradict that 

of both Killam et al. (2005) and Talavage et al. (2014), wherein neither prior concussion history 

nor exposure to subconcussive impacts related to neuropsychological outcomes following a 

season of collegiate American football. Bailes et al. (2013) questions the sensitivity of cognitive 

assessment tools such as the Automated Neuropsychological Assessment Metric (ANAM) used by 

Gysland et al. (2012), however, suggesting these measures may be insufficient to detect 

subclinical neurological dysfunction in athletes. Pearce (2016) notes that both Talavage et al. 

(2014) and Gysland et al. (2012) only tested for cognitive impairment following an entire season 
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of American football play, whereas the acute consequences of subconcussive impacts would 

ideally be measured within 1 to 10 days of exposure. 

Ellemberg, Leclerc, Couture and Daigle (2007) observe prolonged cognitive deficit in female 

collegiate-level football players for at least 8 months following first-time concussion. Forbes et al. 

(2016), on the other hand, highlights no pre- to post-season difference in neuropsychological 

function between previously concussed and non-concussed female high school players. An 

important factor to note in the neuropsychological literature—and heading studies in general—

is the potential role that subconcussive blows play in the facilitation of cognitive dysfunction, 

including the possible hindrance of recovery following previous insult (Bazarian et al., 2014). The 

average onset of most recent concussion in Forbes et al. (2016) occurred 27 months prior to 

investigation, suggesting this period of time is sufficient to see cognitive dysfunction resolve. 

Forbes et al.’s (2016) neuropsychological test scores might have reflected that of Ellemberg et al. 

(2007) had participants been examined 6-8 months following concussion. Another possible 

explanation for Forbes et al.’s (2016) findings is the low frequency of heading carried out by 

participants, averaging 26.5 headers per player throughout the entire season. Kaminski et al. 

(2013) similarly observed no cognitive deficit in female high school players following a season in 

which players averaged 1 header per game. Female collegiate football players have been shown 

to incur more than twice the exposure to heading than those at a high school level (McCuen et al., 

2015), and a comparison of Ellemberg et al. (2007) and Forbes et al.’s (2016) reported mean 

headers reflects this trend. Therefore, one might expect to observe this difference between 

collegiate and high school players, especially if participants are afforded a far longer recovery 

time.  

Head impacts that do not include intentional heading (e.g., head-to-head, elbow-to-head) are also 

shown to alter cognitive function in professional football players with and without clinically 

diagnosable concussion (Straume-Næsheim et al., 2009). Stewart et al. (2018) made the obverse 

finding of no cognitive deficit arising from unintentional head impacts, while intentional heading 

was significantly associated with reduced performance on psychomotor speed and attention 

tasks. Both intentional heading and unintentional head impacts have displayed independent 

associations with moderate to severe CNS symptoms in amateur football players (Stewart et al., 

2017). Taken together, these studies further highlight the difficulties that arise when attempting 

to parse information regarding the consequences of heading alone from the multiple other factors 

contributing to a player’s total head impact burden. 

Several reviews of the literature identify the confounding of concussion and subconcussion as a 

significant methodological limitation of neuropsychological studies (Kontos et al., 2017; Maher et 

al., 2014; Mainwaring et al., 2018; O’Kane, 2016; Tarnutzer, Straumann, Brugger & Fedderman-
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Demont, 2017). Kirkendall et al. (2001) suggest difficulties in defining concussion may contribute 

to this confounding, and that this issue of semantics might account for the relatively low number 

of concussions reported in early studies such as Tysvaer and Lochen (1991). Attempting to isolate 

any cognitive deficit attributable to subconcussion appears difficult. Players tend not to recognise 

concussion symptoms, and these symptoms are commonly underreported—even when 

recognised (Straume-Næsheim et al., 2009). However, given the well-understood decremental 

effect of concussion on cognitive test performance (Harmon et al., 2013), the potential 

confounding of concussive and subconcussive effects is important to consider. 

 

2.2.2 Limited evidence of dysfunction 
 

Contrary to the findings of early Norwegian and Dutch studies, Straume-Næsheim, Andersen, 

Dvorak and Bahr’s (2005) much larger cohort of Norwegian professional footballers (n=271) 

reports no relationship between cognitive impairment and concussion history or heading 

frequency. Unlike Tysvaer and Lochen’s (1991) findings of mild to severe cognitive decline in 30 

of 37 former professional players, Vann Jones, Breakey and Evans (2014) found impairment in 

only 10 of 92 former professional UK footballers studied (as assessed by completion of the “Test 

Your Memory” questionnaire). This rate of impairment falls in line with that expected of the 

general public, suggesting any cognitive deficit from heading in football may simply be transient.  

Studies comparing different athletic groups likewise yield limited evidence to support the 

relationship between purposeful heading and cognitive impairment. Grouping football players 

into a “moderate-contact” group alongside softball and basketball, Tsushima et al. (2018) observe 

no deficit in neuropsychological function compared to “low-contact” sport athletes (cross-

country, baseball, volleyball, water polo and tennis). “High-contact” sports did exhibit slightly 

poorer performance than the lower contact groups, this dysfunction being attributed to 

cumulative subconcussive impacts in the absence of sport-related concussion (Tsushima et al., 

2018). Notably, athlete groups were determined by relative risk of concussion—hence the 

inclusion of football into a moderate-contact group. The authors admit to this approach qualifying 

as an “indirect assessment” of subconcussive head trauma, as impact exposure in the form of 

heading does not factor into this consideration. Guskiewicz, Marshall, Broglio, Cantu and 

Kirkendall (2002) observe no difference in cognitive battery scores between division 1 collegiate 

football players and controls consisting of non-football athletes and students, nor did heading 

frequency or prior concussion history influence neuropsychological outcomes. The same trends 

are observed between football, rugby, and non-contact athletes in adolescent (Stephens, 
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Rutherford, Potter & Fernie, 2005; Stephens, Rutherford, Potter & Fernie, 2010) and collegiate 

populations (Rutherford, Stephens, Fernie & Potter, 2009). The only significant interaction 

detected in these cross-sectional studies was a slight deficit in performing tasks of attention in 

players with a history of concussion, and this dysfunction was apparent across all sporting 

groups. 

Several studies observe the neuropsychological effects of heading under controlled conditions. 

Gutierrez, Conte and Lightbourne’s (2014) study of female high school players reveals no 

decrease in cognitive battery scores following a series of 15 headers, although a negative 

relationship between neck strength and resultant head acceleration was noted. Koerte et al. 

(2017) likewise observe no deficit following controlled heading; rather, youth football players 

exhibited slightly improved sensorimotor function following training involving exposure to 

heading, an improvement the authors attribute to the “well-known immediate benefits of physical 

exercise” (p. 2393). However, while football players exhibited no reduction in sensorimotor task 

performance from pre- to post-season, they also lacked the improvement on tasks requiring 

inhibition that the control group displayed over the course of the study. This difference leads the 

authors to suggest that the potential cognitive benefits enabled by physical exercise may be offset 

by repetitive head impacts.  

Rieder and Jansen (2011) observe no cognitive deficit attributable to heading when comparing a 

training group’s battery scores to that of matched non-heading controls. Jansen and Lehmann 

(2018) build upon this study by increasing exposure in the heading group to include 4 sessions 

of 100 headers each—aiming to better reflect Lipton et al.’s (2013) reported median of 432 

headers per season for adult amateur players—although this increase still yields no evidence of 

cognitive dysfunction. Gallant, Drumheller and McKelvie (2017) compare the effect of “proper” 

and “improper” heading technique on serial reaction time task (SRTT) performance. To 

manipulate technique, previously inexperienced individuals were recruited and randomly 

assigned to either an experimental group, which received instruction on correct heading 

technique, or a control group, which did not. Following a short heading session, neither group 

exhibited decreased SRTT performance. These results are consistent with previous findings that 

heading during training sessions does not result in any acute cognitive deficit (Putukian, 

Echemendia & Mackin, 2000). That said, critics of this empirical method might question whether 

a 10-minute training session is sufficient to evoke “proper” heading technique in individuals 

lacking any prior experience. 
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2.2.3 Alternative studies of function 
 

Studies investigating oculomotor function have identified near point of convergence (NPC) as a 

potential indicator of subconcussive trauma. NPC measures the nearest point at which an 

individual can maintain convergence (inward eye movement). This adduction is controlled by the 

oculomotor nerve, and an increase in NPC measurement (reflecting poorer oculomotor function) 

is well understood to be a primary indicator of mTBI (Kawata, Tierney, Phillips & Jeka, 2016). 

Increased NPC has now also been observed following exposure to subconcussive impacts in both 

American football (Kawata, Rubin, et al., 2016; Zonner et al., 2019) and football (Kawata et al., 

2016). Kawata et al. (2016) observe increased NPC measures following 10 controlled headers 

compared to a non-heading control group, with this change in oculomotor function persisting for 

at least 24 hours. Kawata, Rubin, et al.’s (2016) investigation of American football players 

illustrates worsened NPC among those in a higher impact frequency group compared to those in 

a lower impact group. This study increased the time period for observation and found NPC 

changes in the high impact group persisted for 3 weeks following exposure to tackling before 

correcting to pre-season baseline. Zonner et al.’s (2019) similar findings support the notion that 

subconcussive impacts have at least a transient effect on oculomotor function, and indicate that 

a higher cumulative impact burden may deter intrinsic mechanisms of repair (Lipton et al., 2013). 

Di Virgilio et al. (2016) utilise transcranial magnetic stimulation (TMS) to discern corticomotor 

inhibition following controlled heading in a group of 19 amateur players. Increased corticomotor 

inhibition, along with worsened memory performance, was measured immediately following 

heading exposure. These results normalised after 24 hours, further suggesting the transient 

nature of functional deficits caused by heading. There is also evidence of a transient effect on 

postural stability following controlled heading (Haran, Tierney, Wright, Keshner & Silter, 2012; 

Hwang, Ma, Kawata, Tierney & Jeka, 2017), although evidence from similar controlled studies 

(Broglio, Guskiewicz, Sell & Broglio, 2004; Mangus, Wallmann & Leford, 2004) and season-long 

observational research (Kaminski, Wikstrom, Gutierrez & Glutting, 2007) contradicts these 

findings. Interestingly, despite observing no change in postural control, Broglio et al.’s (2004) 

controlled heading was carried out with a ball velocity of 55 mph—more than double that of 

Haran et al.’s (2012) study (25 mph). While these inconsistent findings suggest postural stability 

may have limited utility for subconcussion research, O’Kane (2016) notes that this difference may 

be due to Haran et al.’s (2012) use of a more sensitive postural stability measure in the form of 

an infrared motion analysis system. 
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2.2.4 Head injury symptoms 
 

Investigations into the relationship between head impacts and reported symptoms have similarly 

found mixed results. Studies observing no relationship between heading frequency and cognitive 

outcomes nevertheless report a considerable portion of youth players complaining of headache 

symptoms following bouts of heading (Janda et al., 2002; Salinas, Webbe & Devore, 2009). Further 

studies report no change in cognitive performance or symptom disclosure following heading 

among high school and collegiate players (Kontos, Dolese, Elbin, Covassin & Warren, 2011; 

Putukian et al., 2000). This difference in symptom prevalence may be a result of children being 

more willing to report symptoms such as headaches (Salinas et al., 2009), although Janda et al. 

(2002) note there may be some difficulty in differentiating between reported headache resulting 

from “mild head injuries” and reported symptoms reflecting localised pain due to ball impact. 

There is some evidence to suggest that males and females also differentially report symptoms 

following concussive episodes and bouts of heading (Colvin et al., 2009; Jansen & Lehmann, 2018; 

Rieder & Jansen, 2011), with females being more likely to complain of symptoms than males, 

although this is not a consistent finding in the neuropsychological literature (Zuckerman et al., 

2012). 

Jordan et al.’s (1996) study of the U.S. Men’s National Soccer Team observes a significant 

relationship between head/neck injury symptoms and history of acute head injuries—although 

heading frequency did not correlate with reported symptoms or MRI results. Heading and 

unintentional head impacts are found to differentially influence self-reported CNS symptoms, 

with exposure to unintentional head impacts (e.g., head-to-head, head-to-goal post) largely 

explaining the occurrence of head/neck injury symptoms (Stewart et al., 2017). Beyond 

symptoms such as headaches and dizziness, unintentional head impacts during football play have 

also shown to correlate with worsened Patient Reported Outcomes (PRO’s), including anxiety, 

depression, sleep disturbance and sleep impairment (Hunter et al., 2018). An unexpected finding 

of Hunter et al.’s (2018) study is that heading frequency did not predict worsened PRO’s—rather, 

players in the 3rd quartile of intentional heading exposure displayed better outcomes. The authors 

suggest that heading frequency may reflect overall football activity, meaning players reporting 

greater heading frequency may prosper from the mental and physical health benefits of general 

physical activity (Hiles et al., 2017). The lack of PRO improvement in 4th quartile headers might 

suggest repetitive head impacts above a certain threshold offset the benefits of increased physical 

activity (Hunter et al., 2018). 
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2.2.5 Critical assessment  
 

Although studies concerning brain function make up for the majority of subconcussion literature 

(Rodrigues, Lasmar & Caramelli, 2016), a common sentiment is that these studies largely fail to 

demonstrate a relationship between heading in football and neuropsychological decline 

(Belanger et al., 2016; Kontos et al., 2017; O’Kane, 2016; Rodrigues et al., 2016; Rutherford et al., 

2003; Tarnutzer et al., 2017). While the majority of neuropsychological studies discover no 

connection between heading in football and some deficit in cognitive function, it is important to 

note that this entire subfield of research is hampered by methodological limitations (Rutherford 

et al., 2003). 

A common issue highlighted by reviews of the neuropsychological literature is the use of 

inadequate control groups (Maher et al., 2014; Mainwaring et al., 2018; Tarnutzer et al., 2017). 

For instance, participants in Putukian et al. (2000) act as both headers of the ball and controls 

across two different sessions. Their results show no difference in cognitive function between the 

two groups; however, this does not account for potential differences between those included in 

the study and individuals of non-contact sport populations. Tarnutzer et al. (2017) note that 

studies reporting a relationship between heading and cognitive deficit were more likely to include 

inappropriate control groups, as well as insufficient control of type I error, than studies that failed 

to observe such a relationship. Rutherford et al. (2009) is one of the few neuropsychological 

studies that addresses the inflation of type I error that arises through testing multiple hypotheses, 

and their study observed no relationship between heading and cognitive deficit.  

Because individuals are not randomly allocated to a sporting group, the comparison of individuals 

by participation and non-participation in different sports presents a risk of internal validity bias 

(Rutherford et al., 2003). For example, while differences in cognitive function between a group of 

football players and a group of non-football players may be due to the former’s exposure to 

heading; there is no guarantee that differences in test scores are not the result of other factors 

that vary between these “intact” groups. Therefore, the inclusion of controls matched on variables 

beyond just sport participation is essential for making inferences from the subconcussion 

literature (Mainwaring et al., 2018). 

Consideration should be afforded to the time period in which participants engaged in heading, as 

retired players who were active during the 1960s and ‘70s were largely exposed to leather balls 

that could increase by 20% of their own mass when wet (Kirkendall et al., 2001). Anecdotal 

evidence of increased head injury symptoms such as headache and nausea appear to implicate 

the use of earlier leather footballs, e.g., “most players of that era freely admit that heading a wet, 

heavy ball could lead to the reported symptoms” (Kirkendall & Garret, 2001, p. 332). Evidence 
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from early neuropsychological studies including players from the era of leather footballs should, 

therefore, be viewed with caution. 

Difficulties in interpreting the neuropsychological literature are only compounded by the range 

of tools employed in the measuring of cognitive function. Tarnutzer et al.’s (2017) review of this 

literature notes the appropriate use of cognitive batteries that address the three key domains of 

memory, attention and executive functioning across most studies. However, the authors also 

observe more than 60 unique cognitive tests employed across the span of brain function studies. 

These tests often include those developed and validated specifically for use in sporting contexts, 

such as the Immediate Post-Concussion Assessment and Cognitive Test (ImPACT); Sideline 

Concussion Assessment Tool 3 (SCAT3), and ANAM cognitive batteries (Maher et al., 2014; 

Mainwaring et al., 2018). Although their reliability in “sideline” concussion assessment is well 

documented (Maher et al., 2014); McCrory et al. (2005) stress that these batteries are primarily 

used as screening tools for concussion and may lack the sensitivity to provide comprehensive 

evaluations of cognitive function. Tsushima et al. (2018) address concerns relating specifically to 

use of the ImPACT instrument. While their investigation of cognitive function between high, 

moderate and low contact groups yielded no relationship to subconcussive exposure, questions 

persist as to the utility of established concussion assessments in identifying more subtle cognitive 

sequelae. 

Hunter et al.’s (2018) decision to investigate the relationship between head impact exposure and 

Patient Reported Outcomes, rather than cognitive battery performance, illustrates concerns 

surrounding brain function studies. The authors state that their “focus on PROs reflects growing 

recognition that standardized cognitive batteries may be insensitive to deficits of complex 

functioning that characterize mild TBIs” (p. 395).  

Evidence of axonal injury in the absence of any measurable cognitive deficit (Neselius et al., 2014) 

highlights the potential inadequacy of neuropsychological testing as a single measure of brain 

injury. Mainwaring et al. (2018) suggest all studies which employ cognitive testing as the sole 

measurement of subconcussive change should be viewed under scrutiny, and a multimodal 

approach should instead be incentivised. Studies incorporating magnetic resonance spectroscopy 

(MRS) alongside neuropsychological testing support this argument, as increased biomarkers of 

neuroinflammation are observed in relation to short-term (Poole et al., 2014) and long-term 

(Koerte, Lin, Willems et al., 2015) head impact exposure of non-concussed contact-sport 

athletes—despite no evidence of cognitive impairment eventuating. Meanwhile, further 

multimodal studies observe no change in brain structure or function related to heading exposure 

(Dorminy et al., 2015; Kemp et al., 2016). The variable findings of these studies highlights the 

need for multiple approaches towards characterising subconcussive change.  
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To date, neuropsychological studies in the subconcussion literature might be considered 

exploratory at best, with little evidence to support the relationship between observable cognitive 

impairment and heading in football (Belanger et al., 2016; Kontos et al., 2017; Mainwaring et al., 

2018; O’Kane, 2016; Rodrigues et al., 2016; Rutherford et al., 2003; Tarnutzer et al., 2017). The 

limited evidence of functional change compared to that of structural change in the subconcussion 

literature leads one to question the injurious nature of heading as far as cognitive function is 

concerned (Rodrigues et al., 2016). As Neselius et al. (2014) notes, however, “Absence of clinical 

symptoms/cognitive impairment after concussion does not seem to be equivalent to absence of 

brain injury” (p. 7). The same may hold true for subconcussive injury, and it would appear 

essential that future studies do not rely solely on neuropsychological measures. 

Cross-sectional studies may be inadequate to implicate heading as a specific cause of dysfunction 

(Rodrigues et al., 2016), and a significant onus has been placed on researchers in their production 

of longitudinal data to better understand this relationship (Kirkendall & Garrett, 2001). 

Nonetheless, studies investigating the potential threshold dose-response relationship between 

head impact exposure and cognitive impairment yield intriguing data (Lipton et al., 2013; 

Montenigro et al., 2017), and further research aimed at characterising these thresholds is 

warranted. 
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2.3 Biomechanical findings 
 

Biomechanical studies make up a significant subset of research in the subconcussion literature, 

as these studies aim to provide data on the nature and quantity of head impacts in sport 

(Davenport et al., 2016). Heading a football is a complex and coordinated event, and the variety 

of scenarios in which heading may occur introduces multiple significant variables. However, the 

resulting mechanics of heading a football are always dictated by the relationship: force = mass x 

acceleration (Kirkendall et al., 2001; Kirkendall & Garret, 2001). Variables such as linear 

acceleration, rotational acceleration and impact location tend to be better predictors of 

concussion than simply the magnitude of the force (Belanger et al., 2016). Beyond just the velocity 

applied to the head and body during an impact of a given force, it is the change in velocity that 

more accurately reflects the energy transmitted to the player (Dashnaw, Petraglia & Bailes, 2012). 

Therefore, researchers typically focus on four primary mechanisms of neuropathologic change in 

acute head injury: linear acceleration, rotational acceleration, angular acceleration and carotid 

artery injury (Bunc, Ravnik & Velnar, 2017).  

Although the relationship between biomechanical data and the onset of concussive injury—or 

subconcussive injury, for that matter—is far from straight forward (Belanger et al., 2016); the 

substantial background of biomechanical research in American football suggests greater head 

accelerations are associated with cumulative changes to the brain and acute head injury (Caccese 

& Kaminski, 2016). Most studies investigating the biomechanics of heading in football focus on 

linear acceleration and, to a lesser extent, rotational acceleration (Mainwaring et al., 2018). 

Mainwaring et al.’s (2018) review of the subconcussion literature notes that rotational impact 

data may in fact be underrepresented compared to that of linear acceleration, as the shearing and 

tensile strains caused by the rotating of the cerebrum around the brainstem is known to be a 

more frequent mechanism of concussion than linear accelerations (Guskiewicz & Mihalik, 2011).  

Among the American football studies reviewed by Mainwaring et al. (2018), mean peak linear 

accelerations (PLA) were typically observed between 20g and 30g, although the highest PLA 

observed was up to 940.5g in Kawata, Rubin et al. (2016). Meanwhile, the range of linear head 

accelerations in heading studies was between 14.49g (Hwang et al., 2017) and 50.8g (Dorminy et 

al., 2015), illustrating the high variability in biomechanical data currently available. Mainwaring 

et al. (2018) partly attribute this wide range to differences in age and level of play of participants, 

although a variety of differences in methodologies and metrics used across heading studies 

render it difficult to make any generalised observations regarding the biomechanics of heading 

in football (Davenport et al., 2016; King, Hume, Gissane, Brughelli & Clark, 2016; Mainwaring et 

al., 2018). 
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An example of the particular difficulty posed by measuring head impacts in football is made 

patently obvious in Naunheim, Standeven, Richter and Lewis’s (2000) study comparing head 

accelerations across high school-level American football, ice hockey and football (soccer) players. 

Mounting the helmets of both the ice hockey and American football players with triaxial 

accelerometers, head impact data was recorded from games during the regular season. The 

football data, on the other hand, was obtained in a controlled condition by recording isolated 

headers. The results of this study found that the PLAs recorded while heading a football were up 

to 160% higher than those recorded during ice hockey play and up to 180% higher than those 

recorded during American football play. This marked increase in head acceleration during 

heading appears highly worrying, especially considering that 20% of the recorded headers 

exceeded 75g (current knowledge of a potential threshold for concussion ranges between 70–90g 

or higher (Mainwaring et al., 2018)). However, to record accelerations during heading, football 

players were also fitted with accelerometer-mounted American football helmets. While American 

football and ice hockey data were obtained over 3.9 and 6.5 hours of play, respectively (resulting 

in 158 and 161 recorded impacts), the data from heading was limited to just 25 impacts. Needless 

to say, the use of a helmet to record heading data is a drastic departure from the conditions of 

typical football play, and perhaps explains the abnormal data yielded by Naunheim et al.’s (2000) 

football cohort.  

 

2.3.1 Instrumentation 

 
It is perhaps unsurprising that the majority of human data on subconcussive impacts comes from 

studies of American football players, as the protective equipment ubiquitous to the sport, 

including mouthguards and helmets, readily accommodate accelerometer technology (Belanger 

et al., 2016). While advances in accelerometer technology have since made it easier to 

unobtrusively obtain head impact data from football players, the array of unique tools used across 

studies outlines the need for standardised measures (Mainwaring et al., 2018).  

The majority of studies discussed here utilise some form of triaxial accelerometer to record 

impact data, often embedded in headbands or helmets for human subject trials or as part of 

simulated head impact models. An alternative to these singular accelerometers is the Head Impact 

Telemetry System (HITS) (Broglio et al., 2010; Davenport et al., 2014; Hanlon & Bir, 2010; Hanlon 

& Bir, 2012) consisting of six wireless accelerometers placed around the cranium for a more 

accurate measure of head acceleration (Davenport et al., 2014). Hanlon and Bir’s (2010) study of 

controlled heading appears to justify the use of HITS for quantifying the magnitude of linear head 

accelerations, as this measurement showed a high level of agreement with concurrent 
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accelerometer data. Rotational head impact data, on the other hand, was consistently 

underreported by HITS compared to supplemental accelerometer measurements, calling into 

question the utility of HITS for heading studies. 

  

Broglio et al.’s (2010) prospective study of an American football cohort implemented HITS to 

record all head impacts during gameplay from 2005 through to 2008, with the aim of identifying 

biomechanical predictors of concussion. Analysis of the 54,247 impacts and 13 confirmed cases 

of concussion recorded over this time yielded predictive values consistent with previously 

recorded concussive thresholds, suggesting HITS may harbour some value in sideline concussion 

diagnosis. Mainwaring et al. (2018), however, point out the potential shortcomings of HITS when 

it comes to obtaining data in the field, noting variables such as helmet fit, perspiration effects and 

hair length as factors that may influence recordings, as well as a tendency for HITS to produce 

both false positive and false negative recordings. 

 

The intraoral application of accelerometers has also been utilised in multiple studies of controlled 

subconcussive impacts (Dorminy et al., 2015; Kawata, Rubin et al., 2016; Kawata et al., 2017; 

Kawata et al., 2018; Tierney et al., 2008; Withnall, Shewchenko, Wonnacott & Dvorak, 2005), 

although the integration of these sensors within mouthguards or biteplates represents another 

departure from any standardised methodology, and may introduce a further source of 

measurement error (Mainwaring et al., 2018). Narimatsu et al.’s (2015) finding that intentionally 

clenching down on a mouthguard decreases resultant head accelerations during heading perhaps 

increases concerns over the use of intraoral accelerometers. During controlled heading, 

Narimatsu et al. (2015) observed that male high school football players were able to mitigate 

resultant head accelerations when instructed to clench their masseter muscles—an effect that 

increased upon masseter-clenching with a mouthguard in place. This decrease in head 

acceleration was accompanied with a significant increase in both masseter and 

sternocleidomastoid muscle activity, suggesting that clenching—both with and without a 

mouthguard—acts to stabilise and increase the effective-mass of the head-neck-trunk segment in 

opposition to applied forces (Narimatsu et al. 2015). The mitigating effect of clenching may 

introduce a point of dispute regarding the use of intraoral accelerometers for subconcussion 

research, but perhaps more importantly, it might also represent a protective intervention worthy 

of further investigation. 

Further alternatives for measuring head accelerations include motion capture analysis (Dezman, 

Ledet & Kerr, 2013; Mansell, Tierney, Sitler, Swanik & Stearne, 2005), in-ear sensors (Sandmo, 

McIntosh, Andersen, Koerte & Bahr, 2019), accelerometers within footballs (Stone et al., 2018) 
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and biofidelic models of head impact (Shewchenko, Withnall, Keown, Gittens & Dvorak, 2005a, 

2005b, 2005c; Taha & Hassan, 2016). Bauer, Thomas, Cauraugh, Kaminski and Hass (2001), as 

well as Broglio, Ju, Broglio and Sell (2003), differ to the majority of studies investigating heading 

mechanics, as both measure impact force rather than head acceleration.  

Several studies investigate head accelerations using the more low-profile xPatch accelerometer 

(McCuen et al., 2015; Press & Rowson, 2017; Reynolds et al., 2017a, 2017b). Attached to the 

mastoid process behind either the left or right ear, the xPatch does not require attachment to 

equipment such as helmets or mouthguards, offering an attractive alternative for studies of 

heading during games and practice. Each using the xPatch to quantify head accelerations incurred 

by female collegiate-level football players, McCuen et al., (2015), Press and Rowson (2017) and 

Reynolds et al. (2017b) report means of 3.5, 1.69 and 5.7 impacts per practise, respectively. 

Coupling their recorded xPatch data with video analysis of all games and trainings, Press and 

Rowson (2017) found that the xPatch recorded significantly more impacts than were later 

confirmed via the captured footage. The authors note instances of jumping, running and players 

touching the xPatch as events falsely triggering impact recordings, illustrating the device’s 

tendency to produce type I errors. 

 

2.3.2 Recording threshold 

 
While false-positive errors may account for some of the variance seen in heading frequency 

among female collegiate practices above, Reynolds et al. (2017b) illustrate the difference that a 

given recording threshold can have on one’s findings. Originally recording all head impacts above 

a threshold of 10g, the authors show that the resulting mean value of 5.7 impacts per practice is 

reduced to 4.0 when the data is adjusted to reflect a recording threshold that disregards all 

impacts under 20g, as was employed by McCuen et al. (2015). Using the same 20g threshold, the 

resulting mean values of 4.0 (Reynolds et al., 2017b) and 3.5 (McCuen et al., 2015) impacts per 

practice show a greater level of agreement. 

King et al.’s (2016) review of head impact research supports the universal implementation of a 

10g threshold across all contact-sport studies, as this cut-off point enables researchers to 

distinguish between negligible events and genuine impacts (e.g., voluntary head movements vs. 

intentional heading). This argument is further sustained by illustrating the extent to which 

varying impact thresholds manipulate the data of a previous study of New Zealand rugby union 

players. Setting an impact threshold of 14.4g, the resulting data set excluded up to 42% of impacts 

that were recorded above the lower, 10g, threshold. Because any injurious effect of subconcussive 
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impacts is likely cumulative (Bunc et al., 2017), a potential cumulative threshold of subconcussive 

events leading to concussive injury should remain an important consideration (King et al., 2016). 

 

2.3.3 Concussion risk factors 

 
Studies of concussion incidence in football suggest that female and youth players may be at a 

higher risk of concussive injury during the act of heading than older, male populations (O’Kane, 

2016). Among collegiate sport in the United States, girls’ football has been found to have the third-

highest rate of concussion, behind girls’ ice hockey and American football (Hootman, Dick & Agel, 

2007). Likewise, football was found to have the joint-highest rate of concussion with American 

football among high school athletes, with girls faring worse than boys when playing the same 

sport (Gessel, Fields, Collins, Dick & Comstock, 2007). In the same study, Gessel et al. (2007) found 

that 18% of girls attributed their concussion to head-to-ball contact, while only 8% of boys said 

the same.  

At an adult professional level, female football players are 2.4 times more likely to suffer 

concussion than men (O’Kane, 2016), while concussion rates in junior/youth football appear to 

be higher among younger players (11-12 years) than older players (13-14 years) (O’Kane et al., 

2014). Player-to-player contact is consistently cited as the most frequent mechanism of 

concussion at all levels of play, regardless of age or gender (Maher et al., 2014), however, female 

players tend to have a higher rate of concussion resulting from ball contact alone (O’Kane, 2016). 

Although the literature regarding head injury in youth football is relatively limited (O’Kane, 

2016), findings such as decreasing head acceleration with increasing age (Kalichová & Lukášek, 

2019) suggest younger players may be at a greater risk of subconcussive burden than older 

players. 

The increased risk of concussive injury among youth and female populations represents a 

significant line of enquiry for biomechanical research (O’Kane et al., 2014). Several studies aim to 

better understand the variables which predict greater head accelerations during impacts, and 

among the most frequently postulated of these variables are the size and strength of the head-

neck complex (Caccese & Kaminski, 2016). 

 

2.3.4 Anthropometrics & neck strength  

 
Previous studies have suggested greater neck strength predicts lower head accelerations during 

purposeful heading (Bretzin, Mansell, Tierney & McDevitt, 2017; Caccese et al., 2018; Gutierrez 
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et al., 2014). Measures of neck strength have been found to vary widely across healthy young 

adults, however, the considerable advantage in neck strength in all directions that males have 

over females is well established (Catenaccio et al., 2017). Caccese et al. (2017) measured the 

isometric neck strength of 100 football players aged 12 to 24 who each carried out 12 controlled 

headers. Hand-held dynamometers were used to gauge the strength of the sternocleidomastoid 

and upper trapezius muscles (in kg) of each participant, and these measurements were added 

together to provide a mean value of isometric neck strength. Analysis of the resulting head impact 

data found that 13.3% of the variance in peak linear head acceleration, and 17.2% of the variance 

in peak rotational acceleration, was explained by differences in neck strength. Similarly, Bretzin 

et al.’s (2017) study of controlled heading found that lower neck strength was significantly related 

to greater head impact kinematics, noting the particular relationship between lower neck flexor 

and extensor strength and greater head accelerations in female participants. Neck strengthening 

has been suggested as a potential protective intervention for players exhibiting low neck strength, 

with the hope that increased strength will aid in mitigating injurious head accelerations 

(Gutierrez et al., 2014).  

Following an 8-week cervical resistance training program, Mansell et al. (2005) assessed the 

effect of increased isometric neck strength in 36 collegiate-level football players on head 

acceleration incurred from an external force applicator. Despite a mean 15% increase in neck 

flexor strength, including a 22.5% increase in neck extensor strength of females in particular, 

increased neck strength exhibited no significant effect on resultant angular head accelerations, 

suggesting neck-strengthening regimes alone are not sufficient to mitigate head accelerations. 

Dezman et al. (2013) similarly observe no evidence of either neck flexor or extensor strength 

significantly reducing accelerations from heading a football. Interestingly, this study did discover 

a relationship between symmetrical neck strength and reduced head acceleration, with the 

average difference in flexor and extensor strength predicting greater angular and linear head 

accelerations. The protective benefit of symmetrical neck strength offers a potential explanation 

to Mansell et al.’s (2005) findings, as the increased flexion and extension strength described in 

Mansell et al. (2005) were not accompanied by matched increases in strength in the opposite 

direction. 

Anthropometric measures of head and neck size offer an alternative means of assessing a player’s 

potential ability to withstand forces incurred during heading, with factors such as neck girth and 

head-neck segment mass predicting the magnitude of head accelerations (Bretzin et al., 2017; 

Caccese et al., 2017). These findings engender the notion that potential high-risk populations, 

such as junior/youth players, should undergo anthropometric screening before heading a football 

is allowed (Caccese & Kaminski, 2017). Others suggest there is only a modest correlation between 
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head/neck anthropometrics and measures of neck strength, questioning the suitability of 

anthropometric screening (Catenaccio et al., 2017). While there is evidence that both neck 

strength and head-neck segment anthropometrics may have protective utility when it comes to 

minimising head accelerations during heading, neck strength presents a factor that is at least 

modifiable, unlike that of head and neck size (Caccese et al., 2017). 

 

2.3.5 Heading technique 

 
Despite some positive indications, there remains a paucity of evidence to suggest the efficacy of 

neck strengthening regimes for mitigating injurious head accelerations (Bailes et al., 2013). 

Several studies focus instead on the stability of the head-neck segment during impact, observing 

the level of muscle activation and its contribution to this stability (Caccese, Lamond, Buckley & 

Kaminski, 2016). Neck muscle activation is an integral aspect of intentional heading in football, 

with increased muscle activity being observed before, during and after contact across standing 

and jumping headers, often measured by sternocleidomastoid and trapezius muscle activity 

(Bauer et al., 2001).  

Shewchenko et al. (2005b) present a biofidelic 50th percentile human model of heading, validated 

by kinematic data obtained in a controlled laboratory condition with active football players. The 

numerical model is used to investigate the effect that neck muscle activity and changes in heading 

technique have on kinematic head response. Increased neck muscle activity—characterised by 

“pre-tensing” prior to impact—resulted in modest reductions (up to 7%) in linear acceleration at 

the head’s centre of gravity, with the authors attributing this reduction to greater coupling 

between the mass of the head and its supporting structure. However, the same increase in muscle 

activity also saw a significant increase in the head’s angular acceleration (up to 48%), suggesting 

the benefits of increased muscle activation are far outweighed by the consequences. The stiffer 

head-neck complex achieved by increased muscular tensing may see the head rebounding over a 

shorter time period, resulting in greater shear stress to the head’s centre of mass (Shewchenko 

et al., 2005b). 

Peak angular accelerations experienced by female high school football players were similar to 

those experienced by collegiate players in McCuen et al. (2015), despite the younger cohort 

experiencing significantly lower linear accelerations on average. The authors note that the 

relationship between age and linear acceleration is to be expected, as those playing at a higher 

level are likely to head balls kicked with greater force. Higher angular accelerations, on the other 

hand, are suggested to be the result of poorer technique and neck strength, resulting in high 

school players receiving more “glancing blows”.  
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Clark et al.’s (2017) study of eye discipline during heading suggest this aspect of heading 

technique may add to the increased risk of concussion faced by female players. Retrospective 

analysis of images obtained from Google found that, of the 139 male high school players 

identified, 79% had their eyes closed during a header, and 90% of females identified had their 

eyes closed (n=154). Defining eye discipline as “the ability to keep the eyes engaged in sporting 

activity with high risk” (p. 10), the authors insist that training players to keep their eyes open, 

especially those considered to be at a high risk of head injury, can reduce the incidence of 

concussion during contests for the ball resulting from head clashes and poorly executed headers. 

Just as neck strength represents a variable of heading with the potential to be manipulated, 

heading technique has been identified as a potential avenue for mitigating head impact burden. 

Quintero et al. (2019) provide an example of effective intervention in the form of behavioural 

skills training (BST), exhibiting considerable heading improvement in a group of previously 

untrained girls aged 9 to 12. However, this study would have benefitted by incorporating metrics 

of head impact data in order to reveal what effect improved technique ultimately had on resultant 

head accelerations. While Caccese et al. (2018) observe the predictive value of anthropometric 

and neck strength measurements in relation to head acceleration, heading technique as assessed 

by motion capture analysis did not share this utility. 

 

2.3.6 Protective utility of headgear 

 
Numerous studies have investigated the protective utility of headgear for use during football play. 

Broglio et al. (2003) find headgear reduced the peak resultant force recorded by a force-plate 

during simulated head impacts. Naunheim et al. (2003) conduct a similar study, although this 

included more appropriate conditions such as a headform fitted with a triaxial accelerometer. 

Simulated heading at 3 ball speeds revealed no change in head acceleration between the control 

and headgear conditions. A combination of both human and headform trials also found no 

evidence of headgear mitigating kinematics during simulated heading (Withnall et al., 2005), 

although acceleration from simulated head-to-head contact was reduced by 33% when headgear 

was introduced. The authors suggest this difference is likely due to the stiffness of the 

components involved in the impact. During a clash of heads, headgear deforms at the site of 

contact and results in some dissipation of energy. However, the deformation of a ball during the 

act of heading is 10 times greater than that of the headgear’s nominal thickness (Withnall et al., 

2005), so even if the headgear in question is soft enough to deform completely, the ball still 

represents the “sacrificial weak layer” of the collision and ultimately dictates the extent of energy 

dissipated. Therefore, with the inclusion of headgear, we would expect to see little-to-no 
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difference in head acceleration during heading (also observed in finite element (FE) analysis of 

simulated heading (Taha & Hassan, 2016)), although there is some evidence of its protective 

utility during a clash of heads, especially in reducing the risk of laceration (O’Kane, 2016). 

Delaney, Al-Kashmiri, Drummond, Correa and Delaney’s (2008) retrospective survey of 

adolescent football players reveals a considerable number of concussions reported during the 

2006 season. Approximately 27% of the participants involved reported wearing headgear during 

that season, and subsequent analysis of survey results found that the two variables putting 

players at the highest risk of concussion were being female and not wearing headgear. However, 

this survey asked players to retrospectively report on concussion symptoms/incidence for the 

entire 2006 season, and self-report data spanning this length of time is liable to include 

considerable recall error (Lipton et al., 2018). 

Not only is there a lack of evidence to support the protective value of headgear in football, findings 

have emerged that suggest wearing headgear may increase female players’ risk of experiencing 

injurious head accelerations. Tierney et al. (2008) observe increased head impact kinematics 

among female players wearing headgear compared to non-headgear controls. This unexpected 

increase in head response is perhaps attributed to a greater sense of safety afforded to players 

wearing protective headgear, resulting in more aggressive play and subsequently increased head 

kinematics (O’Kane, 2016; Tierney et al., 2008). 

 

2.3.7 Ball composition 

 
Elements of a football’s composition have also been discussed in terms of reducing head impact 

burden (Babbs, 2001; Kirkendall et al., 2001; Kirkendall & Garrett, 2001; O’Kane, 2016; 

Shewchenko et al., 2005c). With the mass and force of the ball playing significant roles in head 

impact interaction, important consideration must be given to the time period in which 

participants of retrospective studies played the game, as the leather ball used up until the mid-

1970s would absorb considerable amounts of water compared to modern synthetic balls, 

increasing by up to 20% in mass when wet (Kirkendall et al., 2001).  

Shewchenko et al. (2005c) posit the alteration of ball characteristics as a potential protective 

intervention, using subject trials and numerical modelling to observe the effect of reducing ball 

mass and pressure on head and neck kinematics. A 35% decrease in ball mass resulted in an 

equivalent reduction in head response, with similar reductions to shear stress and neck axial 

response. Meanwhile, achieving these reductions in head response by manipulating ball pressure 

required pressure reductions of at least 50%. Current guidelines require junior players to use 
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smaller-sized balls, and the importance of not overinflating these balls also seems apparent 

(O’Kane, 2016). 

Babbs (2001) suggests reducing ball pressure would not only greatly improve player safety, but 

would also increase “playability” and “touch” of the football due to the increased contact time and 

area afforded by underinflation. Consideration is given to the negative response this notion would 

likely receive, with the author insisting we should argue against “hard ball macho.” Shewchenko 

et al. (2005c), on the other hand, suggest that any safety benefits achieved by adapting ball 

characteristics should be carefully weighed against reductions in playability. As their analysis 

found that pressure reductions below 25% resulted in very little change to head response (<5%), 

it seems highly unlikely that reducing ball pressure could be justified as a protective intervention 

in the adult game. 

 

2.3.8 Impact location 

 
The location of head impacts is another variable of sports-related brain injury known to predict 

concussive episodes (Belanger et al., 2016; Broglio et al., 2010). Breedlove et al.’s (2012) study of 

neurophysiological and neuropsychological change in a cohort of high school American football 

players revealed that participants who were clinically asymptomatic, yet exhibited underlying 

functional change (as measured by fMRI), had received a large number of high-magnitude impacts 

to the top-front portion of the head. The left and right middle frontal gyrus (MFG) is recognised 

as a brain region of interest, as strains to the MFG in the sagittal plane—such as those resulting 

from top-front impacts—are known to be particularly large (Breedlove et al., 2012). Players 

presenting with physiological change, regardless of concussion diagnosis over the two-season 

study period, also received significantly more impacts to the side of the head. The high frequency 

of impacts to the top-front and side of the head also correspond with strains to the basal ganglia 

and limbic circuits—anatomical regions involved in emotional processing—early damage to 

which is suggested to underlie the highly aggressive episodes of CTE patients in later life (McKee 

et al., 2009). Impacts not resulting in concussive injury can still include significant forces to 

structures of the deep midbrain and brainstem, implying subconcussive events may be a 

significant mechanism of injury independent of symptoms (Dashnaw et al., 2012). 

Location of impact during heading was correlated to differences in head acceleration in Hanlon 

and Bir (2012). The study of female under-14 players observes increased linear accelerations 

during impacts to the side of the head, while increased angular accelerations were correlated to 

impacts on both the front and side of the head. As pointed out by Caccese and Kaminski (2016), 

however, only 47 head impacts were recorded across the 24 participants in this study, limiting 
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the generalisability of these findings. Although relatively small populations are not uncommon in 

the subconcussion literature regarding heading, the exploratory findings of studies such as 

Hanlon and Bir (2012) may still provide useful insight into potential methods of reducing 

subconcussive burden (Caccese & Kaminski, 2016). 

Conventional wisdom might suggest that rostral regions of the brain such as the prefrontal cortex 

are of particular concern regarding the subconcussive consequences of heading, as these impacts 

typically involve head-to-ball contact at or around the forehead. Indicating abnormalities in 

temporo-occipital white matter, however, Lipton et al. (2013) suggest that regions of interest in 

a football heading context might instead reflect the phenomenon of contrecoup injury, wherein 

damage is greater in regions opposite the site of impact.  

 

2.3.9 Heading scenario 

 
Harriss, Johnson, Walton and Dickey’s (2019) study of 36 female youth players recorded 434 

purposeful headers and found that impacts to the top of the head—owing to improper 

technique—resulted in higher rotational velocities than impacts properly executed with the front 

of the head. However, heading scenario, rather than head impact location, was found to have a 

significant effect on linear head accelerations. Headers received on the top of the head from a 

goalkeeper’s punt resulted in significantly higher linear accelerations compared to when these 

heading scenarios were executed with the front of the head, perhaps putting further onus on 

correct heading technique. Caccese et al. (2016) found headers performed from punts and goal 

kicks resulted in the highest linear and rotational head accelerations in female collegiate players, 

likely due to the high velocity of the ball during these scenarios. While 19% of the 380 impacts 

observed arose from punts and goal kicks, these events yielded 27% of the cumulative head 

acceleration experienced, suggesting the potential protective benefit of eliminating these types of 

headers from the female collegiate game. Harriss et al. (2019), on the other hand, do not share 

the belief that reducing heading from goal kicks and punts would be appropriate for female youth 

players, as their data showed these events to account for only 12% of heading exposure. However, 

the authors do not provide a value of cumulative head acceleration across this cohort, and it 

would be of interest to note whether the total acceleration experienced from goal kicks and punts 

saw the same ~50% disproportion as Caccese et al. (2016). 
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2.3.10 Heading frequency 

 
While the outcomes of subconcussive events rely on a complex interplay between several 

variables, including impact magnitude, location, head-neck-torso anthropometrics, etc., head 

impact frequency may reflect the greatest risk of subconcussive burden (Bailes et al., 2013; 

Dashnaw et al., 2012). Reynolds et al. (2017a) found that collegiate football players experience 

relatively low head accelerations on average compared to collegiate and high school American 

football and even collegiate lacrosse players. Despite experiencing low-magnitude head 

accelerations, collegiate football’s high rate of head impacts through purposeful heading resulted 

in a cumulative impact burden similar to that of high school American football (as measured by 

the sum of peak resultant linear (PRLA) and rotational (PRRA) accelerations per game/practice). 

Similarly, Lamond, Caccese, Buckley, Glutting and Kaminski (2018) observe heading frequency to 

be a greater factor of cumulative burden than impact magnitude in female collegiate football 

players. Although current heading guidelines aim to reduce the head impact burden for players 

up to an early high school age, female players at a collegiate level experience more than double 

the exposure to heading than those at a high school level (McCuen et al., 2015). At a collegiate 

level, the cumulative burden of head impacts in men’s football also relies heavily on impact 

frequency, with games providing the majority of this burden compared to the low frequency of 

heading in training (Reynolds et al., 2017b). 

Although summing resultant head accelerations across a season provides an important look into 

the distribution of impact magnitudes, this method does not account for the magnitude of each 

isolated event. As the relationship between resultant head accelerations and the risk of 

concussive injury is non-linear, Davenport et al. (2016) endorse an alternative metric for head 

impact burden in the form of risk-weighted cumulative exposure (RWE). RWE results in a higher 

weight attributed to impacts of a higher magnitude, thereby addressing the interplay of frequency 

and magnitude that resultant acceleration-summing alone does not. Davenport et al. (2014) 

observe a strong correlation between RWE in high school American football players and changes 

in DTI measures. The relationship between RWE values and changes in white matter integrity 

indicates the utility of RWE in identifying potentially injurious head impact burdens in the 

absence of concussive symptoms. This method of quantifying head impacts is yet to be employed 

in the heading literature and could provide a useful interpretation of cumulative burdens 

incurred by different populations. 

Methods such as accelerometer instrumentation and video analysis are frequently employed in 

the biomechanical subconcussion literature. However, these techniques are expensive, labour-

intensive and difficult to utilise across large samples and longitudinal studies (Catenaccio et al., 
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2016). With increasing interest in heading frequency, self-report methods have been endorsed as 

a valid alternative to these tools (Catenaccio et al., 2016; Lipton et al., 2018). Harriss, Walton and 

Dickey (2018) suggest recall bias renders self-report data inappropriate for quantifying heading 

exposure, with their cohort of female youth players overestimating actual exposure by 51%. 

Catenaccio et al. (2016) note a sex-difference related to self-reporting of heading exposure, with 

females performing worse than males. However, female reports still yielded moderate agreement 

with exposure measured by direct observation, while male reports showed excellent agreement, 

validating the HeadCount survey as an accurate measure of heading exposure over a 2-week 

period. Lipton et al. (2018) also demonstrate the HeadCount-2w survey as a valid self-report 

measure in adult amateur players, with a reduced sex-difference and excellent agreement with 

daily self-report data. Use of the HeadCount-2w survey has shown a correlation between heading 

exposure in the highest quartile and more severe CNS symptoms (Stewart et al., 2017), as well as 

poorer psychomotor speed (Levitch et al., 2019). Validated surveys such as HeadCount-2w may 

represent a potential avenue for identifying players who fall into the highest range of heading 

exposure and represent a high-risk population for subconcussive injury. 
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 Uncertainty 
 

The inherent complexity of any scenario gives rise to a certain degree of scientific uncertainty 

(van Asselt & Vos, 2006). This uncertainty can be produced by a variety of factors, including—but 

not limited to—differences in measurement techniques; extreme variability of the world outside 

of laboratory conditions; and sheer excess of information (Lemons, Shrader-Frechette & Cranor, 

1997). Very rarely are decisions in life made under certainty; rather, decisions predominantly 

include a degree of uncertainty ranging from risk to ignorance (Resnik, 2003).  

Keohane, Lane and Oppenheimer (2014) note that scientific uncertainty often represents one of 

two major forms: parametric uncertainty and structural uncertainty. Parametric uncertainty 

arises when the underlying processes of a phenomenon are well understood, but a significant 

margin of error is present when attempting to estimate outcomes. Structural uncertainty, on the 

other hand, denotes a phenomenon from which uncertainty arises because the underlying causal 

processes are not well understood. When the uncertainty in question is such that numerical 

probabilities cannot be specified, an issue of structural uncertainty might also be considered 

ambiguous (Keohane et al., 2014).   

In order to distinguish probability from uncertainty, Wiener and Rogers (2002) use the example 

of being struck by lightning compared with brain tumours arising from cell phone exposure. 

While both scenarios may be considered low-probability risks, the latter could be considered far 

more uncertain, as we have insufficient knowledge of the cause and effect relationship between 

cell phone use and brain tumours to state whether that risk even exists. The issue of brain injury 

secondary to heading a football occupies similar ground. Not only is it currently difficult to label 

heading as a vehicle of subconcussive injury, but we are also faced with considerable uncertainty 

as to the relationship between brain injury and subconcussive exposure in the first place. 

Scientific uncertainty frequently pervades issues of environmental and human health policy 

(Lemons et al., 1997). According to decision theorists, when we have insufficient evidence to 

estimate the probabilities of various outcomes, specific strategies for dealing with conditions of 

ignorance must be adopted over established probabilistic approaches such as the utility 

maximisation strategy (Resnik, 2003). As a result, alternative approaches to risk management 

such as the precautionary principle are often discussed in the context of environmental and public 

health interventions. Decisions such as these must always consider the dynamic nature of 

uncertainty. While an issue of scientific uncertainty may appear to have long-term implications, 

short-term strategies are often favourable due to the chance that this uncertainty may be rapidly 

resolved (Gollier & Triech, 2003).  
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As discussed in Chapter 2 of this thesis, the current status of research into the effects of 

subconcussion are highly uncertain. Nevertheless, increasing societal concerns regarding the 

neurological consequence of heading in football have prompted governing bodies of the sport in 

the United States and the United Kingdom to adopt precautionary measures to reduce heading 

exposure in junior players. The resulting guidelines for junior heading represent decision making 

under scientific uncertainty. The issue of subconcussion as it relates to heading in football could 

be considered somewhat ambiguous, as our limited understanding of this phenomena currently 

precludes any ability to estimate one’s probability of incurring neurodegenerative sequelae as a 

result of participating in football.  

Fischhoff and Davis (2014) identify three broad categories into which decisions may fall: 

decisions about action thresholds, decisions with fixed options and decisions about potential 

options. The first of these categories is of particular interest here, as the introduction of junior 

heading guidelines in the US and UK are the first examples of football organisations providing an 

affirmative answer to the question: ‘is it time to act?’ These decisions are often triggered by 

emerging scientific evidence, although they are also invariably influenced by value judgments. 

Fischhoff and Davis (2014) highlight the tension between these aspects of risk management: 

“People will judge science’s value by the apparent wisdom of recommendations based on it” (p. 

13665). Accordingly, fair judgment hinges on the understanding of both the uncertainty 

underlying the science and of the decision-rule that invokes action. 

In the case of junior heading regulation, the appropriateness of current guidelines must be 

weighed in consideration of scientific uncertainty and precautionary action. However, decision 

makers and members of the public cannot disentangle the relative influence of uncertainty and 

precaution on their own, unless these aspects are conveyed effectively. For example, if a call for 

regulation is unnecessary, this could be the result of ambiguous evidence (from which mistakes 

could understandably arise), or an overly cautious decision-rule invoking unnecessary action, 

even if the science is strong (Fischhoff & Davis, 2014). With an understanding of one of these 

dimensions, individuals may be able to infer the nature of the other, but poor communication of 

the uncertainty surrounding science and value judgments will inevitably undermine this ability.  

 

3.1 Communicating uncertainty 
 

When the outcomes of a given activity are unknown, uncertainty is widely understood to be a key 

factor in the process of decision-making (Windschitl & Wells, 1996). Therefore, the way in which 
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this uncertainty is communicated to stakeholders, decision makers and the public at large 

represents an important ethical consideration (Keohane et al., 2014).  

The presentation of quantitative uncertainty (represented as a numerical probability) is shown 

to have a significant effect on lay-people’s decision making (Padilla et al., 2015). However, as 

previously discussed, not all issues of uncertainty yield reliable probability distributions. This 

dilemma of ambiguity poses additional challenges to the communication of uncertain science, as 

verbal representations of uncertainty—compared to numerical representations—can undergo 

greater manipulation in terms of context and framing (Windschitl & Wells, 1996). Communicating 

with loaded terms such as “likely” or “probable” also opens the key message to a variety of 

interpretations (Wallsten, Budescu, Rapoport, Zwick & Forsyth, 1986).  

Research into the psychology of uncertainty indicates that people do not follow principles of 

probability theory when considering uncertain risks. Instead, intuitive heuristics drive 

estimations of risk that vary significantly between individuals (Slovic, 2000). Knowledge of 

scientific uncertainty can lead to decreased satisfaction when making decisions and may increase 

the burden of anxiety when facing decisions with “high stakes” (Politi, Clark, Ombao, Dizon & 

Elwyn, 2011). Moreover, there are concerns that disclosing scientific uncertainty may increase 

public confusion and concern, as people often desire assurances of safety or unsafety (Johnson & 

Slovic, 1995).  

MacGregor, Slovic and Morgan (1994) illustrate the difficulties inherent to communicating 

situations made complex by scientific uncertainty. Their results show that even careful 

dissemination of uncertain risk information regarding electromagnetic field (EMF) exposure can 

increase societal concerns. On the other hand, Wiedemann and Schütz (2005), as well as 

Wiedemann, Thalmann, Grutsch and Schütz (2006), exhibit no effect on risk perception 

attributable to disclosing the uncertainty of EMF exposure evidence. At the same time, these 

studies show information regarding precautionary measures taken to reduce EMF exposure can 

increase perceived risk. The lack of an effect on risk perception resulting from an uncertainty 

factor is unexpected, as “it is this uncertainty that actually provides the reason for applying the 

precautionary principle” (Wiedemann & Schütz, 2005, p. 404). 

Johnson and Slovic (1995) find that disclosing uncertainty can increase concerns regarding a 

potential hazard, although this effect was small and inconsistent in their study. Meanwhile, 

attitudes towards risk in general appeared to be a more reliable predictor of participants’ 

responses to stories involving uncertainty. A large portion of evidence suggests that any effect 

uncertainty has on risk perception is not uniform, and risk perceptions manipulated by 

uncertainty are heavily dependent on the specific hazard being discussed (Frewer et al., 2003). A 
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finding that appears to hold for uncertainty in general is that decision-makers have an aversion 

to choices with imprecise parameters (Broomell & Kane, 2017). The comparative ignorance 

hypothesis provides an explanation for this trend, stating that individuals will experience 

uncertainty aversion if they are able to compare an uncertain event to an event exhibiting greater 

certainty. There is also a large body of evidence illustrating the effect that judgmental biases have 

on an individual’s risk perception (Kunreuther, 2002). For instance, it is well understood that 

when thinking about risks, people rely on certain heuristics which serve to simplify the process 

of decision-making (Sunstein, 2005). 

Disclosing scientific uncertainty has also been shown to reduce risk perceptions (Pepper et al., 

2019). Pepper et al.’s (2019) inclusion of uncertainty information regarding the short and long-

term effects of electronic vaping products (EVPs) saw a decrease in the perceived risk of EVPs 

compared to those who did not receive uncertainty information. Although the reasons for 

uncertainty lowering risk perception are not well understood in this case, such an effect is 

nevertheless a significant observation, as risk perceptions are known to influence future 

behavioural intentions (Brewer et al., 2007). 

A central problem to any scientific issue, but especially those of considerable complexity and 

uncertainty, is the need for decision-makers and the general public to understand that science 

can rarely produce absolute answers (Ghazoul & McAllister, 2003). Policy makers and the public 

at large tend to expect precise outcomes from scientific research, something largely influenced 

by the need to make decisions based on a corpus of uncertain knowledge (van Asselt & Vos, 2006). 

However, if scientists overstate the reliability of their findings, ensuing disputes and conflicting 

evidence may lead the public to lose trust in scientific advice. It is therefore imperative that 

scientists facilitate an understanding of the uncertainties inherent to any conclusions based on 

their research (Ghazoul & McAllister, 2003). 

Scientific experts tend to believe that the general public struggles to conceptualise uncertainties 

related to risk management, and that disclosing uncertainties is likely to increase distrust in 

science and increase risk perceptions regarding uncertain hazards (Frewer et al., 2003). 

Regardless of these concerns, Keohane et al. (2014) maintain that the communication of 

uncertain information to decision-makers and the public should follow a principled approach. 

Among the five principles posited by Keohane et al. (2014) is specification of uncertainty about 

conclusions. Together with the principle of honesty, these facets of communication under 

uncertainty are considered non-negotiable, while the remaining principles of precision, audience 

relevance and process transparency allow some room for potential trade-offs, depending on the 

aim of the communication. Frewer et al. (2003) share the opinion that addressing uncertainties 

is an essential part of the risk management process. They argue, however, that the public is not 
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only capable of understanding uncertainties, but people actively want to know about these 

aspects of the scientific process. 

Frewer et al. (2003) argue that hesitation to share information regarding uncertainty reflects a 

misguided adherence to the deficit model of science communication, in that it may “reinforce the 

desired social distance between expert and nonexpert groups” (p. 83). However, there is evidence 

to suggest that individuals who do not initially grasp the concept of uncertainty are able to 

recognise its significance when it is presented simply (Johnson & Slovic, 1995). 

Ultimately, the absence of any definitive guidance for communicating uncertainty is perhaps not 

surprising. Spiegelhalter, Pearson and Short (2011) suggest it is therefore important to gather 

information on communicative outcomes from a variety of contexts. There is currently no 

understanding of how the public interprets the uncertainty of subconcussion research, nor is 

there any empirical evidence as to the communicative outcomes relating to the uncertainty of 

heading regulation. Belanger et al. (2016) warn of the considerable implications for society when 

labelling subconcussive blows as a mechanism of “brain injury”. Caution in publicising this 

relationship appears to be justified, and consideration of the discussion above further supports 

the necessity of disclosing the underlying uncertainty of heading regulation to the public.  
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 Precaution 
 

4.1 The precautionary principle 
 

Certain realms of scientific enquiry deal with considerable uncertainty regarding risk factors, 

providing a significant challenge to those in areas such as environmental and public health policy 

(Lemons et al., 1997). As is the case in both environmental and public health, scientific 

experiments may or may not confirm or disprove a given hypothesis, often leading to further 

research. Policymakers and regulators, on the other hand, must often reach decisions in light of 

the available evidence, regardless of the degree of certainty that such evidence may yield. This 

scenario is otherwise known as the “regulator’s dilemma” (Bodansky, 1991), wherein delaying 

regulatory action in the hope that new information will arise and ease some uncertainty is an 

interim decision in itself. 

The precautionary principle is an alternative to traditional risk assessment which champions a 

“better safe than sorry” perspective (Bodansky, 1991). Where established risk assessment 

methods might forestall regulatory action in the wake of scientific uncertainty, the precautionary 

principle incentivises the adoption of proactive measures before vulnerable parties might incur 

harm (Raffensperger, Schettler & Myers, 2000). Early evidence of the precautionary principle is 

seen in the German concept of Vorsorgeprinzip—or ‘foresight principle’—relating to the 

government’s civic duty to prevent environmental harm (Harris & Holm, 2002; Resnik, 2003). 

The principle began emerging in European environmental policy during the 1970s (Foster, 

Vecchia & Repacholi, 2000; Sandin, Peterson, Hansson, Rudén & Juthe, 2002), before being 

formerly endorsed for the first time in 1987 by the second international North Sea conference 

(Bodansky, 1991).  

The precautionary principle has since been invoked across a wide range of environmental and 

public health issues characterised by scientific uncertainty. Indeed, uncertainty is widely 

accepted to be the essence of the precautionary principle (van Asselt & Vos, 2006), as this 

decision-rule is employed as a means of addressing potential hazards for which we have 

insufficient data to provide a probability of outcomes (Bodansky, 1991). When a distribution of 

probability cannot be ascertained, the precautionary principle impels regulators to instead invoke 

a notion of plausibility (Resnik, 2003). 

Environmental policy is a realm of considerable scientific uncertainty; therefore, it is not 

surprising that the precautionary principle originated, and left an indelible mark, in this area 

(Bodansky, 1991). Application of the principle has since expanded to include risks to public 
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health, although examples of precautionary approaches to hazards far precede the adoption of 

the precautionary principle. Dr John Snow’s recommendation of removing the handle from the 

Broad Street water pump in 1854 is one such example (Foster et al., 2000). Although there was 

limited evidence that water contamination was correlated to London’s cholera epidemic at the 

time, Snow’s assertion was later proved to be correct, and the precautionary measures he 

suggested were of great benefit to public health (Harremoës, Gee, MacGarvin, Stirling & Keys, 

2001). 

There is currently no authoritative definition of the precautionary principle (Lemons et al., 1997), 

and differential applications of the principle across a variety of domains invites a wide range of 

interpretation. Sandin (1999) identifies 19 unique formulations of the precautionary principle 

existing before the turn of the millennium, and their analysis reveals several aspects shared by 

each one. In an attempt to operationalise the principle, Sandin (1999) organises four dimensions 

of the precautionary into a referential “if-clause” as follows: 

 

“If there is (1) a threat, which is (2) uncertain, then (3) some kind of action (4) is mandatory”  

(p. 891). 

 

Each of these four domains are found to vary across different formulations in terms of strength 

and precision. For example, the strength of a formulation (the degree of precaution advised) is 

shown to be influenced by the uncertainty (2) domain, as seen in the following statement from 

the 1997 Wingspread Conference: 

 

“When an activity raises threats to the environment or human health, precautionary measures 

should be taken, even if some cause-and-effect relationships are not fully established scientifically.” 

(as cited in Sandin, 1999, p. 891). 

 

The uncertainty dimension identified above—“some cause-and-effect relationships are not fully 

established scientifically”—renders this a relatively strong formulation of the precautionary 

principle, as it accepts very little in the way of uncertainty as a reason to preclude preventative 

action. The following statement from the 1992 Rio Declaration is an example of how strength and 

precision may differ between formulations:  
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“In order to protect the environment, the precautionary approach shall be widely applied by States 

according to their capabilities. Where there are threats of serious or irreversible damage, lack of 

full scientific certainty shall not be used as a reason for postponing cost-effective measures to 

prevent environmental degradation” 

(as cited in Sandin, 1999, p. 903).   

 

This formulation is ultimately weaker than that of the Wingspread Conference, as it highlights a 

preference for cost-benefit analysis (Goldstein & Carruth, 2004). This aspect also makes the Rio 

Declaration’s formulation more precise, as the identification of cost-effective measures provides 

some inclination as to what actions regulators should take. Nevertheless, Sandin (1999) clarifies 

that every formulation of the precautionary principle includes a “strikingly imprecise” phrasing 

of the uncertainty dimension. Wiener and Rogers (2002) identify 3 types of precautionary 

principle formulation which differ by strength. However, the authors ultimately share Sandin’s 

(1999) observation that even the weakest formulation lacks the precision to sufficiently inform 

action.   

 

4.1.1 Criticism of the precautionary principle 
 

Use of the precautionary principle presents a number of contentious issues, not the least of which 

is the variability of its interpretation (Foster et al., 2000). Bodansky (1999) articulates this widely 

shared criticism by claiming the precautionary principle is too vague to inform regulatory action. 

Despite representing a general approach to uncertain risks, the precautionary principle fails to 

answer two integral questions: “When is it appropriate to apply the precautionary principle? And 

what types of precautionary actions are warranted and at what price?” (Bodansky, 1999, p. 5). 

While different formulations may (or may not) provide these answers within specific contexts, it 

remains difficult to define a single precautionary principle. 

The strongest criticism of the precautionary principle pertains to its focus on potential negative 

consequences, with the replacement of traditional risk assessment viewed by some as an 

imprecise alternative akin to “pure pessimism” (Peterson, 2007). Harris and Holm (2002) view 

the precautionary principle as a “fundamental threat” to technological progress, as it requires an 

approach to science involving uncertain risks that is “ultra-conservative and irrationally 

cautious” (p. 357). Opponents not only believe the principle’s regulatory stance is overly risk-

averse, but also consider it to be an unscientific method of decision-making (Resnik, 2003). While 

some critics of the precautionary principle view certain formulations as hidden attempts at trade-
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protectionism (Foster et al., 2002; Goldstein & Carruth, 2004; Raffensperger et al., 2000), others 

consider the broader implications of precaution, such as financial loss, foregone benefits and 

countervailing risks. 

As discussed earlier, the presence of scientific uncertainty is what typifies the precautionary 

principle. This interplay between uncertainty and precaution can give rise to significant issues, 

including the apparent contradictory nature of certain formulations. Van Asselt and Vos (2006) 

label this the “uncertainty paradox”, wherein regulators are ultimately impelled to provide some 

degree of certainty that something is indeed a risk. The precautionary principle deals in terms of 

plausibility rather than the distinct concept of probability (Resnik, 2003). This is a point of 

necessity, as the uncertainty inherent to issues of precaution defies any possibility of calculating 

the probability that a given hazard might arise (Peterson, 2006).  

The precautionary principle is often criticised for altering the traditional approach to burden of 

proof. Weak versions of the principle reduce the amount of evidence necessary to implement 

precautionary measures against a risk (Bodansky, 1999), whereas the strongest versions call to 

reverse the burden of proof entirely, requiring proponents of an activity to provide evidence that 

it is completely safe before undertaking it (Wiener & Rogers, 2002). The concept of providing 

“definitive” evidence of an activity’s safety could be viewed as a fallacy, however, as very few 

decisions (if any) are made under conditions of certainty (Resnik, 2003). At the very least, such a 

removal from regular burdens and standards of proof would likely prove too demanding to fulfil, 

in which case the risk of over-regulation becomes a worrying prospect (Wiener & Rogers, 2002). 

Among the more salient criticisms of the precautionary principle is the potential for 

countervailing risks to take shape. Bodansky (1999), for instance, remarks that, “the 

precautionary principle seems to suggest that the choice is between risk and caution, but often 

the choice is between one risk and another” (p. 43). While precautionary measures may be 

implemented to remove or reduce a primary risk, this may directly or indirectly increase risk-

taking behaviour of other kinds (Sandin et al., 2002). For example, banning certain substances 

may represent a direct increase in countervailing risks due to the subsequent adoption of less-

well known alternatives. Bodansky (1999) illustrates the examples of DDT and 

chlorofluorocarbons (CFCs), both of which were at first thought to be environmentally benign. 

The banning of DDT resulted in farmers adopting more acutely toxic alternatives, while the 

environmental impact of refrigerants developed to replace CFCs were no better understood than 

were CFCs themselves at first (Bodansky, 1999). 

Certain risks may indirectly increase countervailing risks in a variety of ways, including economic 

stresses, foregone benefits and stifled innovation (Sandin et al., 2002). For example, the United 
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States has strict regulations regarding drug development compared to other parts of the world. 

While this exhibits a precautionary approach to the uncertain risks inherent to introducing novel 

drugs to the public, this also reflects an acceptance of the risk that the benefits from yet-

unavailable pharmaceuticals may be withheld from patients in need (Bodansky, 1991). Concerns 

of this nature extend to all areas of the regulatory space, with opponents of the precautionary 

principle stressing the impracticality of viewing any and all endeavours with suspicion. Goldstein 

and Carruth (2004, p. 498) point out that “it is a truism that the more precautionary is a society, 

the more likely it will have erroneously engaged in costly and unnecessary preventive actions.”  

In addition to potential countervailing risks, adopting strong versions of the precautionary 

principle might also paralyse the development of new technologies (Foster et al., 2002). In this 

respect, Sandin et al. (2002) insist that it would be necessary to apply the precautionary principle 

to the measures that the principle itself prescribes. Sunstein (2005) also considers strong 

versions of the precautionary principle to be paralysing, as risks exist on all sides of uncertainty: 

“it condemns the very steps that it requires” (p. 14). In this sense, holding precautionary 

measures to the standards of the precautionary principle would be an insurmountable task. 

Wiener and Rogers (2002) argue that uncertain risks do not imply the need for action. Rather, the 

imminent risk of unforeseen, countervailing risks begs a measured assessment of the appropriate 

actions one might take. The incentive to respond to uncertain risk only then arises if a given 

response reflects a justifiable ratio of benefits and costs (Resnik, 2003). 

Assumptions regarding threshold values for environmental and health risks are commonplace in 

situations lacking empirical evidence (Lemons et al., 1997). Sandin et al. (2002) posit that 

incorporation of the de minimis principle may remedy some formulations of the precautionary 

principle, as it provides a probability threshold below which regulators are not impelled to take 

action. For example, the de minimis principle is often employed in contexts such as radiation 

exposure, setting a level of acceptable risk below that which would cause a 10^-6 increase in one’s 

average annual probability of fatality (Shrader-Frechette, 1993). However, the uncertainty 

inherent to environmental and public health risks poses a quandary for risk assessors utilising a 

de minimis inference, as it assumes that cumulative exposure below a given level is acceptable: 

“From a public policy and ethical standpoint, such a claim is problematic because de minimis 

standards are not able to provide equal protection to all people due to individual differences in 

sensitivities” (Lemons et al., 1997, p. 223). Shrader-Frechette (1993) shares the sentiment that 

the de minimis principle’s emphasis on average risk levels does not account for the needs of more 

vulnerable individuals: “If risk assessors make the de minimis inference and claim that average 

exposure data or average levels of risk are harmless or acceptable, then they err” (p. 138). 
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4.1.2 In favour of the precautionary principle 
 

Although a notable concern regarding the precautionary principle is the sheer variability in its 

interpretation, proponents of the principle assert that this is an issue that at least can—and 

should be—remedied (Sandin, 1999). Certain agreements appear to exist between the two sides 

of the precautionary debate, including the stance that the precautionary principle should only be 

applied when reliable quantitative information is lacking (Peterson, 2006). Another widely 

shared belief is that strong versions of the precautionary principle should be rejected (Harris & 

Holm, 2002; Hughes, 2006). Hughes (2006) insists that a large portion of criticism towards the 

precautionary principle focusses solely on stronger formulations that appear irredeemable. In 

this respect, interpretation of the principle remains paramount to the precautionary debate. 

The “speed bump” formed by precaution is viewed by detractors as a significant hindrance within 

the regulatory setting. However, this feature also receives significant praise (Raffensperger et al., 

2000). In the views of many, the precautionary principle should play a prominent role in public 

policy, as important decisions are frequently obscured by scientific uncertainty. While we might 

incur unforeseen risks in the process of prevention, failure to do so in an environmental and 

public health context may result in devastating consequences (Raffensperger et al., 2000; Resnik, 

2003). Goldstein (2001) argues for the utility of the precautionary principle, noting that it shares 

many attributes of good public health practice, including an emphasis on primary prevention and 

recognition of the fact that unwanted consequences of human behaviour are not uncommon. 

While traditional risk assessment typically works within the bounds of secondary prevention, the 

precautionary principle allows for some possibility of preventing hazards before they arise 

(Goldstein & Carruth, 2004). 

Harremoës et al. (2001) highlight numerous case studies of public health impacts that may have 

been averted had early considerations of potential harm been made, including UV radiation, CFCs 

and asbestos. These cases invariably exhibit some degree of ignorance, insofar as the relevant risk 

assessments of each hazard included some degree of certainty that undesirable outcomes 

remained outside the scope of their implementation. The notion of creating a hole in the ozone 

layer was altogether unanticipated when the CFC industry began – some 40 years prior to early 

warning signs in the 1970s. Yet it was not until 1987 that The Montreal Protocol was signed as a 

global appreciation for the dangers chemicals such as CFCs pose to the ozone layer (Harremoës 

et al., 2001). 

Goldstein (2001) addresses significant examples of public health interventions that ultimately 

resulted in negative consequences, further compounding the notion of countervailing risk. 

Goldstein (2001) argues, however, that a precautionary approach might have avoided or at least 
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mitigated these outcomes, stressing the importance of a multidisciplinary, multimodal approach 

to potential hazards. Goldstein (2001) goes on to concede that sufficient risk-benefit analyses 

may not justify the prevention of certain activities, even if knowledge of the full array of outcomes 

were well understood. For example, the case of arsenic-contamination due to the drilling of wells 

for drinking-water in Bangladesh and West Bengal, India, was unanticipated, despite prior 

evidence that this was at least a plausible hazard. Nevertheless, running the risk of possible 

arsenic-contamination could be argued as a justifiable cost, considering the undoubted benefits 

of a cleaner water supply over the sewage-contaminated water that initially prompted drilling 

(Goldstein, 2001). 

Detractors often label the precautionary principle “unscientific”, which is perhaps an undue 

evaluation. Although it may be true to consider the principle unscientific in the weak sense (as 

decisions stemming from precaution are not ultimately based on quantitative measures), it does 

not hold to consider it unscientific in the strong sense (Sandin et al., 2002). We typically classify 

theories, methods or hypotheses as being either scientific or unscientific. However, the 

precautionary principle is none of these things; rather, it is a normative principle for making 

practical decisions under conditions of scientific uncertainty (Resnik, 2003). This consideration 

is true for any decision-rule, and something is only considered unscientific in a strong sense if it 

actively contradicts science (e.g., creationism vs. evolution) (Sandin et al., 2002). Resnik (2003) 

argues that: “Methods of practical decision-making can be regarded as scientific insofar as they 

are rational” (p. 330). Inversely, irrational methods of decision-making might also then be 

considered unscientific (e.g., reading tea leaves) (Resnik, 2003). Therefore, we might consider the 

precautionary principle rational (and scientific) if it instructs us to take reasonable precautions 

to deal with plausible threats—something that may be guided with reference to established 

epistemological norms (Resnik, 2003). A rational decision-maker applying the precautionary 

principal will (ideally) still use the same type of scientific evidence as any other rational decision-

maker working under the confines of “full” scientific evidence; the former simply requires less 

evidence before taking action. 

Peterson (2007) argues against the utility of the precautionary principle as a decision-rule, on the 

basis that it ultimately contradicts other, more fundamental principles of rationality (Peterson, 

2006). Contrary to Resnik’s (2003) view that the precautionary principle be considered a 

practical principle—instructing us to make decisions based on empirical evidence (or a lack 

thereof)—Peterson (2007) asserts that the precautionary principle would instead best be 

considered an epistemic principle rather than a decision-rule—instructing us of what we ought to 

believe. This view appears to be justified in the sense that all formulations of the precautionary 

principle confront the trade-off between type I and type II errors (Wiener & Rogers, 2002). 
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In pure science, the occurrence of type I (false-positive) errors are largely considered to be more 

problematic than type II (false-negative) errors (Sandin et al., 2002), owing to the instrumental 

nature of scientific discoveries in informing further research, wherein a type I error will likely 

lead to many more errors in future (Peterson, 2007). In terms of environmental and public health 

risks, however, one could argue that the inverse is true, as incurring false-negative errors may 

have catastrophic consequences (Peterson, 2007; Sandin et al., 2002). Risking false-negative 

errors is akin to adopting an “innocent until proven guilty” stance, while risking false-positive 

errors is more in-line with a “guilty until proven innocent” approach to uncertain risks (Wiener 

& Rogers, 2002). This appears to be the main point of difference between traditional risk 

assessment and the precautionary principle: the former tries to determine how much harm we 

are willing to tolerate, whereas the latter asks how much harm we can avoid (Raffensperger et 

al., 2000). Proponents of the precautionary principle argue that regulatory decisions regarding 

environmental and public health issues should err on the side of caution when the potential to 

wrongly label an activity harmless exists. A common sentiment among proponents of the 

precautionary principle suggests incurring false-positive errors (to wrongly label an activity as 

harmful) tends only to result in financial loss—although this clearly does not account for a full 

picture of false-positive consequences (Wiener & Rogers, 2002). 

The preference of one type of error over another represents a ubiquitous facet of the scientific 

process: a value judgment. Many critics fault the use of the precautionary principle as it relies on 

value judgments that are not necessarily grounded in scientific data. However, the notion of 

“scientific proof” is more value-laden than many might presume (Sandin et al., 2002). The 

decision to limit the chance of incurring false-positive errors represents the value which 

scientists ascribe to the correct discovery of relationships in the natural world. As Lemons et al. 

(1997) argue, value-laden inferences will only become more common to scientific methods that 

are pervaded by uncertainty, as decisions are being made in the absence of data. Even with data 

at hand, quantitative risk assessment still involves normative assumptions about what type of 

risk we should be concerned about, and how much risk we should be willing to avoid (Resnik, 

2003). Peterson’s (2007) main criticism of the precautionary principle is that it expresses value 

judgments that few would accept when weighed against other, more important value judgments; 

however, the reliance on value judgments, Peterson stresses, should not in itself be criticised, as 

these lie at the core of any decision-rule. 
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4.2 Communicating precaution 
 

Schütz, Wiedemann and Clauberg (2007) note two key questions that have largely gone 

unanswered in the precautionary literature: “do precautionary measures really deliver improved 

protection [?]” and, “do people feel safer when they know that precautionary measures are in 

place to protect their health?” (p. 612). The first of these questions appears difficult—if not 

impossible—to answer, as the success of a precautionary measure results in the absence of a 

hazard that may never have been present in the first place (Wiener & Rogers, 2002). The second 

question, on the other hand, appears to be answerable, although the literature that attempts to 

do so is limited. 

Decision-makers typically employ precautionary measures as a means of protecting the public 

from potential dangers. In some cases, a precautionary approach may also reflect an attempt to 

reduce the public’s fears and anxieties regarding an uncertain hazard, yet, evidence from studies 

of risk perception suggest precautionary measures often fail to achieve the latter (Wiedemann et 

al., 2013). 

Public debate surrounding the potential health risks of electromagnetic fields arising from 

cellular phones and base stations was the catalyst of widespread concern throughout the early 

2000s (Wiedemann & Schütz, 2005). Despite the scientific uncertainty underpinning the notion 

of EMF health risks (owing to the inability of experts to completely exclude the possibility of 

adverse health effects), the precautionary principle was employed in many countries as a means 

of reducing public anxieties. Several studies have used this example as a means of investigating 

the effect that knowledge of precautionary measures has on risk perception, many of them 

observing a positive relationship (Barnett, Timotijevic, Shepherd & Senior, 2007; Barnett, 

Timotijevic, Vassallo & Shepherd, 2008; Nielsen et al., 2010; Schütz et al., 2007; Timotijevic & 

Barnett, 2006; Wiedemann et al., 2006; Wiedemann & Schütz, 2005). 

Wiedemann and Schütz (2005) and Wiedemann et al. (2006) manipulate the inclusion of 

precautionary information within a document detailing EMF risk assessment. The authors 

observe an increase in participants’ perceived risk of EMF’s when examples of precautionary 

measures intended to reduce risk of exposure were included in the document. Wiedemann et al. 

(2013) note the same relationship between precautionary information and EMF risk perception, 

although they also observe considerable variation between participants from different nations. 

Further evidence suggests that—in the context of EMF risk, at least—learning about 

precautionary measures introduced to reassure the public often has the opposite effect (Barnett 

et al., 2007; Nielsen et al., 2010). Although these effects are often small, perhaps leading one to 

believe they have limited practical relevance, Wiedemann and Schütz (2005) note, “no matter 
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how small the effects are, they are contrary to the expectations of policy makers who hope to calm 

public fears about EMFs by implementing precautionary measures” (p. 404).  

These findings suggest that precautionary measures may act as a cue that an uncertain risk is, in 

fact, genuine, thereby increasing one’s perception of that risk (Wiedemann & Schütz, 2005; 

Wiedemann et al., 2013). This effect could also be strengthened if an individual has existing 

concerns regarding a given risk, wherein the implementation of precautionary measures acts to 

confirm one’s fears (Timotijevic & Barnett, 2006). The potential for precautionary action to raise 

“unfounded fears” based on limited evidence is often cited by opponents of the precautionary 

principle (Raffensperger et al., 2000). Evidence that an individual’s level of concern regarding an 

activity predicts behavioural intentions (Barnett et al., 2008) further highlights the implications 

of employing precautionary measures that increase risk perceptions. 

Wiedemann et al. (2013) refer to the utilisation theory of Easterbrook as a potential explanation 

for this increase in perceived risk. According to this theory, emotional cues encountered in a piece 

of information tend to override any others, making these cues the dominant influence of cognition 

underlying behaviour (Easterbrook, 1959). In the context of EMF risk, Wiedemann et al. (2013) 

suggest that individuals may interpret precautionary measures with a “there is no smoke without 

fire” mentality, and the dominance of the emotion arising from this cue may amplify risk 

perception despite other cues insisting safety. Past research exhibits the effect that messages 

intended to arouse certain emotions have on risk perception, with reactions of fear 

demonstrating a notable increase (Lerner & Keltner, 2000).  

An explanation presented to justify decreasing risk perceptions due to precaution comes in the 

form of the Trust, Confidence and Cooperation (TCC) model (Earle, 2010). According to this 

model, an individual’s level of “trust” relates to judgments of an agent’s morality, whereas their 

level of “confidence” is relevant to judgments of an agent’s behaviour. Siegrist, Cvetkovich and 

Roth (2000) describe social trust as, “the willingness to rely on those who have the responsibility 

for making decisions and taking actions related to the management of technology, the 

environment, medicine, or other realms of public health and safety” (p. 354). If an individual feels 

they share certain values with an agent, this judgment of morality can lead to an increased sense 

of social trust (Earle, 2010). Likewise, knowledge of an agent’s behaviour—including constraints 

on future activity—can act to increase an individual’s confidence in their own safety (Earle, 2010). 

An increase in trust and/or confidence in risk management may signal that a risk is being 

managed effectively, thereby reducing measures of risk perception (Wiedemann et al., 2013). 

Moreover, individuals exhibiting trust in decision-makers have been shown to perceive less risk 

and greater benefit regarding their actions than those who exhibit distrust (Siegrist et al., 2000). 
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Wiedemann et al. (2006) stress that the antithetical outcomes of communicating precaution 

should not prompt the abandonment of protective measures. Rather, “they may serve to warn 

risk managers that using precautionary measures merely as a means for reassuring the public 

will probably fail” (p. 370). There is currently no understanding of how communicating the 

precautionary measures adopted in the context of heading regulation affects one’s perceived risk 

of heading. While the junior heading guidelines discussed in Chapter 1 of this thesis were 

introduced to the US and UK as a means of reducing head injury risk, they might also be 

considered attempts at reducing societal concerns, especially considering the litigation from 

which the U.S. Soccer heading guidelines originated (Yang & Baugh, 2016). It is also important to 

note that questions persist as to the role that public risk perceptions should play in the adoption 

of precautionary measures. Opponents of the precautionary principle insist that accurate risk 

assessment should not rely on the public’s perception of risk, as perceived risk is far more 

susceptible to manipulation than assessed risk (Goldstein & Carruth, 2004). Furthermore, there 

are concerns that precautionary measures introduced to mitigate perceived risks will undermine 

established protocols grounded in science (Wiedemann & Schütz, 2005). 

The World Health Organization’s background document, “Electromagnetic Fields and Public 

Health Cautionary Policies” (2000), notes that precautionary regulations should be adopted, but, 

“only under the condition that scientific assessments of risk and science-based exposure limits 

should not be undermined by the adoption of arbitrary cautionary approaches” (p. 4). Although 

current junior heading guidelines might be considered arbitrary in the sense that no established 

science-based exposure limit to heading exists, Wiedemann and Schütz (2005) add that the risk 

of spreading unnecessary concern should also factor into the decision to introduce precautionary 

policy. Referring to the Constitution of the World Health Organization (1948), wherein health is 

defined as, “a state of complete physical, mental and social well-being and not merely the absence 

of disease or infirmity” (p. 1), the potential for precautionary measures to increase concerns and 

impede well-being also deserves consideration. 
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 Methodology 
 

5.1 Research questions 
 

The preceding chapters of this thesis have investigated the mixed findings and general 

uncertainty of subconcussion research, as well as theory relating to factors influencing risk 

perception involving uncertainty and precaution. This review of the literature highlighted several 

points of interest, including the heretofore-unexplored question of how those within New 

Zealand domestic football perceive the act of heading as a potential health risk, and how the 

communication of uncertainty and precaution influences this perception. Consideration of this 

literature leads to the formulation of the following research questions: 

 

1. How does the disclosure of scientific uncertainty regarding subconcussion research influence 

     one’s perceived risk of heading in football? 

2. How does information of precautionary measures adopted by junior heading guidelines 

     influence one’s perceived risk of heading in football? 

 

5.2 Hypotheses 
 

The literature concerning the communication of uncertainty and precaution, as discussed in 

Chapters 3 and 4, respectively, allow for the formulation of the following pairs of opposing 

hypotheses: 

 

Hypothesis 1a (H1a):  
The disclosure of scientific uncertainty regarding subconcussion research will lead to either an 
increase or decrease in risk perception compared to the non-disclosure of scientific uncertainty. 
 
 
Hypothesis 1b (H1b):  
The disclosure of scientific uncertainty will have no effect on risk perception. 
 

Hypothesis 2a (H2a): 
Information about precautionary heading regulation will be viewed as a cue that heading poses 
a genuine health risk, and risk perceptions will be increased compared to that of the non-
precaution message condition. 
 

Hypothesis 2b (H2b): 
Information about precautionary heading regulation will increase trust/confidence in risk 
management, thereby reducing risk perceptions. 
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The remainder of this chapter provides a description of the methods employed to test the validity 

of these hypotheses. 

 

5.3 Study design 
 

This study followed a 4x2 factorial design, in which participants were randomly presented with 

1 of 8 textual messages regarding subconcussion research during their completion of an online 

questionnaire. Table 5-1 below outlines the 8 message conditions and their manipulation of 

uncertainty and precautionary information, while Table 5-2 displays the textual elements 

included in each condition.  

Table 5-1: Eight message conditions presented to participants 

 
Control 

+ 
No precaution 

 
Control 

+ 
Junior ban 

 
Control 

+ 
Heading 

regulation 

 
Control 

+ 
Heading  

minimisation 

 
Uncertainty 

+ 
No precaution 

 
Uncertainty 

+ 
Junior ban 

 
Uncertainty 

+ 
Heading 

regulation 

 
Uncertainty 

+ 
Heading 

minimisation 
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Table 5-2: Separate elements of message conditions 

 
Sport-related concussion is an area of growing interest, with the harmful effects of 
concussive head injuries receiving increased attention. However, many researchers now 
believe that sub-concussive events (those that do not result in concussion) may also 
contribute to a future decline in brain health. 
 
Football (soccer) presents a unique scenario for sub-concussion research, as the act of 
intentionally using the head to make contact with the ball is not replicated in any other 
sport. Although it is possible to sustain a concussion from heading a football, the majority of 
headings do not result in concussion symptoms, and are therefore considered sub-
concussive. 
 
When a player heads a football, the force of impact initiates movement of the brain within 
the surrounding fluid of the skull. This movement can result in what is known as the “slosh 
effect”. While sub-concussive impacts do not result in any observable symptoms, it is 
possible that the rapid stretching of nerve cells during this “sloshing” can result in damage 
to the brain. Given the repetitive nature of heading, both in training and during games, 
damage incurred over the course of a career might be substantial. 
 
To understand these effects, scientific studies have been conducted to investigate any 
changes to the brain following sub-concussive impacts: 
 

• Brain imaging techniques have shown greater amounts of heading relate to greater 
evidence of brain injury, even in players with no history of concussion 
 

• Blood samples following controlled sessions of heading have shown increased 
markers related to brain injury  
 

• Contact-sport athletes, including footballers, perform worse on tests of memory, 
planning and attention following sub-concussive events than non-contact athletes 

 

 
*Despite these studies, there remains significant uncertainty regarding sub-concussion, and 
further research is needed to fully understand the potential relationship between sub-
concussive impacts and brain damage. 
 
While the studies suggest that the brain may sustain damage during events such as heading, 
it is not yet known whether this damage is temporary or permanent. Furthermore, as this is 
a developing field, many of the techniques and tools used in sub-concussion research differ 
between disciplines, making it difficult to draw general conclusions. Indeed, the results of 
cognitive tests can be quite varied, and tend to suggest no relationship between sub-
concussive impacts and a decline in brain health. 
 
 
*In consideration of the developing brains of young players, and in light of evidence that 
lower neck size and strength relate to greater head acceleration during heading, the U.S. 
Soccer Federation adopted a precautionary approach by introducing a ban on all heading 
during games and training for players aged 10 and under in 2016. 
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5.4 Independent variables 
 

This study investigated the effects of two independent variables on perceived risk of heading in 

football:  

• uncertainty of scientific information 

• information regarding health-related precautionary measures  

 

These variables were manipulated by creating two “uncertainty” conditions and four 

“precaution” conditions. 

 

5.4.1 Uncertainty 
 

The variable of scientific uncertainty was divided into two levels. Participants assigned to the 

“uncertainty” group were randomly presented with one of four messages which included a 

statement regarding the unsettled nature of subconcussion research. Participants assigned to the 

“control” group received one of the remaining four messages without this statement on scientific 

uncertainty.  

The base message included in each condition was intended to provide participants with a brief 

overview of subconcussion research as it pertains to heading in football, including a description 

of the “slosh effect” (as discussed in Chapter 1) as a mechanism of brain damage, and references 

*In 2016, considering the developmental state of junior players’ brains, the U.S. Soccer 
Federation adopted a precautionary approach by placing strict regulations on heading 
during games for players aged 10 and under. The new regulations state that any intentional 
act of playing the ball with the head is to be penalised with the opposition side being 
awarded an indirect free kick. 
 
 
*The U.S. Soccer Federation has adopted a precautionary approach by limiting the exposure 
of heading for junior players aged 11 to 13. In consideration of the developing brains of 
young players, the Federation’s 2016 mandate limits heading to 30 minutes per week 
during practice, with each player not to exceed a total of 20 headers each week. 

Key: 
* Section added to uncertainty conditions 
* Section added to junior ban conditions 
* Section added to heading regulation conditions 
* Section added to heading minimisation conditions 
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to specific findings that support the notion of a relationship between heading and 

neurodegeneration. The control message was constructed using as little ambiguous language as 

possible, with the aim of maintaining a significant difference between the control and uncertainty 

conditions. All participants were exposed to identical information as was presented in this base 

message, therefore, message manipulation was solely the result of the inclusion/exclusion of 

information regarding uncertainty and/or precaution.  

The inclusion of the uncertainty statement immediately following the control message intends to 

draw the attention of participants within the uncertainty group towards the current lack of 

consensus regarding subconcussion. The uncertainty statement is juxtaposed with the control 

message information to highlight the genuine necessity for further research, as well as some of 

the contradictory findings that do not support a relationship between subconcussion and 

neurological damage. Wiedemann and Schütz (2005) found that their manipulation of 

uncertainty information had no significant effect on any of their dependent variables, including 

participants’ perceived risk of electromagnetic fields. While this lack of an effect was unexpected, 

the authors suggested that this might have been because their manipulation was “simply not 

strong enough.” (p. 404).  Considering this assumption, the uncertainty information prepared for 

this study was made to be more extensive than the single sentence utilised in Wiedemann and 

Schütz (2005). 

 

5.4.2 Precautionary measures 
 

The variable of precautionary measures was divided into four conditions:  

• No precaution (control) 

• Junior ban  

• Heading regulation 

• Heading minimisation 

 

While the control message condition does not contain any supplementary information, the 

remaining three conditions include short examples of health-related precautionary measures 

adopted by the U.S. Soccer Federation’s junior heading guidelines. The “Junior ban” condition 

describes the nationwide ban on all heading for children aged 10 and under; the “Heading 

regulation” condition describes the penalising of heading during games; and the “Heading 

minimisation” condition describes the limited exposure to heading allowed for players aged 11 

to 13. 
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It is important to note that the UK junior heading guidelines had not been adopted at the time of 

this study, therefore examples of heading regulation were limited to that of the US junior 

guidelines.  

 

5.5 Participants 
 

This study was designed for New Zealand residents aged 18 and over. Participants were required 

to be domestic football players (having played for a domestic club within the last 12 months), or 

the parent of a child (aged 18 or under) who plays for a domestic football club. Participants fitting 

both criteria were also eligible to take part in this study. 

Due to their similar 4x2 factorial design, the results of Wiedemann and Schütz (2005) were used 

as a reference for determining an appropriate sample size for observing an effect on risk 

perception due to precautionary information (the effect size for precaution was chosen over that 

of uncertainty as the latter did not yield a statistically significant effect; Wiedemann and Schütz, 

2005). Power analysis carried out using the GPower 3.1 statistical power software generated a 

minimum required sample size of 180 participants.  

Participants were recruited for this study via a snowball sampling technique. Invitations to 

complete and share the online survey were initially sent to administrators of each of the seven 

New Zealand Football Federations, including: Northern Football Federation, Auckland Football 

Federation, WaiBOP Football, Central Football, Capital Football, Mainland Football and Football 

South. Email invitations with links to access the online survey were sent to domestic clubs across 

New Zealand, and these were shared on several Facebook pages used by clubs to communicate 

with their affiliated members. 

 

5.6 Questionnaire design 
 

Participants of this study completed a questionnaire hosted on the online survey programme 

Qualtrics. At the beginning of this questionnaire, participants were required to provide relevant 

demographic information, including their age, gender, parenthood and footballing background, 

followed by a 10-item a priori risk assessment in order to gauge general attitudes towards risk. 

Participants were then randomly presented with one of the eight message conditions outlined 

above. After reading this message, participants responded to several items assessing their 

perception of risk related to heading in football.  
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The following sections describe each aspect of the questionnaire in more detail. A transcript of 

the questions presented to participants can be found in the appendix of this thesis. 

 

5.6.1 Demographic questions 
 

Upon entering the survey, participants were presented with an information sheet and consent 

form regarding the questionnaire to follow. The title of the survey, “Attitudes Towards Football 

in NZ”, as well as the aim, “to assess the attitudes of those who play amateur football (soccer) in 

New Zealand toward several aspects of the current game”, were included in the introductory 

information sheet in order to hide the true aim and hypotheses of the project. Entering the survey 

with the knowledge that the actual values of interest relate specifically to risk perception of 

heading has the potential to result in response bias, as participants may feel motivated to answer 

questions in a manner they believe is desired by the researcher, regardless of their true beliefs 

(Podaskoff, MacKenzie, Lee & Podaskoff, 2003). Providing a cover story to separate the 

measurement of criterion and predictor variables reduces the likelihood of a participant adopting 

an acquiescence bias (yea/nay-saying), and helps to prevent the formation of inaccurate data 

relationships fostered by this response editing. 

The opening question of the survey identifies participants as football players, parents of players, 

or a combination of the two. This question also serves as an initial screen for participant 

suitability, as selecting “None of the above” in response to this question navigates participants 

out of the survey. All remaining participants continue with the survey by stating their age, 

citizenship, gender, highest level of education, and ethnicity. Any respondent who entered an age 

below 18 was excluded from final analyses. The survey programme Qualtrics also screened for 

the geographical location of each respondent’s IP address, with an address appearing from 

outside of New Zealand resulting in that respondent being navigated out of the survey. 

Participants who identified as a football player were then required to provide relevant 

information regarding their background in the sport, including the number of years played and 

typical playing position. These aimed to provide a measure of overall experience, as well as an 

indication of a participant’s likely exposure to heading (e.g., a goalkeeper is unlikely to header a 

ball as often as a defender, if at all). Self-reported exposure to heading was also prompted in the 

following two questions. Players were asked to estimate how frequently they carried out five 

different activities in training and during games. In both instances, heading was embedded within 

four other common football activities in order to maintain concealment of the survey’s aim.  
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For participants who identified as parents, a block of items regarding their child/children’s 

participation in football followed the general demographic questions. Child age and number of 

years playing football were recorded. Parents were then required to rate (to the best of their 

knowledge) their child’s attitudes towards five aspects of football on a scale from 1 = dislikes a 

great deal, to 7 = likes a great deal. Like the questions presented to players described above, 

heading was embedded within four other activities so as not to reveal the context of the study. 

Responses to these scales aimed to provide a measure of pre-existing reluctance towards heading. 

Parents that identified as having more than one child who plays football were asked to rate the 

attitudes of both their eldest and youngest children towards these activities. 

A question on the importance of football to his or her personal identity aimed to provide a 

measure of each participant’s identification with the sport. This rating was measured on a scale 

from 1 = Not at all important, to 7 = Extremely important, and was asked of all participants, 

regardless of player/parent group. 

 

5.6.2 a priori risk  
 

A measure of participant’s general attitudes towards risk was obtained by asking participants to 

complete a 10-item a priori risk questionnaire. This measure was included as a means of 

controlling for participants’ general attitudes towards risk as a potential confounder to perceived 

risk of heading in football. Participants were required to state their level of agreement with 10 

statements on a scale from 1 = Strongly disagree, to 5 = Strongly agree. Only 3 of these items were 

intended for analysis, and these were randomly embedded within 7 incongruous items as a means 

of concealing risk perception as one of the study’s true dependent variables.  

The 10 statements included the following: 

• I attempt to recycle my waste whenever possible  

• I find myself irritable if I have not had any caffeine  

• I tend to support local businesses even if it costs me more money 

• I spend more time watching television/movies than I do reading  

• I try to get at least 8 hours of sleep each night 

• I would consider myself more physically active than the average person  

• I am comfortable approaching new people  

• I would take a risk even if it meant I might get hurt* 

• I am at a high risk of injuring myself when playing sport*  
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• I would consider sunbathing without sunscreen to be risky* 

 

*Three risk attitude items of interest.  

 

Each of the 3 risk items highlighted above were taken from validated questionnaires concerning 

different aspects of risk attitude. The adapted items were employed as a means of assessing 

participants’ general risk-taking propensity; perceived susceptibility to injury in general; and 

general perception of risk as it pertains to health and safety. Responses to each of these 3 items 

were combined to form an aggregate general risk-attitude score for each participant, while 

responses to the remaining 7 items were disregarded. 

The first of these items was taken from Zhang, Red, Ling, Patel and Sereno’s (2019) General Risk 

Propensity Scale (GRiPS), a validated self-report questionnaire that provides a measure of risk-

taking attitudes in a general context rather than a domain-specific one. The item, “I would take a 

risk even if it meant I might get hurt”, was chosen from the shortened 8-item version of the GRiPS, 

as these items showed good internal consistency (Cronbach’s alpha = 0.92). The chosen item also 

best fit the context of risk-taking related to physical injury. 

The item, “I am at a high risk of injuring myself when playing sport”, was adapted from Stephan, 

Deroche, Brewer, Caudroit and Le Scanff’s (2009) study on perceived susceptibility to sport-

related injury. An athlete’s perceived susceptibility to sporting injury plays an important role in 

their decision to take preventative measures in the face of future risk (Stephan et al., 2009). As 

this sense of vulnerability may correlate to one’s perceived risk of (and intention to avoid) 

heading in football, this item was included to provide a measure of participants’ general 

perception of susceptibly to sporting injury.  

The final item of interest within the a priori risk scale, “I would consider sunbathing without 

sunscreen to be risky”, was adapted from Blais and Weber’s (2006) revised Domain-Specific Risk-

Taking (DOSPERT) scale. This scale was developed in order to measure attitudes regarding risk-

taking and risk perception across five distinct domains: Ethical, Financial, Health/Safety, 

Recreational and Social. For the measurement of risk perception using the DOSPERT scale, 

participants were required to assess the level of risk that certain situations and behaviours would 

pose to their health/safety. For this project, item #23 of the DOSPERT scale was adapted from 

“Sunbathing without sunscreen” to “I would consider sunbathing without sunscreen to be risky” 

in order to prompt an assessment of risk perception, as well as to fit the established format and 

scale of the remaining a priori risk items. 
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5.6.3 Perceived risk of heading  
 

After completing the a priori risk scale, participants were randomly presented with one of the 8 

messages outlined earlier. Participants were instructed to carefully read their allocated message 

and were only able to navigate to the next section of the survey after approximately one minute. 

Upon reading the message regarding subconcussion and heading in football, participants 

answered a set of four items adapted from the Perceived Susceptibility of Sports Injury scale 

(PSSI), a validated scale of sport-related risk perception taken from Gnacinski, Arvinen-Barrow, 

Brewer and Meyer’s (2017). The average scores taken across the four-item scales outlined in 

Tables 5-3 and 5-4 below provide a measure of perceived risk of heading-related injury. This scale 

was selected for its proven factorial validity and internal consistency (Cronbach’s alpha = 0.87), 

as well as its applicability to the context of heading in football. 

 

 

 Table 5-3: Perceived Susceptibility to Sport Injury 
(PSSI) scale 

 

Item 
no. 

Original wording Original Scoring   

1. What do you believe is the chance that you will 
get an injury during your sport season? 

1 = very low chance 
5 = very high chance 

2. How susceptible do you feel you are to get an 
injury during your sport season? 

1 = not at all susceptible 
5 = very susceptible 

3. What do you believe is the chance that you will 
get an injury during your sport season in terms 
of percentages? 

1 = less than a 10% chance 
5 = 100% chance 

4. What do you believe your chances are of getting 
an injury during your sport season compared 
with other players in your league? 

1 = a lot lower 
5 = a lot higher 
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 Table 5-4: Adaptation of PSSI scale items  

Item 
no. 

Adapted wording for players Adapted scoring   

1. What do you believe is the chance that heading 
a football will damage your brain during your 
sporting career? 

1 = very low chance 
5 = very high chance 

2. How susceptible do you feel you are to heading-
related brain damage during your sporting 
career? 

1 = not at all susceptible 
5 = very susceptible 

3. What do you believe is the chance that heading 
a football will damage your brain during your 
sporting career in terms of percentages? 

1 = less than 20% chance 
2 = 20% to 40% chance 
3 = 40% to 60% chance 
4 = 60% to 80% chance 
5 = more than 80% chance 

4. What do you believe your chances are of getting 
an injury during your sport season compared 
with other players in your league? 

1 = a lot lower 
5 = a lot higher 

Item 
no. 

Adapted wording for parents Adapted scoring 

1. What do you believe is the chance that heading 
a football will damage your child's brain while 
they play the sport? 

1 = very low chance 
5 = very high chance 

2. How susceptible do you feel your child is to 
heading-related brain damage while playing 
football? 

1 = not at all susceptible 
5 = very susceptible 

3. What do you believe is the chance that heading 
a football will damage your child's brain while 
they play the sport in terms of percentages? 

1 = less than 20% chance 
2 = 20% to 40% chance 
3 = 40% to 60% chance 
4 = 60% to 80% chance 
5 = more than 80% chance 

4. What do you believe your child's chances are of 
damaging their brain from heading a football 
compared with other players in their league? 

1 = a lot lower 
5 = a lot higher 
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The PSSI items were adapted into two sets, one of which was worded specifically for players, 

while the other was worded specifically for parents. While players answered these questions in 

terms of their perceived personal risk associated with heading a football, parents responded to 

questions regarding their perceived risk of heading to the neurological health of their children. 

Those identifying as both a player and a parent were presented with both sets of questions, one 

after the other.  

In both sets of adapted questions, items 1, 2 and 4 retained the 1 to 5 scales used for the original 

PSSI items. The percentage scale used for item 3, however, was changed for both the player and 

parent cohorts. The original PSSI scale measured answers to the question, “What do you believe 

is the chance that you will get an injury during your sport season in terms of percentages?”, on a 

scale from 1 = less than a 10% chance, to 5 = 100% chance. It was noted that the intervals 

presented in this scale are not equal, nor is the upper limit of “100% chance” an appropriate value 

considering the lower limit of “less than a 10% chance”. As a result, this scale was amended to 

include equal intervals of 20%, terminating at an upper limit of “more than 80% chance”. This 

made item 3 easier for participants to understand and ensured that data obtained from the 

adapted scales was interval and fit for analysis. 

In order to fit the specific context of head injury in football—and injury incurred by heading in 

particular—the original wording of the PSSI items were changed from the style of “What do you 

believe is the chance that you will get an injury during your sport season?” to that of “What do 

you believe is the chance that heading a football will damage your brain during your sporting 

career?” To incorporate the notion of subconcussive damage as a long-term health risk, the 

hypothetical timeframe of these questions was changed from a single “sport season” to “sporting 

career” for players, and to “while they play [football]” for parents.  

An initial adaptation of the PSSI items included wording that followed the style of: “What do you 

believe is the chance that you will develop a head injury from heading a football during your 

sporting career?” Following a test survey with this format of the PSSI scale, it became clear that 

the wording of items needed to be less ambiguous regarding the hypothetical mechanism of 

proposed head injury. Feedback from test respondents indicated that these questions could be 

perceived as regarding any head injury sustained in the act of heading a football. One respondent 

cited head-to-head and elbow-to-head impacts as factoring into his consideration of the PSSI 

items: “I know that, seven out of ten times, I touch the other player or they touch me around the 

head when competing for a header”. With the aim of specifically measuring participants’ 

perceived risk of head-to-ball impacts as a mechanism of subconcussive injury, items were 

amended by replacing references to “head injury” (which were shown to evoke the notion of acute 

injury/concussion) with references reflecting a more chronic process of “brain damage”. In order 



  A. Gilbert 

66 
 

to reflect the notion of subconcussive brain damage due to heading, as discussed in the preceding 

experimental message, items such as “What do you believe is the chance that you will develop a 

head injury from heading a football during your sporting career?” were changed to “What do you 

believe is the chance that heading a football will damage your brain during your sporting career?”  

 

5.6.4 Perceptions of others 
 

For participants in the “players” cohort, a set of three items aimed to measure the perceived social 

consequences of expressing concern for heading in football. These items were adapted from a 

subscale of Rex and Metzler’s (2016) Sport Injury Anxiety Scale (SIAS) and reworded to fit the 

specific context of heading. As a subscale of the SIAS, this set of items was originally constructed 

to measure “anxiety related to others’ perceptions of me (relabelled as anxiety related to being 

perceived as weak [BPW])” as an independent factor of sports injury anxiety. This subscale was 

selected as a means of assessing this social dynamic as a potential factor of participants’ reported 

risk perception of heading. Due to the high internal consistency (Cronbach’s alpha = 0.90) and 

hypothetical sports injury context of the SIAS subscale, the items outlined in Table 5-5 below were 

deemed suitable for the means of this survey.  

 

 Table 5-5: Adaptation of Sport Injury Anxiety Scale (SIAS) – Anxiety related to 
BPW subscale 

Item 
no. 

Original wording 

1. When I am injured, some people think I am just being a baby. 

2. When I am injured, some people think I am just being lazy. 

3. When I am injured, some people think I am faking it. 

Item 
no. 

Adapted wording 

1. If I expressed any concern for heading in football, my teammates would think 
I was just being weak. 

2. If I expressed any concern for heading in football, my teammates would think 
I was just being lazy. 
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3. If I expressed any concern for heading a football, my teammates would think 
I was faking it. 

 

Prior to reading each item, participants were asked to select the extent to which they agreed or 

disagreed with each statement on a scale from 1 to 7 (1 = strongly disagree, 7 = strongly agree). 

An average rating across the three items was compiled for each participant and represented a 

value of anxiety related to the perceptions of others. 

 

5.6.5 Support for heading regulation 
 

Parents of junior players were asked the following question: “On a scale from 1 to 5, to what 

extent would you prefer that your child played in a league that regulated heading over one that 

did not, if this were an option?”, with 1 corresponding to “Not at all”, and 5 corresponding to 

“Definitely yes”. This question was included to observe any preference that parents within this 

cohort might have for junior heading regulation in New Zealand. It is understood that no such 

data is currently available, at least not within the context of parents involved in New Zealand 

football. It is therefore of interest to observe the proportion of parents who would/would not 

support the implementation of heading regulation—akin to that of the US and UK heading 

guidelines—as far as their own children are concerned. 

 

5.6.6 Attention check and debrief 
 

In order to observe whether participants did or did not retain information from their respective 

message conditions, the following message was presented at the completion of the survey: 

 

“Earlier in the survey you read an article about some health problems that might arise from 

heading a football. Do you remember how the article described the movement of the brain within 

the skull? If you do, click the answer below that describes what you remember. If you do not, click "I 

don't remember.” 

 

Please be honest! There is no penalty for failing to remember, but we need to know in order to use 

your data.” 
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Participants were instructed to select from “Flushing”, “Sloshing”, “Lashing” and “I don’t 

remember”, with any answer beside “Sloshing” being considered a failed attention check. This 

result was recorded in order to observe any difference in survey responses attributable to success 

or failure, with the notion that a failed attention check represented inadequate processing of the 

subconcussion message presented earlier in the survey. 

A debriefing message formally concluded the survey, notifying participants of the study’s true 

aim. A request that participants did not discuss the true nature of the study with prospective 

respondents was included in this message. 
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 Results 
 

6.1 Quantitative analysis 
 

The descriptive statistics and quantitative analysis discussed in this chapter were generated 

using Microsoft Excel and IBM’s SPSS Statistics 25.0 software. 

This study initially consisted of 116 participants. However, following exclusion of those who 

failed the survey’s post-questionnaire attention check, the final cohort incorporated into the 

General Linear Model discussed below consisted of 89 participants in total.  

 

6.2 Risk perception analysis 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6-1: Distribution of participants across 8 experimental 
message groups 

Factor Condition N 

Uncertainty Control (No Uncertainty) 46 

 Uncertainty 43 

 Control (No Precaution) 24 

Precaution Junior ban 21 

 Heading regulation 20 

 Heading minimisation 24 

                                                                       Total 89 

15%

85%

Female Male

Figure 6-1: Age and sex of participants, n= 89. 
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6.3 Risk perception scores 
 

As discussed in Chapter 5, each participant answered a set of four questions following exposure 

to a textual message regarding subconcussion research. Each question was recorded on a 5-point 

scale, and the sum of these four responses was collated to provide a risk perception score (RPS). 

These scores were recorded for each participant and included as the dependent variable of a Two-

Way ANOVA comparing mean RPS across the 8 factorial groups arising from the 2 Uncertainty 

and 4 Precaution conditions. Table 6-2 below outlines mean risk perception scores by factorial 

group.  

 

 

 

 

 

 

 

 

 

 

The resulting data suggest risk perception scores were slightly elevated under Uncertainty 

compared to the Control condition. Two-Way ANOVA yielded a statistically significant main effect 

of Uncertainty on mean RPS, F(1,81) = 6.5, p = .013 (medium effect size, η2 = 0.075). 

The Precaution factor similarly appeared to influence participants’ risk perception scores, with 

RPS seemingly reduced under conditions including precautionary information compared to 

control conditions. The ANOVA also generated a statistically significant main effect of Precaution 

on mean RPS, F(3,81) = 2.8, p = .048 (medium effect size, η2 = 0.092). 

However, it is important to note that these main effects are qualified by a statistically significant 

interaction effect between the factors of Uncertainty and Precaution, F(3,81) = 3.3, p = .023. This 

interaction exhibits a medium-large effect size (η2 = 0.110).  

 

 

Table 6-2: Mean risk perception scores (RPS) for each 
experimental message condition 

Uncertainty  Precaution  Mean RPS 

 Control 10.62 
Control Junior ban  8.00 
 Heading regulation 7.46 
 Heading minimisation 9.46 

 Control  11.27 
Uncertainty Junior ban 12.80 
 Heading regulation  9.78 
 Heading minimisation 8.54 
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Visual interpretation of Figure 6-2 above supports the notion that there is a significant interaction 

effect between the two factors of Uncertainty and Precaution. As a result, this data suggests that 

an individual’s perceived risk of heading in football depends on the combination of uncertainty 

and precautionary information. 

Because a statistically significant interaction effect was observed between the two experimental 

factors, the main effects of Uncertainty and Precaution as noted above may be misleading. Rather, 

analysis of the simple main effects of these factors should be considered in order to interpret the 

nature of their interaction.  

Although Two-Way ANOVA illustrates a statistically significant interaction effect between the 

Uncertainty and Precaution factors, this result does not provide information as to where this 

interaction occurs. In order to better understand this interaction effect, this ANOVA was followed 

by a pairwise comparison of simple main effects, the aim of which is to describe the effect of one 

independent variable at a given level of another. 

 

 

*** 

Figure 6-2: Bar graph representing mean risk perception scores across 8 factorial groups. The x-axis 
represents the 4 Precaution message conditions and the difference between these conditions depending on 
the inclusion/exclusion of Uncertainty information. ***= p value≤.001 following pairwise comparison of 
simple main effects. 
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6.3.1 Simple main effects of Uncertainty 
 

Pairwise comparisons adjusted for Least Significant Difference (LSD) indicate that subjects in the 

“Junior ban” Precaution group who were also presented with Uncertainty information recorded 

risk perception scores 4.80 points higher than those in the Junior ban group who did not receive 

Uncertainty information (p = .001, 95% CI of the difference = 2.06 to 7.54). None of the remaining 

Precaution groups exhibited a statistically significant simple main effect of Uncertainty on RPS. 

 

6.3.2 Simple main effects of Precaution 
 

Among participants who received Uncertainty information, those in the Junior ban group 

recorded risk perception scores 3.02 points higher than those in the Heading regulation group (p 

= .040, 95% CI of the difference = .14 to 5.90) and 4.26 points higher than those in the Heading 

minimisation group (p = .002, 95% CI of the difference = 1.63 to 6.90). Those who were not 

presented with Precaution information (Control) also recorded higher mean RPS than those in 

the Heading minimisation group when Uncertainty was present (p = .037).  

Of those who were not presented with Uncertainty information (Control); participants who were 

also under the Control condition for Precaution (i.e., Control + Control) recorded higher RPS than 

those in the Junior ban group (Mean difference = 2.62, p = .046, 95% CI of the difference .05 to 

5.18) and those in the Heading regulation group (Mean difference = 3.16, p = .016, 95% CI of the 

difference .59 to 5.73)). 

Separate ANOVAs were conducted between the 8 factorial groups and other scale variables 

including age, a-priori risk perception, and perceptions of others. None of these tests resulted in 

any statistically significant effects, supporting the above assertion that differences in mean risk 

perception scores between these groups was the result of experimental manipulation and not 

random effects. 
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6.4 Participant characteristics  
 

The following results concern additional data obtained from participants in order to understand 

their footballing background, including general attitudes towards heading and the notion of 

junior heading regulation. Barring Figure 6-3 below, the remaining figures presented in this 

chapter include participants who otherwise failed the post-message attention check and were 

excluded from the ANOVA described above. This data is not contingent on experimental 

manipulation and therefore includes responses from 116 participants.  

 

 

 

Figure 6-3: Participants were asked to provide a rating for the following question: “On a scale from 1 to 7, how important is 
your involvement in football to your personal identity?” n= 89. (Note: 0 participants selected “3” in response to this 
question, hence it does not appear on this graph). 

 

 

As might be expected, the majority of participants responded to this question with 5, 6 or 7, 

illustrating moderate-to-strong agreement with the idea that involvement in football plays a 

prominent role in these participants’ lives. Almost half (49%) of the participants included in final 

analyses considered football “Extremely important” to their personal identity, while only 7% 

responded with 1, 2 or 3—illustrating a moderate-to-strong disinclination to consider football of 

much personal importance.   
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Figure 6-4 above illustrates that the frequency of heading drills during training is not consistent 

across players within this study. The most frequently selected option on the scale provided was 

4, with 26% of players reporting that drills involving heading occur in “About half” of all training 

sessions. 

 

 

Figure 6-5: Players’ estimated number of headers carried out per game, n= 87. 

 

Reported frequency of heading during games suggests players are more likely to carry out a low 

number of headers per game than they are a high number. Most players estimated their range of 

heading frequency between 0 and 5 (39%) or 6 and 10 (31%) headers per game. Figure 6-5 above 

shows that relatively few players estimate a high number of headers per game—only 5% of 

players in this study report that an average game may involve carrying out 21 or more headers.  

Figure 6-4: Players’ estimations of how frequently drills involving heading are 
carried out during training, n= 87. 
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Parents were asked to estimate their own child’s attitude towards 5 aspects of playing football, 

including their attitude towards heading. For parents with multiple children under the age of 18, 

Figure 6-6 above includes estimates of their youngest child’s attitude. Nearly half of parents 

(48%) responded with either 5, 6 or 7, indicating some degree of enjoyment that their child 

ascribes to the act of heading. Twenty-eight percent of parents, on the other hand, responded to 

this question with 1, 2 or 3, suggesting they have reason to believe their child dislikes heading in 

football. Almost as many parents (24%) indicate that their child harbours no strong feeling in 

either direction regarding heading.  

 

 

 

Figure 6-7: Parents of junior players (n= 50) were asked, “On a scale from 1 to 5, to what extent would you prefer that your 
child played in a league that regulated heading over one that did not, if this were an option?” 

Figure 6-6: Parents’ estimation of their child’s attitude towards heading in football, n= 50. 
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Figure 6-7 above illustrates the proportion of parents who would/would not prefer the option of 

heading regulation in New Zealand football. Fifty percent of parents responded with either 1 or 2 

on the 5-point scale provided, indicating that half of this cohort are against the introduction of 

heading regulation. Indeed, the majority of those showing this disinclination were strongly 

against the idea, with 38% of all parents reporting they would “Not at all” prefer that their own 

child played in a league that regulated heading exposure.  

Meanwhile, 38% of parents responded with either 4 or 5, indicating preference for the option of 

junior heading regulation. Nearly a quarter (24%) of parents indicated that they would 

“Definitely” prefer that their child played in a league which regulated their exposure to heading. 

Although parents in this cohort tend to prefer that their child does not play in a setting that 

regulates heading exposure, a significant proportion appear open to, if not highly interested in, 

the concept of heading regulation in New Zealand.   
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 Discussion 
 

FIFA’s most recent “Big Count” survey estimated a total of 265 million global players in 2006, a 

10% increase from the same survey 6 years earlier (FIFA Communications Division, 2007). If such 

a trend has maintained to this day, the number of individuals now playing football would be well 

over 300 million—or approximately 4% of the world’s population. Also according to FIFA’s 

survey, the US Soccer Federation has more youth players registered (~3.9 million) than any other 

organisation, while the English FA has fewer registered youth players than only France, South 

Africa, Brazil and Germany (FIFA Communications Division, 2007). NZ Football’s 2017 figures 

include nearly 60,000 registered junior players (NZ Football, 2018), while Sport New Zealand’s 

2018 report outlines 19% of young people (aged 5-17) having participated in football within a 

week of their survey (Sport New Zealand, 2019). This proportion is higher than that of any other 

sporting code, illustrating the considerable popularity of football among junior/youth players in 

New Zealand.   

Current heading guidelines represent significant regulatory decisions, with the US and UK 

examples already applying to millions of junior players. While no such guidelines yet exist in New 

Zealand, their introduction would similarly have a far-reaching effect. To date, no empirical 

research has investigated the New Zealand public’s perceptions of heading in football as a 

potential health risk. This study provides initial findings in this area and highlights several 

considerations for communicating junior heading regulation.  

The goal of implementing heading guidelines may be viewed as two-fold: (1) to protect junior 

players in light of evidence linking football participation and increased risk of concussion and 

neurodegenerative disease, and; (2) to reduce societal concerns surrounding head injury in 

football by introducing precautionary measures. The aim of this thesis is not to assess the 

suitability of heading guidelines as a means of achieving the first goal (1) above. Rather, the scope 

of this thesis entails communicative outcomes within this area of public health intervention, with 

a specific focus on the influence of uncertainty and precautionary information in achieving the 

second goal (2) of heading regulation. 

Chapter 5 outlines the two pairs of competing hypotheses which this study aimed to test. The 

initial findings of statistically significant main effects of Uncertainty information (p<.05) and 

Precautionary information (p<.05) on risk perception scores are consistent with H1a, wherein 

uncertainty information would have some effect on perceived risk; and H2b, wherein 

precautionary information would result in reduced risk perceptions due to increased 

trust/confidence in risk management. However, the medium-large (η2 = 0.110) interaction effect 
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(p<.05) between Uncertainty and Precaution which qualified these main effects represents the 

main finding of this study and demands a more nuanced interpretation of these factors.  

 

7.1 The uncertainty effect 

 
The distribution of mean RPS across the 8 factorial groups in this study appears to support the 

notion that disclosing scientific uncertainty does have an effect on one’s perceived risk of heading 

in football, prompting rejection of the null hypothesis, H1b. Although mean RPS tended to 

increase under conditions of uncertainty, this was not the case for all 4 Precaution conditions.  

The most notable simple main effect observed following pairwise comparisons relates to the 

disclosure of uncertainty and the acknowledgment of a junior heading ban. Of the participants 

who were presented with information on US Soccer’s ban on heading for junior players, those 

who also read about scientific uncertainty recorded significantly higher risk perception scores 

than those to whom uncertainty was not disclosed (p = .001). Meanwhile, the disclosure of 

scientific uncertainty did not have such a significant effect across the remaining message 

conditions addressing precaution.  

The observation of an effect on risk perception attributable to scientific uncertainty contrasts 

with past studies of similar design. Wiedemann and Schütz (2005) and Wiedemann et al. (2006) 

report no effect on participant’s EMF risk perception due to uncertainty information. Pepper et 

al. (2019) does observe an uncertainty effect, although this effect resulted in decreased risk 

perceptions regarding the use of electronic vaping products. The authors suggest that this 

decrease may be the result of deeper message processing, or due to the expectation of a “scary” 

public health message (in the vein of anti-smoking campaigns) offset by the acknowledgment of 

the risk at hand being uncertain.  

Increased risk perception in the case of those receiving “junior ban” information is consistent 

with past findings which suggest the disclosure of uncertainty can increase concerns regarding a 

potential risk (Johnson & Slovic, 1995; MacGregor et al., 1994). However, the uncertainty-

dependent increase in risk perception observed in this study is inconsistent across all factorial 

conditions and appears to depend also on the nature of precautionary information being 

discussed. 
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7.2 The precautionary effect 

 
The interaction between the two factors of this study is further highlighted by simple main effects 

observed due to precautionary information. When scientific uncertainty was disclosed, 

participants who received information on a junior heading ban recorded higher risk perceptions 

than those who received alternative precautionary information in the form of “heading 

regulation” (p=.040) and “heading minimisation” (p=.002). Likewise, the absence of 

precautionary information altogether resulted in increased risk perception compared to the 

condition including information on precautions aimed at minimising heading exposure (p=.037).  

When scientific uncertainty was not disclosed, participants who also received no information 

regarding precautionary measures recorded higher risk perception scores than those exposed to 

information regarding a junior heading ban (p=.046) and the methods used to ensure heading 

does not occur during games (Heading regulation) (p=.016).  

 

a). 

 

  
b). 

 

 

 

 

 

 

 

 

 

The findings relating to precautionary information’s effect on risk perception in this study are 

consistent with prior research insomuch that this effect does not appear to be very large. The two 

bar graphs presented in Figure 7-1 above illustrate the main effect of precautionary information 

on participants’ perceived risk of EMF exposure. Notably, both (a) (Wiedemann & Schütz, 2005) 

and (b) (Wiedemann et al., 2006) observe a general increase in risk perception among conditions 

outlining precautionary measures taken to protect against EMF exposure compared to a 

condition omitting such information. While this effect is noted as being small, the authors of both 

Figure 7-1: a): Wiedemann & Schütz (2005), b): Wiedemann et al. (2006). Both graphs represent differences in 
risk perception across conditions of precautionary information. 
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studies argue that these findings maintain practical relevance as the effect occurs in the opposite 

direction to what regulators might expect and/or desire. 

This study’s general observation of decreased risk perception among participants exposed to 

precautionary information might suggest that knowledge of heading guidelines acts to mitigate 

one’s concerns regarding heading as a potential health risk. An explanation for this effect might 

follow the TCC model of risk management as described in Chapter 4, wherein learning of 

precautionary measures could increase one’s trust and/or confidence in regulatory decisions. 

However, the notion that precautionary information acts to temper concerns regarding heading 

in football is called into question by the significantly higher risk perceptions observed among 

participants in the “Uncertainty” + “Junior ban” factorial group. As a result, the findings presented 

here suggest that the ability of precautionary information to reduce risk perception depends on 

(1) the nature of precautionary measures employed and (2) the disclosure of scientific 

uncertainty. 

 

7.3 Interaction of Uncertainty and Precaution 
 

Contrary to the findings of past risk perception studies (Barnett et al., 2007; Wiedemann & Schütz, 

2005), this thesis presents a statistically significant interaction effect between the factors of 

uncertainty and precautionary information (p<.05). The presence of an interaction effect within 

this cohort renders it difficult to speak in terms of uncertainty or precaution alone. Instead, it 

appears that one’s perceived risk of heading in football due to one of these factors also depends 

on the nature of the accompanying factor.  

This interaction is most notable when comparing responses from those in the “Junior ban” and 

“Heading minimisation” groups. While there is little difference in risk perception due to 

uncertainty for those receiving Heading minimisation information, this difference is pronounced 

among those who instead received Junior ban information. Past findings suggest the presence of 

uncertainty might act to increase an individual’s existing concerns surrounding precautionary 

measures. As noted by Barnett et al. (2008), the uncertainty of a given risk represents a key 

rationale for adopting precautionary measures. In this sense, one might justifiably expect any 

appreciation for precautionary advice to increase in the presence of uncertainty. Despite this 

assumption, Barnett et al. (2008) observe the opposite effect in the context of possible health 

risks relating to mobile-phone use, with individuals being less likely to consider precaution “good 

governance” as perception of the underlying uncertainty increases. Similarly, Barnett et al. (2007) 

note that individuals who express the most concern regarding the uncertainty of mobile-phone 
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health risk also show the greatest concern associated with relevant precautionary measures. The 

authors highlight the irony of this failure to reassure concerned individuals, noting that, “an 

important part of the justificatory discourse around the provision of precautionary advice is that 

it is in response to public concerns” (Barnett et al., 2007, p. 249).  

Although the relationship between uncertainty and precaution might explain the contrasting 

responses within the Junior ban group, this does not account for the lack of an uncertainty effect 

within the heading minimisation group. A possible answer to the waning effect of uncertainty 

across each level of the Precaution factor might therefore relate to the strength of each protective 

measure being described.  

Although each level of the Precaution factor (not including the Control condition) was derived 

from the same example of US heading guidelines, the framing of each one reflects regulatory 

decisions of varying strength. The extracts below highlight the strength (i.e., the degree of 

precaution expressed; see Sandin, 1999) by each level of Precaution in this study. 

 

Junior ban phrasing: 

In consideration of the developing brains of young players, and in light of evidence that lower neck 

size and strength relate to greater head acceleration during heading, the U.S. Soccer Federation 

adopted a precautionary approach by introducing a ban on all heading during games and 

training for players aged 10 and under in 2016. 

 

Heading regulation phrasing: 

In 2016, considering the developmental state of junior players’ brains, the U.S. Soccer Federation 

adopted a precautionary approach by placing strict regulations on heading during games for 

players aged 10 and under. The new regulations state that any intentional act of playing the ball 

with the head is to be penalised with the opposition side being awarded an indirect free kick. 

 

Heading minimisation phrasing: 

The U.S. Soccer Federation has adopted a precautionary approach by limiting the exposure of 

heading for junior players aged 11 to 13. In consideration of the developing brains of young 

players, the Federation’s 2016 mandate limits heading to 30 minutes per week during practice, 

with each player not to exceed a total of 20 headers each week. 
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As described in the first condition above, the ban on heading for players aged 10 and under could 

be interpreted as a stronger case of precaution than the remaining two levels. While the “Heading 

regulation” phrase refers to “strict regulations on heading during games”, it does not address a 

complete ban on all heading for players of this age group. The “Heading minimisation” phrase 

might be considered weaker still, as this refers to minimising—rather than banning—exposure 

to heading and describes limits for 11 to 13-year olds. 

While the introduction of precautionary measures might be interpreted by laypeople as a 

warning for potential danger (Wiedemann et al., 2006), evidence from the current study suggests 

this is dependent on the strength of precaution advised/enacted. At the same time, there is a 

possibility that greater scientific uncertainty drives more imaginative appraisals of potential risks 

(MacGregor et al., 1994). This notion is consistent with findings that information intended to be 

reassuring—coupled with a disclosure of uncertainty—generates deeper message processing 

than under conditions of certainty (Nabi, 2002).  

In their investigation of emotional influences on judgment, including risk perception, Lerner and 

Keltner (2000) identify three central appraisal themes relating to fear: uncertainty, 

unpleasantness and situational control. Their findings indicate that fear predicts pessimistic 

assessments of risk, and the uncertainty of that risk plays a central role in this emotional 

appraisal. With this notion in mind, the data presented here suggests that uncertainty might play 

a similar role in the context of junior heading regulation, wherein the disclosure of scientific 

uncertainty might prompt deeper message processing and subsequent appraisals of fear, 

especially among already fearful individuals. Importantly, the absence of an uncertainty effect 

among those in the “Heading minimisation” group suggests that such an increase in risk 

perception also hinges on the strength of precaution being discussed. Within this cohort, it 

appears that the more conservative the proposed regulation (e.g., limiting heading as opposed to 

banning it), the less influence uncertainty has on perceived risk. 

Considering potential risks requires processing complex information, and this process is often 

simplified by relying on certain heuristics (Sunstein, 2005). The “availability heuristic” is one such 

bias that may influence an individual’s perceived risk relative to heading in football. When making 

judgments about risk, individuals are more likely to consider a risk significant if it is cognitively 

available, i.e., if they can readily imagine the risk coming to fruition (Sunstein, 2005). Because 

events that are likely and occur frequently are easy to recall, the availability heuristic provides a 

helpful tool for quickly assessing the probability that one might be in danger. However, these 

judgements are often influenced by factors such as emotional saliency and recency (Slovic, 2000). 
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This influence can be direct, owing to past experience of a similar event, or it can be indirect, 

wherein highly publicised events can give certain risks more weight (Sunstein, 2005). Indeed, 

individuals tend to underestimate the actual risk of underreported dangers, while significantly 

overestimating risks that receive greater media attention (Kuran & Sunstein, 1999). 

MacGregor et al. (1994) note a possible availability effect in their study of EMF risk perception. 

After briefly mentioning arguments that EMF exposure is linked to chronic depression, 

MacGregor et al. (1994) observed a sharp increase in participants agreeing that a link between 

the two exists. This increase was despite careful emphasis that “there is so little evidence about 

these effects that, at this point, such arguments are really just speculation” (p. 827).  

Head injury in sport receives considerable media attention, and it is therefore possible that this 

highly publicised issue increases the salience, and therefore availability, of risk attributed to 

heading in football. Simply discussing a potential link between heading exposure and 

neurodegenerative disease may have triggered a similar effect within participants in this study. 

When statistical knowledge is lacking/unavailable, people are likely to judge a risk based on its 

availability (Sunstein, 2005). The disclosure of uncertainty within this cohort might therefore 

prompt greater reliance on intuitive heuristics when estimating the risk of neurodegenerative 

disease due to heading. As noted by Johnson and Slovic (1995), “descriptions of uncertainty in 

risk estimates may undercut any illusion of safety” (p. 486). While knowledge of precautionary 

measures may provide some individuals with reassurance, disclosing the uncertainty that evoked 

such precaution could evoke an intuitive—and sometimes pessimistic—estimate of risk. 

 

 

7.4 Conclusions 
 

This study provides initial, albeit tentative findings in the context of risk perceptions regarding 

heading in football. Participants generally reported that heading in football poses a small-to-

moderate health risk, although experimental manipulation produced some notable differences. 

The most significant finding presented here pertains to an interaction effect observed between 

uncertainty and precautionary information. Within this cohort, acknowledging precautionary 

measures (in the form of heading guidelines) tended to reduce perceived risk of heading 

compared to controls. Disclosing scientific uncertainty generally acted in the opposite direction, 

resulting in higher risk perception scores—especially when coupled with examples of strong 

precaution. Interestingly, however, this uncertainty effect was not apparent when combined with 

an example of weaker precaution. This trend leads to the conclusion that risk perceptions are 
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contingent on both (1) the presence of uncertainty information, and; (2) the strength of 

precautionary measures discussed. 

 

7.4.1 Implications for communicating heading regulations  
 

Ensuring that all relevant information is available to the public, including information regarding 

uncertainty, is critical to ensure risk management remains transparent (Frewer et al., 2003). 

However, as observed in this study and others, simply disclosing the existence of uncertainty can 

impact the way an individual perceives risk. Similarly, the level of precaution being 

advised/implemented appears to impact this perception. As a result, the communication of 

present and future heading guidelines to the public should involve careful consideration of how 

these factors might cause undue concern. 

The adoption of heading guidelines represents a precautionary approach to uncertain science. On 

the topic of precaution, Sunstein (2005, p. 63) notes that “Public alarm, even if ill informed, is 

itself a harm”, highlighting the often-overlooked potential for cautious policies to increase 

societal concerns. Recent findings implicating football participation as a possible neurological 

health risk (Lee et al., 2019; Mackay et al., 2019) and the precautionary measures employed to 

reduce junior heading might understandably raise concerns among relevant parties. However, 

the general benefits of sport participation and physical activity in reducing health risks such as 

cardiovascular disease, stroke, diabetes and obesity are beyond doubt (McKee et al., 2014; Taioli, 

2007; Teramoto & Bungum, 2010).  

With physical inactivity representing the fourth highest risk factor for global mortality (World 

Health Organization, 2010), ensuring that risk communication does not act to increase public 

alarm and drive individuals away from sport participation appears prudent. At the same time, the 

public must be made aware of evidence that certain activities pose some risk of harm. As noted 

by Schütz et al. (2007), the challenge therefore appears to be explaining precautionary measures 

in a manner that justifies their implementation to the public and acts as a cue of increased safety, 

rather than as confirmation that a serious risk exists. Part of this explanation should include 

distinguishing between proven and unproven risks (Wiedemann et al., 2006), as well as an 

acknowledgment of the value judgments underpinning regulatory decisions (Lemons et al., 

1997). 

Considerations such as these add to the ever-present onus on the public to increase its science 

literacy. In order to be an effective partner in policy decisions, citizens must remain informed and 

aware of relevant research (MacGregor et al., 1994). However, an understanding of all elements 
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inherent to decision making—including uncertainty and value-laden judgments—should be 

cultivated among the public to ensure the intention of precautionary measures can be recognised 

and appreciated (Lemons et al., 1997). Although people tend to acknowledge the value of 

precaution, this does not necessarily coincide with an opinion that precaution represents good 

governance (Barnett et al., 2008).  

 

7.5 Limitations & future directions 
 

This thesis presents an initial enquiry into the domain of risk perception regarding heading in 

football. Although interesting data emerged, it is important to note that these are subject to 

several limitations. The most notable of these is the limited sample size, with this study’s 

population (n= 89) unable to reach the desired total of 180 participants. Due to the relatively 

small population being sampled (players and parents within New Zealand football), a snowball 

sampling technique was necessary in order to reach the desired participants. Although this 

technique was considered appropriate given the exploratory nature of the study, this method of 

participant recruitment can be difficult and time-consuming. Without achieving the minimum 

required sample size yielded by prior power analysis (n= 180), further studies including more 

participants are required to determine whether the effects observed here are truly representative 

of the wider New Zealand football population. 

Another important note regarding recruitment pertains to the global COVID-19 pandemic arising 

in early 2020. It would not be inconceivable for the exceptional circumstances surrounding the 

pandemic and New Zealand’s subsequent lockdown to influence one’s general attitude towards 

risk, uncertainty and precaution—even if this was only a temporary influence. Very few 

participants were recruited during this period, however, therefore it seems unlikely that this had 

much bearing on this study’s overall data. Indeed, it was the lack of recruitment over this period 

that had the greatest impact on this study’s findings, as New Zealand’s lockdown status during 

Alert Level 4 coincided with the onset of the domestic football season in March of 2020. Plans to 

attend local game days and tournaments for recruitment were unfortunately disrupted, and 

several clubs expressing interest in the online survey were unable to finalise registrations over 

this time, meaning the contact details for most players and parents were not made available until 

it was necessary for final analyses to be completed. 

The findings presented here relate to the effects of uncertainty and precautionary information, 

although there are many other factors that may influence perceived risk related to heading in 

football. Low risk perceptions may be the result of increased trust/confidence in risk 
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management (Earle, 2010), thus it would be of interest to assess whether experimental 

manipulation influences one’s level of trust/confidence in scientific processes underpinning 

regulatory decisions. An individual’s reported trust and confidence might also reflect a general 

propensity to trust strangers and general confidence about the future, respectively (Earle, 2010). 

Future studies controlling for these traits may shed more light on variations in risk perception 

within this population.  

Wiedemann et al. (2017) suggest traditional risk perception measurements might reflect 

inaccurate estimations of public concern, as individuals with enduring concerns exhibit attitudes 

that are more emotionally and morally influenced. Typical risk perception surveys may not be 

able to distinguish between individuals to whom concerns are more relevant and enduring, and 

those who do not share such strong attitudes. Indeed, people make sense of risk management 

strategies in diverse ways (Timotijevic & Barnett, 2006), it would therefore be appropriate to 

investigate factors beyond uncertainty and precautionary information in order to glean a more 

comprehensive understanding of how the public perceive the risk of heading in football. 

Players and parents within football were selected for this study to ensure that the message 

regarding subconcussion research and heading regulation retained relevance. Responses 

indicating that most participants consider football to be of great personal importance confirms 

that the subject matter was highly relevant to this cohort. Future studies would benefit from 

observing risk perceptions across different populations, as it would be of interest to observe how 

the perceptions of people affiliated with football differ from those of the general public. It is 

understood that regulatory decisions such as junior heading regulations are largely driven by 

concerns expressed by relevant parties. While this study did not observe a significant difference 

in risk perception between players and parents, future research should further explore the risk 

attitudes of those to whom football heading research and heading regulations are most 

applicable.   
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Appendix 
 

Attitudes Towards Football in NZ Survey 

 INFORMATION  SHEET  FOR  PARTICIPANTS 

  

Thank you for showing an interest in this project. Please read this information sheet carefully before deciding 

whether or not to participate. If you decide to participate we thank you. If you decide not to take part there 

will be no disadvantage to you and we thank you for considering our request. 

  

Upon completing this survey you can choose to be entered into a draw to win a $50 New World voucher.   

 

What is the Aim of the Project? 

  

The aim of this research project is to assess the attitudes of those who play amateur football (soccer) in New 

Zealand toward several aspects of the current game.  

  

What Types of Participants are being sought? 

  

This project requires New Zealand residents aged 18 and over. Participants must have played football for a 

New Zealand club within the last 12 months AND/OR be the parent of a child/children aged 18 or under who 

plays club football.  

  

 What will Participants be asked to do? 

  

Should you agree to take part in this project, you will be asked to:  

Provide relevant demographic information e.g., age, gender, footballing background.   

Read a brief article describing recent developments in world football.   

Fill out a brief questionnaire – approx. 7-10 minutes in duration.   

Please be aware that you may decide at any point not to take part in the project without any disadvantage to 

yourself. 

  

  

 What Data or Information will be collected and what use will be made of it? 

  

The data collected will be securely stored in such a way that only those mentioned below will be able to gain 

access to it. Data obtained as a result of the research will be retained for at least 5 years in secure storage. Any 

personal information held on the participants may be destroyed at the completion of the research even 

though the data derived from the research will, in most cases, be kept for much longer or possibly indefinitely. 

  

No material that could personally identify you will be used in any reports on this study.  Results of this research 

may be published. The data from this project will be publicly archived so that it may be used by other 

researchers. The results of the project may be published and will be available in the University of Otago Library 

(Dunedin, New Zealand) but every attempt will be made to preserve your anonymity. 

  

 What if Participants have any Questions? 

  

If you have any questions about our project, either now or in the future, please feel free to contact either:- 

 Alexander Gilbert                                 or                   Associate Professor Jesse Bering 

 Centre for Science Communication                            Centre for Science Communication 

 + 64 3 479 7939                                                          +64 3 479 7939 

 gilal110@student.otago.ac.nz                                     jesse.bering@otago.ac.nz 



  A. Gilbert 

105 
 

  

This study has been approved by the Department stated above. However, if you have any concerns about the 

ethical conduct of the research you may contact the University of Otago Human Ethics Committee through the 

Human Ethics Committee Administrator (ph +643 479 8256 or email gary.witte@otago.ac.nz). Any issues you 

raise will be treated in confidence and investigated and you will be informed of the outcome. 

o I have read and understood the information above   

 

 Attitudes towards NZ Football Survey 

 CONSENT  FORM  FOR   

 PARTICIPANTS 

 

I have read the Information Sheet concerning this project and understand what it is about. All my questions 

have been answered to my satisfaction. I understand that I am free to request further information at any 

stage. 

  

I know that:-     

My participation in the project is entirely voluntary; 

I am free to withdraw from the project at any time without any disadvantage; 

Personal identifying information will be destroyed at the conclusion of the project but any raw data on which 

the results of the project depend will be retained in secure storage for at least five years; 

This project contains potentially sensitive information regarding sport-related injury; 

The results of the project may be published and will be available in the University of Otago Library (Dunedin, 

New Zealand) but every attempt will be made to preserve my anonymity.   

o I agree to take part in this survey   

 

 

Do you play in a football (soccer) team or are you a parent of a child aged 18 or under who plays in one? 

o I play in a football team   

o I am a parent of a child who plays in a football team   

o I play in a football team and I am also a parent of a child 18 or under who plays in a 

      football team  

o None of the above   

 

 

Please enter your age in years (using numerals, not words) 

o Age:  ________________________________________________ 

 

 

mailto:gary.witte@otago.ac.nz
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Are you a New Zealand citizen? 

o Yes   

o No   

 

 

Please select your gender 

o Male   

o Female   

o Other   

 

 

Please select your highest level of education 

o Less than high school   

o High school graduate  

o Some university  

o Undergraduate degree  

o Graduate certificate or diploma  

o Master's or equivalent  

o PhD or equivalent  

o Other (please state)  ________________________________________________ 
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Please select your ethnicity 

o NZ European  

o Māori  

o Pacific Islander  

o Asian  

o Other (please state) ________________________________________________ 

o Prefer not to say  

 

 

For how many years have you played football? 

o Less than 1 year  

o 1-5 years  

o 6-10 years   

o 11-15 years   

o 16-20 years   

o 21-25 years   

o 26+ years  

 

 

In what type of position do you normally play?  

o Goalkeeper   

o Defence   

o Midfield   

o Forward  
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On a scale from 1 to 7, how frequently do you carry out the following drills in training? 

 
Every 

training 
 1  

2 3 

About 
half of all 
trainings 

 4 

5 6 
Never 

 7 

Passing o  o  o  o  o  o  o  
Shooting  o  o  o  o  o  o  o  
Heading  o  o  o  o  o  o  o  
Small-
sided 

games  o  o  o  o  o  o  o  
General 
fitness  o  o  o  o  o  o  o  

 

 

Please estimate how many times you would do the following during a typical game: 

 

 

Attempt a slide tackle 

 

Control the ball with your chest 

 

Take a set-piece 

 

Header the ball 

 

Have a shot at goal 

 

 

 0 5 10 15 20 25 30 35 40 45 50 
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On a scale from 1 to 7, how important is your involvement in football to your personal 

         identity?  

o Not at all important 1  

o 2  

o 3   

o 4   

o 5   

o 6   

o Extremely important 7   

 

 

How many children aged 18 or under do you have who play football? 

▼ 1  ... 10  

 

(Parents with 1 child) What is the age of your child who plays football? 

o     ________________________________________________ 

 

 

(Parents with 1 child) For how many years has your child been playing football? 

o     ________________________________________________ 
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(Parents with 1 child) To the best of your knowledge, please indicate your child's feelings towards the 

following aspects of football training and/or games on a scale from 1 to 7: 

 

Dislikes 
a great 

deal 
 1  

2  4 

Neither 
likes 
nor 

dislikes 
 4 

5 6 

Likes a 
great 
deal 

 7 

Don't 
know 

Playing 
with others  o  o  o  o  o  o  o  o  

Making 
strong 
tackles  o  o  o  o  o  o  o  o  

Heading 
the ball  o  o  o  o  o  o  o  o  

Challenging 
their 

physical 
fitness  

o  o  o  o  o  o  o  o  

Learning 
new skills  o  o  o  o  o  o  o  o  

 

 

(Parents with multiple children) Please list the ages of your children who play football (aged 18 and under) 

from eldest to youngest  

(e.g., 12, 8, 6) 

________________________________________________________________ 
 
 

(Parents with multiple children) Please list the number of years that each of your children, from eldest to 

youngest, have been playing football  

(e.g., 5, 3, 1) 

________________________________________________________________ 
 



  A. Gilbert 

111 
 

(Parents with multiple children) To the best of your knowledge, please indicate your ELDEST child's feelings 

towards the following aspects of football training and/or games on a scale from 1 to 7: 

 

Dislikes 
a great 

deal 
 1 

2 3 

Neither 
likes 
nor 

dislikes 
 4 

5 6 

Likes a 
great 
deal 

 7 

Don't 
know 

Playing 
with others o  o  o  o  o  o  o  o  

Making 
strong 
tackles  o  o  o  o  o  o  o  o  

Heading 
the ball  o  o  o  o  o  o  o  o  

Challenging 
their 

physical 
fitness  

o  o  o  o  o  o  o  o  

Learning 
new skills o  o  o  o  o  o  o  o  

 

 

(Parents with multiple children) To the best of your knowledge, please indicate your YOUNGEST child's feelings 

towards the following aspects of football training and/or games on a scale from 1 to 7: 

 

Dislikes 
a great 

deal 
 1 

2 3 

Neither 
likes 
nor 

dislikes 
 4 

5 6 

Likes a 
great 
deal 

 7 

Don't 
know 

Playing 
with others o  o  o  o  o  o  o  o  

Making 
strong 
tackles o  o  o  o  o  o  o  o  

Heading 
the ball  o  o  o  o  o  o  o  o  

Challenging 
their 

physical 
fitness  

o  o  o  o  o  o  o  o  

Learning 
new skills o  o  o  o  o  o  o  o  
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On a scale from 1 to 5, please select to what extent you agree with the following statements: 

 
Strongly 
disagree 

 1 
2 

Neither 
agree nor 
disagree 

 3 

4 
Strongly 

agree 
 5 

I attempt to 
recycle my waste 

whenever 
possible 

o  o  o  o  o  
I am at a high risk 
of injuring myself 

when playing 
sport  

o  o  o  o  o  
I find myself 

irritable if I have 
not had any 

caffeine 
o  o  o  o  o  

I would take a 
risk even if it 

meant I might 
get hurt  

o  o  o  o  o  
I tend to support 
local businesses 
even if it costs 

me more money  
o  o  o  o  o  

I spend more 
time watching 

television/movies 
than I do reading  

o  o  o  o  o  
I would consider 

sunbathing 
without 

sunscreen to be 
risky 

o  o  o  o  o  

I try to get at 
least 8 hours of 
sleep each night  o  o  o  o  o  
I would consider 

myself more 
physically active 
than the average 

person 

o  o  o  o  o  

I am comfortable 
approaching new 

people o  o  o  o  o  
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What do you believe is the chance that heading a football will damage your brain during your sporting career? 

o 1 = very low chance  

o 2  

o 3   

o 4   

o 5 = very high chance   

 

 

How susceptible do you feel you are to heading-related brain damage during your sporting career? 

o 1 = not at all susceptible  

o 2   

o 3   

o 4  

o 5 = very susceptible  

 

 

What do you believe is the chance that heading a football will damage your brain during your sporting career 

in terms of percentages? 

o Less than 20% chance   

o 20% to 40% chance   

o 40% to 60% chance   

o 60% to 80% chance   

o More than 80% chance   
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What do you believe your chances are of damaging your brain from heading a football compared with other 

players in your league? 

o 1 = a lot lower   

o 2   

o 3   

o 4  

o 5 = a lot higher  

 

 

 

On a scale from 1 to 7, please select to what extent you agree with the following statements: 

If I expressed any concern for heading a football, my teammates would think I was just being weak 

o Strongly disagree 1  

o 2   

o 3  

o Neither agree nor disagree 4  

o 5   

o 6 

o Strongly agree 7 
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If I expressed any concern for heading a football, my teammates would think I was just being lazy 

o Strongly disagree 1  

o 2   

o 3  

o Neither agree nor disagree 4  

o 5  

o 6  

o Strongly agree 7  

 

 

If I expressed any concern for heading a football, my teammates would think I was faking it 

o Strongly disagree 1  

o 2  

o 3  

o Neither agree nor disagree 4  

o 5   

o 6  

o Strongly agree 7  
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What do you believe is the chance that heading a football will damage your child's brain while they play the 

sport? 

o 1 = very low chance  

o 2  

o 3  

o 4  

o 5 = very high chance  

 

 

How susceptible do you feel your child is to heading-related brain damage while playing football? 

o 1 = not at all susceptible  

o 2   

o 3   

o 4  

o 5 = very susceptible  

 

 

What do you believe is the chance that heading a football will damage your child's brain while they play the 

sport in terms of percentages? 

o Less than 20% chance  

o 20% to 40% chance  

o 40% to 60% chance  

o 60% to 80% chance   

o More than 80% chance  
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What do you believe your child's chances are of damaging their brain from heading a football compared with 

other players in their league? 

o 1 = a lot lower  

o 2   

o 3   

o 4  

o 5 = a lot higher 

 

 

On a scale from 1 to 5, to what extent would you prefer that your child played in a league that regulated 

heading over one that did not, if this were an option? 

o Not at all 1  

o 2   

o 3   

o 4  

o Definitely yes 5  

 

 

Earlier in the survey you read an article about some health problems that might arise from heading a 

football. Do you remember how the article described the movement of the brain within the skull? If you do, 

click the answer below that describes what you remember. If you do not, click "I don't remember." 

 

Please be honest! There is no penalty for failing to remember, but we need to know in order to use your data. 

 

The article referred to movement of the brain within the skull as: 

o Flushing  

o Sloshing  

o Lashing  

o I don't remember  
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Creative component 
 

Are we Heading for Disaster?  
 

The link between football and dementia is strengthening, and our concern for the sport’s 

head injury burden continues to grow. The act of intentionally “heading” a football has 

been identified as a potential culprit, and many want to see its removal from the field. As 

the world’s largest sport faces an unprecedented era of change, players and parents alike 
are faced with a looming question: is it time for us to be worried? 

 

At first glance, I’d have called Jeff Astle one of the luckiest men to have ever lived.  

In my case, this denomination is typically reserved for anyone whose job entails kicking a ball 

about in front of thousands of adoring fans. But even by the standards of being a professional 

football player, Jeff was lucky. Born in 1942, Astle went on to play at the highest level of English 

football throughout the ‘60s and ‘70s. During his time at West Bromwich Albion, Astle was 

dubbed “the King” by the club’s fans, and the big centre-forward’s signature goal celebration—

both arms raised high in unparalleled jubilation—was a common sight at The Hawthorns for the 

better part of a decade. 

“People used to ask him, what’s your proudest moment? And although Dad was extremely 

proud to play for England, obviously, he actually said it was when he scored the winning goal in 

the Cup final,” Jeff’s daughter, Dawn Astle, tells me from her home in the East Midlands. She’s 

referring, of course, to the 1968 FA Cup final, in which her father scored in extra time to clinch 

victory over Everton and lift the oldest trophy in world football, making him really, truly, lucky.  

Astle’s Cup-winning finish flaunts all the hallmarks of a natural-born striker, placing the ball 

into the top corner with frightening power and precision. Although goals such as this were not 

uncommon throughout his career, it was Astle’s aerial prowess that solidified his reputation. 

“My dad was a prolific header of the ball,” says Dawn. “I mean, there are still people who come 

up to us now, of a certain age, who will say that nobody could head a ball like your dad. In fact, 

one comedian used to say Jeff Astle can head a ball further than I go on my holidays.” Even from 

the other side of the world, on the end of a barely adequate phone connection, Dawn’s sense of 

pride in her father’s achievements is unmistakeable. More prominent, though, is the rueful tone 

in her voice.  

Dawn’s heartache was jarring to me. After all, growing up as a football-mad child, the lives and 

adventures of players such as Jeff Astle had permeated my wildest dreams. There was no one 
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alive that I admired or envied more than the Beckhams, Zidanes and Ronaldos of the world. For 

my part, the most fortunate man alive was nothing if he never had the chance to play for club 

and country. It’s easy enough to dispel this sentiment as the fancies of a whimsical child, but I 

would sooner consider it a testament to the power of stories—especially those of our heroes. 

Some stories inspire an image of success, impelling us to seek out its glory. Others tear at this 

veil and threaten to lay bare a cold, distinct reality. As I would soon discover, the story of Jeff 

Astle belongs to the latter.  

 

*** 

 

On the 19th of January, 2002, Astle choked to death in front of his family following an ongoing 

struggle with dementia. He was 59 years old. 

“It haunts me every single day,” says Dawn. The memory of her father’s death remains just as 

vivid eighteen years on, but the preceding years as a helpless onlooker, watching as dementia 

gradually tightened its grip on his once vibrant mind, have clearly lost no potency. “When you 

see what it does, it’s just the most brutal, heart-breaking thing that… you never get over. You 

never get over.” 

Contrary to my boyhood assumption of a footballer’s glistening life, Astle’s untimely death 

reveals a man’s decidedly unlucky fate, a reality masked by the triumph and reverence of a 

professional sporting career. Such a tale is by no means unfamiliar, but the demise of Jeff Astle 

perhaps holds more salience today than ever before. At the heart of a dispute that now grips the 

beautiful game, Astle’s death begs a troubling question: does heading a football cause brain 

damage? 

From Dawn’s perspective, the answer is obvious. “I don’t think anybody will ever convince me 

that it’s not the repeated heading of footballs that’s the main problem,” she says, conceding that 

her opinions are likely to sound recalcitrant. In fact, her misgivings about the act of heading 

emerged long before her father succumbed to dementia, as she grew increasingly convinced 

that his reputation for this aspect of the sport would eventually betray a sobering truth: “The 

game Dad loved and mastered ultimately claimed his life.”  

An account of her father’s final years helps to illuminate why Dawn feels as strongly as she does 

about heading. “He was about 54, and he just kept forgetting things,” she told me. Dawn 

recounted for me the various things—important things—that would elude her father’s memory 

on a regular basis, such as his grandson’s name, and if his mother was still alive. “My 
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grandmother had died—heck—about 18 years beforehand.” In listening to her, it was clear that 

time had done little to dull the pain of these memories, and unravelling them for me was 

arduous, pensive work. “He was doing Fantasy Football with Frank Skinner and David Baddiel—

around the time of the Euros or the World Cup—and he was doing a lot of live television which 

is really quite daunting,” Dawn says. “I think we just wanted to think it was the pressure from 

that, and it was getting too much for him. But deep down…” she pauses, “I mean, my dad ran out 

in front of a hundred-odd thousand at Hampden Park when he played Scotland. He was never 

really fazed by nerves, at all.” 

After my conversation with Dawn that night, I searched through numerous clips of her dad, and 

it soon became abundantly clear that her assessment of Jeff’s confidence was no exaggeration. 

Episodes of the mid-90’s TV show Fantasy Football League included a recurring segment titled 

“Jeff Astle Sings”, during which the Albion legend would conduct a studio-wide sing along to a 

different classic tune at the close of each show. In every piece of footage I have yet found of 

Astle, he has never failed to come across as the quintessential showman. The many dedicatory 

clips from friends and teammates that followed in the wake of his death only reinforced what I 

had come to assume: when he wasn’t on the pitch, the man was an entertainer, a prankster and 

an indomitable character. 

Behind the scenes, however, Jeff was struggling. “He started to get quite a bit worse,” Dawn 

remembers. “And my mum used to beg him to go see a doctor, but my dad never recognised 

there was anything wrong.” Eventually, his family convinced him to undergo tests for his 

declining cognition. “My mum said that when she first walked into the hospital with Dad, the 

world was full of colour. But when she walked out, everything was grey. That’s when she knew 

her life, Dad’s life, all of our lives, would never be the same again.” In the weeks to come, 

additional scans confirmed the worst: still in his early 50s, Jeff was suffering from early onset 

dementia.  

Dawn would go on to paint the harrowing picture of a loving husband and father, gradually 

whittled away by the devastating disease. “At one stage he’d try to eat anything that wasn’t 

edible. He would try to drink anything that was in liquid form, whether it was cooking oil, 

vinegar—he was incredibly reckless. He tried to get out of a moving car. He became 

completely—and I mean completely—socially unacceptable. He would scream in the face of 

strangers,” Dawn recalled with a mournful sigh. “My dad would have been mortified if he’d have 

known.” 

The news of Astle’s sudden death rocked the West Bromwich community and left a grief-

stricken family in pieces. The following day, West Brom played Walsall Football Club at home. 
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As the players prepared for kick-off, the stadium fell into a forlorn silence, thousands of Albion 

fans mourning the loss of a club’s beloved icon. West Brom’s centre-forward Jason Roberts 

would net the only goal that day, revealing a tribute to the fallen great beneath the blue and 

white stripes of his Albion kit, the colours Jeff once wore with pride. Meanwhile, the King’s name 

thundered throughout the Hawthorns once again. 

But the echoes of his name did not peter out at the stadium gates now emblazoned with Jeff’s 

image. Ten months later, a monumental announcement would send shockwaves through the 

footballing world. In November of 2002, South Staffordshire coroner Andrew Haigh ruled 

Astle’s death as that of an “industrial disease,” attributing the diffuse trauma in Astle’s brain—

and resulting Alzheimer’s diagnosis—to his occupational exposure of heading footballs. This 

shock autopsy finding offered some vindication to Dawn and her family, who were still reeling 

from years of behind-the-scenes heartache and confusion. But more importantly, as far as Dawn 

was concerned, the coroner’s stunning report heralded the beginning of a shift in attitudes 

towards the act of heading in football. 

 

*** 

 

In November of 2015, the United States Soccer Federation announced the removal of heading 

for all players under the age of 11. On behalf of the nation’s various youth associations, the 

announcement marked the resolution of an ongoing class-action lawsuit opened in August of the 

previous year. Originally filed against the global organisation, FIFA, a group of concerned 

parents and players sought compensation for head injuries in the youth game, citing nearly 

50,000 concussions sustained by US high school players in 2010 alone. When the federal court 

dismissed the case, deeming FIFA clear of any wrongdoing, the plaintiffs doubled down on the 

home front. U.S. Soccer would opt for an amicable resolution, agreeing to develop a more 

stringent protocol for youth concussion. 

Included in this initiative was the adoption of nationwide regulations on junior heading 

exposure, the first case of such regulation in football’s history. Despite tenuous evidence to 

support the danger of heading, consideration of the developing brains of children impelled U.S. 

Soccer to err on the side of caution. While heading of any kind is now prohibited for players 

aged 10 and under, those between the age of 11 and 13 are permitted 30 minutes of heading 

during training each week (20 headers in total), and are free to head the ball during games.  
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Public response to this decision was mixed, to say the least. Several notable athletes 

championed the move from the outset, including Taylor Twellman—one of the most prolific 

goal scorers in the history of America’s Major League Soccer. Others saw the move as a step 

backwards for a nation trying desperately to compete on the global stage, some even going as 

far as to send Twellman death threats for his support of the ban. The changing culture on 

American soil swiftly prompted questions in other parts of the world as well. When the English 

FA were pressed for an answer to growing heading anxieties, they insisted that the UK had no 

intention of following the example of U.S. Soccer, citing a lack of conclusive scientific evidence to 

implicate the dangers of heading.  

Yet, in February of 2020, less than 5 years after the American regulations were put into place, 

the English, Irish and Scottish Football Associations released a joint statement announcing the 

adoption of new junior heading guidelines.  

This abrupt U-turn came on the heels of a 2019 study of former professional Scottish players 

carried out at the University of Glasgow. The FIELD (Football’s InfluencE on Lifelong health and 

Dementia risk) study found that, of the participants who died during the longitudinal 

investigation, 1.7% of former players had succumbed to neurodegenerative disease, while only 

0.5% of matched controls had suffered the same fate. Subsequent analysis showed that, within 

this sample, former players were 3.5 times more likely to die of neurodegenerative disease than 

members of the general public. Although these results do not point to an exact cause for this 

increased risk of dementia, the concerning results were enough to see UK football reassess their 

stance on junior heading. 

“I think the time will come where they’ll all do it,” Dawn tells me, reflecting on the recent 

changes to the junior game. Having spent the last eighteen years of her life advocating for 

further research into football and dementia, she’s finally witnessing her tireless work, and the 

suffering of her father, count towards change. Since launching the Jeff Astle Foundation in 2015, 

a charitable organisation with patrons including Alan Shearer and Gary Neville, Dawn and her 

family have strived to increase brain injury awareness and provide support for those living with 

dementia. The UK’s updated heading guidelines are a step in the right direction, she believes, 

but she now shares the same question as many other worried individuals: why is heading only 

now being addressed? 

At the turn of the millennium, the notion of brain trauma arising from the heading of footballs 

was not entirely novel, although it didn’t capture much in the way of attention, either. In 1999, 

former Scottish footballer Billy McPhail—a fellow juggernaut as heading goes—attempted to 

prove that his own presenile dementia was the result of football-related head injury before a 
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benefit appeal tribunal. The case was promptly dismissed, and the tribunal refused to even 

consider heading as a potential contributor to the degradation of McPhail’s brain. Alzheimer’s 

disease continued to erode Billy’s health, culminating with his death in 2003, aged 75. 

Jeff Astle’s death would pique a burgeoning interest among those atop English football in the 

early 2000s, with the FA and PFA (Professional Footballer’s Association) funding a ten-year 

prospective study of dementia risk within professional players. However, when the study 

collapsed halfway through, the lack of incentive to sustain these efforts revealed an interest that 

was trifling at best. Neither Dawn nor the wider public were made aware of this failure until 

2014—eight years after the fact. 

“When we found that the research that the FA and PFA had started had failed halfway through, 

that’s when I learned about CTE,” Dawn tells me. CTE, or “chronic traumatic encephalopathy,” is 

a neurodegenerative disease characterised by exposure to repeated brain trauma. The 

pathology of the disease was first described in 1928, when Dr Harrison Martland noted the 

“Parkinsonian” symptoms of boxers who had received multiple head injuries. In-ring parlance 

referred to this phenomenon as “punch drunk,” likening the stumbling gait, slurred speech and 

general cognitive difficulties of injured fighters to the effects of intoxication. The condition was 

later dubbed dementia pugilistica to better fit the medical vernacular, but this would change 

once more when medical researchers discovered that “boxer’s brain" was not exclusive to those 

who stepped into the ring. 

For Dawn, the notion of a neurodegenerative disease arising from head trauma was hard to 

ignore. Upon reflecting on the abrupt decline of her father’s health, she began to wonder if he 

had been misdiagnosed all along. Looking into the case of Mike Webster, the first NFL player to 

be diagnosed with CTE by Dr Bennet Omalu in 2002, Dawn knew there was something to this 

hunch. “Dr Omalu actually said one of the most striking things was that [Webster] looked fifty 

years older than he was when he died. That’s when I thought, hang on a minute, my dad looked 

a hundred years older than he was.” I couldn’t disagree. Looking at some of the last photos taken 

of Astle, one would never guess he was younger than 60. The fatigue and weariness etched into 

his face instead spoke of a man several decades his senior.  

Unwilling to leave any questions unanswered, Dawn continued in her pursuit for closure. 

Twelve years after Jeff died, the Astle family requested that his brain, which had been donated 

to medical science in 2002, be re-examined by the University of Glasgow’s Brain Injury Research 

Group (GBIRG), a leading facility for the study of sports-related head injury. In May of 2014, Dr 

Willie Stewart, head researcher at GBIRG (and principal investigator of the aforementioned 

FIELD study), confirmed the family’s suspicions. “It was absolutely no surprise to us whatsoever 
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to see that Dad had actually been misdiagnosed and that he didn’t have Alzheimer’s… he had 

CTE,” Dawn tells me. As the first footballer ever diagnosed with CTE, the comparisons between 

Mike Webster and Jeff Astle had come full circle. 

But Jeff would certainly not be the last to suffer this grim fate. Further studies have since 

observed CTE in other past footballers, while the concerning incidence of neurodegenerative 

disease in former pros suggests the sport’s dementia risk even rivals that of American football. 

Most people would hesitate to consider football a contact sport, let alone one that harbours 

some deadly neurological risk. But the evidence is mounting, and much of the research focus in 

this area now lies on a greater understanding of how heading, an activity unique to football, 

might contribute to this threat. 

 

*** 

 

The plasticity of the human brain is nothing short of a marvel. The ability to create, consolidate 

and rearrange trillions of neural connections each day accounts for the immense processing 

power we all possess. But this malleability also leaves us susceptible to serious injury.  

Our semi-solid brains are kept largely safe within robust cranial vaults. As it pertains to 

traumatic brain injury (TBI), however, the suspension of the brain within a pocket of 

cerebrospinal fluid reveals a significant caveat. When a force is applied to the head, the small, 

fluid-filled space surrounding the brain allows slight room for movement. If a force is 

sufficiently high, this movement can send the brain crashing into the interior wall of the skull, 

applying undue stress to cerebral tissue and blood vessels. When an impact like this is followed 

by a noticeable distortion in brain function (e.g., memory loss, dizziness, or a loss of 

consciousness altogether), we refer to the injury as concussion. 

While our understanding of the detrimental effects of sports-related concussion continues to 

grow, a recent shift in attention sees researchers addressing the effects of smaller head 

impacts—the kind from which no obvious clinical symptoms arise. Dr Michael Lipton, Associate 

Director of the Gruss Magnetic Resonance Research Centre at Albert Einstein College of 

Medicine, is one such researcher making substantial contributions to our understanding of this 

“subconcussive” phenomenon.  

For Dr Lipton and his research team, the issue of heading—and subconcussion in general—

demands consideration of very subtle brain changes. From his office in the heart of New York 

City, Lipton explains to me a common problem in epidemiology. “In general,” he says, “when you 
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have an environmental exposure, it takes some amount of exposure to confer an actual 

biological effect, and even more to confer a biological effect in the tissue that persists.” Only 

when enough of this pathology is built up, he tells me, do we begin noticing overt functional 

effects.  

Some studies observe just this, illustrating slight decreases in memory, attention, or reaction 

time among players who carry out just a handful of headers in a laboratory, although many 

studies fail to replicate these findings. As far as Lipton is concerned, a lack of functional deficit 

hardly absolves heading; rather, a focus on these inconsistent results reflects a deeper concern, 

“If you’re waiting to see neuropsychological deficit, then that’s almost like it’s too late.”  

As a tool for identifying concussion, the utility of cognitive testing is unquestioned. “There’s 

certainly a role for cognitive assessments,” says Lipton, “but I think the problem is that we’re 

not doing them enough. You may or may not have a baseline, and then you wait for there to be 

an overt clinical event like a concussion—then you test cognition. The question is, what was the 

effect of all the hits that happened before that concussion? Or what was the effect of the first 

concussion compared to the second or third?” To answer these questions, Lipton and his 

colleagues turn to more refined techniques. 

In a 2013 study of amateur footballers, for instance, Lipton observed evidence of structural 

damage to certain areas of the brain, which was only apparent at a microscopic level. Using 

magnetic resonance imaging, or MRI, the researchers found signs of abnormalities in the brain’s 

white matter tracts, the tissue responsible for relaying information between different regions of 

the brain. Worryingly, the more heading a player had done over the prior season, the greater 

these abnormalities were. Signs of microstructural damage also predicted poorer performance 

on tests of memory.  

The predominant concern generated by findings such as these pertains to the rapid acceleration 

and deceleration of the brain associated with head impacts, a phenomenon known as the “slosh 

effect.” A common analogy likens the brain to a bowl of jelly. If you tap the side of the bowl, the 

jelly undulates back and forth. Signs of microstructural changes suggest that this “sloshing” can 

rapidly stretch and compress the brain’s white matter, causing damage on a very small scale 

and, potentially, affecting cumulative change if such impacts occur over and over. Even in the 

immediate sense, we sometimes see evidence of this damage in the form of increased 

neuroinflammation after heading.  

Once again, however, the science is far from settled. Although some studies observe increased 

markers of subtle brain injury within blood samples taken after heading, these markers have 

also been shown to increase after playing basketball, running and even swimming. Moreover, 
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signs of cellular injury following heading tend to resolve over short periods of time, suggesting 

these hits are not beyond the scope of our intrinsic repair mechanisms. For researchers like 

Lipton, the most pressing issue becomes a need to understand the cumulative effect of these 

otherwise minor events. 

“The problem is that most of the research going [is] relatively small, cross-sectional studies,” 

Lipton points out to me, “and I don’t think they’re going to give us a lot more information than 

we already have. I think it’s crucial to have large studies which follow more people over longer 

periods of time. That’s really where a lot of the information is going to come from.” 

Despite most headers appearing benign in nature, the continued jarring of the brain over a 

player’s career may see these small changes begin to accumulate, imposing a burden of long-

lasting damage. Nonetheless, when I spoke to Lipton about U.S. Soccer’s decision to regulate 

junior heading, he expressed some doubts, “I think it’s well intended, that’s for sure. I mean, 

their goal is to protect kids. Unfortunately, it’s not really based on evidence.”  

Even the most robust findings to date, including that of the FIELD study, fail to identify the 

precise role that heading plays in one’s risk of dementia. There are many other contextual 

factors to consider when assessing the risk of neurodegenerative disease, including age, sex, 

alcohol consumption—even genetics. How each of these factors contributes to dementia in 

former professional athletes, unfortunately, remains largely unknown. And, as the old saying 

goes, “correlation does not imply causation.”  

Another concern that Lipton has relates to the differences between groups of footballers. “I get 

asked very often, ‘how come you don’t look at professional players?’” he says, “and the answer is 

that they’re not really relevant to the population at risk.” In his opinion, the disparity between 

populations should not be overlooked. Six months after our discussion, the UK’s decision to 

regulate junior heading on the back of the FIELD study showed we’re willing to do just that.  

“A quarter of a billion people in the world play soccer. How many of those are pros? I think 

focussing on professionals, for me, is just really kind of silly,” says Lipton. Others have similarly 

questioned the wisdom of regulating juniors based on the dementia risk of professional players. 

In a Huffington Post article from October of last year, for example, Dr Dominic Malcolm, a Reader 

in the Sociology of Sport at Loughborough University, wrote that, “Changing how often children 

can practice heading is not the logical policy outcome of the Glasgow findings, restructuring 

professional football may be. Paradoxically that’s not even up for discussion.” 

 

*** 
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Growing up in New Zealand, there was (and still is) a relative paucity of homegrown footballing 

heroes to look up to. That being said, the few elite players from this small country have certainly 

done their part in inspiring young Kiwis to play football, and none more so than Wynton Rufer. 

Voted the Oceania Footballer of the Century, Rufer is widely regarded as the best player to ever 

come out of Aotearoa. Today, he spends his time coaching at his Auckland academy, the Wynton 

Rufer Soccer School of Excellence, hoping to produce our next batch of world-beaters. Naturally, 

I wanted to know his take on the junior heading dilemma. 

“Overall, what I’m trying to do is develop more international athletes in football, so you’ve got to 

teach them all the technical parts of the game, including heading,” says Rufer. “Generally 

speaking, we’re not really a great nation in football, unfortunately. So when it comes to heading 

the ball, we have to train it all the time, heading with the young kids—7, 8, 9 years of age—

because they’ve just got very poor technique.”  

When I reached out for an interview with him, I knew Wynton was entrenched in the junior 

game. What I didn’t know was whether the former All White had considered the prospect of 

junior heading guidelines in New Zealand—or if he even cared to talk about it. When he called 

me at lunchtime the next day, I realised he was eager to have this discussion. “For the 

development of the game, it’s probably not ideal,” Wynton admits. Although he was unwilling to 

dismiss the possibility of a health risk attributable to heading, Rufer’s hesitancy to promote 

regulation in New Zealand stemmed from the relative scarcity of heading among junior players. 

“There’s hardly any heading during a game. In two halves of 20 to 25 minutes, there might be a 

maximum of 5 instances where a kid’s heading the ball, so it’s not a lot.” 

Observational studies support Wynton’s claim. Much of the research on junior populations 

observe infrequent heading, with a player’s average exposure often ranging between 1 and 2 

headers per game. Interestingly, the knowledge of heading’s rarity in junior matches factored 

into the UK’s decision to omit gameplay from their heading guidelines entirely, opting to focus 

on limiting heading during training instead.  

“If the kids don’t have the confidence and they don’t have the technique, they generally just 

don’t try to head the ball,” Rufer tells me, somewhat despondently. “It’s disappointing, really, 

but that’s why I don’t think it would be a problem health-wise.” Those within New Zealand 

Football appear to take a similar stance. As part of a statement prepared in February of 2018 by 

Dr Mark Fulcher, NZ Football’s Medical Director, the sport’s governing body echoed the 

sentiment of UK officials prior to their change of heart: “Based on the available evidence at 

present we do not believe that there is any need to ban heading or alter the laws of the game.” 
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NZ Football have released no further statements since the UK guidelines took effect, indicating 

there are no plans to follow suit.  

Speaking to Rufer, I realised there would be some pushback against regulation in New Zealand, 

just as there was in the US and the UK. Detractors of heading regulation often address the 

practical limitations of such precaution. After all, mastery demands repetition, and to reach the 

lofty goals set by an institution like the Wynton Rufer Soccer School of Excellence requires 

consistent training.  

I was always told that a professional footballer should have all the skills they need to excel in 

the sport by the age of 15. Watching teenagers emerge and thrive on the world stage, it’s hard to 

argue against this notion. Meeting these expectations means training every day from a very 

young age, crafting proficiency in numerous techniques—heading included. Whether heading 

belongs in the junior game or not, professional aspirations will often prevail. But our focus on 

the risk of junior heading threatens to overshadow a well-established threat: football’s head 

injury woes extend far beyond the junior game.  

I learned as much when I turned 15. 

Following a sodden Thursday night training, my youth grade coach sat me down to talk. The 

club’s premier team, he told me, was struggling for numbers. Having just celebrated my fifteenth 

birthday, I was at last eligible to play men’s grade football, a transition I had been eagerly 

awaiting.  

I knew my ability, and I wanted to prove that I belonged at that level. For the first 40 minutes of 

my premier debut, I felt I was doing just that. My touch was good, I was completing passes, and 

my confidence was building. But it wasn’t to last.  

Five minutes from halftime, I rose to challenge for an aerial ball. As I leapt up, hoping to send the 

ball back up the pitch, I instead felt a sickening crack to the back of my head. In a vain attempt to 

reach the ball first, my opponent misjudged its flight and sent his head careening into mine. The 

shock rattled my teeth and jolted down my spine. There was a familiar metallic taste in my 

mouth and, for a few seconds, pulsating black spots crept into my field of vision. I didn’t know it 

at the time, but these are all symptoms of concussion. In an instant, my confidence was 

shattered. For the first time on a football pitch, I was afraid.  

As halftime neared, the opposition won a freekick within striking distance. I was placed in the 

wall as the first line of defence, but at this point I was sufficiently shell-shocked. As the ball was 

fired towards goal, I reflexively ducked to shield my face. The shot flew harmlessly wide. 

Halftime was called and we were making our way off the pitch when one of my teammates 
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pulled me aside. “That was a good half Alex, you’re playing well,” he said. “But don’t ever let me 

catch you turning your head like that again.” 

This is an all-too familiar scene in football, in the amateur and professional game alike. A player 

takes a knock to the head, brushes themself off, and continues on their way. Following a 

concussion, one’s susceptibility to further injury increases markedly. Generally, team medics are 

tasked with removing a player from the field if they suspect a head injury has occurred, but we 

see this system fail time and again.  

 

*** 

 

Several weeks ago, I got a call from my older brother at around midnight. Having just finished 

watching a documentary on former NFL player Aaron Hernandez, he wanted to know if I’d seen 

it. I hadn’t, so he filled me in. In April of 2015, Hernandez was sentenced to life in prison for 

first-degree murder. Two years and four days later, he was found hanging in his cell, leaving his 

family to contemplate the root of a loved one’s destructive behaviour. Here, the story turns 

down an increasingly familiar path. Following his death, Hernandez’s brain was released to 

Boston University to investigate the possibility of underlying neurodegenerative disease. Dr 

Ann McKee’s findings were later described as the worst case of CTE ever observed in someone 

so young. Thus, the 27-year-old was added to an ever-growing list of athletes ravaged by a 

disease conferred by their own sport. 

Sporadic correspondence is simply in my brother’s nature, so I thought nothing of this late-night 

phone call. Only when I hung up an hour later did it strike me; this wasn’t the first time he’d 

called wanting to talk about this subject. Since beginning my research in this area, our 

conversations had begun shifting further from the usual benign chat of current affairs, movies 

and football, and closer to the sombre domain of head injury in the latter. It suddenly became 

clear to me that, having played football his entire life, this was beginning to play on his mind—

just as it was playing on mine. 

When I next spoke to my brother, he aired his concerns openly, “you’re going to encounter a lot 

of people who think [heading] isn’t an issue, but if anyone’s in trouble, it’s probably me.”  

And we’re not the only ones having this conversation. When I spoke to Dawn, she recalled 

meeting Alan Shearer while filming for a BBC documentary on football and dementia, “I sat with 

him for hours, and I said to him, ‘are you worried?’ He just looked me straight in the eye and 

said ‘yeah, I am.’ Maybe there are a lot of pros out there that are worried, and my god, I’m not 
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surprised.” To this day, Shearer remains the English Premier League’s all-time top goal scorer, a 

significant portion of which were scored with his head. Reflecting on his career, Shearer notes 

that, for every goal he ever scored with a header, he would have practised it a thousand times 

over in training.  

The results of the FIELD study are concerning, that much is for sure. But are our worries 

regarding heading truly justified, despite the unsettled science? And is the regulation of juniors 

really an appropriate response to these anxieties? These are difficult questions to answer. But a 

good place to start is with an understanding of the social and cognitive factors that so often 

influence our judgments of risk. After all, when it comes to heading, both players and parents 

must decide if the risk outweighs the reward, whether the science is certain or not. 

 

*** 

 

When faced with an uncertain hazard, we’re often tasked with unpacking and assessing an 

abundance of complex information. Traditional risk assessment aims to describe risks posed by 

activities, technologies and environmental exposures in quantitative terms, providing measured 

estimates of the dangers life can throw at us. Despite offering probabilistic grounds for 

seemingly “rational” decision making, the extent of a risk as assessed by experts is often very 

different to that which is perceived by the public. Many factors might help to explain this 

difference, but the most obvious is surely the most fitting: for the most part, we aren’t experts, 

so we don’t think like experts. 

In psychology, the theory of “dual processing” posits two distinct systems through which our 

thoughts arise. “System I” entails rapid, intuitive thinking, while “System II” involves more 

deliberative, rule-based considerations. When we lack the resources to make a protracted 

evaluation of danger, we have no choice but to rely on our intuitions. Consider the scenario of 

stumbling across a rattlesnake while hiking. Before you even have a chance to ask, “am I in some 

kind of danger?”, System I will likely provide an instant, emphatic response. In situations like 

this, the unconscious musings of System I are utterly invaluable. When time and means are 

available, System II kicks in for more calculated decision making. Working in tandem, these 

systems enable us to successfully navigate a complex and often dangerous world. But intuitions 

can be misleading, and this form of heuristic-driven judgment is not without error. 

In October of 2002, for example, a series of sniper attacks throughout the Washington D.C. area 

left ten people dead and a city in panic. The targets appeared to be random, and the blanket of 
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anxiety that ensued saw many taking precautions. Sporting tournaments were cancelled, 

schools kept their students indoors, and service stations erected partitions to conceal their 

patrons. Some even left the city limits altogether before feeling safe enough to step outside of 

their cars and use a petrol pump. Despite the horrific nature of the events leading to this 

distress, this behaviour reveals a dramatic example of disproportionate fear in response to risk. 

For those donning bullet-proof vests to venture outside, the prospect of becoming the victim of 

a sniper attack had become salient almost overnight. The frightening details of recent events fed 

into people’s “availability heuristic,” an intuitive tool that explains, in part, our tendency to 

weigh certain risks as genuine and worthy of attention, while disregarding other risks entirely. 

When it’s easy for us to imagine a given risk coming to fruition, that risk is available. Several 

factors may act to increase the availability of a risk, including familiarity and recency. But our 

familiarity with a risk does not have to be the result of first-hand experience; you don’t need to 

tread on a rattlesnake to know that this spells danger. Indeed, incoming information via news, 

movies—even word-of-mouth—can have a profound effect on the way we judge risks. Our 

perceptions of the dementia risk attributed to football is no exception. 

The example of sniper-related fears in Washington D.C. highlights the power of emotionally 

gripping news. As human beings, we share a tendency to focus on worst-case scenarios, and this 

habit can lead to the severe neglect of probability. A desire to take precautions often appears 

justified in that it entails the complete removal of risk. For those driving two hours to Virginia in 

order to buy fuel, however, the infinitesimally small risk of being killed by a sniper at a petrol 

station in the nation’s capital “irrationally” eclipsed the undoubtedly greater risk of being 

involved in a fatal car accident.  

Of course, when a risk becomes more salient, it often does so for good reason. Six months ago, 

many of us might not have thought twice about an individual openly coughing or sneezing in 

public. Today, in the wake of the global COVID-19 pandemic, our response to such a behaviour is 

likely to be far more visceral. Owing to the considerable news coverage of the pandemic, the risk 

of disease transmission has never been more cognitively available to us. The precautions we 

now take are not in response to a novel risk, per se; we have always faced the possibility of 

disease through social interaction and neglected hygiene. But this amplified response is 

necessary. Because the risk of disease has been made so salient in the current milieu, we can 

react instantly and accordingly. In other words, the risk already occupies the front of our minds, 

so it takes little effort to retrieve. 

For some of us, the risk of heading in football inhabits a similar space. Retiring from 

professional football aged 30 following his seventh serious concussion, Taylor Twellman wants 
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to see heading abolished from the junior game entirely. Ryan Mason, former Tottenham Hotspur 

midfielder, stepped away from the sport in 2018 after a horror head clash fractured his skull. He 

too thinks children should not head a football. These attitudes should come as no surprise. For 

people like Twellman and Mason, direct experience of the anguish of head injury readily 

accommodates the visualisation of this risk. As a result, imagining how things could go terribly 

wrong for a child becomes an easy task. The same goes for a concerned parent.  

Risk perception research shows that emotion is relevant to our assessment of a hazard. If an 

activity evokes negative emotion, we’re more likely to make pessimistic judgments of the risk 

that activity poses. From where Dawn Astle stands, the negative emotion associated with 

heading is pervasive. However, to say that emotion drives Dawn’s attitude towards heading is 

not to cast doubt on the seriousness or legitimacy of her concerns—far from it. When a risk is 

highly uncertain, as that of heading currently is, our intuitions play a prominent role.  

Undoubtedly, our fears surrounding the risk of junior heading are influenced by these cognitive 

heuristics; to ignore their role in decision-making would be a mistake. Public perceptions of risk 

are important, and risk managers are obliged to respond to our concerns. But the task of 

reconciling public fears and appropriate regulation is difficult. On the subject of precautionary 

regulation, American legal scholar Cass Sunstein writes, “A sensible approach would attempt to 

counteract, rather than to embody, the various cognitive limitations that people face in thinking 

about risks.” In other words, effective regulation should not rely on the predispositions that so 

often lead us astray.  

The emergence of junior guidelines also speaks to our broader attitudes towards risk. For a 

start, we don’t like it when risks are incurred without our volition. A heavy focus on the junior 

game might therefore be unsurprising, as we’d rather take most decisions out of the hands of 

children. For older players, especially professionals, this is a different story, as adults are able to 

make their own informed choices about risk. We also aren’t happy when a risk is seen to be 

inequitably distributed: if heading appears especially dangerous for kids, we’ll take extra 

measures to level the playing field.  

Junior players are considered an at-risk population by virtue of being children. This is nothing 

new. But the best evidence we have to incriminate heading points explicitly to the professional 

game. “The guidelines aren’t for professionals, so there are no limits on the heading they do in 

training, which is a bit disappointing,” says Dawn. “But I’m working on that.” Despite her relief 

to see regulation for juniors, watching as this protection is withheld from players like her father 

is clearly disheartening to Dawn, who has become a fierce advocate of heading reform for 

professionals.  
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“There’s no question that if you prevent kids from heading the ball, then they have no risk from 

those impacts,” Lipton tells me. Certainly, at a cursory glance, the benefits of junior regulation 

would appear to far outweigh the costs. But Lipton’s concerns are for players later in 

development, those for whom current guidelines do not protect. “They may all of a sudden begin 

heading in a higher-level environment without really having the strength or the skill or 

experience behind them. To me, I think the looming question is, are there some unintended 

consequences of ostensibly protecting kids when they’re younger?” Here, Lipton confronts a 

sobering truth: despite the best of intentions, risk can never be fully excised. To choose 

precaution may be to simply choose one risk over another.  

The overprotection of junior players may also have broader implications. Anxiety surrounding 

head injury in sport has grown in recent years, undoubtedly reaching its zenith with the highly 

publicised unfolding of the NFL’s concussion crisis. The tumultuous saga of condemnation and 

deception in America’s own brand of football has proven to be an ethical nightmare—and that 

story is far from over. The litigious origins of heading regulation in the United States might have 

come as no surprise, then, considering the prominent status of head injury in the psyche of the 

American public.  

“When I started looking at this area, one of the most common things I would hear would be a 

parent saying they didn’t want their son to play American football, because of the head injury 

risk,” Lipton recalls, “so they steered them toward soccer.” I have often heard this exact 

anecdote in New Zealand, only regarding rugby rather than the gridiron. “At the time,” says 

Lipton, “[soccer] wasn’t even really considered a collision sport. It is now, so I think that’s a 

really big change.”  

When extra protection is used to temper public concerns, great care must be taken to ensure 

that these precautions do not exacerbate existing fears. In colloquial terms, this might 

pessimistically be seen as “scaremongering.” Precaution can often be interpreted as proof that a 

risk is genuine, simply because a decision to act implies it is worth acting. Heeding the theme of 

unforeseen consequences, it would be prudent to consider the possibility that this “no smoke 

without fire” mentality may foster concerns regarding heading and act to reduce participation in 

junior football. The World Health Organisation currently ranks physical inactivity as the fourth 

highest risk factor of global mortality. With sedentary behaviour presenting a very real health 

concern, ensuring that junior football remains accessible, as well as safe, must be our ultimate 

goal.  

At the heart of this issue remains a fundamental need for continued research. While the risk of 

heading currently remains uncertain, uncertainties can be resolved—sometimes rapidly. If a 
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causal link between heading and dementia is established incontrovertibly, then we must be 

prepared to make changes, and not just to the junior game. 

 

*** 

 

“To be honest, the easiest thing in the world would have been to say ‘oh well, never mind, Dad 

had a great life. Carry on.’ But once you start getting phone calls telling you about someone 

else’s dad and the team they played in, five of them had dementia, you start to think ‘really? That 

seems to be an awful lot, that’s about half the team.’”  

Phone calls like these, Dawn tells me, have not been uncommon. As the result of her father’s  

experiences, she’s committed her life to assisting others laid low by the effects of dementia. 

Although tinged with sadness, Jeff’s memory has motivated her all the way. “I’d like to think he’s 

really proud of us,” Dawn tells me, her voice beginning to waver. “People say to me, ‘I’m sure if 

your dad had his time again, he wouldn’t change anything’. Perhaps not. But above all, above 

everything, even though football was his job, he thought more of his family than he did of his 

job.” 

Dawn described a picture to me, 5 feet in width, of her father scoring in the ’66 Cup final 

displayed proudly at the family’s home in South Derbyshire. In an old interview, Jeff reflects on 

scoring that goal, “It was a dream come true,” he said, “something I’ll never, ever forget.” Sadly, 

as a result of his dementia, that’s exactly what happened. “He would lie on the settee at my 

parents’ house,” Dawn says, “surrounded by everything he’d won in the game. There were 

England caps, an FA Cup winner’s medal, a League Cup winner’s medal—but he remembered 

none of it. He didn’t know that he’d ever been a footballer.” 


