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Abstract

:

Sleep disorders are risk factors for diseases such as dementia or diabetes, and cause enormous costs. Despite the crucial impacts of sleep on human health, there is little to no research on sleep and health in the field of science education. Although health education is an overarching goal of science education in school, the topic of sleep is rarely addressed. In the related field of medical education, empirical studies shed light on the impact of school projects concerning sleep health but are yet unrecognized by science education research. Systematic reviews demonstrate the effectiveness of school-based sleep education programs for increasing sleep knowledge but show contradicting findings regarding the impact on sleep behaviors. Lacking knowledge about healthy sleep is related to unhealthy sleep behavior. In this perspective article, we prepare the topic of sleep for the field of science education by presenting the state of research concerning sleep education. Using the connection between light pollution and sleep disruption, we present a concept of sleep health literacy in science education, argue for the implementation of sleep health literacy in science education curricula, and describe how the topics of sleep and light can serve as a link between health education and Education for Sustainable Development.
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1. Introduction


Restorative sleep is essential for mental and physical recreation and keeping proper health conditions along with other metrics such as stress reduction, work–life balance, well-balanced diet, physical activity, body weight, abstaining from nicotine, and avoidance of alcohol abuse as well as other substances. The night-time use of electric lighting, TV, and mobile devices can lead to a shortening of bedtime and worsening sleep quality [1,2], while healthy sleep patterns are known as a crucial process for memory consolidation and restructuring [3]. Sleep disorders are a known risk factor for other diseases such as dementia, obesity, cardiovascular disease, depression, diabetes, inflammation, and cancer [4,5,6] and additionally cause enormous costs for healthcare systems, the economy, and society as a whole [7,8,9].



The achievement of health literacy [10] is a growing challenge, even beyond the context of sleep [11]. While people have access to a great amount of health-related information, they are not sufficiently prepared and supported to make health-related lifestyle choices. The WHO [11] calls this the ‘health decision-making paradox’, in which education systems do not succeed in providing students with skills to access and understand, use, and assess health-related information adequately. This ‘health literacy crisis’ [11] is crucial, as the effects of poor health literacy on people’s actual health are well known, e.g., through unhealthy choices and riskier behavior [11]. Health literacy was implemented by the WHO as a key dimension of the European health policy framework Health 2020 [11]. It is also an emerging topic in health education [12,13] and is expected to become a central theme for students globally [11,14,15,16].



However, even though sleep is a crucial factor for human health, and although health education [17,18] is one of the overarching goals of science education (science education in this article refers to school science and the related research field of science education with its professional journals) in schools, sleep is neither part of science curricula (e.g., Canada: [19]; Germany: [15,20]; United States: [21]), nor is it addressed in common health literacy definitions [11]. It becomes apparent that sleep is a ‘non-issue’ in discussions and recommendations about health literacy and health education. This ‘sleep blindness’ expands over the whole research and practice field of science education and points to the need for considerations about sustainable sleep education approaches in schools and a conception of sleep health literacy.



While there is little to no empirical research on sleep education in the field of science education, several empirical studies shed light on the impact of school projects concerning sleep quality and sleep health that originate from the field of medical education (medical education in this article refers to the research field of medical education with its professional journals) (e.g., [22,23]). Systematic reviews of these school-based sleep education programs demonstrate their effectiveness for increasing sleep knowledge but show contradicting findings regarding the impact on sleep hygiene (e.g., [24,25]). The potential of sleep education is large, not only because of its high relevance for human health but also because children and adolescents are very interested in sleep-related questions [26]. Such interest is often provoked by personally relevant questions in the context of the environment and health [13,27]. Both fields are increasingly structurally thought of as linked together, e.g., in the Education for Sustainable Development (ESD; [28]) framework. However, health is an important but often underrated aspect in the context of ESD [29,30].



Light pollution in particular is a specific phenomenon that connects the environment and health in ESD. Light pollution has negative effects on energy efficiency and ecosystem functioning [31,32] as well as on human health, e.g., through the suppression of the hormone melatonin and circadian disruption [33,34].



In this perspective article, we prepare the topic of sleep for the field of science education by presenting the state of research from the fields of science and medical education concerning sleep education. We describe the relevance of sleep for ESD, present the first comprehensive concept of sleep health literacy in a science education context, and argue for the implementation of sleep health literacy as an outcome of sleep education in science education curricula. We furthermore describe how the topic of sleep and light pollution can serve as a link between health education and Education for Sustainable Development.




2. Theoretical Background


2.1. Health Literacy in Science Education


2.1.1. The Concept of Health Literacy


Health literacy is fundamental to achieving health and well-being in modern society [11]. It is relevant to all areas of health (e.g., promotion, prevention) and illness (acute and chronic illness, palliative care settings [35]). The term health literacy has been defined in diverse ways since the concept was first introduced. Nutbeam [36,37,38] conceptualized health literacy into (a) functional health literacy, (b) communicative/interactive health literacy, and (c) critical health literacy.



Functional health literacy is the ‘ability to read and understand basic health-related information and the management of chronic diseases’ [11] and hence is related to the application of literacy to health-related materials such as medicine labels and prescriptions [36]. When assessing health literacy, applied instruments often focus on functional health literacy [39]. The application of social skills to understand different forms of health-related communication is summarized under the term communicative/interactive health literacy, while critical health literacy involves the appraisal of health information and acting upon health information [36]. Other scholars furthermore include media health literacy [40,41] or electronic health literacy [42] as aspects of health literacy.



Malloy-Weir et al. [43] analyzed definitions of health literacy. They concluded that the commonly used definitions are open to multiple interpretations and often based on assumptions that are not always justified. Based on their analysis, Ratzan and Parker’s [44] definition was by far the most commonly used: ‘the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions’ [44] (p. vi) followed by the WHO’s [45] definition: ‘the cognitive and social skills which determine the motivation and ability of individuals to gain access to, understand and use information in ways which promote and maintain good health’ [45] (p. 10). All often-used definitions of health literacy treat a person’s abilities as central to health literacy [43]. However, the specific skills vary between the definitions and so do the actions associated with these skills, e.g., ‘to make appropriate health decisions’ [44], to ‘promote and maintain good health’ [45], ‘to function in the health care environment’ [46], and ‘to make informed choices, reduce health risks and increase quality of life’ [47].



Malloy-Weir et al. [43] pointed out that even the often-used definitions have some weaknesses. The often-assumed relation between health information and maintenance of health or reduction of health risks (e.g., [45,47]) is not always justified, e.g., for individuals suffering from a terminal condition [43]. Moreover, the assumption that understanding and processing health information is related to adequate health decisions [44,48] is not true for all cases. Health-related decision-making is affected by diverse factors, e.g., individual values and beliefs and social and cultural backgrounds [43].



Several reviews about health literacy definitions concluded that there is no single commonly accepted and used definition [10,43,49,50]. A broad and inclusive definition of health literacy was developed in 2012 by the European Health Literacy Consortium [11]:




‘Health literacy is linked to literacy and entails people’s knowledge, motivation and competences to access, understand, appraise and apply health information in order to make judgements and take decisions in everyday life concerning health care, disease prevention and health promotion to maintain or improve quality of life during the life course.’





The related conceptual model identifies 12 subdimensions of health literacy [10,11]. These comprise a person’s competencies of accessing, understanding, using, and assessing health-related information within health care, disease prevention, and health promotion situations.



This reflects a trend of redefinition of the term health literacy. The growing research and practice field of health literacy focuses on the abilities of individuals and society to navigate complex health issues across the lifespan [37]. Vamos et al. [12] described how health literacy in terms of research, practice, and policy shifted towards a much broader conceptualization beyond health care including application at workplaces, in school, or at home. This shift reflects the aim to increase health and well-being across the lifespan for individuals and communities. Nutbeam [37] pointed out that health literacy is also ‘seen as a means to enabling individuals to exert greater control over their health and the range of personal, social and environmental determinants of health’ [37] (p. 20174). This highlights the importance of an enabling environment to facilitate health literacy. To follow this aim, education for health literacy (i.e., health education) is crucial not only concerning individual actions but also in supporting adequate social and political actions [12].




2.1.2. Addressing Health Literacy in Science Education


Nutbeam [38] describes health literacy as ‘an observable set of skills that can be developed and improved through effective communication and education’ (p. 708). Education is a key factor to tackle poor health literacy worldwide [12] and to achieve an enabling environment for people to make health-related decisions for their lives [37]. In particular, formal science education in schools is predestined to enhance health literacy. In schools around the world, all school-aged children are reached over a long period [51]. Hence, health literacy is a concept with increasing attendance [12]. The WHO Health Promoting School framework (www.who.int/health-topics/health-promoting-schools, accessed on 25 April 2023) as an established concept based on the WHO’s Global School Health Initiative. The aim is to improve the health of students and their families, staff members, and other members of the community through schools. Hence, the WHO defines a health-promoting school as one that ‘constantly strengthens its capacity as a healthy setting for living, learning and working’. This underlines the idea of building an enabling environment for health-promoting behavior.



Nowadays, it is increasingly acknowledged that health education should start at a very early age in school [52] and that besides the level of health literacy of parents [53], teachers play a key role in promoting health literacy [54,55]. There is some evidence that higher levels of health literacy are related to healthier behaviors in adolescents [39] and increased health outcomes in school students [56,57].




2.1.3. Sleep as a ‘Non-Issue’ in Health Literacy and Health Education in Schools


However, what are healthier behaviors, and how are they defined? Descriptions of health literacy remain vague about a description of healthy behavior. Oftentimes, as in the WHO [11] report, a healthy diet and physical exercise are explicitly mentioned. Intervention studies reported increased healthy behaviors in nutrition and physical exercise through knowledge transfer in school-based programs [58,59]. However, even though sleep is one crucial factor for human health [60], sleep is not addressed in common descriptions of health education and behavior or in health literacy intervention studies. In the WHO [11] report, sleep is not addressed at all. In their position statement, the American Academy of Sleep Medicine criticizes the lack of sleep health education [61]. It becomes apparent that sleep is a ‘non-issue’ in discussions and recommendations about health literacy and health education in schools.



Mindell et al. [62] surveyed 106 medical schools in 11 countries and demonstrated that the coverage of the topic of sleep even in medical school education is very limited. The average amount of time for sleep education was about 2.5 h, while 27% of medical schools reported that they do not cover sleep education [62]. Only a few scholars in the field of science and health education embedded sleep in the psychological category within the categories for maintaining or promoting health, but do not assign it to the category of physical factors to maintain health [63].



While the general health literacy definitions often remain vague concerning the health-related contents, several health-related literacies for specific areas of health education were described, including food literacy [64,65], nutrition literacy [66], mental health literacy [67], and health-promoting media literacy [68]. Truman et al. [69] identified three skill categories (information acquisition, information analysis, and application of information) within definitions of these specific health-related literacies. Furthermore, they discovered knowledge, attitudes, and behaviors as the three categories of desired outcomes that are often addressed in these definitions [69].





2.2. Education for Sustainable Development (ESD)


Humanity faces global challenges such as wars, inequality, climate change, and biodiversity loss in the Anthropocene. These cause dramatic changes within ecosystems, which also lead to new challenges related to human health [70]. The Agenda 2030 of the United Nations was introduced in 2015 to tackle such global challenges [30]. As part of the Agenda 2030, 17 Sustainable Development Goals (SDGs) were introduced that entail environmental, economic, and social goals. The concept of sustainability refers to economic and natural resources on the one hand and to a balance between the needs of the present and the future on the other hand [29]: ‘Humanity has the ability to make development sustainable to ensure that it meets the needs of the present without compromising the ability of future generations to meet their own needs’ [71] (section 3.27).



Questions concerning environment and health are both increasingly important contexts for science education because they lead to personally relevant questions [13,27]. Both fields are connected through the approaches science|environment|health [72], One Health [73], Planetary Health [74,75], or Education for Sustainable Development (ESD [28]). In these frameworks, health not only refers to human health but also the health of ecosystems [29].



ESD is the key driver to fulfilling the SDGs [28,76]. ESD is a transformative action-oriented educational approach to enable citizens to effectively contribute to sustainable societies by empowering them to make responsible decisions [13,77,78]. The ESD concept ‘aims to encourage students to address sustainability issues at the intersection of science and society, to reflect on these issues, and to learn to undertake sustainable actions’ [29] (p. 3–4). Kioupi and Voulvoulis [79] described competencies in the context of ESD, which comprise, among others, systems thinking, collaboration, critical thinking, and integrated problem-solving.



Health is an important but often underrated aspect in the context of ESD [29,30]. Several SGDs point to health, and one SDG is directly focused on human health (SDG 3: ‘Ensure healthy lives and promote well-being for all at all ages’; [80]). Kjærgård et al. [30] emphasized a mutual relationship between health and sustainability in a way in which both are conditioned by each other.



Light Pollution as a Context for ESD


Engineers have defined light pollution as the sum total of all adverse effects of artificial light [81]. Astronomers use the term light pollution to represent the deterioration of human views of the night sky (astronomical light pollution [82]). Astronomical light pollution concerns all inhabited areas on Earth [83]. At the beginning of the century, only 40% of people in the United States lived in places where it becomes sufficiently dark at night for the human eye to view the stars in the sky [83]. Artificial light at night (ALAN) exponentially increases worldwide, accelerated through new and more efficient light sources [34]. Looking not only at the light source but at the complete lighting system, it becomes clear that modern LED lighting systems are unfortunately not more efficient because they do not bring the light exclusively to where it is ultimately needed.



Longcore and Rich [82] defined artificial light that modifies natural patterns of light and dark in ecosystems as ecological light pollution that includes “chronic or periodically increased illumination, unexpected changes in illumination, and direct glare” [82] (p. 191). Ecological light pollution can stem from road lights, lighted buildings, lights on vehicles, fishing boats, cruise ships, or security lights among others. This has substantial effects on ecology, e.g., the deaths of migratory birds around tall enlightened structures, of young sea turtles disoriented by lights on their beaches [82], sleep disruption in free-living animals [84], or the decline of insects [85]. Hence, ecological light pollution is a threat to biodiversity [32]. There is reliable evidence for serious harmful consequences of increased ALAN not only for the environment but also for human health, e.g., through suppression of the hormone melatonin and circadian disruption [33,34]. Moreover, light pollution causes enormous costs and wastes energy [86].



The topic of light connects questions of human health and well-being, mitigation of climate change, energy efficiency, ecosystem functioning, as well as socioeconomic consequences [31]. Furthermore, public awareness of harmful ALAN is rising, as visible through the growing success of the campaign Earth Hour since 2007, which was celebrated in 188 countries in 2018 [87]. Since the 1990s, the number of legal cases related to light pollution has increased globally, which points to a higher awareness of its harmful consequences [88]. Therefore, ALAN and ecological light pollution are suitable contexts for ESD, since they connect several SDGs and include personally relevant questions [13].






3. Sleep as a Central Aspect of Human Health


Sleep is more and more recognized as essential to overall health [89,90]. Along with well-balanced nutrition and the practice of physical exercise, a sufficient amount, as well as the quality of sleep, is essential for mental and physical health [91]. Therefore, sleep was identified as a key behavioral factor to promote as implemented for instance in the United States on an information platform by the Centers for Disease Control and Prevention (CDC; www.cdc.gov/healthyschools, accessed on 25 April 2023) where information on sleep and sleep disorders are provided (www.cdc.gov/sleep, accessed on 25 April 2023). Similar resources are available in some other countries, e.g., in Scandinavia by the Norwegian Institute of Public Health (NIPH; www.fhi.no/en/mp/sleep-and-sleep-disorders, accessed on 25 April 2023). However, up to date, the European Centre for Disease Prevention and Control (ECDC; www.ecdc.europa.eu, accessed on 25 April 2023), an agency of the European Union (EU), did not put focus on sleep and sleep disorders in general. In Germany, sleep has only been included recently in the Guidelines for the Prevention of Disturbances to Health set out by the GKV (public health insurance) [92].



Several sleep disorders are well-known to be a health risk and a public health issue [93]: sleep deprivation and insufficient sleep quality lead to dementia, obesity, cardiovascular disease, depression, diabetes, inflammation, and cancer [4,5,6] and cause enormous costs [7,8,9]. Sleep disorders are associated with migraines [94], and in recent years, the COVID-19 pandemic has affected sleep health [95,96]. Lopes et al. [95] assumed that the COVID-19 pandemic increased unhealthy sleep behavior in students and concluded that further studies are required to understand the impact of the pandemic on students’ sleep health.



Inadequate and non-restorative sleep, i.e., reduced sleep duration and poor sleep quality [25,97] are induced by genetic, physiologic, and sociocultural factors such as shift work, jetlag, delays in circadian rhythms, increased use of electronic devices, use of drugs, or increased autonomy in bedtime [98,99,100,101,102]. Only one-fifth of adolescents in the United States get what is often described as the necessary amount of 9 h of sleep on school nights [103]. Several researchers assume that adolescents’ decreases in sleep time and increases in delayed bedtimes suggest an emerging sleep restriction as a worldwide and intercultural problem [104,105,106].



A large number of young people across the world are affected by inadequate sleep and chronic sleep loss [19,107]. Unhealthy sleep patterns in children and adolescents are known to not only predict physical [108,109] but also mental health problems in adults [110,111]. Hence, fostering healthy sleep behaviors may be a potentially effective preventive health model for physical as well as mental health [112]. Unhealthy sleep has negative impacts not only on mental and physical health but also on students’ academic performance [3,113,114,115]. Hence, one could assume that the negative effects of disturbed and inadequate sleep should raise the awareness of education politicians and ministries. It is all the more surprising that the potential of improved sleep for learning and preventing diseases has remained largely unexploited [3].



Sleep hygiene habits are practices that reduce harmful sleep behavior and improve sleeping conditions [95]. These include environmental factors, e.g., light and temperature, as well as behavioral aspects such as physical activity, consistent bedtimes, and no use of electronic devices before going to sleep [116].



Health behaviors are associated with health beliefs that can be defined as health myths if an evidence base is lacking [97]. It has been demonstrated that health myths can have negative effects on public health, e.g., concerning smoking [117]. Robbins et al. [97] compiled a collection of sleep myths, i.e., false beliefs about sleep that lack sufficient evidence. These were rated concerning their falseness and their significance for public health by experts from the fields of sleep medicine and sleep research. The resulting 20 sleep myths can be categorized into the domains of sleep duration, sleep timing, behaviors during sleep, daytime behaviors related to sleep, pre-sleep behaviors, as well as brain function and sleep.



Among the myths, several were rated as very false, including “During sleep, the brain is not active”, “Lying in bed with your eyes closed is almost as good as sleeping”, “If you have difficulty falling asleep, it is best to stay in bed and try to fall back to sleep”, “In terms of your health, it does not matter what time of day you sleep”, “Being able to fall asleep ‘anytime, anywhere’ is a sign of a healthy sleep system”, “Many adults need only 5 or less h of sleep for general health”, “Your brain and body can learn to function just as well with less sleep”. Especially the three last mentioned as well as “Although annoying for bed partners, loud snoring is mostly harmless” and “Alcohol before bed will improve your sleep” were rated as very significant for public health.



Based on the identified sleep myths [97], Pantesco and Kan [118] surveyed adults in the United States to identify their endorsement of sleep myths and their relation to sleep health behavior. They demonstrated that the belief in sleep myths was fairly common, as about 50% of the sample endorsed about 50% of sleep myths. Sleep myths with the highest agreement among the respondents were “If you can get it, more sleep is always better“, “Boredom can make you sleepy even if you got adequate sleep before“, “If you are having difficulties sleeping, taking a nap in the afternoon is a good way to get adequate sleep”, “A sound sleeper rarely moves at night”, “If you have difficulty falling asleep, it is best to stay in bed and try to fall back to sleep”.



The belief in sleep myths was related to unhealthy sleep behavior, e.g., inconsistency in bedtimes, more in-bed activities, and perceiving fewer consequences of insufficient sleep [118]. The authors conclude that targeting sleep myths in interventions may be a potentially beneficial approach.



In general, there ‘appears to be a significant lack of awareness among children, adolescents, young adults, and adults of the extent of sleep loss during the middle and high school-aged youngsters as well as society in general’ [91] (p. 595). As recently as 25 years ago, Carskadon et al. [103] recommended decreasing nightly homework hours and including sleep education programs in the curricula.




4. Research about Sleep Education


4.1. Outcomes of Sleep Education Programs


In general, research on school health programs suggests that these programs can improve health outcomes [119]. However, while this research is taking place in schools and directly interferes with the domain of science education in schools, most sleep education programs and accompanying research are located in the field of medical education. There is almost no empirical research in the field of science education about sleep education or sleep health and behavior. This implies a certain ‘sleep blindness’ in science education and builds upon sleep as a ‘non-issue’ in health education in general.



School-based programs in general aim to provide interventions that improve sleep behaviors and/or increase sleeping times through the gain of knowledge about sleep and sleep hygiene [25]. Few studies have demonstrated that sleep education approaches can lead to healthier sleep habits including increased sleep duration [120]. However, Gruber et al. [19] summarized that school education programs for healthier sleep did not show convincing results concerning effects on everyday life as the impact on sleep knowledge and behavior was mixed. Often, school education programs lead to increased sleep knowledge, but lack evidence for improved sleep behavior [112].



Blunden et al. [112] reviewed the empirical literature concerning sleep education programs targeting children and adolescents up to the age of 19 from 1990 to 2011. By including only peer-reviewed studies with pre-post measurement they identified only eight studies and four pilot studies in abstract form. This indicates a generally small number of sleep education studies. All of the reviewed studies were published in journals from the field of medicine, sleep research, and cognitive science; none of them was published in a science education journal.



The reviewed studies included sleep education programs with overlapping contents [112]. The programs comprised information about what sleep is, sleep physiology, why we sleep and, how much sleep is necessary at which age, reasons for sleep disruption, and consequences of poor sleep [121,122,123,124,125,126,127,128,129]. Other aspects of sleep such as sleep debt [126,129], sleep hygiene [121,123,124,127,128,129,130], methods to control sleep patterns [122,123,124,125,128,129], or the effect of caffeine, alcohol, or other substances on sleep [123,124,126,128,130] were covered by some of the programs. The programs had different durations and used different methods, e.g., oral presentations, web-based activities, or group discussions [112].



To assess the effectiveness of the sleep education programs, the studies used different standardized and non-standardized measures to assess a diversity of outcome measures. The main outcome variable in several studies was knowledge about sleep [121,122,123,124,125,126,128,129]. Besides sleep knowledge, additional outcome variables were sleep hygiene [128,130], sleep habits [121,130], sleep patterns [125,129], daytime sleepiness [125,127,129], and sleep quality [127,130].



One finding of the comparative review was that knowledge about sleep significantly improved through most of the programs in which it was measured [122,123,124,125,126,129]. As mentioned above, behavioral outcome variables such as sleep hygiene and sleeping patterns showed almost no change through the program in most studies [112].



By use of a controlled trial, Rigney et al. [23] surveyed Australian students with a mean age of 12 years. Students were provided with four classroom lessons and a group project on sleep. The program did not lead to any changes in sleep knowledge or sleep hygiene. The only effect was an increased bedtime by 10 min on average [23].



Another review focused on studies that aimed to change sleep behavior [131]. The authors emphasized the importance of self-efficacy and motivation to change children’s and adolescents’ sleep behaviors. They recommend individualizing and digitalizing programs [131].



In another systematic review, Dietrich et al. [132] searched for empirical studies about the effectiveness of sleep education programs for college students 18 years and older. They found only four studies that fit their exclusion criteria and concluded that there is insufficient evidence to determine the effectiveness of sleep education programs on knowledge about sleep hygiene, sleep hygiene behavior, or sleep quality for college students [132]. However, in a randomized and controlled intervention study, Hershner and O’Brien [133] demonstrated how a brief online sleep education intervention can improve sleep behavior and sleep quality—but not sleep knowledge—in college students. In this 20 min intervention, a sleep personality profile was built based on two questionnaires and two educational videos introducing aspects of healthy sleep hygiene and the effects of sleep deprivation. Quan et al. [134] used a web-based learning module of the Harvard Medical School (www.understandingsleep.org, accessed on 25 April 2023) about sleep physiology and hygiene for psychology students. They conclude that the use of such a module has the potential to increase sleep literacy, as knowledge about sleep was improved after the module. The authors furthermore assume that the integration of such a module can change sleep behavior among psychology students [134].



A systematic review of approaches to improve children’s (2–9 years) sleep hygiene in pediatric settings revealed that existing methods and techniques to improve the sleep hygiene of children are easy to apply and effective [135]. Gruber et al. [22] developed a school-based sleep education program for elementary schools. Participation in this program was associated with significant improvements in students’ sleep and academic performance compared to a control group.



The most recent review of school-based sleep education programs was provided by Rigney et al. [25]. While Blunden et al. [112] identified eight studies on school-based sleep education programs, a decade later, Rigney et al. [25] included 32 studies in their systematic review (exclusion criteria: e.g., age 5–18 years of students), of which Australian researchers conducted one quarter. The authors emphasized that there is an increasing number of studies on school-based sleep education as about half of the articles have been published between 2015 and 2020. These more recent studies were more often randomized controlled trials and included more digital and more innovative content, such as video-based training [136], setting of goals and self-monitoring of sleep behavior, and inclusion of families, i.e., providing them with helpful information about the program [25]. Contents were similar to those shown in earlier reviews, covering knowledge about sleep (What is sleep? Why do we sleep?), sleep physiology, healthy sleep duration, factors that disturb sleep, and consequences of poor sleep as well as strategies for sleep hygiene [25]. The review results show that sleep education programs increase sleep knowledge, as there was only one study that showed a different result [23]. In addition, measures of sleep knowledge are mostly designed for individual programs and are unstandardized [25]. In contrast, changes in sleep behavior, as well as variables such as mental health or sleep hygiene practices, were not clearly visible [25].




4.2. Methodology of Sleep Education Programs


Most studies measured sleep variables such as sleep duration, weekday and weekend sleep patterns, and others. Studies that utilized actigraphy as an objective measurement of sleep almost all reported beneficial changes in sleep variables directly post-intervention. One study reported long-term sleep improvement with objective measurement [137]. Applying a subjective measure of sleep behavior by use of self-reporting or sleep diaries led to varying pre-post results for most variables but sleep hygiene [138,139] and daytime sleepiness [138,140].



Moreover, in more recent studies, validated instruments for background variables were increasingly used, but inconsistent between studies [25]. Even if some studies point to improvements in motivation and mental health [141], in general, the effects of school-based sleep education programs on such secondary variables have been inconsistent so far [25].




4.3. Integration of Sleep Education in School Curricula


As sleep problems in adolescents are very common, Blunden and Rigney [24] suggest including at least basic aspects of sleep education as part of general health education. Sleep education aims to improve awareness of poor sleeping habits and the importance of adequate sleep. Sleep education programs can increase knowledge about sleep. Fostering sleep knowledge is the first and major goal of sleep education following Blunden and Rigney [24]. They summarized that sleep education programs are feasible and well accepted and extracted a list of ‘Dos’ and ‘Don’ts’ in sleep education and the associated research that may be helpful for the adoption of future sleep education programs in schools [24].



The crucial importance of sleep for a healthy life is to date largely missing from modern curricula. Several scholars from different countries, e.g., Gruber et al. [19] for the Canadian school system, describe the lack of sleep education in school curricula. The German biology curricula in all federal states and for all school forms are missing aspects of sleep education [20]. The American Academy of Sleep Medicine offers courses for teachers to educate their students about sleep (e.g., www.school.sleepeducation.com/, accessed on 25 April 2023). However, the Next Generation Science Standards (NGSS), which are the current science education standards for K–12 education across a large number of states in the United States, do not mention the topic of sleep at all [21].



Gruber et al. [19] described the need for and the potential benefits of integrating sleep education into schools:




‘Successful school-based sleep health promotion programs hold the promise of having a long-lasting positive impact on students’ physical and mental health, academic performance and daytime functioning.’



[19] (p. 9)





The investigated programs in the most recent review [25] took between four and six weeks. In an earlier review of school-based sleep education programs, Gruber [142] described that none of the studies included in her systematic review continued to implement the program after the study period ended. The author emphasized the need to work towards sustainable sleep education by identifying barriers to long-term implementation and working closely together with other stakeholders such as schools and teachers [142]. While in past studies the facilitator of the sleep education program often was one of the researchers involved in the study, it is now common to train teachers via training manuals [137] or in-person training [23,112,128,143] so they can teach the sleep education program. This new strategy is an important step onwards sustainable school-based sleep education programs.



Furthermore, Rigney et al. [25] summarized that the more recent programs often were incorporated into broader health teaching to avoid overloading the curricula. An already overcrowded curriculum seems to be one of the main barriers to implementing sleep education in school. Hence, integrating sleep education into general health education is a way for sustainable sleep education [25].





5. The Concept of Sleep Health Literacy


As described before (see Section 2.1.2), health education is a key factor in tackling poor health literacy worldwide [12]. Healthy sleep is crucial for human health and academic performance. Schools are an ideal setting to promote health literacy as they reach the whole youth population of a country over a long period [51,144]. Nevertheless, curricula are lacking sleep education (see Section 4.3) and the research on sleep education programs in schools is located in the medical fields, but not in science education research. Rigney et al. [25] pointed out that the majority of studies did not report the theoretical foundation of the education program applied, which is necessary to ensure an evidence-based program.



Moreover, several potential barriers exist to integrating sleep education in schools. In most cases, science teachers have not been trained in sleep education [19] and have presumably low knowledge and awareness about healthy sleep hygiene, and effective interventions or even believe in sleep myths [118]. One possible solution is the use of workshops for teachers to improve their awareness [19]. However, so far, as sleep is not part of science teacher training, it could be beneficial to implement sleep education in health education for biology pre-service teachers.



In sum, sleep education so far is neither part of science curricula (e.g., Canada: [19]; Germany: [15,20]; United States: [21]) nor integrated into health literacy concepts (e.g., [11]). This ‘sleep blindness’ in science education points to the need for considerations about sustainable sleep education approaches and a conception of sleep health literacy.



Quan et al. [134] used the term sleep literacy and referred to increased knowledge about sleep after the use of a web-based educational module. However, they did not define the term sleep literacy in their study and rather implicitly linked it to knowledge about sleep. Richardson et al. [145] surveyed the sleep knowledge, practices, and attitudes concerning pediatric sleep of Australian health professionals. They also used the term sleep literacy as ‘paediatric sleep literacy’ and defined it as ‘knowledge, understanding and skills to identify[,] manage and prevent paediatric sleep disorders’ [145] (p. 332).



As with the term sleep literacy, the term sleep health literacy has seldom been used so far. Bonuck et al. [146] proposed its use to describe ‘the knowledge, motivation, and competencies to promote healthy sleep and to recognize the signs of a sleep problem’ [146] (p. 23). The authors utilized the review of Sørensen et al. [10] to base their definition on the core elements of health literacy definitions. However, even if the terms sleep literacy and sleep health literacy were used before, they have not been defined in detail and are not prevalently used. Furthermore, their usage is limited to studies from the field of medicine and their survey groups were college psychology students [134], health professionals [145], parents, and staff in head start schools [146].



In the following, we describe a detailed definition of sleep health literacy for the context of science education based on the concepts of health literacy [11], the former sleep health literacy description [146], and the structure of health literacy descriptions [69]. Based on this, we define sleep health literacy as follows:



Sleep health literacy entails knowledge, motivation, and the ability to access, appraise, and apply sleep health information in order to make judgments and decisions in everyday life concerning sleep hygiene, prevention of sleep disorders, and sleep health promotion to maintain or improve quality of life during the life course.



As Arnold [147] described in her integrated model of decision-making in health contexts, knowledge can be seen as a critical factor for motivation, and in consequence also for decisions in favor of preventive health behavior. Following Zeyer [35], health literacy can be seen as knowledge-based competency in health-related decision-making. Three types of abilities are entailed in the sleep health literacy definition that stems from the WHO’s [11] definition, the review by Sørensen et al. [10], as well as from the analysis of Truman et al. [69]:



Access: seek, find, and obtain health information;



Appraise: interpret, filter, analyze, judge, and evaluate the accessed health information;



Apply: communicate and use the information to make a decision in order to maintain and improve health.



As knowledge is the foundation for motivation and subsequently health-related decisions, we focus on the knowledge dimension of sleep health literacy. Drawing from the literature and expert discussion with sleep researchers from sleep medicine, we compiled a framework of sleep health knowledge comprising content knowledge about sleep health necessary for sleep health literacy (Table 1). We differentiate between three forms of knowledge described in the context of decision-making in health contexts [147], which are also pointing to the three different abilities introduced above:



System knowledge: (access) knowledge about the system of the body, its functioning, and (possible) malfunctioning in order to understand causal relationships;



Action-related knowledge: (access) knowledge about guidelines, recommendations, and behavioral options, i.e., how to appraise and apply system knowledge about health and illness in order to prevent diseases and promote health;



Effectiveness knowledge: (access) knowledge about the effects and relative potentials of different actions in order to prevent diseases and promote health. This allows for appraising different actions as a foundation for a decision to apply them.



The theme ‘sleep basics’ comprises content knowledge about what sleep is in physical terms, how much sleep humans need, and which body functions are central elements of sleep. ‘Chronorhythms’ aggregates content knowledge regarding different chronotypes and e.g., how they interact with sleep timing. Crowley et al. [98] describe how the need for about nine hours of sleep per night on average demonstrates a challenge for lots of adolescents. In their ‘Perfect Storm Model’, it is explained how the combination of circadian phase delay in adolescents combined with a rise in bedtime autonomy, screen time, and social interactions on the one hand and early school start times, on the other hand, shorten sleep time. As described earlier, insufficient sleep can cause physical [108,109] and mental health problems [110,111] as well as academic problems [3,114]. Furthermore, the phenomenon of ‘social jetlag’ adds to this problem. Social jetlag describes the phenomenon that sleep timing differs between work and free days, resulting in ‘sleep debt’ on work days. This especially affects late chronotypes [148].



The theme ‘sleep hygiene’ describes content knowledge concerning sleep hygiene habits which are practices that reduce harmful sleep behavior and improve sleeping conditions [95]. These include the optimization of environmental factors, e.g., light and temperature, as well as behavioral aspects such as physical activity, consistent bedtimes, no use of electronic devices closely before going to sleep, and fewer in-bed activities in general [116,118]. Appropriate lighting conditions at home can positively affect sleep quality as well as circadian timing, e.g., through reduced evening light and increased morning light [98].



The themes ‘prevention of sleep disorders’ and ‘sleep health promotion’ include content knowledge concerning healthy sleep behaviors. Regarding healthy sleep and sleep disorders, there are a large number of mobile apps for sleep tracking and management available, but they are currently lacking common standards [149,150].



This sleep health literacy definition and framework is built to be integrated or used in the boundaries of science education curricula. Potential connecting points in the NGSS of the United States are the core ideas ‘Human impacts on Earth systems’ (ESS3.C; [21]) and ‘Influence of engineering, technology, and science on society and the natural world’ (ETS2.B; [21]). The first focuses on how humans change the planet and how these causes can have damaging effects on the ecosystem and human health. The second core idea relates to the question, of how science, engineering, and the resulting technologies affect how people live and the natural world. This includes all short- and long-term human activity that has consequences for the ecosystem and human health.



In the state curricula of the German states of Berlin and Brandenburg, there are also several potential links to integrate sleep education based on the concept of sleep health literacy. In the basic concept ‘development/evolution’ (German: ‘Entwicklung’), a learning goal is to recognize relationships between environmental influences and their consequences on the health of organisms [20]. Another learning goal within the basic concept ‘structure and function’ (German: ‘Struktur und Funktion’) focuses on measures to maintain the health of one’s own body and their justification [20]. Moreover, two subject areas, i.e., ‘health–disease’ (German: ‘Gesundheit–Krankheit’) and ‘structure and function of the nervous system’ (German: ‘Bau und Funktion des Nervensystems’) are predestined to integrate the function of sleep and its role in health promotion and disease prevention.



Besides linking the health literacy framework to the national curricula, it is necessary to follow a multidisciplinary approach when integrating sleep education in schools. Based on the WHO Health Promoting Schools framework (www.who.int/health-topics/health-promoting-schools, accessed on 25 April 2023), the whole school setting should address a health-promoting environment, e.g., through health-promotion programs or the implementation of policies. This particularly addresses the effectiveness knowledge and hence the foundation to make health-promoting decisions and apply health-promoting behavior.




6. Sleep Health Literacy and Light Pollution as Link between Health Education and Education for Sustainable Development


Environment and health are two important contexts in science education and are more and more structurally thought together. Zeyer and Dillon [13] point out how health and environmental education can mutually inform and benefit each other and how they lead to personally relevant questions for students.



We suggest that the topic of sleep is a topic that builds a bridge between health education and ESD. The sharply rising numbers of people with sleep disorders are undesired side effects of a modern lifestyle, such as night-time use of electric lighting and mobile devices [1,2] as well as environmental factors such as street noise, urban lighting, and rising temperatures [111]. In the following, we demonstrate how sleep health literacy can be addressed when combining health education and ESD as a transformative action-oriented educational approach. We utilize the relation between light pollution as a topic of ESD and sleep health as a topic of health education.



A 24 h lifestyle has led to high levels of urban lighting and a loss of darkness [151]. During the last decades, light pollution has been increasing every year [152]. More than 99% of the population of the United States and the European Union live in areas where the night sky is more than 10% brighter than it would be naturally [83]. One reason for this trend is the rising illuminance level over the years [153] with lower cost for luminaires. ALAN on the streets is increasingly recognized as a form of environmental pollution [2]. Excessive light exposure at night, whether through indoor or outdoor sources, is associated with harmful effects on human health [2], especially for more than one-third of the population with disturbed sleep [154,155,156]. The night-time use of electric lighting has led to a shortening of bedtime and a worsening sleep quality of humans [1] as well as animals [84].



These ‘dark sides of light’ [31] are extensive and relate to the concept of sustainability as they affect economic and natural resources on the one hand and the needs of the present and the future on the other hand [29]. This already makes sleep and light pollution a suitable topic for teaching in the context of ESD. However, there are also bright sides to urban lighting.



Large parts of the population have positive associations with ‘light’ and tend to see ‘darkness’ as a threat to safety. Especially street lightning is a strong predictor of perceived safety [157]. In Germany, road lighting is the biggest emitter of light with 32% [158], but was explicitly exempted from the state emission protection law [159]. Good lighting technology today should generate only as much light as is needed and direct it to where it is needed. Studies have shown that a precise lighting distribution can save 50% of produced light and energy [160].



Hence, the ‘dark’ and ‘bright’ sides of urban lighting connect questions of human health and well-being, mitigation of climate change, energy efficiency, ecosystem functioning, as well as social and socioeconomic consequences [31]. There are a large number of links and potential questions that can be stated in class based on this phenomenon in ESD-oriented teaching. Lots of these questions affect the personal lives of students, their families, and the society they live in, which makes them personally relevant questions [13].



ESD on sleep and light pollution has to enable students to make responsible decisions concerning their sleep hygiene as well as private, and, if applicable, public use of lighting. This allows them to make evidence-based health-related decisions [147], take care of their health and well-being, and effectively contribute to sustainable societies [13,77,78]. Furthermore, ESD approaches to sleep and light pollution have to emphasize a mutual relationship between health and sustainability [30]. This requires fostering competencies that are crucial for teaching and learning in ESD contexts such as systems thinking, collaboration, critical thinking, and integrated problem-solving [79].



One way to foster these competencies is to address different forms of knowledge (see 5). Moreover, it is advisable to discuss the contradiction between the positive and negative aspects in the context of sleep and light pollution, e.g., through perspective-taking [161] and argumentation [162] in the classroom. As ESD is the key driver to fulfilling the SDGs [28,76], these have to be addressed when teaching in the context of ESD. Several of the 17 SDGs which entail environmental, economic, and social goals [80] can be addressed when teaching about sleep, illumination, and light pollution (Table 2).




7. Conclusions and Outlook


Several school-based programs about sleep were conducted in the field of medical education. They aimed to provide interventions that improve sleep behaviors and/or increase sleeping times through the gain of knowledge about sleep and sleep hygiene [25]. We recommend that researchers and practitioners learn from these diverse studies and develop and conduct school-based programs and intervention studies for healthy sleep based on them.



The literature regarding research on school sleep health programs suggests that these programs can improve health outcomes. However, the programs’ impacts on sleep knowledge and behavior were ambiguous [25]. Often, sleep education programs in school lead to increased sleep knowledge, but lack evidence for improved sleep behavior [19,112]. These inconsistencies also point to methodological issues. The studies vary concerning the assessed variables and instruments. Although more recent studies increasingly used validated instruments, they are most often not comparable between studies [25]. Hence, methodological consistency and the use of validated instruments are crucial for science education research.



Furthermore, Blunden and Rigney [24] described how sleep knowledge is the first and major goal of sleep education. This is consistent with the integrated model of decision-making in health contexts in the field of science education, in which knowledge is a critical factor for motivation, and for health-related decisions [147]. In Table 1, we present sleep health knowledge as an aspect of sleep health literacy. This first concept of sleep health literacy may help researchers and practitioners to integrate aspects of sleep health literacy in their research, teaching, and subsequently into health-related curricula. For a sustainable sleep education, it is advisable to incorporate teaching towards sleep health literacy into general health education or ESD in the curricula as an overcrowded curriculum seems to be a main barrier to implementing sleep education in school [19,25]. Moreover, teachers need adequate training concerning sleep health literacy. Gruber et al. [19] recommended incorporating sleep-related knowledge and skills in pre-service teacher training and professional development courses for teachers.



The connection between light pollution and sleep quality seems to be a promising topic to address in science teaching, as it addresses several SDGs (see Table 2). Other examples to address sleep in the context of ESD are noise levels or rising temperatures. These connections between sleep health literacy and ESD are suitable contexts for science education, as they lead to personally relevant questions [13] and require health-related decision-making [147].



In this article, we identified a ‘sleep blindness’ in science education which builds upon sleep as a ‘non-issue’ in health education and school curricula. We presented the topic of sleep as highly relevant to the field of science education. By presenting a first comprehensive concept of sleep health literacy in a science education context, we argue for the implementation of sleep health literacy in science education curricula. This integration could be realized in the context of health education as well as in the context of ESD.
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Table 1. Structure of sleep health knowledge as an aspect of sleep health literacy. Each cell represents examples of the five themes of sleep health knowledge in combination with the three forms of knowledge.
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Forms of Knowledge




	
Themes

	
System Knowledge

Knowledge about…

	
Action-Related Knowledge

Knowledge about…

	
Effectiveness Knowledge

Knowledge about…






	
sleep basics

	

	
what sleep is, sleep structure



	
functions of sleep and importance for daily life



	
brain and body function and sleep



	
…






	

	
guidelines/recommendations about the duration and quality of sleep



	
actions to get to know the wake–sleep structure



	
…






	

	
how many hours and what quality of sleep are healthy



	
which factors have to be changed to improve sleep health



	
…









	
chronorhythms

	

	
individual chronotypes



	
interaction of circadian rhythm and sleep timing



	
influence of shift work and jet lag on chronorhythm



	
…






	

	
guidelines/recommendations about sleep for different chronotypes



	
actions to get to know the chronotype



	
…






	

	
how to align sleep behavior and chronotype



	
which factors change sleep behavior according to chronotype



	
…









	
sleep hygiene

	

	
influence of daytime activity and behavioral habits on sleep (food and drink intake)



	
healthy sleep duration



	
influence of environmental factors on sleep (e.g., light, temperature)



	
…






	

	
(non)-beneficial suggestions for food and drink intake before sleep



	
sleep hygiene recommendations for a restorative sleep



	
…






	

	
how to substitute non-beneficial food and drink choices before sleep



	
how to optimize environmental factors for sleep effectively



	
…









	
prevention of sleep disorders

	

	
what the symptom is, what the disease is



	
most common sleep disorders with an overview of diagnosis and treatment options



	
mechanism of sleeping pills



	
…






	

	
recommendations about recognizing and treatment of sleep disorders



	
the use of sleeping pills



	
…






	

	
for which symptoms a doctor should be consulted



	
how to act when a sleep disorder is recognized



	
…









	
sleep health promotion

	

	
negative effects of stress and mental overload on sleep



	
influence of daytime behaviors related to sleep (e.g., physical exercise)



	
influence of in-bed activities on sleep



	
…






	

	
approaches for work–life balance management



	
exercise practices to relax physically and switch off mentally



	
…






	

	
how to apply effective strategies to reduce stress



	
how to reduce in-bed activities before sleeping



	
…
















[image: Table] 





Table 2. Recommendations for teaching with Sustainable Development Goals (SDGs) about sleep and light pollution in an Education for Sustainable Development (ESD) setting.
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	Sustainable Development Goals
	Links to Teaching about Sleep and Light Pollution





	SDG 3: ‘Ensure healthy lives and promote well-being for all at all ages’
	
	
sleep is essential for human health and well-being [89,90]



	
sleep disorders are well-known to be a health risk and a public health issue [93]



	
ALAN is a threat to human sleep, e.g., through suppression of the hormone melatonin and circadian disruption [33,34]



	
sleep deprivation and insufficient sleep quality lead to dementia, obesity, cardiovascular disease, depression, diabetes, inflammation, and cancer [4,5,6]








	SDG 4: ‘Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all’
	
	
a large number of young people across the world are affected by inadequate sleep and chronic sleep loss [19,107]



	
adolescents’ decreases in sleep time and increases in delayed bedtimes suggest an emerging sleep restriction as a worldwide and intercultural problem [104,105,106]



	
fostering healthy sleep behaviors may be a potentially effective preventive health model for physical as well as mental health [112]



	
unhealthy sleep has negative impacts on students’ academic performance [3,113,114,115]



	
belief in sleep myths is related to unhealthy sleep behavior [118]



	
there is a lack of awareness among children, adolescents, and adults of the extent of sleep loss [91]



	
one of the most effective approaches to preventing sleep problems is the education of new parents on how to encourage healthy sleep for their children [111]



	
sleep education for sleep health literacy in schools is necessary to ensure the health of children, adolescents, and adults globally








	SDG 5: ‘Achieve gender equality and empower all women and girls’
	
	
women tend to have a different experience of sleep than men and they respond differently to disordered sleep, as well as to sleep deprivation and sleep deficit, and express individual health outcomes as a result of poor sleep [163]



	
safety aspects of road lighting are presumably more relevant to girls and women, as they are more often victims of crime [164]








	SDG 9: ‘Build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation’
	
	
technical innovations may help to reduce light pollution, e.g., the use of shielding on road lights to prevent direct upward light, avoid over lighting, constraining illumination to the area where it is needed and the time it will be used [33]



	
increased awareness of lighting solutions that avoid light pollution will lead to innovative and sustainable developments in urban lighting and the lighting industry [160]








	SDG 11: ‘Make cities and human settlements inclusive, safe, resilient and sustainable’
	
	
ALAN exponentially increases worldwide, accelerated through new and more efficient lighting technologies [34]



	
light pollution causes enormous costs for societies [86]



	
most cities don’t become sufficiently dark at night for the human eye [83]



	
sleep deprivation and insufficient sleep quality cause enormous costs for societies [7,8,9]



	
noise exposure in cities leads to sleep disturbances [165]



	
street lighting is a strong predictor of perceived safety in cities [157]








	SDG 13: ‘Take urgent action to combat climate change and its impacts’
	
	
energy-related CO2 emissions need to be reduced to mitigate climate change [160]



	
light pollution originates in inefficient lighting solutions [33] that waste energy [86]



	
the thermal environment affects human sleep quality [166,167]








	SDG 14: ‘Conserve and sustainably use the oceans, seas and marine resources for sustainable development’
	
	
ecological light pollution modifies natural patterns of light and dark in ecosystems [82]



	
ecological light pollution of the oceans, seas, and coasts can stem from lighted buildings, fishing boats, cruise ships, flares on offshore oil platforms, or lights on undersea research vessels [82]



	
ecological light pollution has substantial effects on ecology, e.g., the deaths of young sea turtles disoriented by lights on beaches [82]



	
ecological light pollution is a threat to biodiversity [32]








	SDG 15: ‘Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss’
	
	
ecological light pollution modifies natural patterns of light and dark in ecosystems [82]



	
ecological light pollution of terrestrial ecosystems can stem from streetlights, lighted buildings, security lights, or lights on vehicles [82]



	
strong evidence of the adverse effects of ALAN on animals and on human health [31]



	
ecological light pollution affects the structure and functioning of ecosystems [31]



	
ecological light pollution has substantial effects on the ecology, e.g., the deaths of migratory birds around tall enlightened structures [82], sleep disruption in free-living animals [84], or the decline of insects [85]
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