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REVIEW ARTICLE

Circadian preference and physical and cognitive performance in adolescence: 
A scoping review
Vanessa F. Vidueira a, Josie N. Booth b, David H. Saunders a, John Sproule a, and Anthony P. Turner c

aMoray House School of Education and Sport, Institute for Sport, Physical Education and Health Sciences (ISPEHS), University of Edinburgh, 
Edinburgh, UK; bMoray House School of Education and Sport, Institute for Education, Community and Society (IECS), University of Edinburgh, 
Edinburgh, UK; cMoray House School of Education and Sport, Institute for Sport, Physical Education and Health Sciences (ISPEHS), Human 
Performance Science Research Group, University of Edinburgh, Edinburgh, UK

ABSTRACT
Adolescence is a crucial period of development which coincides with changes in circadian 
rhythmicity. This may augment the impact of circadian preference on performance in this group. 
We aimed to scope the literature available on chronotypes and their effect on physical and mental 
aspects of performance in adolescents. Studies were identified by systematically searching biblio-
graphical databases and grey literature. The Morningness-Eveningness Questionnaire was the 
most frequently reported tool for circadian preference assessment. Academic achievement was 
the most prevailing outcome, with evidence suggesting that morning type adolescents tend to 
outperform evening types, yet the results vary depending on multiple factors. Performance in tests 
of intelligence and executive functions was generally better at optimal times of the day (synchrony 
effect). Physical performance was examined in 8 studies, with very heterogeneous outcomes. 
Although the associations between circadian preference and performance in adolescents are 
evident in some areas, there are many factors that may be involved in the relationship and require 
further investigation. This review highlights the assessment of physical performance in relation to 
chronotypes, the multidimensional assessment of circadian preference, and the need for long-
itudinal studies as priorities for further research.
Protocol: OSF Registration – Public registration, DOI: 10.17605/OSF.IO/UCA3Z
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Introduction

Humans, as well as other species, show daily rhythms in 
physiology and behavior which allow them to anticipate 
and adapt to changing environments (Hasting et al.  
2019). These cyclical patterns, known as circadian 
rhythms, have an endogenous origin and a duration of 
around, but not exactly, 24 hours (Vitaterna et al. 2001). 
The internal timekeeping mechanism needs to, there-
fore, synchronize to the precise 24-hour external cycle 
through exogenous cues (zeitgebers), such as light, 
social interactions, or exercise (Mistlberger and Skene  
2005). The suprachiasmatic nuclei (SCN) in the anterior 
hypothalamus regulates this circadian rhythmicity and 
has a major role in the coordination of temporal pat-
terns in organisms (Vitaterna et al. 2001).

As circadian rhythmicity varies greatly from person to 
person, individuals can be classified according to their 
circadian typology (also known as chronotype or circadian 

preference) as morning types (M-types), neither/inter-
mediate types (N-types/I-types), or evening types 
(E-types), depending on their sleep habits and preferred 
times for activity (Adan et al. 2012). Differences in chron-
otypes can be observed in several biological markers 
(sleep-wake cycle, body temperature, and melatonin and 
cortisol release) (Adan et al. 2012) and in neurobehavioral 
variables (attention, memory, executive functions) 
(Schmidt et al. 2007). The terms chronotype and circadian 
preference are generally used interchangeably in research 
(also throughout this article), but there are some differ-
ences between the two concepts. Chronotype refers to the 
biological patterns of circadian rhythmicity, a reflection of 
the internal time or circadian phase. On the other hand, 
circadian preference is a manifestation of chronotype, 
shown as individual variations in the timing for different 
activities, including preferences in sleep-wake behaviours 
(Lipnevich et al. 2017; Roenneberg 2015).
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Chronotype is highly determined by genetic factors 
(Kalmbach et al. 2017), an influence which has been 
established not only in adults but also in adolescents 
(Merikanto et al. 2018). Other individual, environmental, 
and social aspects are involved, and their partial contri-
bution to shaping circadian typology continues to be the 
focus of many studies. In relation to gender, for example, 
a recent meta-analysis in men showed a higher tendency 
towards a later phase preference (i.e., delayed sleep tim-
ing), an effect which diminishes with age (Randler and 
Engelke 2019). Adolescence is also characterized by 
a marked shift towards eveningness, which slowly reverts 
to greater morningness as individuals transition to adult-
hood (Karan et al. 2021; Randler 2011; Randler et al.  
2017; Roenneberg et al. 2004).

The timing of circadian rhythmicity in E-types 
does not align well with social constructs, such as 
work and school start times, making this group more 
vulnerable to circadian misalignments. Consequently, 
late preferences have been associated with health 
disorders, both mental and physical (Fabbian et al.  
2016), as well as emotional and behavioral problems 
(Li et al. 2018).

Additionally, circadian rhythms have been shown to 
affect performance in a variety of tasks. Here, we con-
sider performance as a function of effectiveness and 
efficiency in a particular task, the result of an action or 
maximum capability (Burz 2013), and we include both 
mental and physical aspects given the well-studied con-
nections between action and cognition (Schmidt et al.  
2017; Serrien et al. 2007). Research in this area focused 
initially on time-of-day variations, with an increasing 
number of studies examining chronotype effects as well. 
In relation to physical and sports performance, it has 
been suggested that activities involving high demands of 
strategy and decision-making have peak performances 
in the morning, while tasks which require a higher 
physical effort peak later in the day, possibly linked to 
body temperature fluctuations (Drust et al. 2005). 
A recent review by Ayala et al. (2021) also highlights 
the afternoon as the best time for enhanced athletic 
performance. Regarding chronotypes, research is less 
conclusive. The most marked differences are observed 
in rates of perceived exertion (RPE) and mental fatigue, 
whereas results on psychophysiological responses seem 
to vary more across studies (Vitale and Weydahl 2017). 
Daily fluctuations in cognitive tasks were also associated 
with oscillations in body temperature in early research 
by Kleitman (Kleitman, 1939, as cited in Kleitman and 
Jackson 1950). Later studies suggested that such fluctua-
tions did not necessarily parallel body temperature but 
were task dependent (Folkard et al. 1976), and that 
a direct link between physiological variables and 

performance rhythms cannot be assumed (Carrier and 
Monk 2000). In relation to chronotype, tasks involving 
higher order cognitive functions may be more affected 
by a synchrony effect (better performance at times that 
match the individual’s circadian typology) than those 
requiring automatic or well learned responses (May and 
Hasher 1998; Schmidt et al. 2007). Numerous studies 
have focused on academic performance as well. 
Researchers have suggested both a direct and indirect 
effect of chronotype on performance (Zerbini and 
Merrow 2017), but there is great variability depending 
on the factors examined.

Over the last decades, several reviews have 
explored the role of circadian rhythms on perfor-
mance, both in adult and adolescent populations 
(Ayala et al. 2021; Carrier and Monk 2000; Drust 
et al. 2005; Fabbian et al. 2016; Preckel et al. 2011; 
Reilly and Waterhouse 2009; Roden et al. 2017; 
Scherrer and Preckel 2021; Tonetti et al. 2015; 
Thun et al. 2015; Ujma and Scherrer 2021; Vitale 
and Weydahl 2017; Zerbini and Merrow 2017). The 
focus has been on time-of-day variations in athletic, 
cognitive, or academic performance. Some reviews 
have also examined circadian preference, looking at 
different aspects of performance separately. To our 
knowledge, a review considering performance holi-
stically has not been conducted yet. Given the dis-
tinctive changes of circadian rhythmicity during 
adolescence and the potential implications for per-
formance at this important period of physical and 
mental development, an overview of the available 
literature to understand the evidence base on the 
topic is necessary. Such evidence could have practical 
applications in both educational and athletic settings: 
design of school and training timetables, testing 
times, additional data for talent identification pro-
grams, and design of other chronobiological inter-
ventions, to name a few.

The aim of this review is to provide a comprehensive 
map of the research conducted in relation to chrono-
types and performance in adolescents, and to highlight 
evidence gaps and key research priorities.

Methods

Our review follows the methodological framework for 
conducting scoping reviews proposed by Arksey and 
O’Malley (2005), together with the recommendations 
from Levac et al. (2010), and the Joanna Briggs Institute 
(Peters et al. 2020). We also used the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis exten-
sion for scoping reviews (PRISMA-ScR) checklist (Tricco 
et al. 2018) (Supplementary material). A protocol was 
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designed and registered in Open Science Framework 
(OSF) (Vidueira et al. 2021) (https://osf.io/uca3z). Any 
deviations from the protocol were recorded and will be 
stated in the review when applicable.

Stage 1: identify the research question

Based on preliminary searches and team discussions, the 
following research question was formulated: What has 
been studied in relation to chronotype and its connection 
to physical and cognitive performance in adolescence?

To have a deeper look at the variables involved, some 
more specific sub questions were also developed:

● How has chronotype been measured in studies 
related to circadian preference and performance 
in adolescents?

● Have studies considered maturation stage and not 
only chronological age when studying the impact 
of chronotype on performance in adolescents?

● Which variables have been studied in relation to 
chronotypes and physical performance in adoles-
cents? (Measurements of physical performance and 
physiological responses to physical activity).

● Which cognitive functions have been studied in 
relation to chronotypes and cognitive/academic 
performance in adolescents?

We had included an additional question regarding 
whether studies had examined other factors linked to 
the affective dimension, as preliminary searches indicated 
that emotional aspects could play a major role in both 
circadian preferences and academic achievement (Randler 
et al. 2016a). As we became more familiar with the litera-
ture, we observed a range of other variables that had been 
investigated and therefore we decided to note any addi-
tional factors studies had examined, and not only affect.

Stage 2: identifying relevant studies 

Eligibility criteria
Studies were included if they met the following a priori 
inclusion criteria:

● Studies including participants with an average age 
between 10 and 19 years old (regardless of the age 
range). The selection of this age range was based on 
the definition of adolescence by the WHO (World 
Health Organization 2021). If there were sub-
groups of participants, the study was included if 
the association between chronotype and perfor-
mance in the 10-19 age group was presented sepa-
rately in the report.

● Studies including chronotype assessment through 
validated questionnaires (e.g., Morningness 
Eveningness Questionnaire [MEQ; Horne and 
Ostberg 1976], Munich Chronotype 
Questionnaire [MCTQ; Roenneberg et al. (2003)] 
or objective measurements of chronotype (e.g., 
actigraphy, sleep diary). Although we had initially 
aimed to include other objective measures such as 
dim light melatonin onset (DLMO) and core tem-
perature, it became clear that there were two rela-
tively distinct bodies of literature, one focused on 
circadian preferences and sleep phases, and one 
focused on biological circadian phase. While 
related, the two aspects are different. Therefore, 
we included only studies assessing circadian pre-
ference through validated questionnaires (e.g., 
MEQ) or sleep phase (e.g., MCTQ, mid-sleep on 
free days [MSF]) as a proxy for chronotype. This 
approach is consistent with other reviews on the 
topic (Scherrer and Preckel 2021; Tonetti et al.  
2015; Ujma and Scherrer 2021).

● Studies including objective/subjective measure-
ments of physical performance or physiological 
responses to physical activity.

OR

● Studies including measurements of academic per-
formance (standardized test or grade point aver-
age) or cognitive performance (validated tests to 
measure cognitive functions, e.g., attention, mem-
ory, executive functions). We included school 
grades both if they were obtained through the 
institutions or if they were self-reported. Other 
measures of self-reported school achievement or 
self-reported functioning were excluded.

Sources of information: primary research, reviews, and 
meta-analysis, including grey literature. Reviews were 
only included if they were systematic.

Intervention studies, such as those on the effect of 
light exposure, were included if the effect of the inter-
vention on performance was reported for each specific 
chronotype.

Exclusion criteria
● Studies carried out on species other than humans.
● Studies including chronotype assessment if the 

results did not report the relationship between 
chronotype and performance. Upon discussion, 
we decided to include studies even if this relation-
ship was not discussed but all participants 
belonged to the same chronotype category. We 
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considered that such studies still showed the per-
formance of that specific chronotype in a task in 
a particular situation or time of the day, although 
less relevant for practical applications and extra-
polation of results.

● Studies including only measures of school atten-
dance, behavior, teachers’ subjective ratings of per-
formance or affective domain (e.g., attitudes, 
motivation, mood).

● Studies including only neurophysiological mea-
sures of executive function (e.g., EEG, fMRI).

Search strategy
The search strategy was developed following a three-step 
strategy as outlined in our protocol. We conducted 
a preliminary search to identify key terms, followed by 
a systematic search combining those keywords, and 
screening of the reference lists of the identified studies. 
We conducted a systematic search of 6 databases to 
identify relevant studies. The databases used for the 
final search were: PsycINFO, MEDLINE, EMBASE, 
SPORTDiscus, Web of Science, and SCOPUS. In addi-
tion, the following journals were also manually searched, 
as they have been identified as the ones with the most 
publications on the topic: Chronobiology International, 
Journal of Sleep Research, Sleep, and Journal of Biological 
Rhythms (Norbury 2017). To identify other sources of 
grey literature we consulted PROQUEST database and 
Google (searches – general). The searches were con-
ducted in July and August 2021. We did not apply any 
limitations in relation to languages, type of source or 
geographical location. Searches were limited to literature 
published after 1960, as it is in that decade when the first 
studies on circadian rhythms in humans were conducted 
(Aschoff 1965). A detailed account of the searches for 
each database is included in Supplementary materials.

Stage 3: study/source of evidence selection

The identified records from the database searches in Stage 2 
were uploaded to Covidence systematic review software, 
Veritas Health Innovation, Melbourne, Australia (https:// 
www.covidence.org). Duplicates were automatically 
removed. The titles and abstracts of these records were 
screened against the eligibility criteria by one member of 
the research team (VV), with a second member (JB) screen-
ing a random 10% of the sample. The percentage agree-
ment between authors was 98.7%. The first reviewer (VV) 
retrieved and screened the full papers for the included 
records, and a 10% quality check screening was conducted 
by the second reviewer (JB). The percentage agreement for 
final inclusion-exclusion was 88.5% and conflicts were 
resolved by consensus. When papers or information were 

missing, authors were contacted for further details. Studies 
were excluded if the information could not be found. The 
studies which were excluded after full text screening were 
recorded, together with the main reason for exclusion 
(Supplementary materials). Figure 1 depicts the study 
inclusion process.

Stage 4: charting the data

Based on the data table drafted in our protocol, and after 
reviewers’ discussion, a data extraction table was designed 
on Microsoft Excel. This included general information 
about the studies (author(s), year of publication, journal, 
country, language), as well methodological aspects and 
outcomes of interest for our research questions. As in 
previous stages, VV extracted data from all the included 
studies and JB verified 10% of the records, reaching a high 
level of concordance.

Stage 5: collating, summarizing, and reporting the 
results

The relevant data from the included studies was sum-
marized in a table (Table 1). In addition, the results are 
presented as follows:

● A numerical analysis of the main characteristics of 
the studies: number of records, chronological and 
geographical characteristics, population, chrono-
type assessment, and outcomes.

● A narrative summary of the main findings in rela-
tion to chronotype and performance.

We discussed physical and cognitive outcomes sepa-
rately, as the existing literature makes a clear distinction 
between them. As for the cognitive outcomes, the studies 
were grouped into academic achievement, executive 
functions, and intelligence. Although fluid intelligence 
is considered a higher-level function (a combination of 
reasoning and problem-solving) (Diamond 2013), we 
deemed it necessary to report it separately given the 
number of studies (including a review). When there was 
a high number of records in a specific area, priority was 
given to those we considered of more relevance in terms 
of general patterns or remarkable findings, to provide 
a general overview of what has been studied.

Results

Numerical analysis 

A total of 2395 records were identified from the data-
base searches, of which 64 were included after 
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removing duplicates and carrying out the screening 
processes. One of the publications (Scherrer and 
Preckel 2021) comprises a systematic review and 
a longitudinal study, thus recorded as two studies. 
Another 23 studies were identified through other 
sources. The following results are therefore based on 
a total of 88 studies (84 primary studies and 4 reviews) 
(Figure 1), of which 80 are published research and 8 
are grey literature (theses, dissertations, and a preprint 
[Biller et al. 2022; retrieved as a preprint, with the 
subsequent paper being adopted as the primary refer-
ence]). Table 1 shows an overview of these studies.

Similar to the increase in research in relation to chron-
otype and academic achievement highlighted in the latest 
review by Scherrer and Preckel (2021), there has been 
a substantial rise in the number of studies focusing on 
other aspects of performance in the last decade. Figure 2 
shows the chronological distribution of the included 
studies.

The geographical distribution of the conducted 
research is presented in Figure 3. The largest contributors 
were Germany (n = 13) and the USA (n = 10), followed 
by Brazil (n = 9), Italy (n = 8), and Spain (n = 7). A lower 
number of studies were identified in Tunisia (n = 4), 

Figure 1. Study/Source of evidence selection flowchart.
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Mexico (n = 4), and Russia (n = 4), with the remaining 
studies (n = 29; 33%) coming from 16 different countries. 
Out of the 88 studies, 78 were in English, 6 in Portuguese, 
and 4 in other languages (Spanish, German, Russian, 
Persian).

The majority of the studies were cross-sectional, 
with only 2 longitudinal studies and 4 systematic 
reviews and meta-analysis (Figure 2). Two of the 
reviews focused on academic achievement (Scherrer 
and Preckel 2021; Tonetti et al. 2015), 1 on intelligence 

(Ujma and Scherrer 2021), and 1 on general health 
with a section for academic performance (Fabbian 
et al. 2016).

Sample sizes ranged from 8 to 3463 participants, this 
number being remarkably lower in studies examining 
physical/athletic outcomes (largest sample size: 340 par-
ticipants in Lim et al. 2021).

Chronobiology International was the journal with 
the largest number of publications included in the 
review (n = 18).

Figure 2. Number of studies by year of publication and type of study.

Figure 3. Geographical distribution of the included studies.
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Population 

The average age of the participants ranged from 10 
to 19 years old. Most of the studies (n = 68) had 
both males and females in their samples, although 
a few included only males (n = 7), only females (n =  
2), or did not specify sex (n = 7). The inclusion of 
only one sex was more prevalent in studies focusing 
on the physical/athletic aspects of performance as 
opposed to academic/cognitive outcomes. The race 
of the individuals was specified in only a few studies 
(n = 6), but none of them examined racial or ethnic 
group differences in relation to chronotypes and 
performance.

In the physical/athletic sample, studies included parti-
cipants from a variety of sports, mostly high-level athletes: 
judo (Aloui et al. 2013), soccer (Chtourou et al. 2013; 
Roveda et al. 2020), gymnastics (di Cagno et al.  
2013,2014), swimming (Martin et al. 2007; Nunes et al.  
2021), and a mixture of sports (Lim et al. 2021). Several 
publications investigating cognitive performance out-
comes also included athletes in their samples: high school 
athletes specialized in football, basketball, and track-and- 
field in Anderson (2017), and handball goalkeepers in 
Jarraya et al (2014a, 2014b).

Concept: chronotype 

An overview of the questionnaires incorporated in 
the studies can be seen in Table 2. Most of them are 
unidimensional (morningness-eveningness), and 
only two of the questionnaires presented in our 
sample assessed two or three dimensions (Lark- 
Owl Chronotype Indicator (LOCI; Roberts 1998) 
and Morningness-Eveningness Stability Scale 
improved (MESSi; Randler et al. 2016b), respec-
tively). The most used tool was the MEQ (n = 32), 
followed by the Morningness-Eveningness Scale for 
Children (MESC; Carskadon et al. 1993) (n = 15), 
and the MCTQ (n = 10). The LOCI was used in 4 
studies and the MESSi in 1 study. Questionnaires 
assessing circadian preference as a continuum from 
morningness to eveningness were used considerably 
more than those which determine chronotype based 
on sleep phase and those with a multidimensional 
approach. All studies with physical outcomes used 
the MEQ. Figure 4 shows the use of questionnaires 
in the literature in relation to performance 
outcomes.

Forty-eight studies reported the distribution of 
chronotypes in the population studied. There was 

Table 2. Overview of the questionnaires for chronotype assessment in the studies included in the review.
Questionnaire Characteristics

MEQ (Horne and Ostberg 1976) 
Morningness-Eveningness Questionnaire

1 dimension M/E 
Based on the Swedish language morningness-eveningness questionnaire 
19 questions

rMEQ (Adan and Almirall 1991) 
Reduced Morningness-Eveningness Questionnaire

1 dimension M/E 
Derived from the MEQ 
5 questions, all linked to morning activity

MEQ-CA (Ishihara et al. 1990) 
Morningness–Eveningness Questionnaire for 

Children and Adolescents

1 dimension M/E 
Adapted from the MEQ 
19-item with 14 multiple-choice questions and five open questions.

PMEQ (Randler and Frech 2009) 
Pupil MEQ

1 dimension M/E 
Adaptation of the German version of the MEQ

CSM/SMEQ/CMQ (Smith et al. 1989) 
Composite Scale of Morningness 
Smith Morningness/Eveningness Questionnaire 
Composite Morningness Questionnaire

1 dimension M/E 
Developed from psychometric assessment of the MEQ, the Diurnal Type Scale (DTS), and the Circadian 

Type Questionnaire (CTQ) 
13 questions: 9 items from MEQ and 4 from DTS

MESC/CMEP/M/E scale/Puberty and Phase 
preference (Carskadon et al. 1993) 

Morningness/Eveningness Scale for Children 
Children’s Morningness-Eveningness Preferences 

scale 
Morningness/Eveningness Scale

1 dimension M/E 
Adaptation of the Composite Scale of Morningness 
10 questions

MCTQ (Roenneberg et al. 2003) 
Munich Chronotype Questionnaire

1 dimension M/E 
Based on sleep (time in bed, sleep latency and wake time on school/work and free days). It allows to 

determine chronotype through MSFsc (midpoint of sleep on free days corrected for sleep debt 
accumulated during school/workdays)

SSHS (Wolfson and Carskadon 1998) 
School Sleep Habits Survey

1 dimension M/E 
63-item questionnaire of sleep/wake habits and daytime functioning. It includes a M/E scale

LOCI (Roberts 1998) 
Lark-Owl Chronotype Indicator

2 dimensions: M and E 
13 items for morningness and 13 items for eveningness

MESSi (Randler et al. 2016b) 
Morningness-Eveningness-Stability scale 

(improved)

3 dimensions: M, E, and amplitude 
Three scales: Morning affect sub-scale (MA), 
Eveningness sub-scale (EV) and Distinctness/Stability sub-scale (DI)

M= Morningness, E= Eveningness.
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generally a higher number of intermediate types in 
the samples, although some researchers selected 
participants based on their chronotype scores and 
included more representative samples (e.g., Roveda 
et al. 2020), only M-types and E-types (e.g., Clarisse 
et al. 2010), or compared groups of young E-types 
and older M-types (e.g., May 1999).

Concept: performance 

Out of the 88 studies included in this review, 80 reported 
academic/cognitive outcomes and only 8 reported physi-
cal/athletic outcomes. Academic achievement, measured 
in terms of GPA or grades in individual tests or subjects, 
was the most developed evidence base (n = 52). Cognitive 
functions, including measures of intelligence, were exam-
ined in 38 records (one of them a meta-analysis; Ujma 
and Scherrer 2021). The physical outcomes assessed in 
the studies (n = 8) were heterogeneous, including, for 
example, anaerobic power (Lim et al. 2021), a mix of 
simple and complex tasks such as reactive strength and 
motor coordination (di Cagno et al. 2013), swimming 
performance (Martin et al. 2007; Nunes et al. 2021), or 
a combination of tests for power, agility, and endurance 
(Roveda et al. 2020). While some studies (n = 11) 
reported both academic and other cognitive outcomes, 
we did not identify any studies including both cognitive 
and physical outcomes.

Narrative summary: performance outcomes 

Cognitive outcomes 
Intelligence. In adult populations, research findings 
into the links between circadian preference and intelli-
gence have revealed positive correlations between late 
phase preferences and scores in intelligence tests (Ujma 
and Scherrer 2021). However, several of the studies 
included in our review reported the opposite trend for 
younger populations, showing higher intelligence in 
M-types or individuals with an earlier midpoint sleep 
(Arbabi et al. 2015; Dimitriou et al. 2015; Hines 2003). 
A recent meta-analysis by Ujma and Scherrer (2021) 
concluded that age is, in fact, an important moderator. 
In their analysis, the relationship between morningness 
and intelligence changed from a positive to a negative 
trend with increasing age (childhood to adulthood), but 
it reached significant levels only in adults over 25 
(higher intelligence for E-types). It is possible that the 
relationship is mediated by other factors. Panev et al. 
(2017) showed, for example, that E-types outperform 
M-types in non-verbal intelligence, but only when social 
jet lag (SJL) is less than 2 hours. Individuals may also 
perform better when tested at a time of the day that 
matches their preferred time or peak arousal, an effect 
known as “the synchrony effect” (a concept introduced 
by May and Hasher 1998). In line with this theory, 
performance in tests relying on fluid intelligence (the 
ability to reason with novel problems, e.g., goal-driven 
attention regulation and the inhibition of irrelevant 

Figure 4. Number of studies by type of outcome and chronotype assessment.
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information) was better at optimal times of the day 
compared to off-peak times in a study by Goldstein 
et al. (2007). They didn’t observe the same effect when 
the tests required crystallized intelligence (the ability 
dependent on acquired cognitive skills, e.g., semantic 
knowledge such as facts, concepts, language).

Executive functions. Early work by May et al. (1993) 
investigated time-of-day differences in a memory task in 
younger and older adults. They concluded that reading 
time was not affected by testing time, but recognition 
accuracy increased from morning to afternoon in E-type 
adolescents. Later research confirmed this synchrony 
effect when examining a range of executive functions 
(Hahn et al. 2012), but such effect seems to disappear 
when the task requires well-learned or automatic 
responses (Lara et al. 2014; Li et al. 1998; May 1999; 
May and Hasher 1998).

The differences in performance during peak versus 
off-peak times are generally more marked in E-types 
and when tests are in the morning. Öztürk (2014), for 
example, did not find significant differences in reading 
comprehension between morning and afternoon for 
M-types, but I-types and E-types performed better in 
the afternoon. The influence of chronotype on academic 
performance and intelligence was significant only in the 
morning in a study conducted by Arrona-Palacios and 
Diaz-Morales (2018) as well.

Several studies reported no associations between 
chronotype and different measures of attention (de 
Oliveira et al. 2020; Escribano and Díaz-Morales 2014; 
Mendes 2019). However, Escribano and Díaz-Morales 
(2014) observed improvements in sustained attention 
throughout the school day for both M-types and 
E-types.

Clarisse et al. (2010) found that the effect of chron-
otype on selective attention was different depending on 
the social context. In individual situations, E-types 
increased their performance from morning to evening, 
whereas M-types maintained similar levels across 
the day. In group situations, however, both M-types 
and E-types improved their performances. Recently, 
Lunn et al. (2021) found that N-types and E-types 
showed better inhibitory control in social situations, 
but the differences between chronotypes were not 
significant.

Two studies examined the relationship between 
chronotype and self-regulation. In both cases, evening-
ness was associated with poorer self-regulation (Cohen- 
Zion and Shiloh 2018; Owens et al. 2016).

Academic performance. The existing literature on the 
relationship between circadian preference and academic 

achievement is more extensive than in other areas of 
performance, and the findings are more consistent. The 
evidence in most of the studies indicates that M-types 
tend to outperform E-types in school subjects (Beşoluk  
2011; Borisenkov et al. 2010; Cohen-Zion and Shiloh  
2018; Diaz-Morales and Escribano 2013; Escribano and 
Diaz-Morales 2016; Kolomeichuk et al. 2016; Milić et al.  
2014; Randler and Frech 2009; Russo et al. 2017). 
However, caution must be applied when interpreting 
these findings as many of the studies reported small 
effect sizes. In addition, the differences in performance 
appear to be attenuated or disappear when students 
attend afternoon courses (Arrona-Palacios and Diaz- 
Morales 2018; Estevan et al. 2018; Ferguson et al. 2018; 
Goldin et al. 2020), or when the tests are conducted in 
the early afternoon instead of in the morning (van der 
Vinne et al. 2015). The relationship also varies with age. 
Tonetti et al. (2015), for example, reported a stronger 
relationship between eveningness and worse academic 
achievement in school students compared to university 
students. Finimundi et al. (2013b) observed better aca-
demic performance in the morning for all chronotypes 
during early adolescence and in the afternoon with 
increasing age.

Several studies, however, did not find significant asso-
ciations between chronotypes and academic achievement 
(Boschloo et al. 2012; Gomes and Silva Bet 2021; Indla 
et al. 2016; Kolomeichuk and Teplova 2017; Martin et al.  
2016; Randler et al. 2016a). Contrasting results may be 
due to testing times, effect of time since awakening or 
school subject, amongst others. Zerbini et al. (2017), for 
example, found that the effect of circadian preferences on 
grades was larger in subjects which require fluid intelli-
gence (scientific subjects) compared to those relying on 
crystallized intelligence (humanistic/linguistic subjects). 
Associations between chronotype and grades had also 
been reported in Maths but not in Spanish language- 
literature in a study conducted by Escribano-Barreno 
and Diaz-Morales (2013). The effect of chronotypes on 
school performance appears to be mediated also by other 
factors, such as sleepiness, learning motivation, conscien-
tiousness, achievement goals, mood, or alertness 
(Eberspach et al. 2016; Escribano and Diaz-Morales  
2016; Roeser et al. 2013; Scherrer and Preckel 2021; 
Short et al. 2013; Warner et al. 2008).

Physical performance outcomes 
In relation to physical performance outcomes, the 
small number of studies, together with the heteroge-
neity in the variables investigated, makes it difficult 
to compare findings. di Cagno et al. (2013, 2014) 
studied diurnal variations in reactive strength, 
motor coordination and balance in elite gymnasts 
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and untrained adolescents. They found differences in 
performance depending on the time of the day, but 
no relationships between chronotype and tests scores. 
Conversely, more recent studies have provided some 
evidence of the impact of chronotype on performance 
in this age group. Roveda et al. (2020), reported 
better performances in the morning for M-types and 
in the evening for E-types when examining motor 
skills specific to soccer. They did not find, however, 
significant differences for N-types. Interestingly, 
Nunes et al. (2021) observed variations in swimming 
performance only in N-types, who were faster in the 
evening during a 400-m trial. Another recent study 
by Lim et al. (2021) showed better performances for 
M-types compared to E-types on the Wingate anae-
robic test when participants were matched to their 
preferred time of the day, but they did not study 
intra-subject variations during the day. A small num-
ber of studies investigated time-of-day variations but 
included only one chronotype category (Aloui et al.  
2013; Chtourou et al. 2013; Martin et al. 2007). Their 
findings generally indicated better performances in 
the afternoon/evening, with some differences depend-
ing on the variables studied.

Sex differences
Sex differences were observed when considering the influ-
ence of chronotype on performance. A positive relation-
ship between eveningness and inductive reasoning was 
evident only in girls in work by Diaz-Morales and 
Escribano (2015). In their study, girls also showed higher 
social jet lag (SJL), which was associated with a greater 
impact on cognitive abilities and GPA. The relationship 
between chronotype and GPA was found to be mediated by 
conscientiousness only in females in a study by Rahafar 
et al. (2016). In contrast, a meta-analysis by Tonetti et al. 
(2015) reported an association between eveningness and 
worse academic achievement, but no significant sex differ-
ences. Extreme E-types also achieved lower grades, irre-
spective of sex, in later work by Russo et al. (2017).

Discussion

This discussion is guided by our research aims, which 
were to map the research conducted on circadian pre-
ference and performance in adolescence, including both 
physical and cognitive performance, and to ascertain 
gaps in the evidence base. 71 out of the 88 studies 
included in the review were published in the last 10  
years, which shows an increasing interest in the topic. 
Our findings reinforce the importance of considering 
chronotype and time of the day when studying aca-
demic performance in adolescents, and highlight the 

need for research in relation to other cognitive out-
comes and physical aspects of performance. The preva-
lence of unidimensional questionnaires for circadian 
preference assessment and lack of maturity assessment 
and longitudinal studies are also discussed.

Chronotype: concept and assessment 

In line with the findings reported in other reviews on 
the topic (e.g., Fabbian et al. 2016; Vitale and Weydahl  
2017), the MEQ was the most used questionnaire in the 
studies included in our review. This well-known tool has 
been translated to many languages and extensively vali-
dated, and therefore constitutes a solid method for 
circadian preference assessment. However, it is impor-
tant to note that, although the terms circadian prefer-
ence and chronotype are commonly seen as synonyms, 
there are some differences between the two constructs, 
as outlined earlier. In this sense, the MEQ is a good 
measure of daily preferences, as opposed to the MCTQ, 
for example, which measures sleep phase as an indicator 
of the phase of entrainment (Roenneberg et al. 2019). 
The choice of the appropriate questionnaire depends, 
therefore, on which aspect of the construct we want to 
measure (Roenneberg 2015).

Some practical problems arise when using this type of 
questionnaire to categorize individuals into circadian 
types, mostly related to the cut-off points. Around 60% 
of the population belongs to the intermediate type 
(Adan et al. 2012). This makes it difficult to find parti-
cipants representing all categories, especially extreme 
typologies, and have balanced samples. Authors have 
used different approaches to solve this issue, which has 
allowed for more representative samples, but may lead 
to difficulties when trying to compare findings (Natale 
and Cicogna 2002). Additionally, studies conducted in 
different cultures may use different cut-off values (Di 
Milia et al. 2013). We recommend stating the cut-off 
points and methods used to select participants if applic-
able, report the distribution of chronotypes in the sam-
ple, and include a good representation of circadian 
preferences (with extreme types when possible). We 
also agree with the recommendations by Natale and 
Cicogna (2002) of using the raw scores or reporting 
the average score per group, as this will help to see 
whether participants were close to the established cut- 
off points and facilitate the interpretation of the results.

Despite the increasing evidence of the multidimen-
sional nature of chronotype, we identified only 5 studies 
which used questionnaires with two or three dimensions 
(Eberspach et al. 2016; Preckel et al. 2013, 2020; Scherrer 
and Preckel 2021; Weidenauer 2019). The findings of 
these studies are inconsistent, hence more research is 
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needed to understand the associations between different 
dimensions of chronotype and performance in 
adolescents.

Population 

Maturity status
While inter-individual differences in maturity timing can 
be pronounced during the adolescent years, few studies 
incorporated maturity assessment in their methodologies. 
An exception is the study by Lunn et al. (2021), which 
included pubertal timing as a covariate. Pubertal matura-
tion has been shown to influence phase preference, with 
later tendencies observed in more mature individuals dur-
ing adolescence (Carskadon et al. 1993). The relationship 
was confirmed when examining melatonin offset times and 
maturation (Carskadon et al. 1997). In addition, higher 
levels of testosterone have been associated with higher 
eveningness (Randler et al. 2012). There is also evidence 
of sex hormone receptors in the human SCN, which sug-
gests a direct influence of these hormones on circadian 
mechanisms (Kruijver and Swaab 2002).

Variations in performance are observed in relation to 
maturity status, both in physical (Albaladejo-Saura et al.  
2021; Beunen and Malina 2008) and cognitive outcomes 
(Cromer et al. 2015; Kovács et al. 2022; Luna et al. 2004).

The different timing of growth spurts and subsequent 
changes in physical abilities during adolescence, 
together with the ongoing nonlinear development of 
cognitive functions, raises the question of whether the 
effect of chronotype on performance may differ depend-
ing on maturation. Therefore, investigating the relation-
ships between chronotype and performance while 
considering maturity status, and not only chronological 
age, emerges as a key research priority in the light of the 
results of this review.

Racial/Ethnic background 
We found that most of the included studies did not 
report the race of the participants. Research has shown 
racial differences in M/E tendencies (Malone et al.  
2016), the length of the free-running period (Eastman 
et al. 2012), and sleep timing and duration (Combs et al.  
2021). Ethnic differences have also been reported in 
young populations (Kim et al. 2002). Consequently, 
literature on the associations between chronotype and 
performance should aim to include diverse populations 
and account for potential differences derived from 
racial/ethnic backgrounds.

Age and sex 
We observed an underrepresentation of participants 
towards the lower limit of the studied age range (10–19  

years old). While research has generally agreed on 
a transition from morningness to eveningness starting 
at around 12 (Adan et al. 2012) and until around 19–20  
years old (Karan et al. 2021; Roenneberg et al. 2004), 
Randler et al. (2017) found a turn to eveningness already 
at 9 years of age and a peak at approximately 16. 
Although differences in chronotype assessment, sample 
size, and cultural background may account for these 
discrepancies (Randler et al. 2017), the findings suggest 
that it is possible to observe late phase preferences at early 
stages of adolescence. It is therefore worth considering 
the inclusion of young participants and assessing differ-
ences between age groups to understand the extent of the 
impact of circadian preferences on performance across 
the whole adolescent period.

Women are generally more oriented towards morn-
ingness than men (Randler and Engelke 2019). 
However, possibly linked to pubertal maturation at 
younger ages, the adolescent shift to higher evening-
ness and back to morningness happens earlier in girls 
than in boys (Randler 2011). Some of the studies 
included in this review found girls to have higher 
morningness (Duarte et al. 2014), or failed to find 
significant sex differences in chronotype (Arrona- 
Palacios and Diaz-Morales 2018; Cohen-Zion and 
Shiloh 2018; Diaz-Morales and Escribano 2015; 
Escribano and Diaz-Morales 2016; Giannotti et al.  
2002). The disparities in results could be due to varia-
tions in chronotype assessment, sample sizes, or age- 
sex interactions. The associations between circadian 
preference and performance in relation to sex vary 
greatly among the included literature as well, with 
differences observed in some studies (Diaz-Morales 
and Escribano 2015) but not in others (Escribano 
and Diaz-Morales 2016). Further studies investigating 
sex differences in this topic are therefore needed to 
clarify how all these factors come together to explain 
performance outcomes.

Performance outcomes 

The numerical analysis presented previously highlights 
some evident gaps in the type of performance outcomes 
that have been studied. While academic achievement con-
tinues to be the main focus of research, executive functions 
(EF) have been paid less attention, and measurements of 
physical performance are still sporadic. In future investiga-
tions, it might be possible not only to investigate these 
understudied areas, but also to understand how they inter-
act in relation to circadian rhythmicity.

There is increasing evidence of the links between 
physical activity and cognitive functioning, and the 
relationship seems to be reciprocal. Improved cognitive 
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functioning is related to enhanced athletic performances 
in a variety of sports (Hernández-Mendo et al. 2019; 
Scharfen and Memmert 2019; Trecroci et al. 2021). 
Athletes have been shown to score higher in several 
executive function measures such as inhibition and pro-
blem solving (Jacobson and Matthaeus 2014). 
Additionally, studies have reported positive effects of 
physical activity on executive functions and academic 
achievement (Barbosa et al. 2020; de Greeff et al. 2018), 
and there is evidence that executive functions mediate 
the relationship between motor ability and academic 
outcomes (Schmidt et al. 2017).

Despite these findings, chronobiology studies have 
focused on aspects of performance separately, and the 
practical applications to different areas are rarely dis-
cussed. Therefore, the investigation of multiple areas of 
performance in relation to chronotype and study of their 
interactions emerges as a line of research that is worth 
exploring. A better understanding of which cognitive 
processes are more susceptible to the synchrony effect 
would benefit not only academic tasks, but also perfor-
mance in sport-specific skills and other motor behaviors 
in which such processes are involved. This could have 
significant practical implications when planning learning 
activities, as well as scheduling testing, training, and 
competition times. Consideration of the individual’s 
chronotype may also be important when examining the 
effect of physical activity on cognitive and academic out-
comes, thus the need of further insight into these indivi-
dual differences to maximize performance.

Many studies have investigated the direct association 
between chronotype and performance in a variety of 
tasks, but there is increasing evidence that the relation-
ship is much more complex. Several studies provided 
evidence of indirect effects of chronotype on performance 
(Roeser et al. 2013; Scherrer and Preckel 2021). Possible 
mediators include conscientiousness, motivation, sleep 
behavior, alertness, mood, or learning motivation. In 
the studies reviewed, special attention was given to sleep 
behaviors, but it does not seem clear whether it is sleep 
duration, quality, or timing that have the highest impact 
on cognition and academic achievement. Future work is 
required to establish the contribution of all these factors 
to the circadian preference-performance relationship.

When looking at the time of testing, studies have 
usually incorporated only a morning and an afternoon 
or evening trial. It could also be argued that, in most 
cases, the window chosen for the afternoon/evening trials 
could be too early to show peak performance in more 
extreme E-types, especially in male populations. Studies 
in adult athletes have found marked differences in per-
formance in relation to chronotypes when including sev-
eral testing times during the day and late sessions (Facer- 

Childs and Brandstaetter 2015). More testing times and 
late trials may be therefore needed to observe more sig-
nificant effects in adolescents as well.

Despite the contributions of the existing studies, 
a clear understanding of the effect of chronotypes on 
physical performance in adolescents is still lacking. 
Studies in this area are scarce, and the performance out-
comes, characteristics of the participants, and study 
designs are heterogeneous. Some studies did not have 
E-types (di Cagno et al. 2014; female sample in Nunes 
et al. 2021), and most of them lacked extreme type repre-
sentation. In addition, the sample sizes were generally 
small, and most studies included only one sex. The 
majority of the studies were conducted with elite athletes 
and, whilst it is important to continue advancing knowl-
edge in relation to this group, research in a wider popula-
tion is needed, as the relationship between chronotype 
and performance will likely differ in untrained adoles-
cents. Different trends in the time-of-day effect in athletes 
versus non athletes were found, for example, in the stu-
dies by di Cagno et al (2013, 2014). In their research, 
untrained athletes were also more affected by time since 
awakening, an aspect which needs to be considered as 
sizeable differences have been observed between chron-
otypes in relation to time since awakening in adults 
(Facer-Childs and Brandstaetter 2015). Lastly, habitual 
training time could account for differences in the rela-
tionship between circadian preference and physical per-
formance, leading to better performances at the athlete’s 
regular training time (Chtourou et al. 2012; Rae et al.  
2015). These findings need to be confirmed in adoles-
cents, as the impact of this variable may be different in 
this age group. Further work is therefore needed to 
develop a clear picture of the effect of circadian prefer-
ences on athletic performance.

Context 

Geographical considerations 
Several geographical factors have been shown to have an 
effect on circadian preference. Latitude is considered one 
of the most important aspects, as it is linked to both 
temperature and the light/dark cycle (Leocadio-Miguel 
et al. 2017). A number of studies have revealed an asso-
ciation between higher latitudes and eveningness 
(Borisenkov et al. 2012; Leocadio-Miguel et al. 2017; 
Randler 2008; Randler and Rahafar 2017). Randler 
(2008) also found an age-climate interaction, with differ-
ent responses depending on the climate zone, as well as 
changes associated with longitude (earlier chronotypes in 
the east within a time zone). A later time of sunrise was 
associated with a phase delay in circadian rhythmicity in 
studies conducted by Borisenkov in Russia (Borisenkov 
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et al. 2010, 2012). Randler and Rahafar (2017), however, 
did not find a relationship between sunrise and M/E, and 
concluded that sunset is the most important predictor. 
Other factors such as altitude (Kentiba et al. 2018) and 
type of settlement (urban settings vs rural areas) 
(Borisenkov et al. 2010; Roenneberg and Merrow 2007) 
seem to have an impact on chronotype orientation as 
well.

Although there is representation of a variety of lati-
tudes and longitudes in the research included in this 
review (Figure 3), 74% (n = 64) of the studies were 
conducted in latitudes from 30° to 60° North, and only 
a few closer to the equator (10%; n = 9 of the studies 
between 15° North and 15° South). Given the high 
variation in the number of hours of daylight in some 
countries, the time of the year should also be taken into 
consideration when interpreting results. We highlight 
the need to extend the research on chronotypes and 
performance in adolescents to more varied geographical 
settings, and encourage researchers to report the char-
acteristics of as many of the forementioned aspects as 
possible in their work.

Study type 
Considering the dynamic patterns of chronotype from 
childhood to adulthood and the important changes in 
cognitive and biological development during adoles-
cence, it is surprising that only a couple of studies have 
examined the associations between circadian preferences 
and performance longitudinally (Biller et al. 2022; 
Scherrer and Preckel 2021). Biller et al. (2022) studied 
academic achievement in a flexible school start time over 
a 4-year period. They did not find a relationship between 
chronotypes and grades, and the advances in chronotype 
with flexible start times were not associated with 
improvements in grades. In contrast, Scherrer and 
Preckel (2021), reported positive correlations between 
morningness and GPA, and the opposite for evening 
tendencies in school-aged students. Interestingly, their 
study revealed a reciprocal relationship between circa-
dian preference and academic achievement, with morn-
ingness predicting improvements in academic 
achievement and early academic achievement predicting 
lower eveningness over the 2-year study. Considering the 
lack of longitudinal research, this type of study is 
a priority for a better understanding of the direction of 
the relationships between chronotype and performance, 
and the causal processes that may be involved.

Evidence gaps and key research priorities

Our findings suggest that, while research in all aspects of 
performance has seen a growth in evidence, research 

into physical aspects is not as developed as other areas, 
thus constituting a priority for future studies. In addi-
tion, more longitudinal studies are needed to provide 
further insight into the strength and direction of the 
relationships between circadian preference and perfor-
mance, as well as a better understanding of the changes 
over time. With the increasing interest in the multi-
dimensional nature of circadian preference, and the 
development and validation of new questionnaires look-
ing at different dimensions, it seems important to con-
sider the assessment of circadian preference as 
a multidimensional construct, yet only a few studies 
on the topic have used such approach.

These research priorities, together with recommen-
dations for future studies, have been highlighted in 
Table 3. Future reviews should also seek to undertake 
critical analysis and consider how to expand the recom-
mendations made in this review, giving further insight 
into how research on this topic must be conducted. 
However, the current evidence is still in its infancy 
and with very marked gaps in some areas, hence not 
yet sufficient to allow such analysis or robust 
recommendations.

Strengths and limitations

This study constitutes the first scoping review on the 
topic. We have considered performance holistically, 
looking at all the performance outcomes available in 
the literature, and identifying some of the main research 
gaps. The review followed a well-established framework 
and a registered protocol, and it is in accordance with 
the PRISMA guidelines.

The search strategy for the review was designed to 
capture most of the current scientific evidence in rela-
tion to chronotypes and performance in adolescents, 

Table 3. Identified research priorities and recommendations for 
future studies.

● Longitudinal studies
● Study of the associations between chronotype and physical 

performance
● Study of the associations between different aspects of performance 

in relation to chronotypes
● Performance measurements at several times during the day, includ-

ing late sessions
● Study of the associations between chronotype and performance 

considering both chronological age and maturity status, as well as 
sex differences

● Clarity in the cut-off points criteria in chronotype assessment and 
the distribution of chronotypes in the samples

● Multidimensional assessment of chronotype
● Representation of a variety of circadian preferences, including 

extreme types
● Consideration of time since awakening
● Consideration of latitude and longitude, season/time of the year/day 

length, and other factors that may affect nonphotic entrainment 
(e.g., mealtimes, exercise)
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and it was revised by several members of the team and 
an experienced research librarian. The use of a variety of 
databases and sources of grey literature, together with 
the combination of key terms identified in preliminary 
searches, allowed us to include a good representation of 
the research that has been conducted in the field. 
However, given the breadth of the topic and the diffi-
culties in finding a good balance between sensitivity and 
specificity in search strategies, we are aware that we may 
have missed some studies. This limitation may be more 
evident in terms of finding grey literature and studies in 
languages other than English. To address this limitation, 
future work could look at including regional citation 
databases to cover specialist collections from a wider 
variety of regions. Nevertheless, given the small number 
of studies focusing on the areas we highlighted as key 
research priorities (e.g., need of longitudinal studies or 
studies on physical performance), it is unlikely that the 
missed studies would have filled such research gaps.

The searches were conducted in July and August 2021, 
and it is therefore possible that a number of studies on 
the topic were published after that. This was inevitable 
considering the time-consuming process of conducting 
a review and the resources available. However, our 
research team is familiar with the literature in the field 
and, while research has been undertaken in the last year 
(see, for example: Araújo et al. 2021; Fredrick et al. 2022; 
Jongte and Trivedi 2022; Sabaoui et al. 2022), the number 
of studies since the searches were conducted is not 
enough to fully address the identified research gaps. In 
this regard, our review creates a starting point for further 
research to build upon our findings.

To make the review feasible, it was not possible to 
have two reviewers complete the screening processes 
and data extraction for all records, but only conducted 
a 10% quality assessment at each of the stages as out-
lined in our protocol. A second reviewer checking only 
a random sample of the records is included as an accep-
table approach for study selection in the updated 
PRISMA guidelines (Page et al. 2021), being more reli-
able than single screening. As per indication of the 
guidelines, we specified how many reviewers screened 
each record, whether they worked independently, and 
the tools used in the process. In our review, high level of 
concordance between reviewers suggests that it is unli-
kely that many studies were missing.

In line with the nature of scoping reviews, we did not 
conduct a critical appraisal. We also include sources 
which have not been peer reviewed. This approach 
allowed us to examine a large body of literature for 
a clear map of all available evidence and research gaps. 
However, findings of individual studies must be inter-
preted with caution. Small effect sizes were, for example, 

observed in some studies, which may limit the practical 
application of the results.

The age inclusion criterion was based on average and 
not on age range. While this means that some of the 
studies may have participants outside of the target 
population (10–19 years old), this is a more inclusive 
approach which prevented the loss of relevant data, and 
it is unlikely to considerably reduce the applicability of 
the findings.

Lastly, we included studies which assessed circadian 
preference or sleep phase, but not circadian phase mea-
sured through objective biological markers. Circadian 
preference reflects the individual differences in beha-
viors (preferred times for activities and sleep) and, 
although it is associated with the intrinsic circadian 
period of physiological markers, the two constructs are 
different (Lipnevich et al. 2017). Therefore, we deemed 
it appropriate to focus our review only on circadian 
preference and the associated behavioral aspects. In 
addition, the inclusion of both mechanisms would 
require extending the searches to other key words, 
which would yield an unmanageable number of records 
and would also make the comparability of the results 
difficult.

Despite these limitations, this scoping review offers 
an appropriate broad overview of the research on the 
topic, which can guide future studies and have applica-
tions in both educational and athletic settings.

Conclusion

This review constitutes an original summary of the 
literature available on chronotypes and performance 
in adolescence. In the last decade, there has been an 
increase in the number of studies in this area, with 
evidence suggesting that there are associations 
between circadian preferences and performance in 
this age group. Further research is needed to fully 
understand whether such associations are both direct 
and indirect, the direction and strength of the rela-
tionships, and the role of other factors such as sleep 
and learning motivation. This scoping review pro-
vides an overview of what has been studied in rela-
tion to the topic and highlights evidence gaps and 
key research priorities for future studies. Together 
with general recommendations, we emphasize the 
need for longitudinal research and further work on 
understudied aspects such as physical performance 
(Table 3). The review can also have practical impli-
cations for students, athletes, coaches, and educators 
to continue working towards a more informed edu-
cational and athletic practice.
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