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ABSTRACT

THE EFFECT OF EXERCISE AND CIRCADIAN RHYTHM ON WORKING
MEMORY IN YOUNG ADULTHOOD

ALTUNTAS, Kibra

Master’s Program in Experimental Psychology

Advisor: Prof. Dr. Canan BASAR EROGLU

October, 2023

Working memory (WM) is a central structure with limited storage contains
maintaining, updating and manipulating to process of information. Research shows
individual and age-related differences and exercise affect WM performance. In
addition, circadian rhythm (CR) includes physical, biochemical and behavioral cycles
in daily routine. It can affect WM in a positive or negative way depending on how
regular or irregular it is. The aim of this research, defining the individual chronotype
to find out the optimal time intervals of participants to examine the effect of exercise
on WM performance in young adulthood. All schedules (3 weeks skipping rope for
experiment group; 3 weeks watching video for control group, also 2 weeks pre and
post measurements once a week for both) were planned based upon participants’ CR
(Experiment Group (10 Neutral Type, 7 Evening Type); Control Group (12 Neutral
Type, 7 Evening Type). N-Back Paradigm was applied for 5 weeks totally. A four-
way mixed ANOVA was conducted to investigate the effects of chronotype (Evening

Type, Neutral Type) and time (base, first exercise, second exercise, third exercise,
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post) on participants’ reaction time (RT) and accuracy rate (AR) depending on N-back
conditions (0-back, 1-back, 2-back) in terms of the type of target and non-target
separately. The results show that a significant interaction effect was between Time-N-
Back-Chronotype on participants’ RT. There was a significant interaction effect
between Time-N-Back-Group for Target AR and Time-N-Back condition for Non-
Target AR. As a results, we obtained in regular exercise enhance WM performance,

when CR synchrony effect was considered.

Keywords: Working Memory, Exercise, Circadian Rhythm, Younger Adulthood



OZET

GENC YETISKLINLERDE, EGZERSIZ VE SIRKADIYEN RiTMIN CALISMA
BELLEGI UZERINDEKI ETKIiSi

ALTUNTAS, Kiibra

Deneysel Psikoloji Yiiksek Lisans Programi

Tez Danismant: Prof. Dr. Canan BASAR EROGLU

Ekim, 2023

Calisma bellegi (CB), bilginin islenmesi i¢cin depolanmasi, giincellenmesi ve manipiile
edilmesini igeren sinirli bir bellek alanidir. Arastirmalar, bireysel ve yasa bagh
farkliliklarin yani sira egzersizin de CB performansini etkiledigini gostermektedir. Ek
olarak, sirkadiyen ritim (SR) glnliik rutindeki fiziksel, biyokimyasal ve davranigsal
dongitileri igerir. CB performansi, kisilerin giinliik rutinlerinin diizenli olup
olmamasina bagli olarak da olumlu veya olumsuz degisiklikler géstermektedir. Bu
aragtirmanin amaci, geng yetiskinlik doneminde yapilan egzersizin CB performansi
uzerindeki etkisini incelemek, bunun igin kronotiplerine bagl olarak optimal zaman
araliklar belirlenen katilimcilarinla ¢alisma yapilmistir. Aragtirmanin siireci (3 hafta
ip atlama ve ip atlama Oncesi ve sonrasi olmak tizere haftada bir gun, totalde 5 hafta
olmak tizere) katilimcilarin SR' ne gore planlanmistir (Egzersiz Grubu, 10 Ara Tip, 7

Aksamci Tip; Kontrol Grubu, 12 Ara Tip, 7 Aksamci Tip). N-Geri Paradigmasi toplam
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5 hafta boyunca uygulanmistir. Uyaran tiirii (Hedef, Hedef Olmayan) agisindan N-
Geri kosullaria (0-geri, 1-geri, 2-geri) bagh olarak katilimcilarin tepki siiresi (TS) ve
hedef olan ve hedef olmayan uyaranlarin dogruluk orani (DO) iizerindeki kronotip
(Aksam Tip, Ara Tip) ve zaman (6n 6lcum, ilk egzersiz, ikinci egzersiz, tguncu
egzersiz, son olglim) etkilerini aragtirmak igin iki ayr1 dort yonli bir karma ANOVA
yapilmistir. Arastirmanin sonuglarina gore, katilimeilarin hedef olan ve hedef olmayan
uyaranlara kars1 verdikleri TS, Zaman-N-Geri-Kronotipler arasinda anlamli bir fark
olusturmustur. Ayrica hedef uyaranlardaki DO, Zaman-N-Geri- Gruplar arasinda
anlamli bir fark olustururken, hedef olmayan uyaranlarda yalnizca Zaman- N-Geri
arasindaki anlamli fark oldugu bulunmustur. Elde edilen sonuclara gore, SR
senkronizasyon etkisi dikkate alindiginda ve yapilan diizenli egzersizde CB

performansinda bir artis oldugu goriilmiistiir.

Anahtar Kelimeler: Calisma Bellegi, Egzersiz, Sirkadiyen Ritim, Geng Yetiskinlik
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CHAPTER 1: INTRODUCTION

1.1. Working memory

Since its beginning in the 1960s, working memory is captured the
attention of academics’ sciences (Baddeley, 1974; D'Esposito and Postle, 2015). In
fact, despite over a century of research in the domains of psychology, neuroscience
there is still no universally accepted classification of memory, particularly in terms of
its functions and mechanism (Baddeley, 2010; Cowan, 2005; Cowan, 2008).
Nevertheless, it is generally accepted that working memory is crucial to execution of
goal directed behaviors in which information must be retained and manipulated. A
person’s ability to simultaneously manage certain information while still maintaining
of other information is known as WM (Baddeley, 1996; Miyake, 2001; Engle and
Kane, 2004). Over the course of the day, people have keeping in mind lots of critical
information briefly, such as road directions, tip calculation, remembering the phone
numbers. Working memory (WM) provides holding, using, solving the information
and erasing them when other information comes like a blackboard in the mind. For
instance, when we instruct student on how to solve a mathematical problem they think
and repeated in their minds in a short-term manner. After that, when student see the
problem, follow the instruction and solve it, so the students’ working memory process
is activated. Working memory functions consist of limited active storage, maintenance
and manipulations of information to retrieve it a short period of time (Kane and Engle,
2002). As looking at the history of working memory model posited and developed
different from the short-term memory in 1974 and the model has been expanded and
refined (Baddeley and Hitch, 1974; Baddeley, 2000). The Baddeley and Hitch model
indicated that WM is a multicomponent system and WM includes control and storage
system into works each other interactively. The first model contains three
subcomponents that are phonological loop, visuospatial sketchpad and central
executive functions occurs comprehensive space in Figure 1. The first is the
phonological loop system as a phonological store that include sounds which reflect
shortly before fading away and updating the information about phonological store is

articulatory rehearsal. The system is based on verbal working memory.



Visuo-Spatial Central Phonological
Sketch Pad Executive Loop

Figure 1. Baddeley model of Working Memory (Source: Baddeley, 1986).

The second component is the visuospatial sketchpads that are divided into two
distinct systems. There are two systems involve in maintaining representation of visual
objects and spatial representation. Last and crucial component is central executive part
that is the centre of control for working memory model. It is responsible for
coordinating and managing the information through to inside the WM system (Cowan,
1999). The central executive directs cognitive functions, distributes attentional
resource and regulates how the other working memory units interact with one another
(Baddeley and Hitch, 1974; Baddeley, 2000). Even though there is still much to learn
about the specific structure and operation of the central executive, it is widely
understood to be have an important role in some following process like attentional
control, cognitive flexibility, inhibition, integration and coordination and cognitive
planning. Moreover, central executive also activates long term memory (Baddeley and
Hitch, 1974; Miller et al., 1960; Cowan, 1999). In 2000s, episodic buffer is added
subsequently part of the Baddeley model of WM. It is responsible for storing that uses
multiple components to coordinate the memory with long-term integration between
different types of information from internal and external part (Baddeley and Logie,
1999; Baddeley, 2000) in Figure 2.

WM s regarded as an essential key cognitive function because it enables to
maintain brain’s capacity for temporary storing, retaining, modifying information
simultaneously. In the human brain, frontal and parietal networks is linked to WM (Ku,
2019). The prefrontal cortex (PFC) is centre area for WM. PFC link with executive
control, attentional process and coordination of information. WM performance is
correlated with different types of stimuli that are activity in a wide range of brain areas.
On the other hand, there are similarities between these areas during the WM tasks.
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Figure 2. Baddeley new model of Working Memory (Source: Baddeley, 2003).

The most common activity is shown a fronto-parietal network, frontal regions with
caudal part of the superior frontal sulcus, middle frontal gyrus and inferior frontal
gyrus (Rottschy et al., 2012; Nee et al., 2013). For example, the prefrontal cortex is
considered in cognitive flexibility and attentional and inhibitory control and
coordination and updating of information with dorsolateral prefrontal cortex. The
parietal cortex (PC) is responsible for spatial working memory, includes to maintain
and manipulation of spatial information like mental rotation, remembering
information, navigating road by posterior parietal cortex (PPC). Moreover, ventral
parietal cortex (VPC) is implicated in both retrieval of the object related information
and supporting the storage. Auditory and verbal WM process is associated by the
temporal cortex as known both superior temporal gyrus and the inferior frontal gyrus.
These regions are engaged in encoding, maintenance and retrieval of verbal
information. Medial temporal lobe and hippocampus is mostly associated with long
term memory and working memory. In addition, association between WM and white
matter are still unclear to determined specific local in the brain like inferior, posterior,
anterior or superior. However, Veltman et al. (2003) and Nagel et al. (2011) researched
brain activation in the demanding WM situations by fMRI. They found that white
matter connectivity to integration between further regions. Also, dopamine (DA)
represents a critical role in WM (Brozoski et al., 1979; Landau et al., 2009). It relates

with white matter integrity (Rieckmann et al., 2016).
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Figure 3. An illustration of the central executive in the brain as a means of controlling
and overseeing the manipulation of incoming information (Source: Baddeley, 2010;
Chai et al., 2018).

In recent research on working memory process looked for existing and
functions of central executive. Updating information is replaced to old, stored
information, it is also expanded by new information. These new forms of information
and old ones is protected the maintenance in the relevant unit in stable. (Ecker et al.,
2014). Although lots of updating, maintenance and manipulation of information on
working memory, it has a limited storage as a known. However, working memory
capacities might change. This changing is affected by individual differences that is
influenced accessibility of representation, distraction or interference, attention,
suitability of tasks or situations, suppressing inappropriate thought and behaviours
(Rosen and Engle, 1998).

1.1.2 Working Memory and Age

Working memory capacities are important point to sustaining life an effective
way. From to child to older adulthood, deficiency and impairment in working memory
and executive or cognitive functions play critical role in human life. Aging is directly
influenced WM performance in cognitive capacities. With ages, working memory

4



performance declines (Babcock and Salthouse, 1990; Salthouse, 1994; Paxton et al.,
2008; Ziaei et al., 2017). Bopp and Verhaegen (2007) reported that between WM and
age has a negative correlation. Additionally, WM rises linearly until adolescence,
although there is no change in core structure of the components during the process
(Lambek and Shevlin, 2011). According to Borella et al., 2008, the decrease observed
to be linear with continuous and constant rate of decrease beginning in the 20s and
without any sharp decrease in older age. Some longitudinal studies show that
consistent decline in WM performance with aging (Chiappe et al., 2000; Park et al.,
2002). They also showed that older individuals’ capacity achieved 74% of younger
individuals’ capacity when they are doing complex span task which needs both passive
and concurrent active processing (Bopp and Verhaegen, 2005). Additionally,
decreasing of visuospatial working memory is more than verbal working memory in
age related. Visual working memory capacities in 55 years old adults decreased
rapidly, when it is compared with 8 years old children (Brockmole and Logie, 2013).
Older participants had a lower perform on working memory task when making a
comparison with younger participants (Nissim et al., 2017). Older adults showed
declined modulation of task difficulty, it reflected to falling task performance (Rieck
et al., 2017). However, in verbal working memory capacities and performance are
closed between 20-yearolds and 70-year-olds. People who are between 5 and 19 years,
has critical increased in working memory performance and at 30 years old, these
capacities have a highest working memory performance. (Alloway and Alloway,
2013).

Working memory plays a crucial role in age differences in cognition according
to literature, a lot of studies have found that young adults perform better when
conditions in task increase the demands on WM (Salthouse, 2015). Salthouse, Mitchell
and Palmon (1989) are reported that a spatial integration task has no age difference,
but older adults were less accurate than the younger adult. In the other study, they used
to maintain of information during the performance task for age-related difficulty. In
either situation the failure to preserve relevant information while processing of the
other information is consistent with the failure of WM. Some researcher have used the
different task like N-back for the investigation of the age-related differences in WM
performance. Salthouse, Atkinson and Berish (2003) found that significant age
defences between young adults and older adults in updating, maintaining task. Mostly,

younger adults had more accurate than older adults. Another study shows that a task
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difficulty increased, older adults (55-69 years) demonstrated decreased brain activation
compared to middle- aged adults (35-54 years), whereas less deactivation was
investigated between younger adults (20-34 years) and middle-aged adults (Rieck et
al., 2017). As a consequence, this research revealed that cognitive function variation
across the life span at the neurobiological level, the brain’s diminished ability to

modulate functional regions to increase difficult with age (Rieck et al., 2017).

1.2. Exercise

Physical exercise (PE) that involves planned, systematic and repetitive bodily
movements that improves and maintains one or more component of physical fitness
(Piercy et al., 2018). According to wide range of research fields indicated that the brain
might be change by the physical activity potentials as external factor (Erickson et al.,
2015). Especially, even if single session of PE can temporarily change in cognitive
abilities (Chang et al., 2012; Verburg et al., 2014). A physical inactivity in lifespan is
associated with worse physical and psychological- cognitive health (Tremblay et al.,
2011). Over the last decade, effect of exercise has increased an interest on cognitive
performance. Exercise encourages nervous system, plasticity and protection (Zigmond
and Smeyne, 2010) improves memory acquisition (Winter et al., 2007) and motor
cortex plasticity (Cirillo et al., 2009) and prevents age-related cognitive dysfunction
such as dementia, Alzheimer (Etgen et al., 2010; Podewils et al., 2005).

1.2.1. Working Memory and Exercise

McMorris and Hale (2012) reported that aerobic exercise is emphasized as an
efficiency strategy to positively affect executive control during and after the exercise
(Chang et al., 2012). In recent research, acute and chronic of physical activity and
exercise might impact executive process such as WM, cognitive flexibility and control
of inhibition (Rathore and Lom, 2017; De Greef et al., 2018). Exercise divided in acute
and chronic exercise because of duration. Acute exercise consists of a single session
of exercise, whereas chronic exercise is prolonged and repeated long period of time
Cognitive performance is influenced by acute and chronic exercises (Piercy et al.,
2018). Types of exercises and duration of exercises are also affected to working
memory in a different way. In previous research showed that acute exercise (AE)
influenced post exercise memory slightly (Tomporowski and Ellis, 1986). In contrast,

latest research indicated that memory encoding and consolidations are improved by
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acute exercise (Loprinzi et al., 2019). On the other hand, chronic exercise (CE) has
more beneficial effect than AE even short- and long-term memory and working
memory performance (Etnier et al., 1997; Roig et al., 2013; Rathore and Lom, 2017).
Human motor system is made great contribution from WM. When AE contribute
neuroplasticity changes in memory process, CE is better for long term adaptation that
leads to change hippocampal volume (Loprinzi et al., 2021). If people do automatic
and same routine of exercises, the necessary of working memory decreases in the
progress of time such as swimming, running and cycling (Wood et al., 2020). WM
needs new challenging learning technique to improve and provide new connection in
brain. Aerobic and anaerobic exercise help to ensure (Hargreaves et al., 2020). Because
of that, in healthy children, younger and older individuals, influenced executive
functions with aerobic exercise (Chaddock et al., 2011).

Age is a crucial effect of exercise on memory. Latest research shows that acute
exercise might be repair in older adults and in WM, AE may enhance memory across
the adult lifespan (Loprinzi et al., 2021). From childhood and adolescence, executive
functions improve (Zelazo and Muller, 2002) and followed by decrease from early and
late adults (Mayr et al., 2001). Higher order executive function is influenced by ceiling
effect occurs even participants with low performance on task exercise a single aerobic
exercise (Drolette et al., 2014; Sibley and Beilock, 2007).

1.3. Circadian Rhythm

Circadian rhythm (CR) represents biological cycle in wide range of living
systems such as bacteria or human (Bell-Pedersen et al., 2005). The rhythm consists
of daily sleep and awake cycle in 24 h. They are regulated by an endogenous circadian
pacemaker located in the superchiasmatic nucleus of the anterior hypothalamus
(Borbély, 1982). During the biological day, the action mechanisms of these rhythms
cause a wake promoting drive that balances the effect of accumulated homeostatic
sleep pressure (Reichert et al., 2017). The sleep and awake cycle are affected by
different types of neurochemical and hormones like cortisol and melatonin (Schmidt
et al., 2007). Not only sleep and awake cycle, physical activities, eating and daily
routine are affected to regulation for circadian rhythm. It includes physiological and
behavioral process. Hormones, homeostasis, body temperature and cell cycle changing
regulated by circadian rhythm.

Individual differences represent ‘Chronotype’ in circadian rhythm. Chronotype
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means that difference of circadian rhythm changes from person to person. Horne and
Ostberg developed Morningness and Eveningness of Questionnaire (MEQ) in 1976.
MEQ which is used frequently, includes 19 items. According to scores, people are in
between 59 and 86 - morningness; between 42 and 58 — neutral type; between 16 and
41- eveningness (Horne and Ostberg, 1976). When morningness types are waking up
and sleeping early, doing their work, physical exercise in morning time, eveningness
type are waking up and sleeping lately, spending their time between afternoon and
night. Neutral types have mostly changeable character in circadian rhythms. When
looking at from past to now, biological changing cause changing for circadian rhythm
because of the modern life standards (Takahashi et al., 2008). Alteration of circadian
rhythm leads to occur more neutral types. In adulthood populations has approximately,
60% neutral, 40% morningness and eveningness types (Horne and Ostberg, 1976;
Adan et al., 2012). In childhood and older adulthood, people tend to be morningness,
but eveningness prevail among adulthood (Fisher et al., 2017; Randler et al., 2017).

Individual variations cause difference of cognitive and behavioral performance
in circadian rhythm. The three types of chronotype have a unique highest level of
different performance in daily cycle. The synchrony effect explains optimal time of
the day in task performance as morningness in morning time, eveningness in evening
time. Neutral types have more flexible for synchrony effect.

The researched conducted on mice is demonstrated that exercise restored
circadian rhythm that includes activity, heart rate and body temperature (Schroeder et
al.,2012). Moreover, human investigation has shown that the resistance and endurance
exercise provide the expression of core clock gene. As a result of this findings indicate
that exercise effect circadian time signal and alters the phase of the molecular clock,
mostly peripheral tissues. These process still unclear (Dickinson, 1985; Zambon et al.,
2003).

The literature that investigated that the relationship between physical exercise
and executive function mostly studied on the elderly population because cognitive and
executive function decreased (Angevaren et al., 2008). Children are also investigated
because human brain is continuing improvement (Fedewa and Ahn, 2011). Therefore,
in this thesis, young adults are selected due to peak of the brain maturation. If exercise
has beneficial effect for executive function and WM in young adults, it would be
encouragement for people. Therefore, having information about circadian rhythms

makes easier to understand the relationships between circadian rhythms and those
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physiological and behavioral processes.

1.3.1 Circadian Rhythm and Working Memory

Circadian rhythm and working memory relationship is less researched.
Integration of circadian rhythm and homeostatic balance regulated daily oscillation in
working memory. However, investigation findings are not homogeneous in working
memory daily (Monk et al., 1997; Kdnen et al., 2015; Nasiri et al., 2018). Neutral types
of cognitive performance decline night and early morning, their optimal performance
time between 4 pm and 10 pm or between 11 am and 2 pm (Valdez et al., 2012; Valdez
et al., 2014). When age related sleep cycle is taken account, circadian rhythm and
working memory performance change. In younger adulthood, cognitive performance
increase, when comparing the older adulthood (Yoon et al., 1998). Evaluation of
preschool children’ working memory performance in daily pattern at 8 am, because
these ages have morningness type (Nasiri et al., 2018). In contrast, in younger
adulthood performed at 3 — 4 pm in working memory task performance. Both have
different circadian rhythm tendency in same task (Foster and Roenneberg, 2008). As a
result of this, after individual’s difference measured and then physical and cognitive

performance task should have applied on them.

1.4 The Present Study

The primary aim of this thesis was to evaluate the effect of exercise and
circadian rhythm on WM performance in young adulthood. Within this respect, each
participant’ optimal time and exercise effect of N-back WM paradigm was evaluated
to comparing skipping rope exercise group and control group who were watch video
as psychology documentaries. In this regard, the ideal time and exercise impact of the
N-back WM paradigm for each participant were compared to the skipping rope
exercise group and the control group who watched video as psychology documentaries.
Skipping rope is selected for exercise. The reason for that in the moderate- intensity
exercise and higher consumption oxygen level might be provided by skipping rope. It
can enhance the coordination of multiple muscle that is involve upper and lower
synchrony, but timing and position is more critical. Moreover, it works with most
muscle during the exercise and consuming oxygen provide to turns out the protein
release. Therefore, this process contributes WM performance. Furthermore, exercise

modulates the molecular clock in skeletal muscle by affecting both the amplitude and
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phase of circadian rhythms. Also, affects monoaminergic activity related to cognitive
performance. Likewise, this study seeks to determine whether there were any
variations in the impact of chronotype on WM performance, with a special emphasis
on understanding young people. WM performance was compared to skipping rope one
day a week for three weeks and viewing documentaries one day a week for three weeks
at the participant's preferred time.

Figure 4. An illustration of the superchiasmatic nucleus (SCN) regulates the circadian
rhythm (Source: Cao, 2019).
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CHAPTER 2: METHOD

2.1. Participants

Thirty-six healthy younger adults (M=21,61, SD= 2,54) participated in
experiment. The power analysis was performed using G*Power (3.1.9.7 Version, it is
a tool for computing statistical power analyses) that determine adequacy of sample
size. All participant received instructions from the experimenter. Some of the
participants were chosen from Introduction to Psychology, they received an extra
course credit for their participation. Before the experiment, participants were fulfilled
informed consent forms (Appendix A; A.1l) and various online questionnaire to
confirm that all participant matched the research inclusion criteria. Participants criteria
of the study were determined as: (1) being between the ages of 18-30 years old, (2) not
having vision problems (3) not having athletic background, (4) not doing active aerobic
exercises in the last two years. (4) The most important thing is that participants do not
have any obstacle doing exercises. (5) Also, none of the participants reported to using
any medication for neurological or psychological during the experimental sessions. (6)
The Richards-Campbell Sleep Questionnaire score must be above the 60. Participants
who did not meet the inclusion criteria, were bring someone else who meet the
participation criteria. In total, 6 participants excluded (4 in experiment group, 2 in
control group) to study because two participants leave because of lecture drop out, one
participant excluded due to very lower scores and one is only one person with morning
types and lastly two of them had lower score from Richards-Campbell Sleep
Questionnaire. The research procedures approved by the ethical committee of I1zmir
University of Economics (28.02.2023). (Appendix H)

2.2. Materials, Stimuli, Apparatus
2.2.1 Materials

2.2.1.1 Demographic Form:
All participants’ age, sex, education, weight and height, having physical or
neurological disease, use of medications, consumption of alcohol and cigarette, doing

physical exercises are all questioned on this online form. (Appendix B)
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2.2.1.2. Edinburgh Handedness Inventory:

Participants fill out the Edinburg Handedness Inventory that was developed by
Oldfield (1971). The inventory modified by Geschwind and Behan (Geschwind and
Behan, 1982). The questionnaire includes 10 types of items (writing, drawing,
throwing, scissors, toothbrush, knife, spoon, broom, striking a match, opening a box)
which hands the most prefer to use during these activities. The total scoring in five
categories; ‘always right hand’, ‘usually right hand’, ‘use both hand’, ‘usually left
hand’, ‘always left hand’. The answer to each question with +10, +5, 0, -5, - 10 points.
The scores are between +100 to -100. The dominant right hand scored between +80
and +100, the non-dominant right hand between +20 and +75, using both hand between
-15 and +15, un-dominant left hand between -20 and -75 and the dominant left hand
between — 80 and -100 (Tan, 1988). (Appendix C)

2.2.1.3. The Physical Activity Readiness Questionnaire (PAR-Q):

The original questionnaire in Canada to easier evaluation for person
participating in the Canadian Home Fitness Test was recommended. Chisholm and
colleagues developed PAR-Q about that time for Ministry of Health (Chisholm et al.,
1975; Chisholm et al.,1978). The PAR-Q improved by Shephard in 1991. Millions of
individuals complete this questionnaire. The total question is seven and people answer
that ‘yes or no’. If all answer is ‘Yes’, people have a fitness appraisal with doctor. If

all answer 1s ‘No’, person begins exercises slowly and sets up gradually. Turkish

version of the PAR-Q adapted by Ertekin (2018). (Appendix D)

2.2.1.4. Sleeping Questionnaire:

The participants responded to sleep questionnaire subjectively to determine
sleep and awake time regulations of time. There were nine questions designed to assess
sleep related daytime. These included waking up time, getting up time, feelings about

sleep, daily and weekly sleep time. (Appendix E)

2.2.1.5. Morningness - Eveningness Questionnaire (MEQ):

In 1976, Horne and Ostberg was developed the morningness and eveningness
guestionnaire. The questionnaire that is a self-evaluation, consist of 19 questions that
ask participants about their daily routine, sleep patterns and performance. The

chronotype characteristics of each participant are determined. The overall score ranges
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from 16 to 41 means ‘Evening Type’, from 42 to 58 means ‘Neutral Types’, from 59
to 89 as ‘Morning Type’ (Horne and Ostberg, 1976). The version reliability and
validity of Turkish version was conducted in 2005 by Punduik et al. (2005). (Appendix
F)

2.2.1.6. The Richards-Campbell Sleep Questionnaire (RSCQ):

Richards developed the RSCQ scale in 1987. It is a six-dimensional and self-
report scale. The five items consist of sleep depth, sleep latency, frequency of
awakenings, sleep efficiency and quality. These items include the total score but sixth
item that is about noise is not included in total score (Richards, 1987). If score of 0 to
25 that means ‘very poor sleep’ and a score of 76 to 100 is ‘very good sleep’. The
participant’ scores increase, sleep quality improves. In 2010, Turkish adaptation,
validity and reliability conducted by Ozlii et al. (2015). (Appendix G)

2.2.2. Stimuli

2.2.2.1. N-back Paradigm Stimulus

As a paradigm for studying the working memory, the N-Back paradigm is well
appropriated to both process specific and domain specific perspective (Awh, 1996;
Braver et al., 1997). N-back paradigm is presented to participants; each stimulus comes
certain sequence. The participant decides to about stimuli through each set of
instructions. For instance, in the letter O-back condition, any disclosure of
predetermined target that responded by participants. In the 1- back condition,
participant answers if current stimulus matches the previous one; and in the 2- back
condition, participant’s replies if the current stimulus same as the two letter earlier.
This paradigm used to attention and compare situations that maintain is required
previous one conditions. Moreover, 2-back conditions contain both maintenance and
manipulations for working memory. Some N-back paradigm includes types of lures
because of occurring working memory load in stimuli. For example, in 2- back
condition postlure target that can be used (e.g., T-T-T in 2-back condition, third T is
the postlure target).

In my thesis, six phonologically distinct letters that is uppercase consonant
sequence used as stimuli (C, H, M, R, T, Y). Each letter repeats five times between
blocks. Experiment has three stages, each stage has 0-back, 1-back, 2-back conditions.

Each condition (0-back, 1-back, 2-back) contains three blocks that have pseudorandom
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order in each block for total of 270 stimuli. Each block has 10 targets and 20
nontargets. Also, N-Back paradigm has three trials includes three N-back conditions,
which 0-back, 1-back, 2-back, but sequence of second and third stage are different due
to avoiding bias in within design. As a result, each participant was shown 9 N-back
conditions with 3 trials. Stimuli length is 500 ms and inter stimulus interval length is
2000 ms and fixation cross length is 250 ms between stimuli. All stimuli were
presented in white ink at the center of the screen and grey background. The condition
sequence is in Figure 3.

Participants press the two keys on the keyboard (‘F’ and ‘K’ keys) in Figure 4.
‘K’ is representing target stimulus and ‘F’ represent non-target stimulus. In the 0-back
condition, (i.e., target letter was ‘C’ for first trail, ‘M’ for the second trail’, and ‘R’ for
the third trails) participants must press the keyboard ‘K’ letter with their right index
finger when they see the letter specified in the instruction on the screen. On the hand,
participant must press the keyboard ‘F’ letter with their left index finger when they do
not see the specific letter. In the 1-back condition, participants must press the keyboard
‘K’ letter with their right index finger when they see on the screen is the same as the
letter previous one. In contrast, participant must press the keyboard ‘F’ letter with
their left index finger when they see different letter from the previous letter. In the last
condition is 2-back, participants must press the keyboard ‘K’ letter with their right
index finger when they see on the screen is the same letter as the two-letter previous
ago. In contrast, participant must press the keyboard ‘F’ letter with their left index
finger when they see different letter from the two letters earlier.

As consequences of that, stimulus presentations consist of the three trials and
each of them included three N-back conditions. As part of the second and third trials,
the presentation order of the N-back conditions were randomized based on the Latin
Square experimental design; the order of the N-back conditions were randomized
based on the Latin Square block design. Nevertheless, all participants were exposed to
0, 1, 2-back conditions respectively, in the first trial. In Latin Square design, were
occurred 5 different presentations and all of them generated second and third tails. (A:
1-,2-,0-back; B: 1-,0-,2-back; C: 2-,0-,1-back, D: 2-,1-,0-back; E: 0-,2-,1-back). All
participant has own Latin Square design, balance in Table 1.
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Figure 5. Schematic illustrations of stimuli and trials in N-back paradigm
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2.2.3. Apparatus

2.2.3.1 Stimulus Presentation

All the stimuli were prepared in each block separately by using Microsoft
Office 365, Excel program. After that each block was chosen by using PsychoPy
2022.2.4 program in its own counterbalance. Instruction of N-back conditions and time
prepared at PsychoPy 2022.2.4. N- paradigm presented to participants via desktop
(TOSHIBA PC/ 2.40 GHz/ 4GB RAM/ 64-bit, 15.6 inch).
Traithlon jumping rope were used to skipping rope. Properties of the rope are
automatic counter display, 306 rotatable handles, adjustable rope length, non-slip and

sweat proof handles. Documentaries watched on TOSHIBA PC.

2.3. Exercise

Skip rope selected as the aerobic exercise by the experimenter. Neutral and
evening types of participants exercised their own circadian routine. At the beginning
of the exercise, between the most intense the set middle of skip rope and finishing the
exercise the heart rate is measured. Also, after the 5 minutes resting period, measured
the heart rate to see it has returned to normal or not. The skip rope exercise established
8 min warm-up, 10 min skip rope and 2 min cool down. Jump Rope Lite App is used
to time management. Skip rope has 10 sets, 25 s rest and 35 s work in second and third
weeks and in fourth week 12 sets, 25 s rest and 35 s work. The participants were

allowed to drink water.

2.4. Procedure

Firstly, each participant fulfilled via online Google Forms Informed Consent,
Demographic Form, Edinburgh Handedness Inventory, The Physical Activity
Readiness Questionnaire, Sleeping Questionnaire, Morningness - Eveningness
Questionnaire. After evaluation of Morningness - Eveningness Questionnaire scores,
groups are divided into two group of participants due to circadian rhythm like neutral
type and evening type both exercise and control group. According to circadian rhythm,
each participant who comes the most efficient exercise time interval on a day and
timeline determined for himself or herself once a week. The study was conducted in
Izmir University of Economics psychology lab. First week, all information on the

experiment protocol is provided and then participant fulfilled The Richards-Campbell
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Sleep Questionnaire that is fulfilled each week before the experiment, after that does
N-back paradigm. Paradigm starts with practice for all three conditions (0-back, 1back,
2-back), practice include feedback half and half. When practice is end successfully,
three experiment stages begins. All procedures take 20 minutes for the first week.
Second week, participant’s heart rate is measured and starts exercise in Izmir
University of Economics backyard, whereas heart rate measurement done before
watching video for control group. Heart rate measurements also taken from participant
in the middle of the skipping rope and watching video. When exercise and video is
finished in 20 minutes, heart rate is measured again and participants attends 5 minutes
later N-back paradigm without practice. Third and fourth weeks are same procedures
as second week. The last week is a week after last exercise and video, participants do

N-back paradigm without exercise or watching video (Figure

7)
Exercise Group
O
0 Back Back 2 Back
eooooooooooaam
. \\111!!nr\nan‘\lm
Video Group moooo 'ij[u‘[.]o][,ﬂ,\ )
(G JA \E:I[ OB CC 0TS
"N 0100 l L))
m LOOE nl lu 0o
|Press<F’key1snon—targetstuuu1usl |Press ‘K’ key is target stimulus. ‘

Figure 7. lllustrations of experimental design in exercise and video group.
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CHAPTER 3: RESULTS

All analysis was performed with IBM SPSS 21 software to evaluate
participants N-back performance during the process. The statistical analysis of the data
acquires from N-back paradigm as described in the Method chapter are presented. The
normality and homogeneity assumptions of the data acquired from N-back paradigm
applied as baseline, first week, second week, third weeks and post measurement to the
experiment group and video group. The thesis includes two Chronotype (M= 1.36,
SD= .49) as Neutral (M= 1.52, SD=.51) and Evening Types (M= 1.54, SD= .52) and
two Groups as Exercise (M= 1.35, SD= .49) and Video Group (M= 1.37, SD= .50)
were between groups design and Time was within group design. A four-way mixed
ANOVA were conducted to observe the effect of group (Exercise vs. Control/Video)
and chronotype (Neutral and Evening Type) on accuracy rate and reaction time scores
at N-back paradigm (0-back, 1-back and 2-back) depending on time (base, time 1, 2,
3 and post).

Table 3. Participants descriptive in both groups.

Chronotype Neutral Type Evenming Type

Age Height Weight BMI | Age Height Weight BMI
Exercise
Group 19.67 165 3467 1899 21464 170 3936 2046
Video Group | 23.13 168 3863 2069 2155 1.72 6535 2216

Table 4. The changes in participant’s heart rate during the exercise and video sessions.

Heart Second Exercize /

Eate First Exercize / Video Video Third Exercize / Video
Before Dunng After | Before Duning After | Before Dunns  After

Exercize

Group 8920 13576 fda5| 9071 15235 8571 9141 185353 9359

Video

Group 9120 8341 7618 9506 8681 7T9B1] 9120 83467 7507
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3.1. Target Accuracy Rate Results

Analyses conducted on the 36 participants (17 Exercise and 19 Control/Video
Group) to investigate the relationship among exercise, chronotype and working
memory. Accuracy rate of participants on target stimuli were analyzed with four-way
mixed ANOVA. Analyses were conducted to observe the effect of group (Exercise vs.
Control/Video) and chronotype (Neutral and Evening Type) on accuracy rate and
reaction time scores at N-back paradigm (0-back, 1-back and 2-back) depending on
time (base, time 1, 2, 3 and post). Mauchly’s test indicated that the assumption of
sphericity had been violated for the main effects of time, y?(9) = 26.20, p < .01 and N-
back x%(2) =22.84, p <.001 and also interaction effect of time and N-back interaction
x%(35) = 83.91, p < .001. Therefore, degrees of freedom were corrected using
Greenhouse—Geisser estimates of sphericity (¢"= .68 for the main effect of time, "=
.62 for the main effect of N-back and "= .49 for the interaction effect of Time and N-
back). There was a significant main effect of time F(2.72, 67.92) = 3.48, p <.05 (Figure
8); N-back F(1.24, 30.98) = 29.55, p <.001 (Figure 9) and group F(1, 25) =4.47,p <
.05 (Figure 10) on participants’ accuracy rate scores. There were no significant main
effects of chronotype F(1, 25) = 0.08, p = .78. Participants’ accuracy rate increased
significantly with time. Base accuracy rate scores of participants were significantly
lower than time 1 F(1, 25) = 6.86, p < .05, time 2 F(1, 25) = 7.20, p < .05 and post
measurements F(1, 25) = 5.84, p < .05. Also, participants’ accuracy rate score
decreased with N-back task. 0-back had significantly higher accuracy rate scores than
1-back F(1, 25) = 14.79, p < .01 and 2-back F(1, 25) = 37.22, p < .001. Lastly,
significant main effect of group showed significantly more accuracy rate scores on
exercise group than control/video group F(1, 25) = 4.72, p < .05. The results showed
that there was a significant interaction between the N-back and time F(3.93, 98.18) =
10.00, p < .001. This effect indicates that accuracy rate scores in N-back task were
affected differently by the time. Specifically, accuracy rates of participants showed
decreased patterns with time (from base to post measurement) at 0-back F(1, 25) =
29.37, p <.001 and 1-back F(1, 25) = 20.76, p < .001 compared to 2-back condition

which showed increased patterns with time.
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0.001.
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When we examine this significant interaction between time and n-back in terms
of the difference between groups, 0-back condition showed decreased pattern at both
exercise and control/video group with time. However, the difference between time
sessions was not significant for exercise group, it was significant only at the
control/video group. After control/video group watched their first video; their accuracy
scores at 0-back decreased significantly compared to third video watching (MD = 2.72,
SE =1.14, p < .05) and post measurements (MD = 2.64, SE = 1.22, p < .05) Figure 11.
Participants’ accuracy scores at 1-back task increased with time (from base to post
measurement) at exercise group (MD = -2.73, SE = 1.30, p < .05); but, decreased at
control/video group (MD = 3.32, SE = 1.38, p < .05) which showed significant
difference at post measurement between (M = 97.18, SE = 1.31) exercise and (M =
91.08, SE = 1.38) control/video group  F(1, 25) = 10.29, p < .01. The accuracy rate
scores were also decreased significant from first video watching to post measurement
(MD = 3.13, SE = 1.43, p < .05) Figure 12. Furthermore, accuracy scores of
participants on the N-back 2 showed similar increasing pattern with time condition for
both groups Figure 13. Accuracy scores increased dramatically for both control/video
(MD =-9.15, SE = 3.42, p < .05) and exercise group (MD =-12.96, SE = 3.61, p <.01)
after first exercise and video watching respectively. After this dramatic increase
exercise group showed no significant difference with time; however, control/video
group’s accuracy scores decreased significantly from their second to third watching
videos (MD=4.13, SE = 1.85, p < .05).
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Figure 12. Mean Accuracy scores of target stimuli for 1-back condition
during the time (with adjusted 95% CIs) by type of group. *s denotes
significance at * p < 0.05, **p < 0.01, ***p < 0.001
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3.2. Target Reaction Time Results

Analyses were conducted to observe the effect of group (Exercise vs.
Control/video) and chronotype (Neutral and Evening Type) on reaction time scores at
N-back paradigm (Oback, 1-back and 2-back) depending on time (base, exercise 1,
exercise 2, exercise 3 and post). Mauchly’s test indicated that the assumption of
sphericity had been violated for the main effects of N-back y?(2) = 42.56, p <.001 and
interaction effect of time and N-back y*(35) = 146.29, p < .001. Therefore, degrees of
freedom were corrected using Greenhouse—Geisser estimates of sphericity (¢"= .56 for
the main effect of N-back and &"= .43 for the interaction effect of Time and N-back).
There was a significant main effect of time F(4, 112) = 27.83, p <.001; N-back F(1.12,
31.23) = 35.33, p < .001 and chronotype F(1, 28) = 18.22, p < .001 on participants’
reaction time. There were no significant main effects of group F(1, 28) =0.13, p=.72.
Participants’ reaction time decreased significantly with time. Base reaction time of
participants were significantly higher than time 1 F(1, 28) = 11.05, p <.01, time 2 F(1,
28) = 26.98, p <.001, time 3 F(1, 28) = 42.77, p < .001 and post measurements F(1,
28) =54.57, p <.001 (Figure 14). Also, participants’ reaction times increased with N-
back task. 0-back had significantly lower reaction time than 1-back F(1, 28) = 14.98,
p < .01 and 2-back F(1, 28) = 38.61, p < .001. Also 1-back reaction time scores were
significantly lower than 2-Back scores F(1, 28) = 33.27, p <.001 (Figure 15). Lastly,
significant main effect of chronotype showed significantly more reaction time scores
on evening type group than neutral type group (MD = 104.43, SE = 24.47, p < .001)
(Figure 16). The results showed that there was a significant interaction between the N-
back and time F(3.43, 95.87) = 14.35, p < .001. This effect indicates that reaction time
scores in N-back task were affected differently by the time. Results of the contrast
showed that Oback and 1-back conditions decreased with time in a similar pattern;
however, 2-back condition decreased sharply when compared the 0-back from base to
time 1 F(1, 28) = 8.19, p < .01, time 2 F(1, 28) = 25.50, p < .001, time 3 F(1, 28) =
28.35, p <.001 and post measurement F(1, 28) = 25.94, p < .001. Figure 17.
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3.3. Non-Target Accuracy Rate

Accuracy rate of participants on non-target stimuli were analyzed with four-
way mixed ANOVA. Mauchly’s test indicated that the assumption of sphericity had
been violated for the main effects of time, y%(9) = 22.24, p < .001, N-back x*22) =
19.18, p <.001 and interaction effect of Time and N-back interaction »?(35) = 76.41,
p < .001. Therefore, degrees of freedom were corrected using Greenhouse—Geisser
estimates of sphericity (¢"= .67 for the main effect of time, ¢"= .65 for the main effect
of N-back and ¢"= .52 for the interaction effect of Time and N-back). There was a
significant main effect of time F(2.69, 67.20) = 9.19, p <.001; N-back F(1.29, 32.25)
=26.71, p <.001. However, there were no significant main effect of group F(1, 25) =
2.12, p = .16 and chronotype F(1, 25) = 0.72, p = .40 on participants’ non-target
accuracy rate scores.

Participants’ accuracy rate increased significantly with time. Base accuracy
rate scores of participants were significantly lower than time 1 F(1, 25) =8.64, p < .01,
time 2 F(1, 25) = 19.35, p < .001, time 3 F(1, 25) = 13.27, p < .01 and post
measurements F(1, 25) = 15.78, p < .01 (Figure 16). Also, participants’ accuracy rate
score decreased with N-back task. 0-back had significantly higher accuracy rate scores
than 1-back F(1, 25) = 18.60, p < .001 and 2-back F(1, 25) = 44.63, p <.001 (Figure
17). The results showed that there was a significant interaction between the N-back
and time F(4.19, 104.85) = 7.94, p < .001. This effect indicates that accuracy rate
scores on non-target stimuli in N-back task were affected differently by the time.
Specifically, accuracy rates of participants showed no significant difference on 0-back
and 1-back conditions with time. However, 2-back condition showed significant
increase with time from base to time 1 (MD = -3.77, SE = 1.07, p < .01); time 2 (MD
= -4.89, SE = 1.06, p < .001); time 3 (MD = -4.22, SE = 1.12, p < .01) and post
measurements (MD = -5.03, SE = 1.09, p <.001) (Figure 18)
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Figure 18. Mean Accuracy scores of non-target stimuli during time conditions
(with adjusted 95% ClIs) *s denotes significance at * p < 0.05, **p < 0.01, ***p
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<0.01, ***p < 0.001.
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3.4. Non-Target Reaction Time Results

Reaction time of participants on non-target stimuli were analyzed with four-
way mixed ANOVA. Mauchly’s test indicated that the assumption of sphericity had
been violated for the main effects of time, y%(9) = 54.86, p < .001, N-back x(2) =
38.40, p < .001 and interaction effect of Time and N-back »*(35) = 179.40, p < .001.
Therefore, degrees of freedom were corrected using Greenhouse—Geisser estimates of
sphericity (¢"= .50 for the main effect of time, ¢"= .58 for the main effect of N-back
and ¢" = .35 for the interaction effect of Time and N-back). There was a significant
main effect of time F(1.99, 61.59) = 56.86, p < .001; N-back F(1.16, 36.01) = 49.65,
p <.001 and chronotype F(1, 31) = 9.32, p <.01 on participants’ reaction time. There
were no significant main effects of group F(1, 31) = 1.31, p =.26. Participants’ reaction
time decreased significantly with time. Base reaction time of participants were
significantly higher than time 1 F(1, 31) = 26.31, p < .001, time 2 F(1, 31) =59.35, p
<.001, time 3 F(1, 31) = 80.27, p <.001 and post measurements F(1, 31) = 76.07, p
< .001 (Figure 21). Also, participants’ reaction times increased with N-back task.
Oback had significantly lower reaction time than 1-back F(1, 31) = 35.87, p <.001 and
2-back F(1, 31) =57.53, p <.001. Also 1-back reaction time scores were significantly
lower than 2-Back scores F(1, 31) = 41.24, p < .001 (Figure 22). Lastly, significant
main effect of chronotype showed significantly more reaction time scores on evening
type group than neutral type group (MD = 87.29, SE = 28.59, p < .001) (Figure 23).
The results showed that there was a significant interaction between the N-back and
time F(2.76, 85.44) = 15.71, p < .001. This effect indicates that reaction time scores in
N-back task were affected differently by the time. Results of the contrast showed that
0-back and 1-back conditions decreased with time in a similar pattern; however, 2back
condition decreased sharply when compared the 0-back from base to time 1 F(1, 31) =
10.83, p < .01, time 2 F(1, 31) = 25.40, p < .001, time 3 F(1, 231) = 32.14, p < .001
and post measurement F(1, 31) = 30.20, p < .001. Figure 24.
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Figure 21. Mean reaction time of Non-Target stimuli during time (with adjusted
95% Cls). *s denotes significance at * p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 22. Mean reaction time of Non-Target stimuli during time (with adjusted
95% CIs). *s denote significance at * p < 0.05, **p < 0.01, ***p < 0.001.
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CHAPTER 4: DISCUSSION

As for main research questions and investigation part, the thesis aimed at
providing explanations for following results. The major purpose of this thesis was to
assess the influence of exercise and circadian rhythm on WM performance in young
adults. Additionally, this thesis aimed at investigating there could be any differences
between chronotypes effects of WM performance with particular focus on
interpreting the young adults. WM performance evaluated in between skipping rope
with one day a week for 3 weeks as well as watching documentaries one day a week
for 3 weeks at participant’s optimal time, also base and post-measurement.

All N-back conditions were evaluated independently in order to more
accurately detailed about WM performance. N-back condition includes 0, 1, 2- back
condition for each three trial and all sequence per week for each participant. This
would be useful for focusing on average improvements in all N-back conditions. The
results show that participants’ accuracy rates means that from 0-back to 2-back
condition difficulties and WM load is increased. Both exercise and video group had
nearly similar accuracy rates mean responses in each condition for the baseline. It
means that applied randomization between groups was successful in this thesis
design.

In 0-back condition, exercise group and video group decreased target
accuracy, but exercise group had not significantly differenced during the 5 weeks
compared to video group. 0-back conditions associated with attention and baseline
process in the N-back paradigm. Therefore. Exercise groups stayed stable about the
attention, in contrast the video group. When compared into target reaction time in 0-
back condition. Exercise groups is sharply and significantly decreased, although both
groups had decreased pattern.

In 1- back condition that provides working memory load moderately. The
condition holds and update working memory process attentional (Cohen et al., 2020).
Both groups have nearly same target accuracy rate for the baseline, but timely
exercise group has greater target accuracy rate, however video group is decreased
slightly. The less demanding 1-back condition target reaction time again exercise
group had highly significant decreasing than the video group.

In 2- back condition that is higher WM load condition. Exercise group had higher
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target accuracy rate than video group and they were also steady decreased for target
reaction time. This condition is more need to comparison to stimuli and enhance
executive function of WM, because targets higher level of cognitive process. It
includes updating, inhibition and attentional control/video (Cohen et al., 2020).

Moderate intensity of exercise might be providing better WM performance.
(Loprinzi, 2018). As showed in results, exercise group had better accuracy rate and
rapidly reaction time. The time of the exercise session has a relationship in the
exercise and memory that influence to aspect of the memory task (Roig et al., 2016).
In this thesis exercise condition had 3 weeks and 20 minutes per week. Moderate
intensity of exercise linked with improved executive function. Results shows that,
regular exercise might be associated with better performance on the N-back such as
attention, updating and manipulation of information. Moreover, it should be noted
that exercise duration has some positive effect about exercise on WM. For instance,
Martins et al. (2013) and Komiyama et al. (2017) found that working memory
performance was improved in Sternberg task and delayed response task during
moderate-intensity exercise in young adults. In this thesis support this contribution
with N-back task. Skipping rope is newly studied and had a positive effect on the
WM performance. Skipping rope is form of aerobic exercise that can also improve
cardiovascular fitness. During the exercise session, it increased blood flow and
delivery of oxygen to supporting WM optimal function. It needs more attention,
coordination and timing. Participants must sustain focus, maintain rhythm and
coordinate their movement. This process can be playing effective role on N-back
paradigm. The thesis opened new looks this integration. Because of that skipping
rope exercise process needs more investigation in different ages group and need to
learn what sis the consequences in brain connection about WM areas.

The perspective of chronotype, neutral types had lower reaction time and
higher accuracy rate compared to evening type in both groups. All chronotypes
performed in their optimal time. Exercise and circadian rhythm have bidirectional
effect. The effect of exercise on working memory performance is also influence of
circadian rhythm on levels of cortical arousal (Carrier and Monk, 2000). Both

exercise and circadian rhythm affect neurotransmitter and neurohormone levels,
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they change during difference of them. Most important thing is regular exercise
increase growth hormone concentration, increase neurogenesis in the hippocampus,
in memory of animals improves (van Praag et al., 1999), also bring about
improvements in executive function of human (Kramer et al., 1999). Regular exercise
also reinforces the human body’s internal and molecular clock. An earlier review
shows that memory performance peaks in a different time of the day, also optimal
performance depends on nature of the tasks. They indicate that between chronotype
and N-back paradigm relations is complex and difference of types is not yet
understood. Moreover, this thesis shows the effect of exercise with chronotype in the
N-back task firstly. Some literature review show that, an athlete might be performed
on exercise at different times of the day. The performance of the athletes should be
training and preparing due to the competition. Research revealed that, between the
circadian rhythm and exercise is interacted with each other in a positive way.
Moreover, during the moderate intensity exercise, there is an increase heart rate and
increasing the blood flow might be promoting neuroplasticity for the executive
function. The thesis of post measurement means the chronic measurement; it leads to
better performance on the WM tasks. In chronotype also can affected by sleep
quality, sleep duration and body temperature on executive function. Moreover, the
chronotype and N-back task performance is still doubtful. According to this thesis
results, evening and neutral types have some differences in reaction time and
accuracy rate but where is come from the difference of these part, it should be more
research investigation. Moreover, including the neurobiological and neural
oscillations has been investigated in neuroimaging techniques. In WM, neural
activity in fronto-parietal network will be investigated. Dorsolateral and dorsomedial
frontal network areas connection might be enlightened to the thesis chronotype
results clearly.

Age- related differences are influenced in all main effect like exercise
chronotypes and WM performance. Moreover, the frontal brain changes with age,
some neuroimaging technique shows that, there was an increasing activity in the left
inferior frontal and orbitofrontal gyrus from child and young adult (Tamm et al.,
2002). These areas located in frontal cortex and had important role in executive
function. Developmental changes might be effect of exercise on inhibitory control
and WM from pre-adolescence to young adult. If moderate- intensity exercise has
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enough time to change WM performance in a positive way, it might be potential to
induce plasticity effect in specific brain areas.

A follow-up study that will be again an exercise training intervention taking into
account in chronotypes on WM performance wide range of different ages. Other
study should be noted that same procedure in longitudinal study. Furthermore, this
thesis procedure should be investigated with neuroimaging technique. It will be good
opportunity to follow the connection between related WM and exercise brain regions.
Also, exercise effect lots of health benefits and this mechanism still explored. The
latest reviews provide that acute and chronic exercise are positive effect for inhibition
control and executive function. The mechanism of the exercise is still unclear.
However, this thesis and upcoming research contribute new feature of this are.
Considering the circadian mechanism in time of the day principle, improves the
outcomes of exercise for WM. Also, EEG might be the more effective to seeing
connection circadian rhythm oscillation and effect of exercise on WM performance.
Although the neural correlates of n-back task have been largely studied with various
neuroimaging methods (Owen et al., 2005), there might be some compared to these

results.

4.1. Limitation

Randomization was adequately correct, but the sample size in both groups
might be expanded. Exercise training had not enough time. In the study, finding
participants was difficult because of the online education that was due to
Kahramanmarag’ earthquake. Other limitation is time of exercise must be shorter
than planned. All limitation is considered and they are giving crucial feedback to
replicate and improve path for new studies. A larger sample, longer exercise training
time might compare to these results. Skipping rope exercise was great challenge and
some exercise training sessions add some new techniques, or its structure can be

sustainable.

4.2. Conclusion
The main role of this thesis is to understand exercise and circadian rhythm
provide an elaborated view of processing and their impacts on WM performances.
Therefore, WM performance that is limited, related with various cognitive process
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is directly correlated with WM. When limitation into account, process and the result
provide us new step for the future. A multidisciplinary approach was used in the
design of this thesis, bring together explanation from circadian rhythm (biology),
exercise (sport), WM (psychology).

The main aim of the thesis was to investigate transfer effects of n-back WM
training at various N-back condition and interpreting which is a highly demanding
part of the WM performance. With behavioral data, this thesis incorporated a cross-
sectional study approach in order to establish a systematically analysis of acute and
chronic exercise effects with chronotypes of the participant on WM performance.
The present study results demonstrate a specific mechanism through exercise benefits
on executive function of WM performance. It provides testable predictions for future
studies utilizing acute and chronic exercise sessions. In this endeavor may benefits
from an acute exercise since it provides a low cost and rapid evaluation of variety of
exercise manipulations. The benefit of chronic exercise provides long-term cost and
permanent manipulation. All participants were encouraging to moderate-intensity

exercise, some of them had already stared as soon as the study was end.
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APPENDICES

APPENDIX A- Informed Consent (1)
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BILGILENDIRILMIS ONAM FORMU (1)

Sayin Katilimet,

Bu arastirma, izmir Ekonomi Universitesi Deneysel Psikoloji Yiiksek Lisansi tez
calismas1 kapsaminda Prof. Dr. Canan BASAR EROGLU damismanliginda, yiiksek lisans
ogrencisi Kiibra ALTUNTAS tarafindan hazirlanmistir.

Aragtirmanin amaci, geng yetiskinlerde, video izlemenin ve sirkadiyen ritmin (sabahgil-
aksamcil) ¢alisma bellegi tlizerindeki etkisi incelemektir.

Anket calismamiz yaklasik 15 dakika stirecektir. Bu arastirmaya katilmak tamamen
goniilliiliik esasina dayanmaktadir. Arastirmaya katilmama veya katildiktan sonra istediginiz
herhangi bir anda aragtirmadan ayrilma hakkina sahipsinizdir. Arastirmanin neden ve nasil
yiriitiilecegine dair herhangi bir sorunuz varsa liitfen arastirmaciya sormaktan ¢ekinmeyiniz.

Arastirmay1 yiriitliirken sizden hic¢bir kimlik bilgisi talep edilmeyecektir. Cevaplariniz
gizli tutulacak, yalnizca arastirma gorevlileri tarafindan degerlendirilecektir. Bu anketten elde
edilen sonuglar, yalnizca bilimsel amaglar dogrultusunda kullanilacaktir. Ankette bulunan
sorulara vereceginiz cevaplarin dogrulugu, arastirmanin niteligi agisindan olduk¢a 6nemlidir.
Bu nedenle ankette bulunan tiim sorular1 samimiyetle cevaplamanizi rica ederiz.

Is birliginiz i¢in tesekkiir ederiz.
Ankete katilmak istiyorum.

T Ankete katilmak istemiyorum
Katilimcinin;

Adi1 Soyadi
Tarih:

hnza:
Tletisim Bilgileri

Kibra Altuntas: kubraaaltuntas@hotmail.com
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APPENDIX A.1- Informed Consent
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Sayin Katilimet,

Bu arastirma, izmir Ekonomi Universitesi Deneysel Psikoloji Yiiksek Lisansi tez
calismas1 kapsaminda Prof. Dr. Canan BASAR EROGLU damismanliginda, yiiksek lisans
ogrencisi Kiibra ALTUNTAS tarafindan hazirlanmigtir.

Arastirmanin amaci, geng yetiskinlerde, video izlemenin ve sirkadiyen ritmin
(sabahgil-aksamcil) caligma bellegi lizerindeki etkisi incelemektir

Anket calismamiz yaklasik 15 dakika siirecektir. Bu aragtirmaya katilmak tamamen
goniilliiliik esasina dayanmaktadir. Arastirmaya katilmama veya katildiktan sonra istediginiz
herhangi bir anda aragtirmadan ayrilma hakkina sahipsinizdir. Aragtirmanin neden ve nasil
yiiriitiilecegine dair herhangi bir sorunuz varsa liitfen aragtirmaciya sormaktan ¢ekinmeyiniz.

Aragtirmay1 yiiriitlirken sizden hi¢bir kimlik bilgisi talep edilmeyecektir. Cevaplariniz
gizli tutulacak, yalnizca arastirma gorevlileri tarafindan degerlendirilecektir. Bu anketten elde
edilen sonuglar, yalnizca bilimsel amaglar dogrultusunda kullanilacaktir. Ankette bulunan
sorulara vereceginiz cevaplarin dogrulugu, arastirmanin niteligi agisindan oldukca dnemlidir.
Bu nedenle ankette bulunan tiim sorular1 samimiyetle cevaplamanizi rica ederiz.

Is birliginiz i¢in tesekKir ederiz.

Ankete katilmak istiyorum.

Ankete katilmak istemiyorum
Katilimcinin;

Adi Soyadi
Tarih:

Imza:
Tletisim Bilgileri

Kibra Altuntas: kubraaaltuntas@hotmail.com
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APPENDIX B- Demografic Form
GENEL BILGILER
1) Cinsiyetiniz:
2) Yasimz:

3) Egitim Durumunuz (Veya Devam Etmekte Oldugunuz):

O ilkokul 0 Ortaokul O Lise 0 On Lisans O Lisans
O Lisansusti
4) Boy: ____ cm Viicut agirhgi: ~ Kg BKI
(kg/m?):

5) Tam koyulmus herhangi bir fiziksel (seker, tansiyon, .. vb) ya da
psikiyatrik (anksiyete, dikkat eksikligi, .. vb) rahatsizhginiz var m?

O Evet 0 Hayir
Evet ise nedir:

6) Diizenli kullandiginiz herhangi bir ila¢ var mi?

O Evet 0 Hayir
Evet ise nedir:

7) Sigara kullaniyor musunuz?

O Evet O Bazen 0 Hayir

8) Alkol kullaniyor musunuz?

O Evet O Bazen 0 Hayir

9) Diizenli olarak fiziksel aktivite yapiyor musunuz?
O Evet O Bazen O Hayir

Evet ise turd nedir;
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APPENDIX C- Edinburg Handedness Inventory

EDINBURGH EL TERCiH ANKETI

Asagidaki anketi cevaplarken giinliik yapilan her bir aktivitenin cevabi igin

olusturulan kutulara ‘v’ isareti yerlestiriniz.

Aktivite

Sol El

Sag El

Daima | Genellikle

Daima

Genellikle

Her iki El
Kullanim

Toplam

1)

Yaz1 yazarken
kalemi hangi
elinizle
tutarsiniz?

2)

Resim
cizerken fir¢a
veya kalemi
hangi elinizle
tutarsiniz?

3)

Tas1 atarken,
firlatirken
hangi elinizle
tutarsiniz?

4)

Kumasi
keserken
hangi elinizle
makasi
tutarsiniz?

5)

Dis firgalarken
firgay1 hangi
elinizle
tutarsiniz?

6) Ekmek keserken

hangi elinizle
bicag
tutarsiniz?

7)

Gorba igerken
hangi
elinizle
kasig1
tutarsiniz?

8)

Sipurge
kullanirken
en Ustte hangi
elinizi
kullanirsiniz?
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9) Kibrit cakarken
kibriti  hangi
elinizle
tutarsiniz?

10) Kavanoz
acarken hangi
elinizle kapagi
tutarsiniz?

Toplam
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APPENDIX D- The Physical Activity Readiness Questionnaire
(PAR-Q)

FiZiKSEL AKTIVITEYE UYGUNLUK ANKETI

Asagidaki sorular1 dikkatlice okuyunuz ve her birine size en yakin gelen
cevabi veriniz.

Litfen EVET veya HAYIR sikkinin yanindaki kutuyu isaretleyiniz.

1) Doktorunuz tarafindan, kalp hastaliginiz oldugunu ve sadece | [] Evet
bir hekim tarafindan tavsiye edilen fiziksel aktiviteleri [ Hayir
yapmaniz gerektigini hi¢ sdyledi mi?

2) Fiziksel aktivite yaparken g6gsiiniizde agri hissediyor (] Evet
musunuz? [ Hayir

3) Gegtigimiz aylar i¢inde fiziksel aktivitede bulunmadiginiz ] Evet
sirada gdgstinlizde agr1 hissettiniz mi? [ Hayir

4) Bas donmesi nedeniyle denge kayb1 yasiyor musunuz veya (] Evet

bilincinizi kaybettiginiz oluyor mu? [ Hayir
5) Fiziksel aktivite diizeyinde degisiklik yaptiginizda ] Evet
katiilesebilecek bir kemik veya eklem rahatsizliginiz (6rn. [ Hayir
sirt, diz veya kalgada) var mi1?
6) Tansiyon veya kalp hastalig1 nedeniyle doktorunuz ] Evet
tarafindan verilen receteli bir ila¢ (6rn. tansiyon diisiiriicii, [J Hayir

idrar soktiiriicii ilaclar gibi) kullaniyor musunuz?

7) Fiziksel aktivite yapmamanizi gerektiren bagka herhangi bir | [J Evet
neden var m1? [ Hayir
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APPENDIX E- Sleeping Questionnaire

UYKU FORMU

Asagidaki sorulart giinlik ve haftalik rutinlerinizi gz oniinde bulundurarak
cevaplaymiz.

1) Ginde ortalama kag saat uyursunuz?

6) Su anda kendinizi ne kadar uykusuz hissediyorsunuz? Sayiy1 daire igine

aliniz.
1 2 3 4 5 6 7
Hig¢ uykusuz degilim Cok uykusuzum
7)
a) Hafta igi/ hafta sonu uyku saatleriniz arasinda fark oluyor mu?
0 Evet 0 Hayir
Yanit EVET 1S€; .uvvviiiiiiiicieeeee e
b) Hafta sonu hafta icine gore ka¢ saat daha ge¢ veya erken
uyanirsimiz?
O0Ge¢c OErken
c) Hafta sonu hafta icine gore ka¢ saat daha ge¢ veya erken
uyursunuz? O0Ge¢ OErken
8)
a) Yakin zamanda uyku diizeninizin disina ¢iktiniz mi1?
O Evet 0 Hayir
Yanit EVET ise;
b) Ne zaman ve ne SebePle? ...
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9)
a) Giin i¢inde kafein aldiniz mi1?
O Evet 0 Hayir

Yanit EVET ise;

b) Kafein iceren hangi i¢ecegi ictiniz, ne tiir/biiyiikliikte bardakta ve ka¢ bardak?

10)
a) Bazi kisiler kafein iceren igecekler/maddeler aldiklarinda kafein hassasiyeti
yasayarak uyumakta giicliik cekmek, mide agrisi, irritasyon gibi etkiler yasarlar.
Siz kafeine hassas biri misiniz?

0 Evet O Hayir
Yanit EVET ise;

b) Kafeine ne kadar hassas oldugunuzu asagidaki 6lgekte sayiy1 daire igine
alarak derecelendiriniz.

1 2 3 4 5 6 7

Kafeine hig hassas Kafeine ¢ok hassasim
degilim
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APPENDIX F- Morningness - Eveningness Questionnaire (MEQ)

SABAHCIL — AKSAMCIL OLCEGI

Insanlar yasam bigimleri, uyku-uyaniklik diizenleri ve gdsterdikleri
performanslarin zamani bakimindan “sabah tipi” ve “aksam tipi” seklinde
siiflandirilabilirler. Asagida bununla ilgili sorular bulunmaktadir. Liitfen her bir
soruyu cevaplandirmadan Once dikkatli bir sekilde okuyun. Tiim sorular
cevaplandirin. Her bir soru i¢in cevabiniz digerlerinden bagimsiz olmalidir, geri
donmeyin ve cevaplarinizi kontrol etmeyin. Her bir soru i¢in bir tek cevap secin. Size
dogru gelen secenegi uygun sayiy1 dikkate alarak isaretleyin.

1) Eger giindiiz planlarinizi bagkalarindan bagimsiz olarak tek basiniza yapabilmis
olsaydiniz saat kag civarinda yataktan kalkmak sizin i¢in en uygunu olurdu?

» Sabah 05:00 - Sabah 06:30 () 5M
» Sabah 06:30 - Sabah 07:45 () 471
» Sabah 07:45 - Sabah 09:45 () 30
+ Sabah 09:45 - Sabah 11:00 () 211
+  Sabah 11:00 - Ogle 12:00 () I
«  Ogle 12:00 - Sabah 05:00 () ]

2) Eger aksam planlarinizi bagkalarindan bagimsiz olarak tek basiniza yapabilmis
olsaydiniz saat kag civarinda yatmak sizin i¢in en uygunu olurdu?

*  Aksam 20:00 - Gece 21:00 () 501

*  Gece 21:00 - Gece 22:00 () 14

* Gece 22:00 - Gece yarisindan sonra 23:00 () 301
*  Gece yarisindan sonra 23:00 - Sabah 02:00 () 2 I
» Sabah 02:00 - Sabah 03:00 () 171

» Sabah 03:00 - Sabah 08:00 () on

3) Sabahlar1 belli bir saatte kalkmak zorunda oldugunuzda saat kurup zil sesiyle
uyanmaya ne derecede kendinizi bagimli hissedersiniz?

 Hic bagimli hissetmem () 4 I

*  (Cok az bagimli hissederim () 3l
Oldukca bagimli hissederim () 2 [
*  (Cok bagimli hissederim () M1

4) Cevresel sartlar tam olarak uygun olsa sabahlari yataktan kalkmak size ne denli
kolay gelir?

» Aslakolay gelmez () o1
+ Cok kolay gelmez () 2

M
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Oldukca kolay gelir () 3
Cok kolay gelir () 4

5) Sabahlar kalktiktan sonraki ilk bir saat i¢cinde kendinizi ne denli canli ve uyanik

hissedersiniz?

Asla canli hissetmem () 1]
Hafif canli hissederim () 2 [
Oldukga canli hissederim () 13
Cok canli hissederim () 41

6) Sabahlar1 kalktiktan sonraki ilk bir saat siiresince istahiniz nasildir?

Cokksti () 1
Oldukca kot () 271
Oldukcaiyi () B
Cokiyi () 4

7) Sabahlar1 kalktiktan sonraki ilk bir saat i¢inde kendinizi ne denli yorgun

hissedersiniz?

Cok yorgun () il
Oldukca yorgun () 2
Oldukga dinlenmis ( ) 3
Cok dinlenmig () 4 [

8) Ertesi giine ait bir randevu ya da isiniz olmadiginda her zamanki yatma vaktinize

gore erken ya da ge¢ mi yatarsiniz?

Asla ge¢ yatmam () T4

1 saatten daha az ge¢ yatarrm () 3 I
1-2 saat daha gec yatarim () 2

2 saatten daha fazla gecikirim () 1 I

9) Biraz fiziksel egzersiz yapmaya karar verdiniz. Bir arkadasinizin da bunu haftada

iki kez ve birer saat yapmanizin uygun oldugunu belirterek bunun i¢in en iyi
zamanin sabah 07:00-08:00 arast oldugunu soyledi. Bu saatlerde en iyi
performansini gdsterebilir misin?

Iyi bir sekilde gergeklesecegini diisiiniiriim () 4
Orta derecede basarili olurum () 3 !

Giig olacaktir () 2]

Cok gii¢ olacaktir () 1

10) Saat kag civarinda kendinizi yorulmus hissediyorsunuz ve uykunuz geliyor?

Gece8:00 - Gece 9:00 () s
Gece 9:00 - Gece 10:15 () M4
Gece 10:15 - Gece yarisindan sonra 12:45 () 3
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*  Gece yarisindan sonra 12:45 - Sabah 02:00 () 2
» Sabaha kars1 02:00 - Sabah 03:00 () n

11) Bir giine ait planlarinizi tam olarak kendinizin ayarladigini diisiiniin. Size, iki saat
stirecek ve sonunda zihinsel olarak yorgun diisiirecek bir basar1 testi uygulanacak
olsa en iyi performansi gosterebilmeniz igin bu testin hangi saat diliminde
uygulanmasi sizce uygun olur?

« Sabah 08:00 - 10:00 () 41

» Sabah 11:00 - 13:00 () 3l

» Opgleden sonra 15:00 - 17:00 () 211
e Aksam 19:00-21:00() 11

12) Gece saat 23.00°de yattiginizi diisiiniin. Yataga yattiginizda kendinizi ne diizeyde
yorgun hissedersiniz?

* Hic yorgun hissetmem () 0 I/

* Cok az yorgun hissederim () P

* Oldukca yorgun hissederim () 3l
Cok fazla yorgun hissederim () 5]

13) Birtakim nedenlerden 6tiirii her zamankinden 3-4 saat daha ge¢ yattiginizi ancak
ertesi sabah belli bir saatte kalkmaniz gerekmedigini diisiiniin. Asagidakilerden
hangisi yatis ve kalkis zamaninizi en 1y1 tanimlar?

* Her zamanki vakitte uyanirim ve tekrar uyumam () 4

* Her zamanki vakitte uyanirim ama daha sonra hafifce uyuklarim () 8!
* Her zamanki vakitte uyanirim ama tekrar uykuya dalarim () 2

* Her zamankinden ge¢ uyanirim () 1

14) Sabah 04:00-06:00 aras1 nobet tuttugunuzu ve uyanik durmak zorunda oldugunuzu
diisiiniin. Ertesi giine ait bir randevunuz da yok. Bdyle bir durumda
asagidakilerden hangisini yaparsiniz?

+ Nobet bitene kadar yatmam () 1’

+ Nobetten dnce hafif bir sekerleme yapar ve ndbetten sonra uyurum () 2
* Nobetten 6nce uyur nébetten sonra da biraz kestiririm () 3

* Nobetten dnce iyice uyur ve uykumu almis olurum () 411

15) Iki saat bedensel olarak siki bir sekilde calismak zorunda oldugunuzu diisiiniin.
Giinliik calisma planinizi ayarlamakta da tamamiyla serbest olsaniz asagidaki
zaman dilimlerinden hangisi sizin i¢in en iyi ¢aligma zamanidir?

» Sabah 08:00 - 10:00 () 41

» Sabah 11:00 - Ogleden sonra13:00 () 3!
M
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» Ogleden sonra 15:00 - 17:00 () 2
e Aksam 19:00-21:00() 1T

16) Siki bir fiziksel egzersiz yapmaya karar verdiniz. Bir arkadasiniz da bunu haftada
iki kez ve birer saat yapmanizin uygun oldugunu belirterek bunun i¢in en iyi
zamanin gece 22:00 23:00 arast oldugunu soyledi. Bu saatlerde en 1iyi
performansini gdsterebilir misin?

» lyi bir sekilde gergeklesecegini diisiiniiriim () il
+  Orta derecede basarili olurum () 2 [

+ Giig olacaktir () 31

« Cok gii¢ olacaktir () 14

17) Calisma saatlerinizi kendinizin belirlediginizi diisiiniin. Glinde 5 saat (yemek aras1
dahil) ¢alistiginizi, isinizin ilging bir is oldugunu, severek calistiginizi ve elde
ettiginiz basariya gore de licret aldiginizi farz edin. Boyle bir durumda 5 saatlik
calisma siirenizi baslatmak i¢in hangi saatleri segerdiniz?

+  Sabah 04:00 - Sabah 08:00 () 5l

+  Sabah 08:00 - Sabah 09:00 () b

 Sabah 09:00 - Ogleden sonra 14:00 () 3!

+ Opleden sonra 14:00 - Ogleden sonra 17:00 () 2]
+ Ogleden sonra 17:00 - Sabah 04:00 () 1’

18) Giin i¢inde kendinizi en iyi hissettiginiz zaman dilimi hangisidir?

 Sabah 05:00 - Sabah 08:00 () Bl

« Sabah 08:00 - Sabah 10:00 () 4]

+ Sabah 10:00 - Ogleden sonra 17:00 () 3|
« Ogleden sonra 17:00 - Gece 22:00 () P!
»  Gece 22:00 - Sabah 05:00 () K|

19) Insanlar yasam  bigimleri, uyku-uyaniklik diizenleri ve gosterdikleri
performanslarin zamani bakimindan “sabah tipi” ve “aksam tipi” seklinde
siiflandirilabilirler. Asagidakilerden hangisi bu bakimdan sizi en i1yi sekilde
tanimlar?

* Kaesinlikle sabah tipiyim () 6
* Aksam tipinden daha ¢ok sabah tipine uyuyorum () 4
» Sabah tipinden daha ¢ok aksam tipine uyuyorum ( ) 2
* Kesinlikle aksam tipiyim () 1o
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APPENDIX G- The Richards-Campbell Sleep Questionnaire
(RSCQ)

Haftahk Calisma Oncesi Anket

Katilimet: .............

* Din gece saat kagta uyudunuz?

* Bu sabah saat kacta uyandiniz?

RiICHARD-CAMPBELL UYKU OLCEGI

Asagidaki dlgegi, diin geceki uyku durumunuzu diisiinerek ‘0 en kotii’ ve ‘100
en iyi’ olacak sekilde degerlendirmeniz istenmektedir. Her bir maddeyi dikkatlice
okuyup size uygun olan derecenin oldugu kutucugu isaretleyiniz.

Uyku Kalitesi Degerlendirme

0 |10 |20 |30 |40 |50|60|70(80|90|100

1) Diin gece uykum

2) Dun gece uykuya
dalmam

3) Dlin gece uyanma
sikl1g1

4) Diin gece uyanik kalma
suresi

5) Diin gece uykunun
kalitesi

6) Dun gece glraltu
seviyesi
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APPENDIX H- Ethical Board Approval

SAYI : B.30.2.IEU.0.05.05-020-267 28.02.2023
KONU : Etik Kurul Karan hk.

Sayin Prof. Dr. Canan Basar Eroglu ve Kiibra Altuntas,

“Geng Yetigkinlerde, Egzersiz ve Sirkadiyen Ritmin (Sabahgil-Aksamcil) Calisma
Bellegi Uzerindeki Etkisi” baslikli projenizin etik uygunlugu konusundaki basvurunuz
sonuglanmistir.

Etik Kurulumuz 28.02.2023 tarihinde sizin bagvurunuzun da iginde bulundugu bir giin-
demie toplanmig ve Etik Kurul tiyeleri projeleri incelemistir.

Sonugta 28.02.2023 tarihinde “Geng Yetiskinlerde, Egzersiz ve Sirkadiyen Ritmin
(Sabahgil-Aksamcil) Calisma Bellegi Uzerindeki Etkisi” konulu projenizin etik
agidan uygun olduguna oy birligiyle karar verilmistir.

Geredi icin bilgilerinize sunanm.
Saygllarimia,

Prof. Dr. Murat Bengisu
Etik Kurul Bagkani
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