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	AI Tool
	Date used 
	Why did you use this tool?
	Example prompt(s)

	Copilot
	15/11/25
	How to structure the essay.

Learning

Research
	For an essay, I have to do an intervention looking at the effects of exercise on sleep. Can you tell me which sections I need, and what information should go in each?
Explain to me a step-by-step process for critiquing a study.
Find me recent peer-reviewed studies on sleep and physical activity in university students.


	Copilot
	15/11/25
	Learning
	Explain to me what should be in my data analysis and method section.

	Copilot
	15/11/25
	Learning
	What are inferential tests? And why do they not apply to my study? 

	Copilot
	15/11/25
	Learning
	What are inferential tests? And why do they not apply to my study? What tests should I do for my study?


	Copilot
	15/11/25
	Learning
	What is descriptive statistics?


	Copilot 
	16/11/25
	Learning
	How do I calculate the standard deviation, mean, and range?
Explain to me how I calculate CV and what it tells me.
Explain the descriptive difference.
What patterns do my intervention results reveal?
Does my study prove anything?

What should go in my results section?
Work out the standard deviation, mean, and median here, and show me how they are calculated.
What are the limitations of my study?



	Copilot
	18/11/25
	Learning
	If I am stating a limitation of a study, and within the study, they have stated it as a limitation, can I cite that study to support my sentence?


	Copilot
	19/11/25
	Research
	Show me a study that shows a lack of demographic diversity reduces generalisability.


	Copilot
	19/11/25
	Research
	Find me an academic journal that supports that narrow samples restrict generalisability.


	Copilot
	19/11/25
	Research
	Find me an academic journal that says longitudinal data supports influence over time and strengthens the study.


	Copilot
	20/11/25
	Research
	Find me an academic journal that allows single-participant studies to prove cause and effect.
Find an academic journal that examines the accuracy of smartwatches or wearables.
Find an academic journal that examines the effects of screen time on sleep.
Find an academic journal that examines the effects of first-generation antihistamines on sleep.
Find me a recent study that shows how antihistamines impact sleep quality, duration, and sleep latency.


	Copilot
	20/11/25
	Research
	Find recent studies on the effectiveness of self-reported data.


	Copilot
	21/11/25
	Research
	Find recent studies on how first-generation antihistamines affect sleep quality, duration, and sleep latency.

	Copilot
	21/11/25
	Research
	Find me a journal article that studies how the antihistamine promethazine affects sleep.

	Copilot
	21/11/25
	Research
	Find an academic journal that examines the strengths and limitations of smart watches for tracking sleep and physical activity.

	Copilot
	22/11/25
	Learning
	Should I include a sentence in the essay of my intervention that informed consent was completed before the implementation of the intervention?

	Copilot
	23/11/25
	Checking references
	Check that these references are consistent with the Harvard style.

	Grammarly 
	24/11/25
	Check my essay
	Check style, grammar, clarity, and academic tone. Highlight any sentences that need rewording for clarity.

	Copilot
	25/11/25
	Research
	Can you find me original papers for the BPSQI and consensus sleep diary that say they are validated instruments?

	Copilot
	25/11/25
	Learning
	Do I include the limitations of the instruments used in the methods section, or do I state what is good? Please explain

	Copilot
	25/11/25
	Research
	Find me a recent study that has investigated how physical activity affects sleep using PSG.

	Copilot
	25/11/25
	Research
	Find me a recent study that has investigated how physical activity affects sleep using a wearable.

	Copilot
	27/11/25
	Learning
	Looking at my work, have I covered everything in my part one section?

Do you think my work matches the task description here?=

	Copilot
	27/11/25
	Learning
	Looking at my work here, have I included everything that should be in the data analysis and results section?

	Copilot
	28/11/25
	Learning
	In my discussion section here, have I covered everything that I should have?

	Copilot
	29/11/25
	Checking my new references
	Are all my references consistent with the Harvard style?




Exercise Effects on Sleep: A Student-Led Study
Sleep and physical activity are central to student wellbeing, but inconsistent study designs, measurement methods, and sampled populations produce mixed findings (Stores et al., 2023; Burchett et al., 2020; Routen et al., 2022). To move beyond simple associations, recent work now combines extensive surveys, intensive objective monitoring, and experimental trials (Barka et al., 2025; De Zambotti et al., 2024; Azharuddin et al., 2022).
The critique, therefore, begins with population-level evidence from an extensive university survey. Barka and colleagues (2025) surveyed 1,340 students (mean age ≈ 20). They tested whether self-reported physical activity predicted sleep quality and whether the frequency of organised sport moderated that link. Students who reported more activity tended to report slightly better sleep. The association varied by sport participation; however, the models explained only a small proportion of the variance in PSQI scores, indicating that many other influences on sleep remain (Barka et al., 2025; Yin et al., 2024; Wang et al., 2023). This extensive, cross-sectional study is helpful for hypothesis generation and subgroup analysis, but it cannot establish temporal order or causality (Savitz and Wellenius, 2023). Physical activity was self-reported, rendering it susceptible to recall and social‑desirability biases; additionally, failure to adjust for plausible confounders (stress, screen time, chronotype, and mental health) raises the possibility that the observed association is biased or spurious (Anvari et al., 2023; Kalbacher and Rancher, 2024; Wang et al., 2023). Given these measurements and confounding concerns, objective, time-stamped monitoring offers a complementary approach to clarify temporal relationships and reduce bias. 
Castiglione Fontanellaz et al. (2022) followed fifty adolescents from a twin cohort with wrist actigraphy (wrist-worn devices that infer sleep from movement) for several months. This produced minute-level step counts and algorithmic sleep estimates (bedtime, rise time, total sleep time, sleep onset latency, wake after sleep onset, awakenings, and sleep efficiency). The authors decomposed step counts into person means (between-person) and daily deviations (within-person), and modelled school versus free days separately. They found that on days with more steps, adolescents went to bed slightly later and, on school days, rose slightly later; those with higher average steps showed marginally lower sleep efficiency (Castiglione Fontanellaz et al., 2022). These minor effects reflect shifts in sleep timing (later bedtimes and rise times) rather than clear improvements in sleep continuity (Castiglione Fontanellaz et al., 2022; De Zambotti et al., 2024). The study's strengths are its objective, long-term actigraphy, and the within‑/between‑person decomposition, which reduce recall bias and better capture real-world variability (Vogelsmeier, Vermunt & De Roover, 2023; De Zambotti et al., 2024). The limitations of this study include a small, non-representative sample, reliance on consumer actigraphy algorithms rather than polysomnography, and limited capture of activity intensity and non-ambulatory exercise (De Zambotti et al., 2024; Nauha et al., 2023; Routen et al., 2022). Because the design is observational and vulnerable to confounding, actigraphy can reveal temporally specific, within-person associations that cross-sectional surveys cannot; however, such findings remain correlational and do not establish causality (De Zambotti et al., 2024; Savitz and Wellenius, 2023)
To test causality more directly, Azharuddin et al. (2022) conducted a single-blind randomized trial in collegiate adults with poor sleep, comparing the acute effects of a single 35–40‑minute concurrent exercise session performed in the morning versus the evening on polysomnographic outcomes and subjective sleep quality. After baseline PSG, participants completed a supervised exercise bout and then underwent overnight PSG while completing the St Mary's Hospital Sleep Questionnaire (Azharuddin et al., 2022). Morning exercise produced larger increases in PSG-measured sleep efficiency and better subjective sleep that night compared with evening exercise, providing an acute causal signal that timing matters (Azharuddin et al., 2022). The trial's randomisation and use of polysomnography strengthen causal inference for these immediate effects. Still, external validity is limited: the study was small, selective, and lab-based, and a single session cannot address long-term adherence or cumulative benefits (Burchett et al., 2020; Routen et al., 2022; Savitz and Wellenius, 2023). Moreover, because the trial consisted of individuals with pre-existing poor sleep, the findings cannot be readily generalised to healthy populations (Burchett et al., 2020; Routen et al., 2022; Savitz and Wellenius, 2023).

Taken together, these studies indicate that physical activity can influence sleep. The direction and magnitude of the effects are context-dependent (Barka et al., 2025; Castiglione Fontanellaz et al., 2022; Azharuddin et al., 2022). Cross-sectional evidence points to a small positive association at the population level (Barka et al., 2025). Longitudinal actigraphy reveals subtle within-person timing effects and possible trade-offs with sleep efficiency (Castiglione Fontanellaz et al., 2022). Experimental PSG demonstrates that timing — particularly morning exercise — can acutely improve sleep efficiency in people with sleep complaints (Azharuddin et al., 2022). Effect sizes are generally small to moderate and sensitive to measurement method, timing, and participant characteristics (De Zambotti et al., 2024). Across studies, plausible mediators and confounders recur — stress, screen time, chronotype, napping, and mental health — which can shape both activity and sleep and may explain inconsistent findings when unmeasured (Stores et al., 2023; Suardiaz-Muro et al., 2023; Wang et al., 2023; Kalbacher and Rancher, 2024). Mechanistically, exercise may improve sleep by reducing physiological arousal, improving mood, and shifting circadian phase; timing interacts with chronotype, so morning exercise may advance circadian timing for some individuals and thereby improve sleep efficiency (Azharuddin et al., 2022).
Each research approach has distinct strengths and limitations that shape what can be concluded. Cross-sectional surveys are efficient for subgroup analysis and hypothesis generation (Savitz and Wellenius, 2023). However, they cannot establish temporality and are vulnerable to self-report bias (Savitz and Wellenius, 2023). Moreover, intensive longitudinal actigraphy delivers ecological validity and captures intra-individual dynamics, yet consumer devices approximate sleep staging and often miss intensity and non-ambulatory activity. Additionally, Observational designs also remain vulnerable to confounding (De Zambotti et al., 2024). In contrast, experimental PSG trials provide the strongest causal evidence and precise physiological outcomes, yet they tend to be small, lab-bound, and limited in generalisability (Azharuddin et al., 2022; Burchett et al., 2020). To move the field forward, studies should therefore integrate these strengths by recruiting large, diverse longitudinal cohorts with time-stamped objective actigraphy, embedding randomized interventions that manipulate dose and timing over weeks, and including PSG subsamples to validate mechanisms (Azharuddin et al., 2022; De Zambotti et al., 2024; Routen et al., 2022). Furthermore, to strengthen causal inference, researchers should pre-register planned mediation analyses (e.g., stress, mood, circadian markers) and systematically account for key confounders such as screen time, chronotype, and academic workload (Kalbacher and Rancher, 2024; Savitz and Wellenius, 2023; Stores et al., 2023). For student populations, repeated real-world interventions and diverse sampling are essential to produce practical, generalisable guidance (Barka et al., 2025; De Zambotti et al., 2024; Nielsen et al., 2024). Consequently, to address these gaps, the present intervention was implemented to assess the effect of physical activity on sleep using objective actigraphy and daily subjective sleep diaries.

Method
Written informed consent was obtained before the intervention was implemented. A Brief Pittsburgh Sleep Quality Index (B-PSQI) was completed before the monitoring week to establish a baseline measure of sleep quality (Buysse et al., 1989). During the seven days, a smartwatch recorded nightly sleep duration and wake times while a physical activity diary captured the type and timing of daily exercise (De Zambotti et al., 2024). Smartwatches were selected because they are accessible and low-cost, making them practical for student-led studies (Nielsen et al., 2024). Each morning, the Consensus Sleep Diary-M was completed within 30 minutes to record subjective sleep parameters, including sleep onset latency, number of awakenings, and perceived restfulness (Carney et al., 2012). Combining wearable data with validated self-report instruments enabled structured temporal comparisons between exercise and sleep (De Zambotti et al., 2024; Carney et al., 2012). This approach reduced reliance on retrospective reporting (Anvari et al., 2023; Carney et al., 2012). The dual-tracking strategy enabled comparison of both perceived and device-recorded sleep parameters, facilitating a more nuanced assessment of short-term fluctuations in sleep quality relative to exercise behaviours (Nauha et al., 2023; Barka et al., 2025). The B-PSQI baseline provided a validated reference for interpreting daily variation. Although this study is limited to a single participant, the method demonstrates practical value for student-led wearable studies and highlights considerations such as accessibility, cost, and user compliance (Buysse et al., 1989; Nielsen et al., 2024).

Data analysis
Descriptive statistics are reported as mean ± sample standard deviation (SD, calculated with n−1) and range. Individual nightly values are presented in Table 2. Baseline Brief PSQI scores are summarised in Table 1. No inferential tests were performed because a single participant with 7 nights of data is not appropriate (Tanious and Manolov, 2025). Comparisons between exercise and non-exercise nights are presented only descriptively. The following section presents the results for the seven days, beginning with data completeness.

Results
Device and diary completeness
Device recordings were complete for all seven nights, and morning diary completion was 7/7.
Descriptive sleep outcomes
Mean nightly sleep was 524 minutes (SD = 65; range 401–609; n = 7, single participant). Median sleep was 525 minutes. Individual nightly values are shown in Table 2. 
Exercise versus non-exercise nights 
Five nights were recorded as exercise nights (27/10, 28/10, 30/10, 31/10, 02/11) and two nights as non-exercise (29/10, 01/11). On exercise nights (n = 5), mean sleep was 551 minutes. On non-exercise nights (n = 2), mean sleep was 456.5 minutes. The descriptive difference was 94.5 minutes.
Awakenings and subjective sleep quality
Awakenings were recorded on two nights (0 awakenings = 4 nights; 1 awakening = 1 night; 3 awakenings = 1 night). Subjective sleep quality ratings were: Very good on 3 nights, Good on 1 night, Fair on 2 nights, and Poor on 1 night. Perceived restfulness ranged from "Very well rested" to "Somewhat rested" and is shown alongside each night in Table 2.
Contextual events
Two contextual events were noted in Table 2. On 30/10, a missed sedating antihistamine dose coincided with poorer subjective quality despite long objective duration. On 02/11, an external disturbance led to three awakenings. These events are reported descriptively without interpretation.
    Table 1. Summary of the Brief Pittsburgh Sleep Quality Index (BPSQI)
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Discussion
The seven-day self-monitoring data show longer sleep after exercise nights, with apparent exceptions explained by medication changes and environmental disturbance. These patterns align with population, actigraphy, and experimental findings (Barka et al., 2025; Castiglione Fontanellaz et al., 2022; Azharuddin et al., 2022). The tendency toward longer sleep and improved morning restfulness after exercise mirrors population-level associations in student samples, although effects were not uniform (Barka et al., 2025). On 30 October, subjective sleep quality declined, and sleep latency increased following a missed dose of a sedating antihistamine. On 2 November, three awakenings followed an external disturbance. The diary, therefore, suggests that short-term medication changes and acute environmental factors can disrupt sleep despite concurrent physical activity (King, 2025; Stores et al., 2023).
Instances of long objective sleep with poor perceived quality highlight a common discordance between wearable metrics and subjective experience: devices capture duration but may miss fragmentation, micro-awakenings, or non-restorative sleep that reduce perceived restfulness (Nauha et al., 2023; De Zambotti et al., 2024). Beyond acute events, unmeasured behavioural mediators (e.g., evening mobile phone use, napping, caffeine) and stable individual differences (chronotype, self-control, mood) likely modulate exercise–sleep links and contribute to the night-to-night variability observed here (Yin et al., 2024; Wang et al., 2023; Kalbacher and Rancher, 2024).
Taken together, these observations make the activity–sleep pattern in this case plausible but exploratory: the diary clarifies exceptions and suggests mechanisms that wearables alone cannot reveal, yet the single‑participant, seven-night design limits inference to hypothesis generation and contextual illustration rather than generalisable conclusions (Burchett et al., 2020; Savitz and Wellenius, 2023). 

Limitations
This single‑participant, uncontrolled design is inherently exploratory and cannot support causal claims or population estimates (Tanious and Manolov, 2025). Measurement validity is constrained: consumer smartwatches approximate sleep architecture and can misclassify wake after sleep onset or micro-awakenings, potentially leading device-derived sleep duration to overestimate actual sleep (De Zambotti et al., 2024; Nauha et al., 2023). Daily diaries reduce recall error but remain vulnerable to social desirability, inconsistent completion, and imprecise timing, which can distort alignment with time-stamped device data (Anvari et al., 2023; Nielsen et al., 2024). Statistically, the small number of nights prevents inferential testing. It magnifies the influence of outlier nights, so descriptive differences (for example, mean sleep after exercise) may not replicate in larger samples (Tanious and Manolov, 2025). Finally, practical constraints — participant burden, device access, and adherence — limit scalability and may bias samples toward more motivated students (Nielsen et al., 2024).
In conclusion, these single‑participant findings illustrate how combining wearables with daily diaries can reveal short-term links between physical activity and sleep, while clarifying exceptions driven by medication changes and environmental disturbances. These observations should be read as hypothesis-generating illustrations rather than definitive evidence (Savitz and Wellenius, 2023). Future student-focused research should scale this mixed‑methods approach with larger, diverse samples and embed experimental components to test causality and produce generalisable guidance.
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Appendix 1: Break Pittsburgh Sleep Quality Index
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Appendix 2: Consensus Sleep Diary-M
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Appendix 3: My Physical Activity Diary
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INSTRUCTIONS: .
The following questions relate to your usual sleep habits during the past month only. Your answers

should indicate the most accurate reply for the majority of days and nights in the past month
Please answer all questions.

During the past month, when have you usually gone to bed at night?

geDTIVE_F pm

During the past month, when have you usually gotten up in the morning?

GETTING UP TIME Jom

During the past month, how long has it usually taken you to fall asleep each night?

NUMBER OF MINUTES N

During the past month, how many hours of actual sleep did you get at night? (This may be
different than the number of hours you spent in bed.)

HOURS OF SLEEP PER NIGHT hour S

During the past month, have you had trouble sleeping because you wake up in the middle ofthe
night or early morning?

Not during the Less than Once or twice Three or more /
past month once a week a week times a week

During the past month, how would you rate your sleep quality overall?
Very good
Fairly good

Rl

Fairly bad
Very bad

mmercial education and research purposes. If you would like to use this instrument for commercial

This form may only be used for non-cor
T ressarch, please contact the Office of Technology Management at the University of Pittsburgh at

purposes or for commercially sponsore
412-648-2206 for licensing information

© Copyright, 2019, University of Pittsburgh. Al rights reserved. Developed by Daniel J. Buysse, C. F. Reynolds, T. H. Monk, S. R.
Berman, and D. J. Kupfer of the University of Pittsburgh using National Institute of Mental Health Funding.
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Consensus Sleep Diary-M (Please Complete Upon Awakening)
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PQS! Item Response
Usual bedtime 8PM
Sleep latency 30 Minutes
Usual wake time 7AM

8 Hours

Actual sleep duration

During the past month, have you had trouble
sleeping because you wake up in the middle of
the night or early morning?

Three or more times a week

Subjective sleep quality

Fairly bad
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Table 2. Sleep duration, perceived restfulness, and disruptions with daily activity record

Date Total Sleep Felt rested | Awakenings | Exercise Notes
sleep quality
27/10/25 | 9h4m Very good | Well rested | 0 Yes 30 min walk
28/10/25 | 9h30m | Verygood |Verywell [0 Yes 30 min walk
rested
29/10/25 | 6h 41m Good Well rested | 0 No
30/10/25 | 10h9m | Poor Somewhat | 1 Yes 30 min walk/
rested missed
antihistamine
31/10/25 | 8h45m | Verygood |Verywell [0 Yes 30 min walk
rested
01/11/25 | 8h32m Fair Somewhat | 0 No
rested
02/11/25 | 8h27m Fair Somewhat | 3 Yes 30 min
rested walk/Disturbed
during night
(external

factors)





