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Before collating data for analysis, raw data stored on the Superlabs computer was copied and transferred into an Excel spreadsheet.  Additionally, all data stored on Qualtrics was also downloaded into a separate Excel spreadsheet.  The data on each was then cleaned, sorted and grouped, removing irrelevant data fields like user language, consent checks and so on, leaving only required data including identifier code, memory level reached, demographics and MEQ responses.  Each participant's set of data was matched together using the unique identifier code (M1, E1, etc.) by the researcher.  
Two participants were identified as potential anomalies. However, after deliberation, it was decided they could be included.  One participant’s lower-case trigram response for trial 14 was not registered as correct (all other participants did the task with caps lock on).  As the correct trigram was given and this was a mistake in the task programming, this trial was recorded as achieving the maximum level of correct responses - 15.  Another participant appeared to have mistimed their odd/even answer with a trigram answer prompt and gave a number answer where a letter should be. As the experiment experienced this as an incorrect response, the trial ended thereafter. After deliberation, this data set was also kept as this was evidence of separate cognitive errors in reaction times and attention.
 	As per the study design, data was grouped appropriately into four test conditions: congruent Lark, congruent Owl, incongruent Lark and incongruent Owl. Larks or Owls were determined based on whether their MEQ score was greater or lesser than the mean score of 46.1 respectively.  Each condition had a similar number of participants (10 or 11).  Table 1 shows descriptive statistics and average memory scores for participants in each condition.  Table 2 displays the average age and memory score of both chronotype groups in general regardless of testing time  (See appendix ___ for a breakdown per particapent).
	Condition
	Gender Ratio (M:F:NB)
	Participant Count
	Mean Age
	Age
(SD)
	Mean Memory Score (out of 15)

	Memory Score (SD)

	
Congruent
Lark

	
2:9:0
	
11
	
32.55
	
11.55
	
11.64
	
4.76

	Congruent Owl

	3:7:1
	11
	31.55
	10.78
	9.73
	5.31

	Incongruent
Lark

	1:9:0
	10
	26.9
	4.65
	8.6
	3.95

	Incongruent
Owl

	1:9:0
	10
	34.1
	9.53
	8.8
	5.86

	
	
	
	
	
	
	

	Larks Overall

	3:18:0
	21
	33.29
	10.4
	10.29
	5.38

	Owls Overall
	4:16:1
	21
	29.33
	8.58
	9.19
	4.63



	
	
	
	
	
	
	

	Both Congruent Groups

	
5:16:1
	
22
	
32.05
	
10.92
	
10.68
	
5.02

	Both Incongruent Groups

	
2:18:0
	
20
	
30.5
	
8.18
	
8.7
	
4.87

	Totals
	7:34:1
	42
	31.31
	9.63
	9.74
	4.99



Table 1: Descriptive statistics by chronotype and testing time.
M=Male, F=Female, NB=non-binary 
In Table 1 we can observe that on average, congruent test groups perform better on the Brown-Peterson short-term WM capacity task than incongruently tested counterparts.  Out of a maximum score of 15, congruently tested Larks (morning types) outperform every other condition (M=11.64), followed by congruently tested Owls (evening types) (M=9.73). Both incongruently tested groups performed about the same (Larks, M=8.6 and Owls, 8.8).   Table 1 infers that Larks generally outperform Owls on a WM task and have a slightly higher average age. Table 2, found below, displays the descriptive statistics of the memory task scores (M=9.54, SD=4.99) and the final scores of participant's MEQ responses (M=46.14, SD=12.1). 
Table 2: Descriptive statistics of Memory task scores and MEQ outcomes.
	
	N
	Minimum
	Maximum
	Mean
	SD


	Memory Task Scores

	42
	2
	15
	9.74
	4.99

	MEQ Outcome
	42
	23
	82
	46.14
	12.1



The original 19-item MEQ reported a good internal consistency with a Cronbach alpha coefficient of .82 (Horne & Östberg, 1976).   This current study slightly changed the wording of some questions and responses but remained at 19 items and found a Cronbach alpha coefficient of .89, deeming it reliable.  
A test of normality was run to explore the normality of the data before conducting the main analysis and to see if there were any outlier participants in any of the four conditions. No individual outliers were found, however, a boxplot graph of average memory scores by condition showed while the majority of congruent Larks achieved level 15, some participants scored considerably lower and brought down the overall average of that condition, with a similar pattern being observed in the congruent Owl condition. Likewise, the opposite circumstances occurred for the incongruent Larks condition, that being many participants performed poorly but a select few achieved the max level of 15 (See appendix ___ for an exploration of normality and boxplot graph).  Based on MEQ responses, three extreme chronotype participants were identified (two extreme Owls and one extreme Lark).
A two-way between-groups analysis of variance (ANOVA) was conducted to explore the impact of lark/owl chronotypes and time of testing (morning/evening) on WM task outcomes. Participants were sorted into two groups based on MEQ responses classifying them as either Lark or Owl, they were also divided into either a morning or evening test group resulting in four conditions. The interaction effect between chronotypes and the test group was not statistically significant, F (1, 38) = 1.63, p =.21. Furthermore, the main effect of chronotype, F (1, 38) = .46, p = .5, and the main effect of testing time, F (1, 38) = .3, p = .59, were found also to be statistically non-significant (Appendix ___  for ANOVA SPSS output) Levene’s test of Equality of Error Variances for memory test score based on mean showed .185, as this is larger than .05, the homogeneity of variance assumption has not been violated. (See Appendix ___). 
We can infer from Table 1 that a directional pattern has begun to emerge showing that the congruent group's average memory scores are greater than those of the incongruent groups. Figure 1, shown below (Appendix ___), shows an interaction effect between participation times and chronotype regarding memory performance.  Although this interaction may strengthen in a study with more participants, the results of the present study are non-significant therefore the study’s hypothesis cannot be supported.  
Figure 1: Line chart of interaction effect
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Chapter 4 – Discussion
	The primary aims of this study were to explore what effect chronotypes and time of testing have on the working memory performance of undergraduate students by exploring if participants under congruent testing conditions (based on personal chronotypes) perform better than incongruent conditions.  By extension, observing if ‘Owls’ or ‘Larks’ perform better on WM tasks of high cognitive load to evaluate the appropriateness of uniform testing, learning and working times for individuals in both university and job roles.  Primary findings for this investigation imply that, for a sample of this size and demographic, working congruently or incongruently with one's chronotype does not have a significant effect on short-term WM performance and congruently tested groups do not have a significant advantage over incongruent groups meaning the directional hypotheses proposed is not supported. 
However, this investigation initially predicted that the synchronicity effect would be observable in the results.  Although the results of the ANOVA were not significant so definitive findings cannot be drawn, the descriptive statistics of each conditional group found in Table 1 identify that a pattern of synchronicity has begun to emerge.  Participants frequently noted, post-testing, that the fast-paced and intense nature of the task often caused them difficulty.  This can be taken as an indicator of heavy cognitive load.  It has been found that the synchronicity effect can best be observed on tasks of heavy cognitive load as both morning and evening types draw upon their respective strengths best at congruent times of the day (Schmidt et al., 2015).  The outcomes of the present study, at a surface-level analysis, support these findings.  Nevertheless, these results remain non-significant and inconclusive when compared to existing literature.  This discussion will explore why the findings of this investigation do not line up with the findings of most previous studies with references to the limitations of the study design.
The primary research question asked; will a participant tested at a time congruent to their chronotype perform better on a WM task when compared to someone tested at an incongruent time?  Each of the four conditions being tested here consisted of a roughly equal number of participants indicating no bias in morning types being more likely to choose morning participation or vice versa and leading to no disparages in the weighting of each group.  No significant interaction was found between chronotypes and the preferred time of testing, which suggests that chronotypical congruency has no effects on WM performance.  These findings reflect those of a study that also found no interaction but only an observable trend (Evansová et al., 2022).  Yet considerably more research results suggest that the synchronicity effect should be observable when under congruent or incongruent conditions (Manly et al., 2002;  West et al., 2002).  
The findings for the primary research question also influence the answers to the second and third research questions.  There is no significant evidence here that undergraduate students tested at a congruent time can manage a greater cognitive load and there are also no significant differences for the respective performances of both Owls and Larks on a WM task.  These conclusions do not reflect existing findings that a more complex task requires greater activation in brain areas that are linked to WM (thalamus, optical lobe and cerebellum), these cerebral fluctuations should be better achieved at chronotypically congruent times of day, during which time activation increases monotonically with task complexity but then decreases shortly after, suggesting that regions of the WM network have a constrained capacity but can be stabilised throughout the day when chronotype-dependant (Braver et al, 1997; Callicott et al., 1999; Schmidt et al., 2015). 
 A possibility that these findings do not co-vary could be the small sample size paired with a select few outliers within each condition that potentially skew results.  With reference back to slow wave (N-REM) sleep, it has been found that extreme chronotypes have higher and more disruptive differences in homeostatic sleep-wake regulation around daily life conditions (Taillard et al., 2003), with extreme Larks having a faster decrease in N-REM slow wave activity during the night if they sleep later than usual (Mongrain et al., 2006).  Comparatively extreme Owls do not show these changes as much, as they keep a constant sleep period by compensatory adjustments of their waking times (Kerkhof & Lancel, 1991), leading to extreme Larks reporting more subjective sleepiness and less vigilance as a result of heightened sensitivity to SCN disruptions (Schmidt et al., 2009).  The present study identified three extreme chronotypes. The extreme Lark in question participated congruently and performed exceptionally, however, the two extreme Owls were in separate groups, with the incongruity-tested extreme Owl performing poorly.  
Furthermore, within each condition, several select individuals were identified as performing considerably worse than their peers in that group. While a test of normality identified no extreme outliers that would need to be removed as anomalies, a pattern was noticed among congruent groups. The vast majority of congruent participants scored between 12 and 15 (high scores), yet participants  M4, M14, E7, E15, E20 and E21 (none of which were extreme chronotypes) all scored <5, with few participants placing in between these two score ranges.  Due to the discrepancy within the congruent conditions, the average WM scores for these groups are brought down considerably to around a score of 10 or 11 when most group participants achieved the maximum level of 15 and would likely progress much further should the experiment be extended.  It is possible that the few participants who did not perform optimally at “optimal” times had other personal factors that contributed to their scores. For example, any given participant may have been binge drinking the evening before testing or is perhaps a frequent cannabis or other recreational drug user, both of which are known to cause next-day delirium and impairments in aspects of WM (Molnár et al., 2010; Schoeler & Bhattacharyya, 2013).  Furthermore, some student participants may be suffering from sleep loss due to the demands of academic work or, more consequently, night shift work that can result in incomplete recovery through lack of adequate sleep leading to the after-effect of deterioration in next-day mental processing (Meuman et al., 1993).  These confounding and extraneous personal factors among participants are unpredictable for a researcher unless stricter sign-up restrictions are put in place. 
The MEQ was used to ascertain the preferred and ‘true’ chronotypes of participants, daily responsibilities aside (Horne & Östberg, 1976).  However, by using this instrument, the impact of the many daily responsibilities of undergraduate students that can affect how they sleep has been neglected to be considered (as above).  The seminal work of Ronnenberg used the MCTQ to determine sleeping habits concerning chronotypes on both ‘work’ and ‘free’ days and found that the majority of the population is sleep deprived in the workweek due to our sleep timings being changed through industrialisation, with evening types being particularly affected by sleep dept as they are forced to compensate for sleep loss during free days (weekends) (Roenneberg et al., 2003).  As the MCTQ determines chronotype based on waking times on free days rather than the MEQ’s desired waking times, perhaps the MCTQ would have been more appropriate for the busy schedules of students. Since 2003, this phenomenon of artificial lighting and ‘anti-chronotype’ work conditions have worsened for evening types as demands continue to increase (Zou et al., 2002). 
Implications
	A considerable amount of research evidence indicates that the early fixed start times for school-aged students are detrimental to performance throughout the day and later start times improve educational performance (Meltzer et al., 2014; Wahlstrom et al., 2014).  It is also understood that biological changes occur during puberty that shift wake and sleep times for adolescence 2-3 hours later in the day with this shift reaching its greatest at age 19.5 for females and 20.5 for males and will gradually lessen after this age until the mid-20’s (Roenneberg et al., 2004).  The implications here are that during the critical ages for education, these being GCSE examinations, A-Levels and the typical start age for university students, our bodies are naturally inclined toward a later start that would line up with our new cognitive peaks.  The results found in this investigation were drawn from a relatively high mean age of undergraduate students yet a trend towards congruent testing times being advantageous can still be observed. Yet, given that no significant interaction between congruent/incongruent start times and WM performance has been observed for this mean age demographic we can assume that varied and ‘non-optimal’ test times may be more acceptable for more mature student's WM abilities when compared to the existing literature that they may be inappropriate for younger students. 
	As far as Larks and Owls are concerned, most findings conclude that the standard 9-5 work schedule for occupations and education alike is not desirable for a variety of cognitive measures for the majority of the population who identify as Owls or Doves (neutral) (Evans et al., 2017; Roenneberg et al., 2007).  This investigation recruited a 50/50 percentage of Lark and Owl chronotypes, further divided evenly between conditions based on sign-up times. Of this small sample there were found to be largely inconsistent WM scores within incongruent conditions and more consistency, but a higher degree of individual score differences for congruent groups indicates that learning and test timings for different personal chronotypes do not impact WM performance.  These findings do not reflect those of the majority of existing literature which finds that congruently tested groups outperform incongruently tested ones with morning types typically performing the best on WM (Abdul Jafar et al., 2023; Ceglarek et al., 2021; Heimola et al., 2021).  One investigation tested academic achievement on congruently/incongruity-tested university students and found the same as above, however, this study was conducted on a considerably larger number of participants (1471) and was limited to an age range of 18 – 25 better reflecting the majority of undergraduate students ages (Beşoluk et al., 2011).  By comparing this investigation to others of a similar nature, it can be assumed that the non-significant findings that are contrary to existing literature can be attributed to a low sample size and high average participant age when looking at undergraduate students, among other study limitations.   
[bookmark: _Toc188284189]Study Limitations
Many studies have concluded that, generally, WM development is better as a young adult or adolescent and decreases with age (Cabeza et al., 2004; Cansino et al., 2018; Fandakova et al., 2014). Specifically, the ability to bind memory items to the context they were presented (key to this study) is better among young adults resulting in better WM performance (Oberauer, 2005).  Although this is not true for all individuals, performance usually depends on varying developmental factors such as attentional mechanisms, resource limitations and WM strategies (Cowan et al., 2015), This study sample has a relatively high mean age of 31 for undergraduate students.  Furthermore, this study recruited considerably more female participants than men (34F:7M).  A study has found that men possess a greater visual episodic memory (beneficial for this study), and women possess a greater auditory episodic memory with age-related losses found in both (Pauls et al., 2023).  Although age and gender were collected for demographic data, they were not considered or investigated for the research question, there is a high possibility that these could be confounding variables in this investigation.
The process of this study also suffered from a notable lack of participant signups, the original design of this study aimed for 60 participants, however, the limited time frame for data collection and lack of participant sign-ups meant that the participant quota was not filled, and results were drawn from 42 participants. A similar study that also found observed trends, but no significant interactions also stated a small sample of participants was a main limitation (Evansová et al., 2022).   As this study was limited to 1st and 2nd year psychology students at UWTSD, many of the timeslots likely clashed with the lecture and exam times, impacting participation rates.  Likewise, as exclusively psychology students, all participants likely had at least a basic understanding of WM, decay and distractor tasks. This means there was the potential that some participants may have predicted the aim of the study and placed more priority on remembering trigrams over answering the distractor task to perform better,  which would impact findings. Further studies of this nature conducted on undergraduate students would benefit from drawing participants from other courses or potentially external sources to improve population/external validity. Furthermore, subsequent studies may benefit from analysing age-related differences among university students that can range from 18 to 50+ to assess if certain age groups may benefit from shifted start times, this age-related analysis could be furthered by assessing if certain age groups are more inclined to sign up congruently with their chronotypes and it this makes any difference in WM performance at desired test times rather than forced test times.  
[bookmark: _Toc188284190]Conclusion
This research aimed to explore the impact that working congruently or incongruently with one's chronotype has on working memory performance.  Based on quantitative data collection and analysis, this paper concludes that for a limited sample of undergraduate students, being tested congruently with your chronotype does not place you at an advantage over those tested incongruently.  By comparing these findings with existing literature, it is speculated that for a high mean age and small sample size of undergraduate university students, uniform test times remain appropriate for assessments that include WM components.  However, given the synchronicity effect has begun to emerge within trends, it indicates a larger sample size and expanded demographics may make the synchronicity effect more pronounced and may provide significant results for the greater population in keeping with existing research, with age-related differences being a further variable that should be investigated.  Understanding the importance of being able to draw upon additional WM or other cognitive resources when working or being tested at optimal times of the day for each unique individual is paramount, considering that most educational or occupational institutes operate at a universal 9am start.  Further research of this nature should aim to assess if any chronotypical group should have an advantage over others in WM or other cognitive aspects simply due to societal norms that expect all individuals to conform and work optimally at the same times when each person has a unique peak cognitive time to offer.
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