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Abstract
Objectives: The specific aims of the study are to assess whether the amount of time 
a cytology learner spends reviewing slides correlates with increased diagnostic com-
petency and to determine whether time spent reviewing slides immediately after the 
multi-head sessions correlates with a higher level of proficiency. The paper also seeks 
to explore the impacts of the time of day at which slides were reviewed on diagnostic 
learning outcome.
Methods: Data obtained through the cytology laboratory screening logs were re-
viewed, and the number of hours per day and the times of the day at which the stu-
dents were present at the glass slide library were tabulated and compared against each 
of the seven-unit slide exam scores in the semester to explore possible relationships.
Results: There was a positive linear relationship (r = 0.29) between the number of 
hours students spent in the laboratory reviewing cases and competency. When the 
students' unit diagnostic test scores were classified into low and high categories for 
each test, there was a significant correlation (P = 0.008) between a lack of time spent 
screening slides in the lab and the number of times a student was ranked at the bot-
tom of the class. Our data do not support a recency effect nor a difference in test 
scores between those who reviewed cases in the morning vs in the afternoon.
Conclusions: While educating and training a strong cytology workforce may be chal-
lenging, our study provides new insights and sheds light on the importance of spend-
ing time reviewing slides, and provides guidance for struggling students on how best 
to improve. Inside this month’s Cytopathology: The aims of this study are to assess 
whether the amount of time a cytology learner spent reviewing slides correlates with 
increased diagnostic competency, and to determine whether time spent reviewing 
slides immediately after the multi-head sessions correlates with a higher level of pro-
ficiency. The paper also seeks to explore the impacts of the time of day at which slides 
were reviewed on diagnostic learning outcome.
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1  |  INTRODUC TION

How best to educate and train cytologists is a challenge faced by 
many of the universities' training programs and hospitals across the 
globe. Providing a competent cytology diagnostician with good mor-
phology skills is a vital role that educators play to ensure that the 
future of the pathology workforce is strong and able to meet the fu-
ture demands of the profession.1 Currently, many cytology screeners 
are able to independently sign-out negative gynaecological cases, as 
well as provide pre-screening and perform rapid onsite evaluation 
(ROSE) for specimen adequacy.2,3 In the future, the cytology prac-
tice for the technologists may involve greater non-traditional techni-
cal responsibilities, including correlation, review of discrepant cases, 
teaching pathology residents, pre-screening non-gynaecological and 
biopsy cases, and perhaps even giving a preliminary diagnosis as a 
billable procedure.2–6 All of these current and future roles entail a 
cytology workforce with a strong foundation of morphology skills. 
The medical and research literature have produced mixed results 
when it comes to establishing the key aspects of educating a com-
petent workforce.

The traditional perspective is that the path to success and attain-
ing competency lies in exposure to the material, including reviewing 
what was taught in class within a 24-hour time frame to reinforce the 
memory curve for what was learned.7–10 While the traditional view 
may seem reasonable, Nonis and Hudson studied business students 
and found that, contrary to popular belief, the amount of time spent 
studying had no direct influence on developing the learners' com-
petencies.11 In fact, several research studies drawn from economic 
education have concluded that spending too much time studying has 
a negative effect on the learner’s performance.12–14

This paper seeks to assess whether the traditional perspective, 
that perseverance will reap rewards, still holds in cytology educa-
tion by reviewing the laboratory logs and finding out if there is a 
correlation between the number of hours spent in the glass slide 
library looking through the microscope and achieving diagnostic 
competency, as measured by slide test scores. The use of unknown 
case slide exams as proxy markers for cytomorphology competency 
is widespread in cytopathology training and can serve as a good in-
dicator for diagnostic competency.15

1.1  |  Chronobiology and studying habits

Chronobiology is the study of biological rhythms and its influence 
on performance, and this subject has been gaining attention in re-
cent years in healthcare practices, from when to perform a proce-
dure like a colonoscopy, to how time of day influenced the abnormal 
detection rate of cytology screeners in laboratories.16,17 Singh and 
colleagues conducted a retrospective review of 2305 colonosco-
pies performed by 18 gastroenterologists over a span of 4 years and 
found that there is a significant difference in the rate of detection 
of adenoma between procedures performed in the morning com-
pared to those performed in the afternoon.18 Another study of 2087 

procedures yielded similar results, where colonoscopies performed 
in the morning have a lower failure rate than those scheduled in the 
afternoons.19 Researchers at Duke University who analysed over 
90,000 surgeries have also found a similar pattern, where surgeries 
that began in the morning appeared to be less likely to have com-
plications than those that began in the afternoon.20 While there 
is a paucity of chronobiology studies in pathology, there is a study 
from a cytopathology laboratory that suggests there is a signifi-
cant difference between the abnormal detection rates of cytology 
screeners when reviewing cases in the morning vs the afternoon.21 
Furthermore, the study observed that cytology screeners' abnor-
mal rates declined as the day wore on, further support the idea that 
more studies should be performed to explore how time influences 
performance in a variety of settings.21

We suspect, given the better detection rates from the various 
diagnostic procedures and screening tests, that students who spent 
time in the morning reviewing slides at the laboratory should also 
achieve better competency in the form of higher slide test scores. 
Despite past studies on the topic, there is little research focusing on 
the training of cytologists and looking at this from the perspective 
of chronobiology. The aim of this study is threefold: (1) To assess 
whether the amount of time spent reviewing slides correlates with 
increased diagnostic competency in the form of higher slide test 
scores; (2) to determine whether time spent reviewing slides within 
24-hours of the multi-head class session correlates with higher com-
petency; and (3) to explore the impacts of the time of day at which 
slides were reviewed, if any, on learner's proficiency in the diagnos-
tic skills.

2  |  MATERIAL S AND METHODS

The student data were obtained through the student laboratory 
screening logs that were kept as part of the cytopathology labora-
tory's education quality assurance and control protocol (IRB Study 
ID# 2021002516). The study sample included all first-year cytology 
students (n = 9) and occurred between September and November 
2021. As the first-year students came into the cytology lab to ac-
cess the facility's glass slide library, they recorded the date, the time 
at which they entered the lab, the time at which they exited the 
lab, the number of slides/cases reviewed, and any issues they may 
have experienced into the facility log binder. The completed logs 
for the months of September through November, representing all 
the unit slide tests for the class, were accessed to reconstruct the 
relationship between the number of hours the students spent re-
viewing glass slides on their microscope and the corresponding slide 
test result for the weekly units. A total of seven slide competency 
tests were given during the semester, corresponding to the seven 
major units in the gynaecological diagnostic cytology course, rang-
ing from the morphology of benign cellular changes and infectious 
agents to malignant squamous and glandular lesions and their corre-
sponding precursors. To assess the relationship between time spent 
and test score (objective 1), each student's weekly results for the 
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seven slide tests and the number of hours spent in the laboratory 
reviewing morphology were plotted and then analysed using the 
non-parametric Spearman rank correlations. A similar analysis was 
also performed comparing the number of slides reviewed against 
test scores. According to the Shapiro–Wilk test of normality and a 
visual inspection of the histogram, time spent is not normally dis-
tributed (P = 0.001). Moreover, since the sample is small with a few 
outliers, the non-parametric Spearman rank correlation was used in-
stead of the Pearson correlation. All self-reported times calculated 
from the logs were isolated for each unit review only and were not 
cumulative.

Additionally, the students' diagnostic competency scores were 
classified each week into two categories, highest third and low-
est third, defined as the highest one-third of the class and lowest 
one-third of the class for the week, respectively.22 Bottom-of-class 
scores were equal to or less than 55% for unit 1, 67% for unit 2, 28% 
for unit 3, 62% for unit 4, 50% for unit 5, 63% for unit 6, and 72% 
for unit 7. Similarly, top-of-class scores were equal to or greater than 
89% for unit 1, 89% for unit 2, 56% for unit 3, 78% for unit 4, 72% 
for unit 5, 72% for unit 6, and 83% for unit 7. For each of the 63 test 
scores (nine students over seven tests), a ‘1’ was assigned if the test 
score was in the bottom third of the class that week, and a ‘0’ was 
given for the rest. A point-biserial Pearson correlation was used to 
assess if whether there was a relationship between time spent and 
scoring at the bottom of the class.

To evaluate the influence of specific slide reviewing habits, spe-
cifically whether studying slides within a 24-hour period following 
a multi-head session is related to improved morphological com-
petency (objective 2), the Spearman correlation was performed, 

comparing time spent reviewing within the 24-hour period and test 
scores. According to the Shapiro–Wilk test of normality and a visual 
inspection of the histogram, time spent studying within 24 hours (re-
cency) of the session is not normally distributed (P < 0.001).

Finally, to assess whether the time of day at which slides are re-
viewed affects test results and competency (objective 3), data was 
split into morning and afternoon, using 12 noon as the cutoff, where 
‘0’ was assigned for am and ‘1’ was given for pm. A contingency table 
for time of day (am/pm) with bottom-of-class (yes/no) was created, 
and a chi-square test was subsequently performed to appraise the 
relationships between the variables. All statistical analyses were 
performed using SPSS version 28 (IBM), and significance was as-
sumed at P < 0.05.

3  |  RESULTS

From the 63 test results, there was a significant positive linear re-
lationship (R  =  0.292, P  =  0.020) between the number of hours 
students spent in the microscopy laboratory reviewing cases and 
their competency, represented by their test scores (Figure 1). Those 
who spent less time reviewing slides had lower competency scores; 
conversely, those who spent more time reviewing slides had higher 
competency scores. However, there are several outliers at the lower 
extreme, specifically the three that scored above 80% on the slide 
tests, represented by three different students on different unit 
tests, who spent minimal time at the laboratory reviewing slides. 
Interestingly, when test score was analysed from the perspective of 
the number of slides reviewed, no correlation was found (Table 1).

F I G U R E  1  Scatter plot of unit score by 
time spent
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When the cytology students' unit diagnostic test scores were 
classified into low and high categories (Table 1), there was a signifi-
cant correlation (R = −0.33, P = 0.008) between a lack of time spent 
screening slides in the lab and the number of times a student was 
ranked at the bottom of the class in the unit tests (Figure 2).

In Figure 3, a scatterplot showing the time the students spent in 
the microscopy lab within the 24-hour period following the cytology 
class lesson and their diagnostic competency scores showed mixed 
results, with instances (n  =  7) of students achieving test scores 
greater than 80% who did not spend any time reviewing slides within 
the 24-hour period following the lesson at the lab. There is no rela-
tionship between immediate reinforcement, as defined by a review 
within 24 hours, and test scores (R = 0.044, P = 0.731). It is interest-
ing to note that 7 students scored over 80% with no reinforcement, 
with another 5 scoring over 80% with reinforcement.

Finally, the data do not support the difference in test scores 
between those who reviewed cases in the morning vs those in the 

afternoon (χ2[df  =  1, n  =  46]  =  1.623, P > 0.05). In looking at the 
weekly average scores for those who studied in the morning vs the 
afternoon, the morning cohort appeared to be just a few percentage 
points higher in test numbers 2, 5, 6, and 7 but lower in number 4 
(Figure 4). It is also worth noting that in the unit 7 test, which had 
one of the higher mean scores for the semester, the two top scor-
ers spent a total of 530 min while the bottom two students did not 
spend time at all in the morning at the microscopy lab.

4  |  DISCUSSION

This article addresses the critical issue of how best to educate and 
train the next generation of cytologists, and how to provide them 
with a strong foundation in cytomorphology that enables them to 
face the professional challenges of tomorrow. As expected, there is a 
significant correlation between those who are willing to roll up their 

TA B L E  1  Summary of objectives, variables, and test results

Objectives Variables Significance

1 To assess whether the amount of time spent 
reviewing slides correlates with increased 
diagnostic competency

Time spent for each unit test (min) vs test 
scores for each unit test (%)

Spearman: R = 0.292, P = 0.020

Time spent for each unit test (min) vs scoring at 
the bottom-third of the class or not (0 = not 
in bottom-third of class; 1 = bottom-third 
of class)

Point-biserial: R = −0.331, P = 0.008

Number of slides reviewed vs unit test score 
(%)

Spearman: R = 0.155, P = 0.226

2 To determine whether time spent reviewing 
slides within 24 hours of the multi-head 
class session correlates with higher 
competency

Time spent reviewing (min) within 24 h of multi-
head vs test scores for each unit test

Spearman: R = 0.044, P = 0.731

3 To explore the impacts of the time of day 
at which slides were reviewed on slide 
competency (slide test scores)

Time of day (am or pm) of reviewing slides vs 
scoring at the bottom-third of the class or 
not (0 = not in bottom-third of class; 1 = 
bottom-third of class)

χ2 = 1.62, P = 0.41

F I G U R E  2  Boxplot of bottom-of-class 
scores for the exam vs time spent in 
the glass slide library. Circles represent 
outliers corresponding to reviewer 40 and 
63 (bottom of the class) and 39 and 62 
(rest of the class) Max

75th percen�le

Median

25th percen�le

Min

Max

Median

Min

75th percen�le

25th percen�le

Footnote:  Circles represent outliers corresponding to reviewer 40 and 63 (bo�om of class) and 39 and 62 (rest of class)
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sleeves and put in the hours in front of the microscope and improved 
diagnostic competency. Surprisingly, the time spent reviewing cases 
in the period immediately after multi-head sessions and the time of 
day at which slides were reviewed were not significantly correlated 
with increased cytomorphology competency.

As expected, the number of hours a cytology learner spent re-
viewing slides correlates with slide competency, as demonstrated by 
the routine slide tests taken throughout the course. While the idea 
that the path to proficiency in a subject lies in repeated interactions 
may not necessarily be the case in theoretically heavy subjects such 
as economics or business, we hypothesize that a more hands-on 
discipline benefits from repeated interactions. Many pathology res-
idents have recognised the need to spend more time studying to 
obtain expertise in cytopathology, and the importance of such an 
endeavour, and have opted to undertake an additional year-long fel-
lowship in the field to gain mastery of cytomorphology skills.15 Our 
cytology student log review study results confirmed the connection 

between time spent reviewing cytology study sets and improved 
cytomorphology competence. Moreover, our observations showed 
that there is a correlation between bottom-of-class test scores and 
not spending time reviewing the study sets. In other words, time 
spent in the lab has a protective effect against scoring low on the 
exam, and this finding that should provide reassurance to those who 
may not be fast learners that if they put in the effort, they will be 
able to develop adequate cytomorphological competence.

An interesting observation was that, contrary to our expecta-
tions, neither reviewing slides within a 24-hour period following the 
multi-head session lecture nor the time of day at which slides were 
reviewed were correlated with diagnostic competency in our cytol-
ogy student population. It may be that there is no connection be-
tween chronobiology and optimal studying habits, or that our study 
population does not follow the chronobiology of the general popula-
tion. People do not all experience a day in the same way, and each of 
us has an internal clock governing our optimal wake–sleep patterns, 

F I G U R E  3  Scatterplot of time spent in 
the microscopy lab within 24 hours of a 
multi-head lesson vs test score

F I G U R E  4  Mean score by test number 
and time of day
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known as a ‘chronotype’. College and graduate students' chronotype 
or wake–sleep pattern is an anomaly that differs from that of the 
general population, which can help to explain why the traditional 
morning and afternoon study time distinction we hypothesized 
would be observed may not be appropriate for this population.16,23 
Regarding the recency effect, it appeared, based on a review of the 
trend (Figure 3), that there is a point of diminishing returns, such that 
those who spent more than 230 min reviewing cases immediately 
after the multi-head session will not achieve additional benefits be-
yond that 230 min of study.

The finding that it is the amount of time spent reviewing cases, 
not the actual number of slides viewed, that was correlated with unit 
score is intriguing. While it seemed intuitive that the more cases the 
students were able to review, the better prepared the learners will 
be, others have suggested that it is not the quantity per se but the 
deliberate engagement with the new material that leads to com-
petency and proficiency in medical-related skillsets.24 Perhaps the 
question is not how many slides a student had reviewed or how long 
someone had spent at the lab, but the quality of that engagement. 
For a cytologist developing both locator and interpretive skills, it 
may take time to achieve the proper hand-eye coordination that is 
needed to screen and locate the infectious organisms or the dys-
plastic cells. Both skill-sets require continued self-monitoring and 
feedback from instructors to improve over time. Future studies on 
how best to build morphology skills would benefit from exploring 
broader constructs such as motivational attitudes and self-efficacy 
in the context of how such factors can improve screening habits to 
enhance learning.

This study has several limitations. First, the results are based on 
students self-reporting and are prone to error, either inadvertently 
or deliberately. Second, the retrospective review is focused on gy-
naecological cytology and may not be generalizable to all types of 
courses. Third, the emphasis of the study is on the relationship be-
tween time spent, study habits, and subsequent competency at the 
unit test score level, so little demographic information was obtained. 
Fourth, the small size of the sample (n = 9) may have impacted the 
power of the study to draw conclusions. Finally, the time period 
over which the study was conducted, one 3-month period between 
September and November, may have introduced inadvertent sea-
sonality biases as well.

5  |  CONCLUSION

Despite the limitations, we believe our results to be informative 
and to have important implications for providing insights into how 
best to implement morphology learning. First, it reiterated the im-
portance of spending time in the laboratory for the development 
of competency in the subject. Second, it provided hope for the 
cytology students who may be struggling by demonstrating that if 
you can allocate time to reviewing study-sets, you are less likely to 
end up at the bottom of the class. In sum, educating and training 
cytologists so that they are equipped with a strong foundation in 

morphology may be challenging, but with the right message, on the 
importance of putting in the hours in the microscopy lab, the chal-
lenge can be overcome.
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