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Abstract

Introduction: Adequate knowledge of biostatistics is essential for healthcare providers to
stay up-to-date with medical advances and maintain an evidence-based practice.
However, training in clinical research in Canadian residency programs varies
considerably. Our study aimed to determine Canadian urology trainees’ knowledge of
biostatistics and interpretation of the scientific literature.

Methods: We conducted a national survey of all Canadian urology residents and fellows,
which assessed experiences with biostatistics, self-reported confidence with statistical
questions, and knowledge of biostatistical concepts.

Results: Out of 201 urology trainees, 74 (36.8%) responded to the survey. The majority
of respondents disagreed or strongly disagreed with the fact that they had sufficient
training in biostatistics in medical school (67.6%) or that their current knowledge was
sufficient for the rest of their career (66.1%). If given the chance, 82.3% of respondents
would like to learn more about biostatistics. About half of respondents were able to
correctly identify ordinal variables (51.5%), discrete variables (52.9%), or interpret
adjusted odds ratios (50.0%). Despite senior residents reporting more confidence on
biostatistical questions, our results did not demonstrate significant differences in overall
knowledge according to level of training or experience with biostatistics.

Conclusions: Our results identified important knowledge gaps among current Canadian
urology trainees. Most trainees do not believe they have sufficient training in
biostatistics. Knowledge of basic statistical concepts was lower than expected and did not
significantly differ according to level of training. Our results highlight the need for
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structured, dedicated training in biostatistics for urology trainees within the new
Competence by Design teaching framework.

Introduction

Adequate knowledge of statistical concepts used in medical research and in the scientific
literature is essential for any good clinician. This knowledge enables providers to stay up-
to date with recent medical advances and maintain an evidence-based practice. However,
knowledge of biostatistics remains highly variable within the medical community. (1-4)
Moreover, there is currently no standardized training on biostatistical concepts across
Canadian residency programs. Over the last decades, the proliferation of scientific
journals has resulted in the publication of an increasing number of studies of varying
methodological quality. As urology is not spared, it is imperative for any urologist to
know how to critically appraise these reports and how to integrate the increasing amount
of evidence into their practice in order to offer the best possible care to their patients. (5)

A report by Roth and Siemens, published in 2010, had already identified
limitations in the familiarity of Canadian senior urology residents with concepts in
evidence-based medicine, and an effort to improve statistical training seemed necessary.
(6) Since then, a few studies from different countries and medical specialties have been
able to assess residents' knowledge and confidence with biostatistics. These studies have
generally demonstrated a lack of knowledge among trainees, while also recognizing the
importance of good statistical knowledge. (1, 2, 7-10) No study has ever formally
assessed the biostatistical knowledge of urology residents in Canada

With the introduction of the new Competence by Design (CBD) learning model,
all 13 Canadian urology residency programs must adapt and incorporate new learning
objectives into the clinical exposure and academic teaching of their residents. Some of
these objectives include competency in clinical research and require some level of
knowledge of biostatistics. However, in this era of major change in postgraduate medical
education and rapidly evolving evidence-based medicine, the current level of knowledge
in biostatistics and clinical research remains unknown among Canadian trainees, and
there is an unmet need to assess this current state of knowledge in order to guide and
adapt Canadian urology residency curricula.

Consequently, we sought to determine the comfort level and knowledge of
Canadian urology residents and fellows with regard to biostatistics and the interpretation
of scientific literature. We also aimed to identify factors associated with greater
knowledge of biostatistics.
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Methods

Following approval from the CIUSSS de I’Estrie - CHUS Research Ethics Board, a pilot
questionnaire was developed in September 2019 and tested among 20 urology residents
from every training year between PGY 1 and PGY5 and from 5 different programs. All
items were then revised by urologists and medical educators and were adjusted according
to the feedback received in the pilot survey. The survey questions were formatted as
multiple choice or Likert rating scale questions. The questionnaire collected basic
demographic information, assessed past experiences with biostatistics, self-reported
confidence with statistical questions, and tested knowledge of general statistical concepts
with a 10-question quiz (Appendix; available at cuaj.ca). Some questions were drawn
from or inspired by non-validated questionnaires used in previous studies on trainees and
biostatistics. (2, 8-10) Responses were anonymous and no personal information was
collected. Training program and geographical information were not recorded, as it may
have allowed the identification of some respondents. A web-based survey, available in
English and in French, was generated on REDcap™ and distributed via email. The
survey was sent to all residents and fellows currently enrolled in one of the 13 Canadian
urology programs. An invitation to research and two reminders containing a link to the
survey were sent out to all 201 urology trainees between October 7 and October 25, 2019.
Respondents who did not complete the survey beyond the demographic and background
questions were excluded.

Categorical variables were reported using proportions. Continuous variables were
reported using medians (interquartile range [IQR]) or means with standard deviation,
according to distribution. Chi-squared tests were used to assess differences for categorical
variables, while Student’s T test and analysis of variance (ANOVA) were used for
continuous variables, where appropriate. Statistical analyses were conducted using IBM
SPSS® software, version 25. All statistical tests were two-sided and p-values <0.05 were
considered statistically significant.

Results

Out of 201 urology trainees, 74 responded to the survey (36.8%). Six respondents were
excluded because they did not complete the survey beyond the demographic and
background questions. Analyses included all 68 remaining respondents.

Responses to demographic questions and previous experiences with biostatistics and
research are presented in Table 1. Trainees from postgraduate year (PGY) 1-2, PGY 3-4,
and PGY>5 represented 44.8%, 26.9%, and 28.4% of the cohort, respectively. Of these,
14 respondents (20.6%) had obtained a postgraduate degree prior to medical school,
while 61.8% had completed a course of >10 hours in epidemiology, biostatistics, or
evidence-based medicine. Of the respondents, 94.1% reported having published at least
one publication as an author or co-author. The majority of respondents’ urology programs
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had no formal teaching in biostatistics (58.8%), but the majority held monthly journal
clubs (66.2%).

General answers to subjective statements on comfort and experience with biostatistics
are presented in Figure 1. The majority of respondents disagreed or strongly disagreed
with the fact that they had sufficient training in biostatistics in medical school (67.6%) or
that their current knowledge was sufficient for the rest of their career (66.1%). Moreover,
82.3% of respondents would like to learn more about biostatistics, if given the chance
(agreed or strongly agreed), and 70.6% of respondents felt that to be a good urologist, it
is essential to have a good understanding of biostatistics (agreed or strongly agreed). Data
regarding perceptions on biostatistics according to PGY level are presented in
Supplementary Table 1 (available in the Appendix at cuaj.ca). Respondents from PGY>5
were more likely to agree or strongly agree with feeling comfortable designing the
statistical methodology of a clinical study than PGY1-2 or PGY3-4 (36.8% vs. 6.7% vs.
11.1, respectively; p=0.02). They also agreed or strongly agreed that they had sufficient
knowledge of biostatistics for the rest of their career in a greater proportion than PGY1-2
and PGY3-4 (31.6% vs. 6.7% vs. 11.1%; p=0.049).

General results to the 10-question knowledge test are presented in Table 2. Mean
average score of all respondents was 65% (£21). Twenty-one respondents (30.9%) had a
score >80% on the test, while 49 respondents (72.1%) had a score >60%. Junior residents
(PGY1-2) had a lower mean score (61% [+21]) than PGY3-4 (69% [+18]) or PGY>5
(68% [+23]) residents, but that difference did not reach statistical significance (p=0.3).
Additional analyses also revealed a non-significant difference in mean score for PGY1
compared to PGY>2 (56% [£18] vs. 68% [£21]; p=0.056), but PGY1 were statistically
less likely to have a score >80% than PGY>2 (6.3% vs. 39.2%; p=0.01). 61.8% of
respondents were able to correctly interpret a p value. Questions with a correct response
rate <60% pertained to the identification of ordinal (51.5%) and discrete (52.9%)
variables, as well as the interpretation of adjusted odds ratios (50.0%). Respondents from
higher PGY did not perform significantly better on individual topics than more junior
residents (Supplementary Table 2; available in the Appendix at cuaj.ca).

Results on the knowledge test based on self-reported perceptions on biostatistics are
presented in Table 3. Respondents who agreed or strongly agreed that they were able to
appraise and interpret most scientific data and articles that they encountered (N=22;
32.4%) had better overall scores (74% [£18] vs. 61% [£21]; p=0.02) and had scores
>60% 1in greater proportion (95.5% vs. 60.9%; p=0.003) compared to respondents who
did not agree with the statement. Respondents who reported feeling comfortable
designing statistical methodology for clinical research (agreed or strongly agreed; N=11;
16.2%) also performed better (77% [£14] vs. 63% [+21]; p=0.03) and had scores >60%
more often than their counterparts (100% vs. 66.7%; p=0.02) (Supplementary Table 3;
available in the Appendix at cuaj.ca).
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We failed to identify any association between performance on the knowledge test and
previous courses in biostatistics-related topics, experience with research and data
analysis, number of publications, or organized training as part of the residency program
(Supplementary Table 4; available in the Appendix at cuaj.ca).

Discussion

This survey provides a first look into the current level of knowledge and comfort of
Canadian urology trainees toward biostatistics. Like prior studies that have also assessed
statistical knowledge among trainees in non-urological specialties, our study has
identified important gaps in the understanding of key statistical concepts. In our cohort,
61.8% of respondents were able to correctly interpret a p value, which was in line with
previous surveys with a similar methodology. (1, 7, 8, 10) Only half of the trainees in our
survey were able to adequately interpret odds ratios and their 95% confidence intervals,
which was only slightly higher than in other studies. (1, 7, 10) Also testifying to a critical
knowledge gap among trainees, just over 50% of residents were able to correctly identify
ordinal and discrete variables. Despite being consistent with the available literature,
knowledge level was lower than expected regarding these basic statistical concepts,
which are essential to the critical appraisal process. (11) As an exponentially increasing
number of studies is becoming available, trainees will need to have a good understanding
of these fundamental concepts to be equipped to appraise the literature and to be able to
critically integrate new evidence into their future practice. The results from this study are
therefore concerning.

Additionally, although senior trainees reported a higher degree of perceived
confidence toward biostatistics than junior residents, they did not score significantly
better on the 10-question test. Other studies had already shown higher level of confidence
among senior residents at baseline. (12) Conversely, some studies from the United States
and Europe have shown a decrease in statistical knowledge associated with years passed
since graduation from medical school, where most of the evidence-based medicine
training was done. (1, 10) We also did not identify any significant association between
formal training in residency, previous teaching sessions, and performance on the
knowledge test. While this lack of significant difference between groups could be due to
insufficient statistical power, the fact that training level did not correlate with
performance in our study may suggest that current teaching methods are insufficient to
ensure statistical literacy among urology trainees.

Journal clubs appeared to be the most consistently organized activities in our sample,
as 94.1% of respondents reported that their program held such structured review sessions
at least every 3 months. Despite journal clubs being frequently used across residency
programs, (6) their value in teaching evidence-based medicine is unclear, according to
recent reviews. (13, 14) Structured workshops and courses on biostatistics and evidence-
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based medicine, which were reportedly organized by residency educators for only 41.2%
of respondents, have been shown to be a more powerful teaching tool for residents. (14-
16) In prior studies, courses in evidence-based medicine and biostatistics had been
associated with higher scores on knowledge tests and with more confidence toward
statistics. (7, 9, 12)

All these results and the available evidence are of utmost importance given the
current shift toward the CBD teaching framework and the proliferation of available
scientific evidence. Within the urology CBD Canadian guidelines, there are currently two
Entrustable Professional Activities (EPAs) addressing competency in clinical research.
They regroup a total of 19 milestones, 8 of which address biostatistics directly or
indirectly. (17) Again, the fact that previous training did not correlate with performance
in our study may indicate that changes in research and statistical training are needed. This
is also supported by the clear majority of trainees who reported that their current
knowledge of biostatistics was insufficient for the rest of their career (66.1%) and that
they would like to learn more about biostatistics, if given the chance (82.3%). In 2010,
Roth and Siemens had identified the lack of time and lack of qualified teachers as
possible barriers to the incorporation of structured evidence-based medicine teaching in
residency curricula. (6) Despite these challenges, in order to fulfill the new requirements
from the Royal College and ensure the competency of graduating urologists, programs
will need to adjust and build strong evidence-based medicine curricula, which will likely
have to include dedicated teaching sessions addressing the gaps and needs highlighted in
this study.

Limitations

This study is not devoid of limitations. While adequate, the response rate of 36.8% may
introduce a selection bias in our sample, as trainees interested in biostatistics or with
increased biostatistical knowledge could have been more inclined to answer the survey,
as may have been trainees dissatisfied with the amount of training they receive. This
might cause an overestimation of the level of knowledge among trainees, as well as the
overall perceived need in statistical training. The lack of differences between different
groups, particularly between levels of training and previous experiences with
biostatistics, may be due to insufficient statistical power from our small sample size, or to
lack of granularity within study variables. The questionnaire and knowledge test used
were not previously validated as a tool to discriminate biostatistics knowledge.
Nevertheless, many questions were inspired by previously published studies, which
allowed for comparison, and the questionnaire was pilot-tested with 20 urology residents
from PGY 1-5 prior to distribution. Finally, respondents filled the knowledge test in a
non-controlled setting, which may have allowed respondents to answer questions with the
help of other resources. However, the anonymous and voluntary nature of the survey
makes it unlikely that respondents would cheat on the knowledge test.
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Conclusions

Our results provide important insight into the knowledge and comfort level of Canadian
urology trainees toward biostatistics, identifying important gaps in knowledge. The
majority of current trainees did not believe they have sufficient training in biostatistics.
Knowledge of some basic statistical concepts, including the identification of variables
and interpretation of odds ratios, was lower than expected. Knowledge did not
significantly improve with level of training. As Canadian postgraduate urology education
shifts toward the CBD framework and an exponentially amount of medical literature
becomes available, our results highlight the need for structured training in biostatistics
within this new teaching model.
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Figures and Tables

Fig. 1. General ratings from subjective statements on biostatistical questions (n=68).
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Table 1. Sample characteristics of survey respondents (n=68)

Variable Value
Age (median, IQR) 28 (26 —30)
Post-graduate Year PGY1-2 30 (44.8)
N (%) PGY3-4 18 (26.9)
(1 missing value) PGY>5 19 (28.4)
Highest level of College/CEGEP 22 (32.4)
schooling prior to Post-secondary degree 27 (39.7)
medical school Post-graduate degree 14 (20.6)
N (%) . .
(1 missing value) Degree in professional field 4(5.8)
Epidemiology 26 (38.2)
Has tajen apost- - Biostatistics 31 (45.6)
IS\? C(S/zl) aty cotTse I Evidence-based medicine 19 (27.9)
Any of these three topics 42 (61.8)
Currently involved in clinical research N (%) 50(73.5)
Had previously performed data analysis N (%) 45 (66.2)
None 4(5.9)
Number of publications | 1-2 33 (48.5)
N (%) 39 22 (32.3)
10 or more 9(13.2)
Formal None 40 (58.8)
teaching in 1-5 h/year 23 (33.8)
biostatistics >5 h/year 5(7.4)
0-4 times/year 4(5.9)
Training in residency Journal clubs q2-3 months 15 (22.0)
program gmonth 45 (66.2)
N (%) qweek 4(5.9)
Dedicated None 23 (34.3)
research <4 weeks 7 (10.4)
electives 4-8 weeks 13 (19.4)
(1 missing
value) >8 weeks 24 (35.8)

IQR: Interquartile range; PGY: Postgraduate year
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Table 2. General results from knowledge test on biostatistics (n=68; 1 missing
value for PGY)
General results based on PGY
. PGY Mean score
Variable %) p
All 65.0+£20.7
PGY1-2 60.7+£21.0
Mean average score (%) PGY34 C8.9L17 8 0.3
PGY>5 67.9+23.0
All 21(30.9)
Score >80% PGY1-2 8(26.7) 0.5
n (%) PGY3-4 5(27.8) '
PGY=>5 8(42.1)
All 49 (72.1)
Score > 60% PGY1-2 19 (63.3) 0.15
n (%) PGY3-4 16 (88.9) ’
PGY=>5 13 (68.4)
Correct response rates to individual question topics
.. p . Correct answer
Individual question topics n (%)
Identifying continuous variables 61 (89.7)
Identifying ordinal variables 35(51.5)
Identifying discrete variables 36 (52.9)
Identifying correct statistical test (Student’s) 44 (64.7)
Identifying correct study type (case-control) 41 (60.3)
Stating the purpose of blinding in clinical research 58 (85.3)
Defining of a Type I error 48 (70.6)
Defining of a p value 42 (61.8)
Calculating and defining a relative risk 43 (63.2)
Interpreting adjusted odds ratios 34 (50.0)
PGY': Postgraduate year
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biostatistics (n=68)

Table 3. Performance on knowledge test based on perceptions regarding

S . Mean score
Subjective statement Perception (%) p
Had sufficient training in Strongly agree or agree 68.3+14.7 0.7
medical school Others 64.7+21.2 '
Has sufficient knowledge for | Strongly agree or agree 72.7€21.5 0.18
rest of career Others 63.5+20.4
Is able to appraise most data | Strongly agree or agree 73.6£17.6 0.02
and articles Others 60.9+21.0
Is able to determine Strongly agree or agree 74.0£21.7 0.14
appropriate statistical test Others 63.4+20.3 '

Is confident interpreting Strongly agree or agree 66.5+19.9 02
p value Others 58.5+23.4 '

Is comfortable designing Strongly agree or agree 77.3€13.5 0.03
statistics methodology Others 62.6+21.1

Would like to learn more on | Strongly agree or agree 70.8+18.3 0.29
biostatistics Others 63.8+21.1

Believes biostatistics is Strongly agree or agree 65.0+20.5 1.00
essential for urologists Others 65.0+21.6 '
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