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Abstract

The Vanderbilt-Nigeria Biostatistics Training Program (VN-BioStat) aims to establish a research 

and training platform for biostatisticians doing HIV-related research in Nigeria, including 

enhancing mid-level biostatistics capacity through annual workshops. This paper describes 

findings from the inaugural workshop in Kano, Nigeria. Participants were surveyed before and 

after the workshop to assess their self-perceived familiarity with and confidence in their abilities 

to use statistical software and apply specific statistical techniques, as well as to gather feedback 

regarding the conduct of the workshop and future topic areas. Of the 23 participants enrolled in the 

workshop, 22 (96%) completed both pre- and post-workshop assessments. In both pre-workshop 

and post-workshop surveys, participants ranked their confidence in statistical skills using Likert 

scales. Scores were transformed to a 0–100 scale, and averages computed. Participants also shared 

open-ended feedback about the workshop and suggested future topic areas. Before the training, 

the average participant reported having either a “beginner” (30% of participants) or “moderate” 

(43%) level of familiarity with R. Many participants (65%) rated themselves as having “moderate” 

or “expert” familiarity with SPSS. Pre-workshop averages for confidence ranged from 26 to 64, 

with lowest confidence in “expanding continuous covariates in regression models and interpret 

results” and highest confidence in “fitting and interpreting results from a linear regression model”. 
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Post-workshop averages for confidence were all above 70. The lowest post-workshop score (74) 

was for “fit and interpret results from a semiparametric linear transformation model”. The greatest 

increase in confidence was observed in “expanding continuous covariates in regression models 

using splines and interpreting results” and the lowest increase was in “fitting and interpreting 

results from a linear regression model.” Participants offered positive feedback on instructor 

effectiveness (4.9/5) and overall course quality (4.9/5). While the overall course was rated on 

a 0–100 scale as “moderately difficult” (mean ± SD: 40.5 ± 17.5), the participants felt the 

course was highly organized (87.7 ± 17.8), and the information was moderately easy to learn 

(81.9 ± 15.9). Suggestions for future workshops included providing supplementary resources for 

out-of-classroom learning and releasing codes in advance to enhance participants’ preparation. 

Among suggestions for future workshop topics, 80% of respondents listed survival analysis. 

Lessons learned provide insight into how short-term training opportunities can be leveraged to 

build biostatistics capacity in similar settings.
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1. Introduction

Biostatisticians play major roles designing, monitoring, and analyzing data from clinical 

trials aimed to develop the next generation of HIV therapies, reduce HIV incidence, and 

address HIV-associated comorbidities. Biostatistics expertise is also essential to making 

sense of large observational databases to better understand trends in the HIV continuum of 

care and HIV-related complications. In addition, biostatisticians play fundamental roles in 

laboratory studies aiming to develop HIV vaccines or cures. In short, strong biostatistics 

support is critical for high quality HIV research.

Substantial HIV research is being conducted in Africa because of the high burden of HIV in 

the continent. Much of this work has been conducted collaboratively between institutions in 

high-income countries and medical centers in low- and middle-income countries (LMICs). 

As a result of these collaborations and targeted training programs, the number of biomedical 

researchers has grown significantly in Africa to the extent that in some places, including 

Nigeria, in-country research leadership has been established. However, as pointed out by 

others, “growth in biostatistics lags far behind” (Gezmu et al., 2011).

Both long-term and short-term training programs that build biostatistics capacity are 

especially needed in Africa (Machekano et al., 2015), where a growing portfolio of clinical 

research necessitates more in-country biostatistics leadership. Nigerian investigators have 

repeatedly expressed a need for more biostatistics support, particularly at the local level. 

The overarching goal of the Vanderbilt-Nigeria Biostatistics Training Program (VN-BioStat) 

is to develop such biostatistics leadership in Nigeria, thus advancing HIV research led by 

in-country investigators and providing a means to grow capacity across Africa through 

South-South partnerships (Shepherd et al., 2023). One of the objectives of VN-BioStat is 

to provide mid-level biostatistics training for HIV researchers/data scientists from West 
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Africa through annual in-country workshops. The workshops are designed to provide HIV 

researchers/data scientists with training in contemporary biostatistics, to help them develop 

mid-level biostatistics skills and understanding that will improve their research, and to create 

a forum for gathering and creating a community of statisticians engaged in HIV and other 

biomedical research.

This paper describes the inaugural VN-BioStat week-long biostatistics workshop in Kano, 

Nigeria. As part of the workshop, participants were surveyed before and after to assess their 

self-perceived familiarity with and confidence in their abilities to use statistical software 

and apply specific statistical techniques. Participants also provided post-workshop feedback 

regarding the conduct of the workshop and future topic areas. This paper describes findings 

from these pre-/post-workshop surveys and offers insights that may inform the development 

of similar biostatistics workshops in the region.

2. Methods

2.1 Trainee Recruitment and Selection

The workshop was conducted at Aminu Kano Teaching Hospital (AKTH), a 750-bed 

tertiary care facility affiliated with Bayero University Kano (BUK) and located in Kano, 

Nigeria (population ~ 9.4 million). The workshop was widely advertised on the VN-

BioStat webpage and throughout AKTH and relevant departments at BUK and a large 

nearby collaborating university in Zaria, Nigeria via emails, flyers, and posters. Faculty 

at AKTH/BUK identified potential students and invited them to attend. Potential students 

applied to participate in the workshop via a REDCap application (Harris et al., 2009). 

They were asked to provide background information to help tailor selection and guide 

instruction, a personal statement regarding their motivation to attend, and permission from 

their supervisor indicating approval for their attendance.

The workshop had a capacity of 25 students to ensure that each participant could receive 

individual attention and to allow all participants to fully engage in interactive/breakout 

sessions. VN-BioStat leadership examined all complete applications (total of 48) and 

selected the top 25; priority was given to female students and applicants from AKTH/BUK 

with a strong quantitative background who were currently engaged in HIV research. A total 

of 23 students (5 women) participated in the workshop; 5 had a PhD in statistics, 10 had an 

MS in statistics, 4 had a PhD in mathematics, 2 had an MS in mathematics, 1 had a PhD in 

computer science, and 1 had a BS in computer science. A limited number (n=10) of travel 

scholarships were offered for students living outside metropolitan Kano. No registration fees 

were charged, and meals and breaks were provided during the workshop meeting times.

2.2 Specific Training Activities

The workshop was held between June 12 – 16, 2023, and included five full days 

of instruction and hands-on learning. The workshop was preceded by a pre-workshop 

introduction to R statistical software held June 9–10. Participants were asked to bring a 

laptop to the training workshop and computers were loaned to those who did not have 

laptops. The instruction was hands-on and utilized freely available R statistical software. 
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Students were asked to install R on their computers prior to the workshop. A recent and 

successful NIH-funded workshop in Kano, Nigeria introduced AKTH/BUK junior faculty 

to basics of R analysis (Aliyu et al., 2022), although nearly all (n=22) workshop attendees 

participated in the pre-workshop introduction to R training.

The pre-workshop R training was taught by a biomathematics faculty member at AKTH. 

The main workshop was co-taught by biostatistics faculty from Vanderbilt University and 

the University of Southern California. A physician scientist with expertise in HIV also 

attended much of the workshop, helping to ground the instruction in practical problems of 

importance to the field of HIV.

Workshop topics were decided through consultations between VN-BioStat program leaders 

and other Nigerian investigators. The workshop targeted trainees with some familiarity with 

statistics and biomedical research but was taught in such a manner to provide enough of the 

necessary foundation for participants with less experience and as a refresher for participants 

with more experience. The workshop was titled “Linear, logistic, and ordinal regression 
models with R statistical software.” Day 1 focused on logistic regression. Day 2 focused on 

linear regression and including covariates in regression models with interaction terms and 

natural splines. Day 3 focused on ordinal regression models. Day 4 focused on cumulative 

probability models (Liu et al., 2017). Day 5 was a catch-up/review day. Each day included 

presentations and then hands-on analysis/coding with R. Computing exercises included 

simulating and analyzing simulated data with the statistical technique discussed in lectures, 

with a particular emphasis on using simulations to do power and sample size calculations.

Trainees were given de-identified data on 2500 people living with HIV and receiving 

care at AKTH (Aliyu et al., 2019; Wudil et al., 2021) and were asked to apply the 

statistical techniques discussed in the lectures to investigate associations with hypertension 

(logistic regression), Joint National Committee blood pressure classification (normal, pre-

hypertension, Stage 1 hypertension, Stage 2 hypertension) (ordinal regression), and blood 

pressure (linear regression and cumulative probability models). Instruction on the dataset 

and the scientific relevance of various predictor variables in the AKTH dataset was provided 

by the physician scientist with expertise in HIV who was the principal investigator for the 

study that collected the data.

As the students were working on computing exercises, both biostatistics faculty members 

moved around the room, answering questions. After the students had the opportunity to 

complete the computing exercise, one of the instructors would demonstrate to the entire 

classroom how they would do the coding/analyses. The other instructor would continue to 

circulate the room to ensure that students were following along. All didactic materials and 

codes were posted on a workshop website each evening so that students could continue to 

study or work on analyses.

2.3 Data collection

Participants were surveyed using REDCap to assess their self-perceived familiarity with, 

and confidence in their abilities to use statistical software. REDCap was also used to 

gather feedback regarding the conduct of the workshop and future topic areas. In both 
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pre-workshop and post-workshop surveys, participants ranked their confidence in statistical 

skills using 4 category Likert scales (e.g., none, beginner, moderate, expert; or not confident 

at all, a little confident, somewhat confident, very confident). Scores were transformed to 

a 0–100 scale (e.g., 0, 33, 67, 100 for none, beginner, moderate, and expert, respectively). 

Averages from these responses were then computed.

Participants also shared open-ended feedback about what they liked about the workshop, 

what they would change, and suggestion for future topic areas. We used a word cloud 

generator to identify the most frequently mentioned words and phrases, highlighting key 

aspects to consider for upcoming workshops. Responses that did not necessarily have the 

same phrasing but referred to the same topic were summed together.

3. Results

Of the 23 participants enrolled in the workshop, all (100%) completed the pre-workshop 

surveys and 22 (96%) completed the post-workshop assessments. Before the training, the 

average participant reported having either a “beginner” (30% of participants) or “moderate” 

(43%) level of familiarity with R; only three respondents reported having no prior 

experience with the software. Many participants (65%) rated themselves having “moderate” 

or “expert” familiarity with SPSS, 17% expressed “moderate” familiarity with Stata, and 

17% expressed “moderate” familiarity with SAS.

The pre- and post-workshop surveys captured information regarding trainees’ confidence in 

fitting and interpreting results from several different statistical methods that were covered 

during the workshop. Pre-workshop averages for confidence ranged from 26 to 64, with 

lowest confidence in “expanding continuous covariates in regression models using splines 

and interpret results” and highest confidence in “fitting and interpreting results from a 

linear regression model” (Table 1). Post-workshop averages for confidence were all above 

70. The lowest post-workshop score (74) was for “fitting and interpreting results from 

a semiparametric linear transformation model,” which was taught on the fourth day of 

instruction and expected to be the most advanced topic. The greatest increase in confidence, 

moving from 26 pre-workshop to 80 post-workshop, was observed in “expanding continuous 

covariates in regression models using splines and interpreting results.” The lowest increase 

in confidence, moving from 64 to 87, was in “fitting and interpreting results from a linear 

regression model.” At the end of the workshop, the percentage of participants whose 

confidence improved or was already at the “very confident” level pre-workshop ranged 

from 86% to 96% across the various statistical methods (Table 1).

Table 2 shows a summary of findings from the post-workshop course and instructor 

evaluation. Participants offered positive feedback on instructor effectiveness (4.9/5) and 

overall course quality (4.9/5). While the overall course was rated on a 0–100 scale as 

“moderately difficult” (mean ± SD: 40.5 ± 17.5), the trainees felt the course was highly 

organized (87.7 ± 17.8), and the information was moderately easy to learn (81.9 ± 15.9). The 

overwhelming majority of respondents felt comfortable in putting the knowledge learned 

into practice (82.4 ± 14.8). All respondents indicated that they would be “very likely” to 

recommend the course to fellow clinical researchers (100%).
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Suggestions to improve future workshops included providing supplementary resources 

for out-of-classroom learning and releasing codes in advance to enhance participants’ 

preparation. Among suggestions for future VN-BioStat workshop topics, 80% of 

respondents listed survival analysis as an area of interest. Other topics commonly listed 

by respondents included techniques for handling missing data, causal inference, data 

management, and disease modeling (Figure 1).

4. Discussion

In this manuscript, we describe our first workshop as part of VN-BioStat to offer short-term 

biostatistical training for data scientists and HIV researchers in Nigeria. In general, the 

workshop was judged by participants to be effective, of high quality, moderately difficult, 

and well-organized. Trainees’ self-reported knowledge of various statistical topics increased 

over the course of the training. Participants also reported feeling comfortable putting the 

knowledge learned into practice and were “very likely” to recommend the course to fellow 

clinical researchers.

Several aspects of this workshop contributed to its success. First, the workshop 

format included interactive, hands-on training in specific statistical techniques using R, 

emphasizing their application within the context of HIV research. This approach fostered 

an environment conducive to active learner engagement and provided participants with 

a valuable opportunity to bridge the gap between theoretical concepts and practical 

applications. In addition, the workshop was tailored to individuals with backgrounds in 

quantitative sciences, including statistics, mathematics, and computer science. This focus 

allowed for the incorporation of more advanced quantitative concepts, which would have 

been challenging with a less quantitatively skilled group of trainees. Finally, the workshop 

served as a platform to showcase the exciting work biostatisticians can do in HIV research, 

and to introduce attendees to one-year biostatistics fellowship opportunities at Vanderbilt 

University Medical Center, also linked to the VN-BioStat grant. This approach builds a 

pipeline of competitive applicants for the fellowship program, thereby increasing its chances 

of long-term success.

This report has limitations. First, the relatively small sample size of learners restricts the 

extent to which we can generalize our findings. In addition, the absence of a control group of 

non-participants limits our ability to effectively assess potential pretest sensitization effects. 

However, the high survey response rates achieved in our study help reduce the risk of 

response bias, thereby enhancing the validity of our findings. Finally, expressing confidence 

in one’s ability to fit and interpret statistical models is different from effectively doing these 

things in practice. Although workshop trainees expressed high levels of confidence and 

improvement in their understanding of the methods taught, we did not formally measure 

their post-workshop abilities to perform these tasks in practice.

Future workshops will take into consideration the valuable feedback received from our 

trainees. This includes the provision of supplementary resources for self-directed learning 

and releasing codes in advance to facilitate better preparation. We will also place emphasis 

on requested topics such as survival analysis, techniques for handling missing data, and 
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data management, among others. In addition, a future survey could help assess whether the 

post-workshop gain in confidence is long-term or temporary.

Our efforts at building biostatistics capacity in Nigeria are motivated by and modeled in part 

after other programs for biostatistics training in sub-Saharan Africa (Chirwa et al., 2020; 

Machekano et al. 2015). Annual workshops, such as the workshop described here, are one 

component of the VN-BioStat training program aimed at providing short-term training and 

awareness of biostatistics for a moderate number Nigerian researchers. The sustainability of 

our capacity building effort is supported by our longstanding and highly successful research 

partnership with the Aminu Kano Teaching Hospital (AKTH) and Bayero University Kano 

(BUK) in Kano, Nigeria. It has been shown by others that interactive workshops that 

review fundamental biostatistics concepts and theorems effectively bridge the gap between 

biostatistics theory and evidence-based decision-making for clinicians (Nelson 2018). We 

will consider expanding future workshop slots to include clinician scientists from our partner 

institutions who express an interest in biostatistics.

In summary, we demonstrated that an interactive workshop aimed at building biostatistics 

capacity in Nigeria was well-received and effective. The insights gained from this 

experience will inform the development of similar workshops in other parts of Africa.
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Figure 1: 
Word cloud representing the frequency of terms used by respondents when asked about 

topics they would like to see covered by future biostatistics workshops, Kano, Nigeria

Shepherd et al. Page 9

Int J Stat Probab. Author manuscript; available in PMC 2024 February 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shepherd et al. Page 10

Table 1.

Average confidence pre-workshop vs. post-workshop for abilities in R, along with the gap between the pre-and 

post-workshop averages as well as the percent increase in confidence, Kano, Nigeria.

Topic Pre-
Workshop

Post-
Workshop

Percentage of 
participants who 
were ‘very 
confident’ both 
pre- and post-
workshop

Percentage of 
participants 
whose 
confidence 
improved

Percentage of 
participants 
whose confidence 
improved or were 
‘very confident’ 
both pre- and post-
workshop

Fit and interpret results from a logistic 
regression model 61.1 87.0 27.3 63.6 90.9

Fit and interpret results from a linear 
regression model 63.9 87.0 36.4 59.1 95.5

Fit and interpret results from an ordinal 
regression model 47.2 84.1 18.2 77.3 95.5

Fit and interpret results from a 
semiparametric linear transformation 
model 34.7 73.9 0 86.4 86.4

Expand continuous covariates in 
regression models using splines and 
interpret results 26.4 79.7 0 86.4 86.4

Include and interpret interactions in 
regression models 38.9 82.6 4.5 86.4 90.9

Perform power/sample size calculations 37.5 82.6 4.5 81.8 86.4

Simulate data to investigate power and 
properties of a statistical method 36.1 84.1 9.1 77.3 86.4

Apply statistics to biomedical 
applications 54.2 82.6 22.7 68.2 90.9
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Table 2.

Post-workshop course and instructor evaluation, Kano, Nigeria

Item Mean ± SD*

Difficulty of the course
(100 = “much too hard”, 1 = “much too easy”)

40.5 ± 17.5

Organization of the course
(100 = “extremely well organized”, 1 = “not at all organized”)

87.7 ± 17.8

Ease of learning information
(100 = “easy to learn”, 1 = “difficult to learn”)

81.9 ± 15.9

Level of comfort in applying statistical knowledge
(100 = “extremely comfortable”, 1 = “not comfortable at all”

82.4 ± 14.8

Effectiveness of the instructors 4.9 of 5

Overall rating for the course 4.9 of 5

Likelihood of recommending course to peers
Very likely

100%

*
SD = standard deviation
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