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[bookmark: _GoBack]Abstract: Quantitative literacy is necessary to keep pace with the exponentially increasing magnitude of biological data and the complexity of statistical tools. However, statistical programming can cause anxiety in new learners and educators alike. In order to produce graduates that are well-prepared for quantitative research, overcoming the initial hurdles associated with statistical programming is a must. Often, valuable class time is dedicated to teaching introductory concepts of statistical programming, leaving instructors short on time. Here we present an introductory tutorial to statistical programming in the language R. Our tutorial is easily customizable, self-paced, and can be used in secondary through graduate level classrooms. Student questionnaire responses suggest that perceptions towards R became generally more favorable following an introduction to the program, with an increased likelihood of returning to R for their statistical and graphical needs. These results were found across multiple formats for introducing statistical programming in R and suggest that a tutorial style introduction is as effective as a series of lectures for altering student perceptions towards statistical programming. Our tutorial provides a self-paced introduction that covers basic programming in R and offers students an opportunity to learn the basic skills that so often act as a roadblock for learning and utilizing more complex quantitative tools, while reserving class time for instruction. 
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Introduction
Until recently collecting upwards of 100 million counts (or observations) for an ecological system would prove nearly impossible. Yet, with the invent of next generation high throughput sequencing, datasets on the order of 100 million counts of genes, also known as reads, are becoming increasingly common. Now that the technology exists to produce a dataset of this magnitude and complexity, researchers must utilize computational algorithms and tools for accurate and reproducible analysis and interpretation (Feser et al., 2013). While computational biology once occupied a relatively small niche in ecology, the invent and widespread application of high throughput sequencing and other platforms, which generate hundreds of gigabytes of data, has forced computational methods to be adopted by many, if not most, biomedical and ecological researchers. The benefits of quantitative and computational methods are undeniable and prove invaluable when attempting to elucidate the complex innerworkings of ecosystems. 
Many algorithms and tools are implemented in computer languages such as R, Linux, and Python. Learning to operate in these environments is akin to learning a new language and is known to cause a general sense of anxiety in learners and instructors alike (Beilock et al., 2010; Macpherson, 2016; Flanagan and Einarson, 2017). Many obstacles lie in the way of implementing a curriculum rich in quantitative biology. These include the following: understanding syntax and syntax problems (Eglen, 2009), the fact that biology and mathematics are, at the secondary and even lower undergraduate level, often taught as separate concepts (Usher et al., 2010; Haak et al., 2011), overcoming initial anxiety associated with learning a computer language (Connolly et al., 2009; Owolabi et al., 2014), the limited time available to instructors for covering the basics of programing, and institutional pushback despite the recommendations of the National Research Council’s 2003 report, BIO2010. These obstacles have the potential to result in a lack of classroom experience with quantitative biology and data science for students, leading to graduates that are ill-prepared for quantitative thinking after college (Bialek, 2004). Even though more than a decade has passed since the BIO2010 report, quantitative biology and the required tools still seem out of reach to high school and college students as well as career scientists (Barone et al., 2017). 
In order to ensure all students have the necessary skills to utilize and understand the quantitative tools introduced in their classroom, instructors must dedicate valuable class time to teach the basics of programming, often through a series of lectures at the beginning of their course. In doing so, they ensure all students are familiar with the language utilized and basic programming concepts, but they also take up valuable class time that could be used for other in class activities. As an alternative, a self-paced modular tutorial can present complex and often daunting concepts associated with statistical programming and quantitative biology in a framework that is logical, interpretable, self-paced and concise, allowing instructors to use their class time for the topics they wish to cover. 
There are plenty of example tutorials that teach quantitative topics via a module-based approach (see Peterlin, 2010; Haak et al., 2011; Lopatto et al., 2014; Makarevitch et al., 2015). Despite the availability of tutorials and modules for complex bioinformatic analyses, these resources often have different starting points and assume that both the instructor and students have some prior knowledge with the associated program or language (Madlung, 2018; Çetinkaya-Rundel and Ellison, 2020). This often exacerbates the anxiety experienced by novice users and can prevent learners from acquiring the necessary quantitative skills. Furthermore, more often than not the effectiveness of a given module is not clearly assessed and reported within the correct statistical framework for quantitative educational research (e.g. effect size estimates) (Maher et al., 2013). 
Through our involvement teaching various courses at the University of Wyoming, we realized the importance of providing an introduction to the basics of programming in R (R Development Core Team, 2020) before moving to more complex statistical and bioinformatic analyses. Given that in person class time is limited and so valuable, we set out to determine whether a self-paced tutorial style introduction, that can be completed within a single class period (or as a homework assignment), would be as effective as a series of lectures for introducing R to college students. 
The research and experiences presented here examine student attitudes towards R before and after a formal introduction to the program. Students were given either an introduction to R via a series of lectures or through a self-paced tutorial. In this research, we addressed the following questions: “Does the method of introduction to R, be that lecture or tutorial, result in different attitudes toward statistical programming as compared to each other?” and “How does a formal introduction to the basics of statistical programming in R alter student perceptions towards statistical programming?”. We hypothesized that the self-paced tutorial style introduction to R would be as effective in changing student attitudes towards R as a series lectures. We hypothesized that students would have more favorable attitudes towards R and programming following an introduction to basic concepts. Specifically, we hypothesized that a formal introduction would cause students to be both more familiar and more likely to return to R regardless of format. Participants ranged from freshman to graduate students and come from diverse educational backgrounds, representing at least two colleges at the University of Wyoming. 
Methods
Ethics Statement
The tutorial, participant consent forms, questionnaires to gauge student perceptions, as well as all Intuitional Review Board (IRB) required forms were submitted and approved in August of 2018 through the University of Wyoming’s IRB office under protocol #20181003GC2138. The approval confirms that all participants were at limited risk, and participant identities were kept anonymous. 
Tutorial and Questionnaire Development and Implementation
The student perception questionnaire and introductory tutorial were developed with input from various members of the Microbial Ecology Collaborative and the Ellbogen Center for Teaching and Learning (ECTL) at the University of Wyoming. Briefly, students were asked to complete a questionnaire prior to participating in an introduction to R. This was done to gauge their perceptions towards R before a formal introduction. Following the tutorial, students were asked to complete the same questionnaire. This was done in order to better understand how student perceptions towards statistical programing, specifically the program R, may change following a formal introduction to the statistical programming software. Pre- and post-introduction questionnaires were collected at the same time for each participant. This was done in order to avoid the need for identifying information and keep participant responses anonymous.  Questionnaires included both quantitative and qualitative responses and provided data to gauge learner perceptions towards R. Quantitative questions (e.g. Likert items) included: “How would you rate your familiarity with R?”, and “How likely would you be to use R to analyze data if asked to do so today?”, with 1 being not familiar and very unlikely and 5 being highly familiar and very likely, respectively. The questionnaire also included open-ended questions to gain insight into how learners approach the same task before and after a formal introduction to programming in R, as well as their perceptions towards the program. Open-ended questions included: “Providing as much detail as you can, please describe how you would produce a graph for a lab report or presentation if asked to do so today?”, “What challenges do you feel stand in your way for learning R?”, and “What benefits do you see coming from using R or other programing languages?”.
The results from student questionnaires who were introduced to R through our tutorial were compared to student responses from another course at the University of Wyoming. This other course teaches R via a more classic set up, by introducing the basic topics of statistical programming in R through ~5 online lectures. This offering consisted primarily of graduate students and as such does not provide a means to compare undergraduate perceptions towards R to an outside population. We used this section to compare graduate student perceptions towards R based on the format used for the introduction (i.e. tutorial vs. series of lectures).  
We analyzed Likert item data separately for the undergraduate and graduate populations as well as the two different introduction formats. Due to the shift to online teaching caused by the COVID-19 pandemic, we also were able to compare student attitudes towards R following an online introduction with a face-to-face introduction. Analysis of open-ended questionnaire content was approached for all students together regardless of which introduction to R they experienced. This was done to gain understanding of the perceptions students may share towards the program R and what specific hurdles need to be addressed during instruction, as many quantitative biology classes consist of both graduate and undergraduate students at the University of Wyoming. We set out to address the following research questions: 1) “Does an introduction to the basics of statistical programming in R alter student perceptions towards statistical programming?”, and 2) “Does the method of introduction to R, be that lecture or tutorial, or in person or online, result in different attitudes toward statistical programming?”.
The tutorial and other associated files can be found at (https://github.com/gcuster1991/Introduction_to_R.git). Briefly, the file titled ‘Introduction_to_R.Rmd” is the tutorial and covers concepts from opening and introducing the programs R and Rstudio, to more complex actions, such as subsetting a dataset or manipulating character strings. Each section of the tutorial contains an example and an activity for the leaner to complete. In some cases, skills covered in the previous activities are required in order to complete the next activity, thus reinforcing concepts covered earlier in the tutorial. The repository also contains all other necessary files for implementing the tutorial. In addition, the repository contains copies of the participant questionnaire, a worksheet for participants to fill out as they work through the tutorial and an answer key for the worksheet. These materials should facilitate anyone who would like to implement the tutorial in their classrooms to do so. 
Participant data
The tutorial was provided in a range of courses at the University of Wyoming. These courses were distributed throughout the college of Agriculture and Natural Resources and the College of Arts and Sciences and ranged from 2000 level to cross-listed 4000/5000 level. A total of 174 questionnaires were administered to participants (87 pre-introduction and 87 post-introduction). The distribution of class standing at time of participation is as follows: 2 Freshman, 7 Sophomore, 9 Junior, 25 Senior, and 44 Graduate Students. Graduate students are not broken down further into Master’s and Ph.D. students. Of the 87 participants, 59 were given the tutorial described above, 28 were introduced the program R via three weeks of lectures on the basics of R. Of the 87 participants, 45 took an in person class and 42 were online. 
Quantitative Analyses
Quantitative data generated from five-level Likert items on student questionnaires was analyzed using the non-parametric equivalent of a paired t-tests, the Wilcoxon signed-rank test. Effect sizes were calculated using the Wilcoxon test effect size (r). We compared pre- vs. post-introduction responses for each individual. This was done for both undergraduate and graduate student populations separately, the two different introduction to R formats (tutorial vs. lecture), and the in person or online formats. Effect size magnitude (r) was reported as 0.10 - < 0.3 (small effect), 0.30 - < 0.5 (moderate effect) and >= 0.5 (large effect) (Maher et al., 2013).
Qualitative Analyses
To better understand student perceptions towards statistical programming in R, open-ended questions were included in the participant questionnaire. Briefly, student responses were deductively coded, and themes were assigned when possible from coded groups. An example of this process would be those students who indicated they would still use Excel for producing a graph. These responses would have been coded with the Excel tag, and then those responses would be read through to search for emerging themes. An emerging theme of this Excel group might be that “Excel is simple” or “R is hard”. This analysis was done using the Dedoose program (“Dedoose” 2020). Open-ended student responses were independently coded by two individuals, and similar codes and themes were identified by both coders. 

Results

Quantitative data: Likert items
Two Likert items were included on the student questionnaire to determine participant attitudes towards the program R following participation in the tutorial or lecture style introduction. The first question, “How would you rate your familiarity with R?”, provides a sense of student familiarity with R. A global test of students who took the tutorial revealed a significant difference between the pre- and post-tutorial responses (p < 0.001, W = 0, n = 59), with post-tutorial responses showing higher levels of familiarity. Calculation of Wilcoxon effect size (r) showed an effect size of r = 0.789 (95% CI: 0.72-0.84), indicating a large effect of the tutorial on student familiarity with R. A global test of the students who participated in the lecture style introduction also revealed a significant difference among the pre- and post-introduction responses (p < 0.001, W = 9.5, n = 28), with a similar magnitude effect size to the tutorial based approach, r = 0.734 (95% CI: 0.54-0.88). 
When broken into graduate and undergraduate cohorts, undergraduate students who participated in the tutorial showed a significant increase in familiarity with R after the tutorial (p < 0.001, W = 0, n = 42) and a large magnitude effect size, r = 0.803 (95% CI: 0.73-0.86) (Figure 1). The graduate cohort showed a similar response to being exposed to R, with a significant effect size of r = 0.754 (p < 0.01, W = 0, n =17, 95% CI: 0.59-0.86) (Figure 2). Since only a single undergraduate student was involved in the lecture style introduction only a statistical examination of graduate students was warranted. Those graduate students who were introduced to R through a series of lectures showed a significant increase in familiarity with R as well (p < 0.001, W = 9.5, n = 27) and a large magnitude effect size, r = 0.74 (95% CI: 0.54-0.89) (Figure 3). 
Comparison of the pre- and post-tutorial Likert item survey responses showed that participants experienced an increase in their familiarity with R following their introduction, regardless of whether their introduction format was online (p < 0.001, W = 11, n = 42) or in person (p < 0.001, W = 0, n = 45). Both formats produced a large magnitude effect size (in person format: r = 0.79, n = 45, 95% CI: 0.71-0.86, and online format r = 0.74, n = 42, 95% CI: 0.61-0.85).  
The other Likert item focused on the likelihood of a student returning to R for their statistical or graphical needs. The global test for all students who participated in the tutorial based approach showed a statistically significant increase in the likelihood of using R (p < 0.001, W = 57.5, n = 59), with a large magnitude effect size of r = 0.642 (95% CI: 0.48-0.77). The undergraduate cohort showed a similar response to the global tests, with a significant increase in the likelihood of using R again (p < 0.001, W = 50, n = 42) and a large magnitude effect size of r = 0.656 (95% CI: 0.46-0.79) (Figure 4). The likelihood of a graduate student returning to R also significantly increased following the tutorial (p < 0.05, W = 0, n = 17), with a similar large magnitude effect size of r = 0.636 (95% CI: 0.42-0.79) (Figure 5). 
Graduate students who participated in the lecture style introduction format showed a significant increase in the likelihood of returning to R for statistics and graphing as well (p < 0.001, W = 24, n = 27), with a large magnitude effect size of r = 0.695 (95% CI: 0.43-0.87) (Figure 6). 
Comparison of the pre- and post-tutorial Likert item survey responses showed that participants were more likely to return to R following their introduction, regardless of whether their introduction format was online (p < 0.001, W = 34, n = 42) or in person (p < 0.001, W = 45, n = 45), and both formats produced a large magnitude effect size (in person format: r = 0.58, n = 45, 95% CI: 0.38-0.74, and online format r = 0.74, n = 42, 95% CI: 0.58-0.86). 
Analysis of Likert items suggest that following a formal introduction to the program R students are more familiar with and more likely to use the statistical software again in the future. These results hold true whether the introduction was in person or online or via a tutorial or lecture and provide support for our hypotheses that students would have more favorable attitudes towards programming following a formal introduction regardless of the format. Furthermore, the tutorial style introduction was as effective as the lecture style introduction in shifting student attitudes and perceptions of R.  
Qualitative data: Thematic content analysis
How would you produce a graph if asked to do so today?
Participant questionnaires revealed that the Microsoft suite, specifically Excel, was the most popular means for graphing prior to participating in an introduction to R, with the Excel theme appearing 62 times compared to the R theme appearing only 21 times. Following the introduction, the R theme more than doubled to 50 occurrences, with participants indicating that they would use excel dropping to 39 occurrences. The tutorial approach saw a larger shift in the number of students indicating they would use R, with only 10 saying they would produce a graph with R prior to the tutorial and 31 saying R following the tutorial. The lecture style introduction also saw an increase in the number of students shifting towards using R, with 11 indicating the use of R before their lecture introduction and 19 after. Both introduction formats led to an increase in the number of students indicating that they would use R to produce a graph. However, many students indicated that the situation would dictate which program was used, with R being more commonly used in professional situations. One student noted “…if I had to present to a colleague and keep the data in a workable form, I might use R instead.”  Student responses suggest that the time required for producing a graph would also play a role in determining whether they used R or Excel. Another interesting trend was the increase in the number of mentions of Google for troubleshooting and finding pre-written code following their introduction to R. 
What challenges do you feel stand in your way for learning R?
Participants were asked to detail challenges that they foresee impeding their usage of R. Participant responses for the pre-introduction survey indicated that a lack of basic knowledge around R was one of the most common hurdles with this code appearing 17 times, this fell to 5 occurrences in the post-introduction survey, with both introduction formats showing a similar decline. The idea that coding is difficult decreased following the introduction to R, going from 15 occurrences to 11. The most common post-introduction to R challenge was the required time and practice for learning R. Twenty-three participants indicated that this was a significant challenge to their adoption of R, up from 14 in the pre-introduction surveys. The themes of proper syntax and the complexity of R also increased following participant introduction to R, increasing from six to 10 and nine to 15 responses respectively. The challenge of syntax was more prevalent in those students who participated in the tutorial. Another interesting trend was the occurrence of the theme of remembering and knowing which commands to call. Many participants indicated that without constant use, their confidence in their ability to recall the proper commands decreased. The perceived challenges of adopting R were very similar between the two introduction formats and suggest that regardless of the type of introduction students expect the same challenges. 
What benefits do you see coming from using R or other programming languages?
Participants were asked to describe the foreseen benefits of adopting a program like R, and their responses show that there were several reoccurring themes. The most prominent of which include ease of data visualization, facilitation of data analysis, and the versatility of R. Facilitation of data analysis appeared on 48 and 50 questionnaires in the pre- and post-responses respectively. Data visualization appeared on 29 and 18 questionnaires (pre- and post-responses respectively), noting an interesting drop in this perceived benefit. Similar trends in the number of responses indicating data visualization and facilitation of data analysis were observed in both introduction formats. Other benefits recognized by participants include data management within R, the ability to handle “big data”, and efficiency of using R. Both themes of efficiency and ability to handle “big data” increased in the post-introduction survey, with both starting at seven participant responses and increasing to 16 and 13, respectively. Another notable perceived benefit of using R was the availability of resources and the fact that this software platform is open-source and free. The open-source software theme increased from three appearances pre-introduction to 14 post, while the access to resources appeared twice in the pre-introduction and eight times in the post-introduction responses.  
Discussion
Our results suggest that introducing R, whether via a series of lectures or through a single self-paced tutorial, can have significant benefits for altering student perceptions and increase the likelihood of a student returning to that program. Assessing perceptions towards a topic has been shown as a means to better understand student learning, with student perceptions towards a topic having an effect on how new material is approached and utilized (Hammer, 1994). Thus, changing student perceptions towards R and programming in general may help to engage students with more complex quantitative biology coursework (Aikens and Dolan, 2014). The large magnitude effect sizes found though our Wilcoxon effect size testing show that even a one-time experience with programming in R can dramatically increase the likelihood of students returning to this program. Of particular interest, all student, regardless of introduction format, showed similar magnitude gains on the Likert items. This finding supports our hypotheses that the tutorial style introduction would be as effective as the lecture style introduction and that students would have more favorable attitudes towards R and would be more likely to use the program following a formal introduction. With this, we suggest that an introduction to statistical programming should be incorporated into biology curricula as early and often possible. A major benefit of our tutorial is that it offers the ability for instructors, even those with limited experience programming, to incorporate these quantitative skills into their classrooms with a smaller time commitment than the classic series of lectures.  
Coding and thematic content analysis of the expected benefits that one would gain from using R showed that the versatility and usefulness of R for data analysis were two commonly occurring themes following their introduction to R. However, there were still individuals that did not see the benefits of adopting a program like R, when Excel or other GUI programs would work for their current needs, and this was the case in both introduction formats. When introducing R or other complex computational tools, it may be good practice to provide a rationale for adopting this type of approach to data analysis. An example of which could include that in situations with big data, Excel can become too cumbersome and freeze when trying to manipulate the dataset. In addition, the flexibility of tools like Excel is very limited, with complex statistical modeling becoming very difficult to implement and even more difficult to reproduce. Notably, the perceived benefits of efficiency and ability to handle big data provide reasons to adopt R over Excel and other GUI programs. Student perceptions towards programing generally became more favorable after being formally introduced to R regardless of the introduction format, providing support our initial hypotheses. 
Participant questionnaire responses highlight the importance of consistent syntax when providing an introduction to R. Responses indicate that proper syntax was one of the biggest challenges for adopting R, and others have also noted this as a major hurdle (Eglen, 2009). Our introductory tutorial utilizes base R syntax for its activities, while other semester long introduction to R courses have the time to delve into packages like Tidyverse (Çetinkaya-Rundel and Ellison, 2020), which offers a large suite of tools designed specifically for data science (Wickham et al., 2019). The issue of improper syntax manifests in error messages, and many participants indicated this was a challenge for them in adopting R. A positive outcome of the formal introduction to R on student learning was an increase in the number of participant responses that indicated they would use the internet for troubleshooting. With the vibrant community of R users, solutions to commonly occurring programming errors are readily found on websites like Stack Overflow or Stack Exchange and can help students troubleshoot and solve bugs in their code. Our results suggest that it may be worthwhile to introduce students to these sites and others like them during their introduction to R. 
Student survey responses showed that participating in our tutorial results in the same changes in perceptions towards R as a series of lectures, making it an effective means to introduce programming in R. The tutorial is both freely available to educators via a GitHub repository and easily modifiable to fit any course. In addition, our tutorial can be completed in a single three-hour session, reducing the needed class time for introducing the basic concepts of programming. This tutorial serves as a first lesson in statistical programming and allows instructors who are not experts in statistical programing to incorporate R and quantitative skills into their classrooms, resulting in more exposure to quantitative concepts for students. The ability for anyone to incorporate this introduction into their classrooms may prove to be a major benefit for adopting our tutorial. While our tutorial was developed with undergraduate college students in mind, the same concepts could be easily modified for application in high school classrooms as well. 
We chose to use R as our platform due to its pervasiveness in ecology, its versatility, and the fact that there are hundreds of packages available to users. Furthermore, the program is open-source and freely available to everyone (R Development Core Team, 2020). In addition, there is a vibrant and active community of users that can offer assistance for troubleshooting and developing R code. This was also understood by participants with many students indicating that the open-source nature of R was a major benefit of use and one writing “There's so much R can do, from cleaning data, to running analyses and creating graphics. It's an all in one software.” 
	The tutorial used in this research provides a starting point that puts all students on even ground and provides the necessary basic knowledge for those who wish to further develop their programming skills in R and quantitative toolbox. With other tutorials for ecology and more complex data science being freely available (see Phyloseq (McMurdie and Holmes, 2013), DESeq2 (Love et al., 2014), DADA2 (Callahan et al., 2017), qgshiny (Neyhart and Watkins, 2020)), it is critical to introduce basic concepts that will allow students to understand and take advantage of these resources early in their educational careers. Introducing these basic concepts early on can improve the ability of students to understand and analyze quantitative data as well as implement the necessary tools for their own research (Feser et al., 2013). In addition, this can lead to a more positive experience with quantitative biology and may lead to increased enrollment in advanced quantitative coursework (Aikens and Dolan, 2014). One student noted “Being a biology major, I wish I could have learned this my freshman year.” This student response also ties in with the idea of repeated use, with many participants indicating that without continued use they have difficulties remembering what code(s) to use. Implementing our tutorial early in students’ educational careers opens the doors for continued statistical programming and quantitative exercises that can produce students who are prepared for life after college. 
	In conclusion, the results of our study demonstrate that a formal introduction to R can change student perceptions and increase the likelihood of students returning to R for their statistical and graphical needs. We examined different introduction formats and show that regardless of format, the same outcomes are observed. With this, we suggest that our tutorial should be used to introduce statistical programming in R during undergraduate and graduate education. Our tutorial can be completed during a three-hour session, making it a relatively small time commitment and could even be completed outside of class time. The tutorial produced for this research is freely available through a git repository and can help facilitate incorporation of programming into classrooms by those who are not overly knowledgeable with programming in R, alleviating a major hurdle in data science education (Beilock et al., 2010; Macpherson, 2016; Flanagan and Einarson, 2017). In light of our results and the existing literature, we suggest that statistical programming should be introduced early and often during post-secondary education in order to prepare students for life after the college classroom.  
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Figures:

Figure 1. Undergraduate student tutorial format participant Likert item responses indicating their familiarity with R both pre- and post-tutorial. The x-axis indicates the student response with 1 being very unfamiliar and 5 being very familiar. The y-axis indicates the number of students that selected that response. p < 0.001, W = 0, n = 42, r = 0.803, 95% CI: 0.73-0.86. [image: ]


Figure 2. Graduate student tutorial format participant Likert item responses indicating their familiarity with R both pre- and post-tutorial. The x-axis indicates the student response with 1 being very unfamiliar and 5 being very familiar. The y-axis indicates the number of students that selected that response. p < 0.01, W = 0, n =17, r = 0.754, 95% CI: 0.59-0.86.[image: ]


Figure 3. Graduate student lecture format participant Likert item responses indicating their familiarity with R both pre- and post-classroom experience. The x-axis indicates the student response with 1 being very unfamiliar and 5 being very familiar. The y-axis indicates the number of students that selected that response. p < 0.001, W = 9.5, n = 27, r = 0.74, 95% CI: 0.54-0.89.[image: ]


Figure 4. Undergraduate student tutorial format participant Likert item responses indicating their likelihood of returning to R both pre- and post-tutorial. The x-axis indicates the student response with 1 being very unlikely to return to R and 5 being very likely. The y-axis indicates the number of students that selected that response. p < 0.001, W = 50, n = 42, r = 0.656, 95% CI: 0.46-0.79.[image: ]


Figure 5. Graduate student tutorial format participant Likert item responses indicating their likelihood of returning to R both pre- and post-tutorial. The x-axis indicates the student response with 1 being very unlikely to return to R and 5 being very likely. The y-axis indicates the number of students that selected that response. p < 0.05, W = 0, n = 17, r = 0.636, 95% CI: 0.42-0.79.[image: ]


Figure 6. Graduate student lecture format participant Likert item responses indicating their likelihood of returning to R both pre- and post-classroom experience. The x-axis indicates the student response with 1 being very unlikely to return to R and 5 being very likely. The y-axis indicates the number of students that selected that response. p < 0.001, W = 24, n = 27, r = 0.695, 95% CI: 0.43-0.87. [image: ]
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