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Abstract 

 Open and transparent practices in scholarly research are increasingly encouraged by 

academic journals and funding agencies. Most aspects of Behavior Analytic practices have 

remained open and transparent because of established standards in single-case research, though 

strides towards incorporating statistical methods into Behavior Analytic research warrant a re-

evaluation of research standards in light of these newer practices. This tutorial presents a review 

of the Open Science Foundation’s guidelines for Transparent and Open Practices and provides 

instructions on how to use the free GitHub version control service to support transparent 

research. GitHub is a service that can be used to publicly archive various elements of scholarly 

research and is uniquely suited to research that involves statistical analysis and computer 

software. The GitHub service is reviewed, and the steps necessary to create a free account, 

initialize a repository, archive study files (i.e., syntax, data), and commit changes to local and 

remote repositories are provided. Implications of increased use of statistical methods are 

discussed, and archiving platforms such as GitHub are reviewed as one means of supporting 

open and transparent practices in research.  
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Introduction 

 Calls for greater research transparency in the social sciences have increased over the 

years (Grahe, 2018; Open Science Collaboration, 2015). Among the forces that have driven this 

trend towards more open research, the “replication crisis” has prompted a re-evaluation of 

various practices in scholarly research (Open Science Collaboration, 2012, 2015). The 

“replication crisis” refers to recent, unsuccessful attempts to replicate many of the statistically 

significant effects reported in hallmark psychological studies (Open Science Collaboration, 

2015). Among the factors believed to contribute to these inconsistencies, various forms of 

questionable research and publication practices have been implicated (Branch, 2014; Gelman & 

Loken, 2013; John, Loewenstein, & Prelec, 2012; Nosek, Spies, & Motyl, 2012). 

 Concerning the field of Behavior Analysis, researchers that regularly use single-case 

research designs (SCRDs) have been less prone to issues regarding the replicability of their 

experiments (Branch, 2018). Among various reasons for this, SCRDs, by design, include some 

form of within- or between-subject replication (Horner et al., 2005; Smith, 2012). As a result, 

treatment results in recommended SCRDs are always reported alongside some evidence that the 

effect was replicable (Kazdin, 2011; Kratochwill et al., 2012). Aside from demonstrations of 

replicability, SCRDs are accompanied by thoroughly-documented parameters, such as 

populations, designs, and procedures (Smith, 2012; Wolery & Ezell, 1993). High levels of 

specificity in these areas are necessary to support direct replications at a later time (Kazdin, 

2011). Additionally, the full data set in SCRDs is usually provided (visually) within the 

manuscript allowing others to perform visual analysis or for extraction at any later time (Wolery 

& Dunlap, 2001). Visual analysis functions in contrast to statistical analysis, as the full data set is 

always available in SCRDs so that the reader can determine effects visually (Horner & Swoboda, 
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2014). Statistical analyses and results are reported much differently, as authors usually describe 

findings observed following Null Hypothesis Statistical Testing (NHST). In this process, it is 

rare for both the full data set and analysis scripts to be immediately available for analytic 

replication (Houtkoop et al., 2018; Nuijten et al., 2017). 

While SCRDs do not invite many of the issues associated with statistical inferences, such 

as misinterpretations of on p values (Branch, 2014; Nuijten, Hartgerink, van Assen, Epskamp, & 

Wicherts, 2016) and varying levels of statistical power (Kyonka, 2018), the advantages of 

SCRDs are not in simply avoiding all forms of statistical inference. Instead, many of the 

strengths of SCRDs and Behavior Analytic practices draw from the high levels of transparency 

in these types of research. For example, consider the level of detail included in peer-reviewed 

Behavior Analytic work. In the methods section, parameters of an experiment are thoroughly 

described and referenced, the dependent variables are explicitly defined with evidence of 

interrater agreement, and one of only several acceptable research designs is selected and 

referenced (Smith, 2012). In the results section, data collected through the course of an 

experiment is embedded directly into the publication (Wolery & Dunlap, 2001). As likely 

observed by readers familiar with the Open Science Framework’s guidelines for Transparency 

and Openness Promotion (TOP; Nosek et al., 2015), the standards for transparency in SCRDs are 

higher than those associated with group designs and statistical comparisons. 

While SCRDs will undoubtedly remain a defining feature of Behavior Analytic research 

and practice, statistical methods and practices have established a presence in Behavior Analytic 

research (Fisher & Lerman, 2014; Young, 2018). The exploration of novel methods and 

approaches offers new possibilities to Behavior Analysts but also presents new challenges (Shull, 

1999). Whereas practices regarding SCRDs have traditionally been transparent, the conducting 
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and reporting of statistical methods historically has not. For example, various aspects of large-

scale studies may not contain the necessary information to replicate individual session 

conditions, assessments, or analyses. Further, study elements such as research materials (e.g., 

interview questions), analyses (e.g., syntax, source code), and data may not be available to 

support re-analysis or direct replication. As the field of Behavior Analysis ventures towards 

increased adoption of statistical practices and mainstream research designs, Behavior Analytic 

researchers must become aware of, and adapt to, the challenges associated with transparently 

conducting this type of research (Nosek et al., 2015; Open Science Collaboration, 2015). 

Transparency and Openness in Research 

Recent trends towards “Open Science” have focused on increasing the transparency of 

scholarly work (Open Science Collaboration, 2012, 2015). Higher levels of openness in research 

have been suggested as one of several ways that the psychological community might curb 

various forms of undesirable research practices (Branch, 2014; John et al., 2012; Nosek et al., 

2015; Open Science Collaboration, 2012). While various researchers have made similar calls for 

transparency (Branch, 2014; John et al., 2012), Nosek et al. (2015) highlighted a set of suggested 

standards and practices for peer-reviewed journals to follow. Given the variability in the 

expectations of journals regarding open and transparent research practices, these authors 

constructed guidelines to assist journals in assessing the degree to which their policies encourage 

transparent practices. These guidelines are hereafter referred to as the TOP guidelines, and eight 

dimensions of transparency are identified. Each guideline was designed to stand on its own and 

exists along a continuum, ranging from Levels 0 (i.e., not encouraging of the practice) to 3 (i.e., 

all elements must be publicly shared). Naturally, the levels of transparency required are 

accompanied by commensurate increases in the effort and resources needed on the part of the 
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journal and authors. Resource-wise, Levels 1, 2, and 3 have been described as practices requiring 

minor, moderate, and substantial resources to sustain, respectively (Nosek et al., 2015). Each of 

the TOP guidelines is explained below. 

Citation Standards. The first TOP guideline refers to the citation of individual study 

elements. More specifically, this reflects the degree to which journals actively enforce the 

citation of all study elements. For example, in Behavior Analytic research this would refer to 

practices such as citing the methods and procedures derived from earlier works (e.g., functional 

analysis, stimulus choice assessments). On the continuum outlined by Nosek et al. (2015), the 

most basic level of support (i.e., Level 1) could take the form of journals encouraging proper 

citation and providing examples of such. At the highest levels of support (i.e., Level 3),  journals 

would require all citable elements of studies to be credited before potentially publishing the 

work. In this guideline, as well as those that follow, Level 0 represents no observable efforts to 

support openness or transparency (i.e., not addressing the standard). 

Data Transparency. The second TOP guideline focuses on the data collected for the 

study. In research that is statistical, the availability of study data allows for statistical analyses to 

be revisited and potentially corrected in cases where earlier analyses may have been performed 

in error. Transparency here speaks to the analytical reproducibility of published work (Klein et 

al., 2018; Wasserstein & Lazar, 2016). At the most basic levels of support, articles published by 

a journal would have verbiage that indicates if study data are available. In contrast, the highest 

levels of support would consist of journals requiring authors to archive their study data in public 

repositories for the peer-review process as well as for the readers if the work is published. Many 

options for archiving study data are available, with most free of charge for students and 

researchers (Soderberg, 2018). 
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Analytic Methods (Code) Transparency. Whereas the second guideline represents data, 

the third is dedicated to the code that pertains to study analyses. For example, the syntax used to 

perform analyses is be expected to accompany archived data. Similarly, studies using custom 

software would naturally archive these as well. The most basic support for this guideline takes 

the form of journals providing descriptions in published articles if the source code is available. 

At the highest level of support, journals would require that authors publicly archive their syntax 

and source code both for the reviewers as well as for future replications. 

Research materials transparency. Separate from data and code, the TOP guidelines 

also contain recommendations regarding the specific materials used in research (e.g., vignettes, 

survey and interview questions). In many cases, the exact language and presentation of items 

may be necessary to replicate a study at some later time (e.g., hidden zero effect). A basic level 

of support for this dimension of transparency would take the form of providing links to study 

materials if made available. In contrast, strong support for this guideline would take the form of 

journals requiring that authors publicly archive most, if not all, documents to support future 

replications. 

Design and analysis transparency. The TOP guidelines also provide suggestions 

regarding the designs used in studies. This guideline speaks to transparency in expectations 

regarding acceptable study designs. Basic adherence to this guideline would take the form of 

journals suggesting some standard of study design. Alternatively, strong adherence to this 

guideline would mean that authors would have to conduct research that is consistent with a set of 

established design standards proposed by the journal. 

Preregistration of studies. Beyond transparency in the reporting of research, the TOP 

guidelines suggest that journals encourage the preregistration of study protocols. Briefly, 
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preregistration of protocols refers to an a priori specification of study designs and sample sizes 

before conducting research. Preregistration serves to better distinguish research that is 

confirmatory (i.e., hypothesis-testing) from research that is exploratory (i.e., hypothesis-

generating) as well as provide greater transparency in research plans (Nosek et al., 2015). Basic 

adherence to this guideline would consist of journals encouraging preregistration and proving 

links to registered studies if available and strong adherence would consist of journals requiring 

all submissions to have been preregistered. 

Preregistration of analysis plans. Similar to preregistering study plans, the TOP 

provides explicit guidelines regarding study analyses. The preregistration of analyses serves to 

document that analyses reported in published works correspond with those from the proposed 

plans. That is, preregistration of analyses attempts to avoid the issue of researchers selecting 

some analytic strategy (whether intentional or not) based on results that most conveniently 

support the desired hypothesis. Basic adherence to this guideline would consist of encouraging 

preregistration of analyses and linking to them if available. Alternatively, strong adherence 

would consist of journals requiring that all submissions have preregistered analysis plans. 

Replication. The final guideline refers to attempts to replicate earlier findings. Briefly, 

this guideline speaks to the willingness of a journal to review and accept replications of earlier 

studies. Basic adherence to this guideline would be journals encouraging the submission of direct 

replications. Alternatively, strong adherence to this guideline would be the use of Registered 

Reports. Journals supporting Registered Reports would review studies and determine the 

publishable merit based on the study design regardless of the outcome. In doing so, replications 

of existing studies may be published even in cases where the results are surprising and contrast 

the original works. 
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Archiving Information in Public Repositories 

 In reviewing each of the TOP guidelines, nearly all recommend archiving some element 

of research to a public repository (e.g., data, materials, analyses). Archiving resources online has 

historically required some level of technical proficiency on the part of the research team (i.e., 

hosting a personal web service) but a variety of user-friendly options are now available for free 

or at a low cost (Soderberg, 2018). For example, the Open Science Framework (OSF; 

www.osf.io) offers features such as preregistration and the archiving of study materials. Further, 

a range of newer options has also been developed to provide similar functionality with extended 

features (e.g., Code Ocean, Harvard Dataverse, Mendeley Data, DataNET, GitHub). 

 Each archiving system functions as a form of version control. Put simply; version control 

is a mechanism whereby iterations of information (e.g., data, source code) are stored and retained 

for future inspection (or comparison). Each iteration represents a change made by the researcher 

at some point in time (e.g., data is added, source code changed). For example, study materials or 

data archived in a repository might undergo various changes (e.g., removing incomplete sets) and 

these changes would be accompanied by documentation (i.e., the person who made the change, 

when, and why). For study elements, the full history of changes is retained and can be inspected 

by reviewers or readers at any future time. Even further, these materials may also be refined 

following publication (e.g., corrections, updates). The availability to document and timestamp 

these changes is desirable because it allows the reader to view the historical record of the 

research over time (e.g., materials at each stage, preregistration, final results). 

 Version control systems such as those provided by the Open Science Framework 

(www.osf.io) are robust and suited to archiving many types of research files (i.e., word 

processing, spreadsheets), and more specialized systems exist for larger and more complicated 

http://www.osf.io/
http://www.osf.io/
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projects. For example, projects including complex statistical analyses and source code require a 

system that indicates how researchers individually contributed. In a Git-based approach to 

version control (e.g., GitHub, GitLab), collaborators “commit” their changes to repositories 

fundamentally timestamping contributions into the project’s historical record. In this way, 

version control tracks who modifies files, when changes occur and document the reasons why 

changes were made. Aside from high levels of transparency, Git-based approaches to version 

control are particularly useful for projects that involve many contributors. For example, projects 

such as the Linux kernel (Torvalds, 2018) have involved over 15,000 contributors and over 200 

companies (Corbet & Kroah-Hartman, 2017). 

 In contrast to archives that focus on binary files (e.g., spreadsheets), such as those OSF, 

Git-based archiving is particularly well-suited to documenting individual changes in plain-text 

files (e.g., comma-separated values). That is, these systems mark the specific areas and content 

that was changed. For example, this would include specific changes in statistical syntax (e.g., 

model structure) and where those changes were located, see Figure 1. This ease of access to 

changes is particularly desirable in the context of source code and statistical syntax, where even 

minor changes in the text can dramatically affect results and interpretations. As such, Git-based 

approaches to version control may be more appropriate for research questions that require novel 

statistical analyses (e.g., computer simulations). Given the recent trends encouraging the use of 

more advanced statistics (Young, 2018), Git-based approaches to version control may become an 

increasingly useful method for archiving this type of research. Even further, Git-based solutions 

may be increasingly relevant as Behavior Analysts continue to develop and release open source 

software (Bullock, Fisher, & Hagopian, 2017; Gilroy, Franck, & Hantula, 2017; Gilroy, Kaplan, 

Reed, Koffarnus, & Hantula, In Press; Kaplan, Gilroy, Reed, Koffarnus, & Hursh, In Press). 
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Using the GitHub Platform 

 While various services use the Git protocol for version control, this review focuses 

specifically on the GitHub platform (www.Github.com). GitHub is used extensively to archive 

and manage various projects, with over 33 million public repositories and over 28 million users 

at this time1. The GitHub service is particularly useful for Behavior Analysts because it provides 

options for those with varying levels of proficiency in computer programming. For example, 

users able to contribute to the Linux kernel would simply open a terminal (i.e., a command-line 

interface with the computer) and interact with the Git protocol directly (i.e., ‘git clone 

https://github.com/torvalds/linux’). For those versed in computer programming, interactions with 

computers through the terminal is a frequent task. As an alternative to interfacing with the 

terminal, GitHub offers alternative interfaces for users who may not have the time to (or even 

wish to) learn to work directly with the command line. For example, GitHub provides a web-

based interface where users may directly edit files (e.g., change text, add or remove the file) as 

well as a robust desktop computer program with greater flexibility. Both options offer a 

Graphical User Interface (GUI) for audiences that prefer to interact with Git visually rather than 

through the command line. To address readers with minimal experience with computer 

programming, this review focuses on using the GitHub desktop program and operating it using 

the GUI. 

Installing the ‘GitHub Desktop’ Computer Program 

 The process of using GitHub Desktop begins by downloading the software from the 

GitHub website (https://desktop.Github.com). Installation files are provided for both the 

WindowsTM and macOSTM operating systems, and the reader should download the necessary 

                                                 
1 Numbers provided from https://github.com/search?q=is:public as of September 1, 2018. 

http://www.github.com/
https://github.com/torvalds/linux
https://desktop.github.com/
https://github.com/search?q=is:public
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files for their respective systems. If the reader has an existing account with GitHub, they should 

input their credentials into the GitHub Desktop computer program once it starts. If not, the GUI 

will assist the user in signing up an account. While the GitHub service allows users to create 

public repositories at no cost, the service also provides opportunities for researchers and labs to 

use a limited number of private repositories as well, at no cost. Once credentials are successfully 

inputted into the program, GitHub Desktop will note that there will be no ‘local’ repositories. At 

this point, the reader might either create a new repository, add a local repository, or clone a 

repository that already exists somewhere on the internet. 

Creating a GitHub Repository 

The process of creating a repository begins with selecting a directory (i.e., folder) on your 

local machine and instructing Git to place this location under version control2. This process 

requires both a location (e.g., Desktop) and a name for the repository (e.g., ‘test repository’). 

While not mandatory, users are encouraged to initialize their repository with a README file. 

The README.md functions like a homepage for a repository, where the owner provides a 

description (e.g., introduction, overview) of the repository. 

Similarly, authors should always include some documentation regarding how they want 

their work to be licensed. Discussions of specific licenses, and which to use, is beyond the scope 

of this tutorial and the reader is directed to the https://choosealicense.com website. The Choose 

A License website is hosted and curated by the GitHub development team. Regardless of the 

license type, the GitHub Desktop program assists the reader by including the LICENSE file that 

corresponds with their selection. 

                                                 
2 We note here that a ‘.gitignore’ file can be used to determine which files are tracked and which are ignored. 

Intermediate build objects and other binaries are traditionally not tracked because such objects are unlikely to be 

useful on other machines and are not tracked for this reason. 

https://choosealicense.com/
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Committing Local Changes 

Once selecting a license and clicking ‘Create Repository,’ the relevant directory will 

contain two files—the LICENSE and the README.md. Changes made to files in the repository 

are recorded, and changes can be committed, or written to record, with documentation 

summarizing the change(s). For example, should the reader open the README.md file with a 

text editor of choice (e.g., Notepad on Windows, TextEdit on macOS) and append “This is new 

text I've added” to the file, the GitHub Desktop program would indicate that there was a change 

in this file. A screenshot of this functionality is provided in Figure 2. 

In the GitHub Desktop, the program displays information regarding which areas of files 

had content added to them (depicted in green) as well as areas where content was removed from 

them (depicted in red). In the simple change discussed (i.e., appending “This is new text I've 

added”), we can choose to commit this change to the repository we’ve created. In the program, 

we would do this by selecting the changes we would like to commit (denoted by check marks) 

and providing a summary of the change (i.e., “this is our first commit’). A more thorough 

explanation of the commit may also be entered in the “Description” area, but only a summary is 

required to make a commit to the repository. Notably, more than one change to one or more files 

can share the same commit (i.e., a single is not isolated to a single change). To commit all of this 

these changes to the repository, the reader would enter “this is our first commit” in the summary 

and click the “Commit to master” button to proceed. 

Pushing Local Changes to Remote Repositories 

Once a change is committed to a local repository (i.e., the directory on the reader’s 

machine), the full sequence of changes may be viewed on the ‘History’ panel of the GitHub 

Desktop program. In this panel, the reader can view the full breadth of changes that have 
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occurred within a repository, or individual files, since the repository was created. The changes 

for each respective commit are highlighted alongside information regarding who committed the 

change, when it was committed, and a description of why it was changed. A screenshot of this 

panel and its associated information is provided in Figure 3. 

At this point, it warrants noting that commits exist on the user’s local machine. If the 

reader was interested in pushing their local changes to a remote repository (i.e., on the internet, 

www.GitHub.com/USERNAME/NAME_OF_REPOSITORY), the program makes this process 

very simple requiring pressing the ‘Push origin’ button at the top of the program. Once this 

process begins, all the changes that have not yet been pushed to the remote repository on the 

internet will be uploaded. Once this is completed, users may view their repositories and all 

committed changes on GitHub (i.e., https://www.github.com/USERNAME). 

Discussion 

 The purpose of this report was to review trends in open science and provide an overview 

of how GitHub can be used to support open and transparent research in Behavior Analysis. 

Recent reviews have found that many scholarly outlets (Nuijten et al., 2017) and funders 

(Houtkoop et al., 2018) are increasingly requiring research that is conducted more transparently. 

This report reviewed how to create a repository, commit changes, and push those changes so that 

archived materials can be accessed publicly. In keeping with the TOP guidelines, various 

elements of research can be made publicly accessible and linked to specific researchers or 

laboratories (i.e., analysis scripts, raw data, pre-prints). 

 While researchers maintain the option to provide study elements as supplemental 

materials, this approach is limited in comparison to GitHub for several reasons. First, platforms 

such as GitHub provide greater visibility to individual researchers. GitHub profiles can be 

http://www.github.com/
https://www.github.com/USERNAME
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designed to provide a researcher’s background, their current labs, and various other aspects of 

their research (i.e., current and future projects). Second, individual study elements (i.e., syntax, 

source code) can be assigned individualized Digital Object Identifiers (DOIs), similar to peer-

reviewed articles. For example, the Journal of Open Source Software provides DOIs for their 

peer-reviewed content (i.e., articles) and also uses Zenodo (https://www.zenodo.org) to archive 

corresponding software releases and mint individual DOIs. The free Zenodo service interacts 

with GitHub to provide DOIs and supplemental information regarding how frequently materials 

are viewed and downloaded. Third, using GitHub repositories to archive projects allows them to 

be refined following publication. For example, statistical methods developed in one paper may 

be updated and refined over time from publication to publication (Gilroy et al., 2017; Gilroy & 

Hantula, 2018). Simply including files as supplemental materials in a publication would omit 

information regarding who contributed to individual files, and when these changes were 

performed. Fourth, archiving study materials on GitHub provides a means for other researchers 

to contact the original researchers who gathered the data and wrote the code and other materials. 

In this way, other researchers would be able to consult more directly with those most familiar 

with these resources (Lo & Demets, 2016). Lastly, platforms such as GitHub provide 

opportunities for networking and collaboration. Open source collaborations typically occur 

regardless of geographical location or nationality, and this level of visibility opens new 

opportunities. Indeed, the GitHub platform has already facilitated international Behavior 

Analytic collaborations in the areas of Augmentative and Alternative Communication (Gilroy, 

2016; Gilroy, McCleery, & Leader, 2018) as well as behavioral economics (Gilroy et al., 2017; 

Kaplan et al., In Press). 

https://www.zenodo.org/
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Limitations 

 While the methods and approaches reviewed here are consistent with recommendations 

of greater transparency in research (Nosek et al., 2015), several concerns warrant noting. 

Primarily, many have expressed valid concerns that requiring transparent practices may be more 

taxing than those without (Tenopir et al., 2011). That is, requiring that journals and authors use 

these tools and abide by these guidelines would likely place even greater demands upon 

reviewers and editors already tasked with many responsibilities. Similarly, there have been 

concerns expressed by researchers that releasing their data before publication may expose them 

to a range of professional risks (Schmidt, Gemeinholzer, & Treloar, 2016). For example, 

releasing data before publication may result in publications being “scooped,” potentially 

resulting in a loss of either credit or recognition for an original work (CITE?). As such, further 

support at the individual and organization levels is likely to be necessary to further support open 

and transparent practices.  
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Figure 1. Committing changes in a Git-based project 

 
Note: The figure above shows a “diff” of a project file for a peer-reviewed software project. In 

this file, the author of the change is identified, the date of the change is noted, and the specific 

lines added and removed are displayed for each of the relevant files.  
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Figure 2. Tracking changes in files under version control 

 
Note: This figure illustrates how GitHub Desktop detects instances when files are changed. In 

the example above, a blank line and the text “This is new text I’ve added” are appended to the 

file. This change is detected and described by the GitHub Desktop program, as denoted by the 

adding of a line (i.e., ‘+’).  
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Figure 3. History of commits and changes in repositories 

 
Note: The figure above depicts a history of commits to the local repository. In the ‘Initial 

Commit,’ the README.md and LICENSE files were added and in the ‘this is our first commit’ 

commit, the contents of README.md were modified. 
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