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ABSTRACT 
Introduction: Photovoice is a community-based participatory research tool critical in engaging participants as collaborators to 
determine the health needs of their communities. The photovoice method is defined by its three major goals: (1) to support 
participants’ use of photos to document community needs, (2) to facilitate participants’ group discussion about community issues 
highlighted in their photos, and (3) to exhibit the photos as a way to reach policymakers and advocate for community change. The 
purpose of this methodological review was to assess the extent of how photovoice’s three major goals were achieved in food 
insecurity research that used the photovoice method. Methods: Peer-reviewed articles were searched for using the search terms 
“photovoice” and “food insecurity” in the databases PubMed and CINAHL. Additional articles were located using backward and 
forward chaining of reference lists. Inclusion criteria were defined to determine the articles' eligibility for review. Articles were 
assessed for their level of achievement of each photovoice goal (e.g., full, partial, none). Results: A total of 19 articles were included 
in the literature review, which described 15 different photovoice projects. Overall, the photovoice projects underachieved the 
goals of photovoice. Specifically, only two of the photovoice projects fully achieved each photovoice goal, and five projects at 
least partially achieved each goal. Conclusion: In sum, the literature review’s findings emphasize the need for projects labeled as 
“photovoice” to implement all the fundamental goals of the method. 
 
KEYWORDS 
Photovoice; Food Insecurity; Community; Participatory research 

 
INTRODUCTION  
During the 1990s, Wang and Burris developed the “photovoice” method of research. In their groundbreaking articles, Wang and 
Burris defined photovoice according to three major goals of the method: (1) to support participants’ use of photos to document 
community needs and assets, (2) to facilitate participants’ group discussion about community issues highlighted in their photos, 
and (3) to exhibit the photos as a way to reach policymakers and advocate for community change.1–3 Wang3 described photovoice 
as a type of participatory action research, and others have characterized it as community-based participatory research (CBPR).4 
These research methods view participants as colleagues who are involved throughout the entire research process, including the 
dissemination of findings and efforts to enact change and improve a community’s wellbeing.3–5 There are several benefits to 
conducting CBPR, including that a study and its data are relevant to community members, that the health issue being studied is 
given context by community members’ knowledge, and that positive change in the community is an expected outcome.5 
 
To help others conceptualize and implement photovoice projects, Wang and Burris provided practical, concrete steps to fulfill 
photovoice’s major three goals.2, 3 In terms of photovoice’s first goal, Wang and Burris recommend that participants be trained 
on: an introduction of the photovoice method with an emphasis on reaching policymakers, the assignment of what participants 
should take photos of (which could be determined by the participants), the ethical practices of taking photos (i.e., appropriate 
ways of approaching and asking others for permission before taking photos), the provision of cameras if participants did not have 
a camera, and simple tips on taking photos (e.g., lighting, framing). Participants are then given a specific amount of time (i.e., one 
week) to take photos before meeting again to discuss the photos.2, 3 
 
Regarding the second goal of photovoice, a group discussion is facilitated for participants to share, contextualize, and analyze 
their photos. During the group discussion, each participant selects a few photos that are important to them and then shares their 
meaning with the other participants. Wang recommends that researchers guide participants through group discussion using the 
“SHOWeD” mnemonic,6 which stands for: What do you See here? What’s really Happening here? How does this relate to Our 
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lives? Why does this situation exist? What can we Do about it? The SHOWeD mnemonic can help participants to provide a 
critical contextual story behind each photo, which identifies the root of a problem and provides space for discussing potential 
strategies for improvement. Afterwards, participants qualitatively analyze their photos by categorizing the issues that were 
discussed into major action-oriented themes.2, 3  
The third goal of photovoice involves planning how to use the photos to reach policymakers. Based on the group discussion and 
analysis, researchers should work with participants to plan a format to share photos and stories with community leaders. By doing 
so, participants have an opportunity to have their voices heard, by using their photos as talking points to address issues in the 
community and to advocate for change.2, 3  
 
The literature suggests that not all studies labeled as “photovoice” have adhered to the method’s defining characteristics, 
especially in terms of advocacy efforts. The use of photovoice has grown in popularity over the past several decades, with 
thousands of photovoice studies published in peer-reviewed articles from various fields (e.g., public health, medicine, social work, 
psychology).7 Several literature reviews have been conducted on photovoice studies and have specified where studies have not 
achieved the three major goals of photovoice. Seitz and Orsini8 summarized the limitations mentioned in 15 separate literature 
reviews, totaling 593 published photovoice studies, including the common critique of photovoice projects not using photo 
exhibits to give participants an opportunity to speak with policymakers.  
 
Although previous literature reviews have critiqued photovoice projects in general, the purpose of this study was to assess the 
extent to which photovoice’s three major goals were achieved specifically within food insecurity research that used the photovoice 
method. Food insecurity is a major public health issue in the United States (U.S.), with 18 million households reporting food 
insecurity in 2023,9 being defined as “a household-level economic and social condition of limited or uncertain access to adequate 
food.”10 Several factors can influence food insecurity, including, socioeconomic status, race/ethnicity, disability, neighborhood 
conditions, and lack of transportation.10 Food insecurity increases the risk of several negative health outcomes and health 
disparities, including obesity, malnutrition, chronic diseases, and children's physical development and mental health.10  
 
In response to the challenge of food insecurity, Gallegos and Chilton11 suggest there is a major knowledge gap between people 
who hold positions of power that seek to alleviate food insecurity (e.g., academics, politicians, leaders of non-governmental 
organizations) and those struggling with the issue, which can result in the exclusion, marginalization, and exploitation of people 
who are experiencing food insecurity. As such, Gallegos and Chilton11 recommend that scholars collaborate with participants in 
food insecurity research and practice to co-create an understanding of both the problems and solutions of food insecurity. This 
recommendation is reflected in the growing body of research in which scholars have used participatory research to address food 
insecurity in communities.12–14   
 
Photovoice has been one method of participatory research used in several studies on food insecurity; however, a methodological 
review of those studies regarding adherence to the initial photovoice method goals as defined by Wang and Burris has yet to be 
conducted. As such, this methodological review of the literature aimed to assess the published studies that used photovoice to 
address food insecurity to identify if those studies achieved each of the three major goals of photovoice, and to suggest how 
photovoice methods could be improved in the future. 
 
METHODS AND PROCEDURES 
This study was conducted as a methodological literature review. These types of reviews summarize the literature with a focus on 
methodological practices, which can be used to address uncertain research methods and recommend appropriate methods for 
future studies.15 A common type of methodological literature review is a “critical review,” in which the literature on a certain topic 
is assessed for methodological inconsistencies when compared to a criterion.15 This review was grounded in Aguinis and 
colleagues’ systematic review and their checklist of best practices in conducting methodological reviews, which includes: 
demonstrating the need and value for the review, defining the scope of the review, being transparent in the search process, using 
seminal sources as the criterion for reviewing articles, organizing the review through a step-by-step methodological guideline, 
highlighting articles that used exemplary methods, and reporting the review’s findings using simple language.15  
 
Relevant search terms and databases were used to identify peer-reviewed articles for the literature review. During February of 
2026, PubMed and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) were searched using the search 
terms “photovoice” and “food insecurity.” Additional articles were identified using “berry picking” methods of “backward 
chaining” (i.e., searching the reference pages of included articles) and “forward chaining” (i.e., searching the articles that cited the 
included articles)16 using Google Scholar.17  
 
The authors used several inclusion criteria to determine article eligibility for the literature review. An article was included in the 
review if it: (1) was written in the English language, (2) was conducted in the U.S., (3) was published in a peer-reviewed journal, 
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(4) specified that photovoice methods were used in the study, and (5) described a photovoice project related to food insecurity. If 
an article did not meet the inclusion criteria, then it was excluded from the literature review. If more than one article was 
published describing the same photovoice project, those additional articles were included in the review to ensure the full context 
of the project was assessed. 
 
Each article included in the review was then examined independently by the undergraduate student researcher and a faculty 
supervisor for several factors to determine the extent to which each major goal of photovoice was achieved. It is important to 
note here that the information that was analyzed for this literature review was solely based on the methods that were described in 
each article’s text. It is possible, as noted in the limitations below, that the methods to achieve the goals of photovoice were 
actually used in the photovoice project, but not included in detail within the article’s text.  
 
For the first goal of photovoice, the following information was extracted from each article: the number of photovoice trainings, 
the training content (e.g., overview of the photovoice method, the participants’ assignment of what they should take photos of, 
photo ethics, photo tips), if cameras were provided to participants, and the amount of time provided to take photos. Based on 
Wang and Burris’2, 3 defining elements of photovoice, the student researcher and a faculty supervisor graded each article’s 
achievement of the first goal of photovoice as: Full (participants were trained in all of the following: the photovoice method, an 
assignment of what participants should take photos of, photo ethics, photo tips), Partial (the article failed to mention one or more 
training components), or None (the article failed to mention any training or any components of the training). 
 
Regarding the second goal of photovoice, the following information was extracted from each article: how participants discussed 
their photos (e.g., group discussion, focus group interviews, individual interviews with researchers), if a type of mnemonic (i.e., 
SHOWeD) was used to guide group discussion, and if the photo data or discussion/interview data were analyzed by the 
participants and/or the researchers. The student researcher and a faculty supervisor graded each article’s achievement of the 
second goal of photovoice as: Full (participants discussed their photos as a group or through focus group interviews, the photo 
data or discussion/interview data were analyzed by the participants), Partial (participants discussed their photos individually with 
the researchers, and/or the photo data or discussion/interview data were analyzed by the researchers, and/or the participants 
were only invited to validate the researchers’ analysis), or None (the article failed to mention any participant discussion of the 
photos, or the participants discussed their photos individually with the researchers, and the photo data or discussion/interview 
data were only analyzed by the researchers). 
 
Finally, for the third goal of photovoice, the following information was extracted from each article: if the photovoice project’s 
findings were shared through the form of an exhibit or other types of display (e.g., print, digital), who planned the exhibit/display, 
if participants were involved with the exhibit/display, who attended the exhibit/display (e.g., community members, media outlets, 
policymakers), and if there was any impact as a direct result of the exhibit/display. The student researcher and a faculty supervisor 
graded each article’s achievement of the third goal of photovoice as: Full (the photovoice project’s findings were 
exhibited/displayed, the participants were involved with the exhibit/display), Partial (the photovoice project’s findings were 
exhibited/displayed, but the participants were not involved with the exhibit/display), or None (the article failed to mention any 
exhibit/display of the photovoice project’s findings). 
 
After independently extracting information and grading the methods against the three goals of photovoice, the researchers then 
met to discuss their assessments. Any inconsistencies between the researchers in the information extracted from the articles or 
their grading of the methods’ achievement of photovoice goals were resolved through discussion.  
 
RESULTS 
A total of 19 articles were included in the study Figure 1.18–36 Those articles described 15 different photovoice projects, as three 
projects were described in more than one publication. The photovoice projects ranged in their: location (e.g., rural, urban, region 
of the US), number and demographics of participants (e.g. age, race/ethnicity), purpose, and participant photo assignments based 
on the project purpose (Table 1). Regarding the first goal of photovoice, the projects varied in achievement, participant trainings, 
cameras for taking photos, and allotted time for taking photos. Of the 15 projects, eight (53%) had full achievement (Table 2). 
The remaining seven (47%) projects had partial achievement, as they did not mention training components of photo tips and/or 
photo ethics (Table 2). There were 14 projects that used a single training session, and one used two training sessions. To take 
photos, participants used their cell phones, or were provided with cameras (e.g., digital, disposable). Of the 12 projects that 
specified the allotted time for taking photos, the time ranged from three days to six weeks, with the most common time being one 
week (Table 2). 
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Figure 1. Flow diagram for article inclusion. 
 

First Author 
 

Location, Participants Study purpose Photo assignment 

Boddie18 Waco, TX; 5 teens who lived 
in communities designated as 

food deserts 

To explore teens’ views on the barriers, 
impacts, coping mechanisms, and solutions 

to food security 
 

Experiences, thoughts, and emotions of food 
and low food supplies 

Burris19 Five communities in Tampa 
Bay, FL; 13 teenagers 

To understand teenagers’ experiences and 
coping strategies with food insecurity 

What teen food insecurity looks like and the 
participants’ ideas for solutions 

 
Chilton,20 
Knowles21 

 
 
 

Philadelphia, PA, Boston, MA, 
Baltimore, MD, Camden, NJ; 

69 caregivers of young 
children and who use at least 
one public assistance program 

 

To advocate to policymakers for changes to 
improve the health issues of young children 

living in poverty 
 

Experiences with hunger and poverty, and the 
participants’ ideas for change to share with the 

public, press, and policymakers 

Colon-Ramos22 Two low-income 
neighborhoods in Washington, 

DC; 10 African Americans 
mothers and grandparents 

 

To determine how African-American 
caregivers living in a food desert provide 

food for their children 
 

Barriers and facilitators to feeding children 

Dailey23 Adams County, PA; 47 low-
income families 

To understand the lived experience of food 
insecurity in a rural community 

 

Experiences everyday with food 

Heidelberger24 

 
Urban neighborhood in MN; 

29 children 
To explore the food environment of low-

income adolescents 
Foods that are commonly consumed at home, 

at school, and in the community 
 

Hines25 
 
 

Baltimore, MD; 24 adults with 
hypertension 

To explore the food environment of Black 
residents with hypertension 

 

Issues related to food in the neighborhood 

Jennings26 
 
 

Duluth, MN; 18 children 
experiencing food insecurity 

and transitional housing 
 

To explore urban, Indigenous children’s 
perceptions about healthy and unhealthy 

food 
 

Foods that are healthy and unhealthy 

Lemp27 A large Midwestern university; 
12 students who were food 

insecure and used the campus 
food pantry 

 

To assess the impact of food insecurity on 
the health of college students 

Impacts of food insecurity as a college student 
(e.g., what it looks like, health impacts) and 

resources used 

McMorrow,28, 29 
Saksena30 

 

Indianapolis, IN; 16 
Congolese refugee women 

To explore the health and integration 
experiences of refugee women 

 

Barriers and facilitators of health and health 
care access 

Sohlberg31 San Joaquin Valley, CA; 37 
parents of K-12 students who 
participated in a school meal 
program during COVID-19 

school closings 
 

To understand 
parents’ views of school meals during 

COVID-19 to improve participation in the 
meal program 

Food provided by the school during the 
COVID-19 school closings 

Spear32 Rural AR; 7 food insecure 
adult residents 

To explore the daily reality of food insecurity Experiences with food insecurity as 
individuals, household, or community 
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Springer33 
 

Midwest city, USA; 8 teenage 
refugees from Iraq and 

Thailand 
 

To understand adolescent refugees’ 
experiences with food access 

Representations of food access 

Valera34 New York City, NY; 9 low-
income mothers 

To document low-income women’s 
challenges in accessing healthy food in New 

York City 
 

Barriers to accessing healthy foods in the 
neighborhood 

 

Weinstein35, 36 

 
Philadelphia, PA; 8 adult 

residents 
To investigate weight loss factors for 

overweight/obese adults with serious mental 
illness 

 

Barriers and facilitators in the environment for 
losing weight 

Table 1. Summary of studies’ location, participants, purpose, and photo assignment given to participants. 

 
First Author 

 
Methods for achieving photovoice goal #1   Achievement  

Boddie18 One training on the photovoice method and photo assignment. Participants used their cell phones 
as cameras. One week was allotted for taking photos. 

Partial (missing: photo 
ethics, photo tips) 

 
Burris19 One training on the photo assignment. Disposable cameras were provided. The allotted time for 

taking photos was not mentioned. 
 

Partial (missing: photo 
ethics, photo tips) 

Chilton,20 
Knowles21 

 

One training on photo assignment, photo ethics, and photo tips. Digital cameras were provided. 
Three weeks were allotted to take photos. 

Full 

Colon-Ramos22 One training (and a take-home guide) on photo assignment and photo tips. Cameras were 
provided. Four days were allotted to take photos. 

 

Partial (missing: photo 
ethics) 

 
Dailey23 One training on the photovoice method and the photo assignment. Digital cameras were provided. 

One month was allotted to take photos.  
Partial (missing: photo 

ethics, photo tips) 
 

Heidelberger24 

 
One training on the photo assignment, photo ethics, and photo tips. Disposable cameras were 

provided. The allotted time for taking photos was not mentioned. 
 

Full 

Hines25 
 
 

One training on the photovoice method, photo  assignment, photo ethics, and photo tips. 
Provision of cameras was not mentioned. One week was allotted for taking photos. 

 

Full 

Jennings26 
 

One training on the photovoice method, photo  assignment, photo ethics, and photo tips. Cameras 
were provided. Three days were allotted to take photos. 

 

Full 

Lemp27 One training on the photovoice method and photo assignment. Participants used their cell phones 
as cameras. Two weeks were allotted to take photos. 

 

Partial (missing: photo 
ethics, photo tips) 

McMorrow,28, 29 
Saksena30 

 

Two trainings on the photovoice method, photo assignment, photo ethics, and photo tips. Digital 
cameras were provided. The allotted time for taking photos was not mentioned. 

 

Full 

Sohlberg31 One training webinar on the photovoice method and the photo assignment. Provision of cameras 
was not mentioned. Five days were allotted for taking photos. 

 

Partial (missing: photo 
ethics, photo tips) 

Spear32 One training on the photovoice method, photo assignment (developed by participants), photo tips, 
and photo ethics. Disposable cameras were provided. Six weeks were allotted for taking photos. 

 

Full 

Springer33 
 

One training on the photovoice method, photo assignment (developed by participants), photo tips, 
and photo ethics. Participants used their own camera devices. One week was allotted for taking 

photos. 
 

Full 

Valera34 One training on the photovoice method, photo assignment (developed by participants), and photo 
ethics. Disposable cameras were provided. Four weeks were allotted to take photos.   

 

Partial (missing: photo tips) 

Weinstein35, 36 

 
One training on the photovoice method, photo assignment, photo ethics, and photo tips. Digital 

cameras were provided. One week was allotted for taking photos. 
 

Full 

Table 2. Studies’ reported methods and achievement of photovoice goal #1 (training on photovoice method, photo topics, photo ethics, photo tips).  

In terms of the second goal of photovoice, the projects varied in their level of achievement. A total of five (33%) projects fully 
achieved the second goal of photovoice, eight (53%) projects partially achieved the goal (due to lack of participants’ involvement 
with data analysis), and two (13%) projects did not achieve the goal (due to lack of group discussion of photos and participants’ 
involvement with data analysis) (Table 3). Of the projects that facilitated group discussion of photos, the SHOWeD mnemonic 
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was used in six projects, and the “ORID” mnemonic (objective, reflective, interpretive, and decisional questions used to spark 
discussion)34 was used in one project (Table 3). 
 

First Author 
 

Methods for achieving photovoice goal #2   Achievement  

Boddie18 Focus group interviews. Participants and researchers analyzed the interview data and photo data. 
 

Full 

Burris19 Group discussion using the SHOWeD mnemonic. Analysis of photos was not mentioned. Partial (missing: participant 
analysis of data) 

 
Chilton,20 
Knowles21 

 

Individual interviews and group discussion using the SHOWeD mnemonic. Participants and 
researchers analyzed the photo data, while researchers analyzed the interview and discussion data. 

 

Full 

Colon-Ramos22 Individual interviews and group discussion.  Participants and researchers analyzed the photo data, 
while researchers analyzed the interview and discussion data. 

 

Full 

Dailey23 Group discussion. Researchers analyzed the discussion data. Partial (missing: 
participants’ analysis of 

data) 
 

Heidelberger24 

 
Individual interviews. Researchers analyzed the photo data and interview data. None (missing: group 

discussion, participants’ 
analysis of data) 

 
Hines25 

 
 

Group discussion using the SHOWeD mnemonic. Researchers analyzed the discussion data.    Partial (missing: 
participants’ analysis of 

data) 
 

Jennings26 
 

Group discussion. Participants analyzed the photo data. Researchers analyzed the discussion data.  
 

Full 

Lemp27 Group discussion or interviews were not mentioned. Researchers analyzed the photo data.  None (missing: group 
discussion, participants’ 

analysis of data) 
 

McMorrow,28, 29 
Saksena30 

 

Group discussion. Researchers analyzed the photo data and discussion data. Participants were 
invited to validate the analysis. 

Partial (missing: participant 
analysis of data) 

 
Sohlberg31 Group discussion. Researchers analyzed the discussion data. Partial (missing: 

participants’ analysis of 
data) 

 
Spear32 Group discussions using the SHOWeD mnemonic. Researchers analyzed the discussion data. 

Participants were invited to validate the analysis. 
Partial (missing: 

participants’ analysis of 
data) 

 
Springer33 

 
Group discussions using the SHOWeD mnemonic. Researchers analyzed the photo data and 

discussion data. 
Partial (missing: 

participants’ analysis of 
data) 

 
Valera34 Group discussion using the ORID mnemonic. Researchers analyzed the discussion data. 

Participants were invited to validate the analysis. 
Partial (missing: 

participants’ analysis of 
data) 

 
Weinstein35, 36 

 
Group discussion using the SHOWeD mnemonic. Participants and researchers analyzed the photo 

data and discussion data.  
 

Full 

Table 3. Studies’ reported methods and achievement of photovoice goal #2 (group discussion of photos, participant analysis of photos). 
 
Regarding the third goal of photovoice, the projects also varied in their level of achievement. Only five (33%) projects fully 
achieved the goal, two (13%) had partial achievement (due to no participant involvement during the exhibits/displays), and eight 
(53%) of the projects did not achieve the goal (due to not mentioning any advocacy efforts) (Table 4). The exhibits/displays 
reached policymakers, stakeholders, and the general community, and three projects described the impact of the photovoice 
exhibit/display (e.g., free meals, food options, politicians’ votes) (Table 4).  
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First Author 
 

Methods for achieving photovoice goal #3   Achievement  

Boddie18 Researchers planned several exhibits (two university events, a national conference, a youth council 
meeting) for various attendees (policymakers, social workers, nonprofit executives, community 

stakeholders). None of the participants were available to be involved at the exhibits. As a result of 
the project: the faith-based organization afterschool program that hosted the project began 

offering meals. 
 

Partial (missing: 
participants’ involvement at 

the exhibit/display) 

Burris19 It was not mentioned who planned two exhibits (a community event, Juvenile Welfare Board) for 
various attendees (policymakers, members of the school board, Juvenile Welfare Board, and local 

hunger organizations). Participants were involved in presenting the exhibit. As a result of the 
project, school staff improved food handling procedures, eliminated some unhealthy food items, 

and allowed students to choose which food items they wanted to be served.  
 

Full 

Chilton,20 
Knowles21 

 

Researchers planned 20 exhibits (PA Senate, a MA district, the US Senate, US House of 
Representatives, and news outlets). Participants were involved in presenting the exhibits. As a 

result of the project: politicians’ votes were impacted on the 2014 cuts to SNAP funding. 
 

Full 

Colon-Ramos22 Not mentioned 
 

None  

Dailey23 Not mentioned 
 

None 

Heidelberger24 

 
Not mentioned None 

Hines25 
 

Researchers were planning a future exhibit.  None 

Jennings26 
 

Not mentioned None 

Lemp27 Not mentioned 
 

None 

McMorrow,28, 29 
Saksena30 

 

Researchers planned several exhibits (World Refugee Day event, a public presentation at a 
university, academic conferences). Participants were not involved at the exhibits. Impacts of the 

exhibits were not mentioned. 

Partial (missing: 
participants’ involvement at 

the exhibit/display) 
 

Sohlberg31 Not mentioned 
 

None 

Spear32 Researchers were planning a future exhibit. 
 

None 

Springer33 
 

It was not mentioned who planned an exhibit at an unspecified venue. Participants were involved 
in the exhibit. Impacts of the exhibit were not mentioned. 

 

Full 

Valera34 It was not mentioned who planned two exhibits (a participant letter writing campaign to local 
policymakers, a university health disparities conference). Participants were involved in the letter 

writing campaign. Impacts of the exhibit were not mentioned. 
 

Full 

Weinstein35, 36 

 
Participants and researchers planned several exhibits (state department of public health, a coalition 

conference about hunger, a coalition meeting, a demonstration outside a senator’s office). 
Participants were involved with the exhibits. Impacts of the exhibits were not mentioned. 

 

Full 

Table 4. Studies’ reported methods and achievement of photovoice goal #3 (reach policymakers). 
 

After assessing the methods used for each photovoice goal, only a few projects fully or partially achieved each goal. Of the 15 
projects included in this review, there were only two (13%) projects that fully achieved each goal of the photovoice method,20, 21, 

35, 36 and five (33%) projects that at least partially achieved each goal.18, 19, 28–30, 33, 34 
 
DISCUSSION 
The purpose of this methodological review was to determine how photovoice methods were used in research on food insecurity. 
Specifically, this study assessed if and how projects accomplished each of the three goals that define the photovoice method, as 
described in the publication text. We found that only two of the 15 projects included in this literature review fully achieved each 
photovoice goal as outlined by Wang and Burris’ foundational articles that defined the method.1-3 
 
It is important to note that nearly half of the photovoice projects included in this methodological review did not mention training 
participants in the ethics of taking photos. Other literature reviews have also reported a lack of description in how photovoice 
participants are trained about the ethics surrounding photos.8 This finding highlights the need for researchers who are using 
photovoice to provide detailed training for participants to ethically achieve the goals of photovoice, with specific restrictions on 
taking photos of the community and the people within it. Oakes and colleagues37 developed a helpful decision tree for photovoice 
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projects regarding the ethical and legal decision-making process in taking photos (e.g., privacy of person, privacy of place, illegal 
acts and obscenity, defamation, representation of truth versus actual malice, opinion versus assertion of fact), which could be used 
during photovoice trainings, group discussions, and exhibit planning. 
 
Regarding the second goal of photovoice (e.g., group discussion of photos and participant analysis of photos), several projects in 
this review did not involve participants in data analysis. Other literature reviews have also critiqued photovoice projects that did 
not involve participants in data analysis.8 Given the participatory nature of photovoice, and the established outline of the method 
that specifies including participants in analyzing photos,2, 3 future food insecurity research that uses photovoice should involve 
participants when categorizing participants’ photos into major themes. Wang & Burris2 emphasize the importance of participants 
taking the lead in analyzing patterns grounded in community data, as they should define the issues and potential solutions within 
their own communities. 
  
Several studies in this literature review failed to describe if they hosted an exhibit/display, the crucial third goal of photovoice. 
This finding is reflected in previous literature, where many projects have fallen short of implementing comprehensive photovoice 
methods.8 Hosting an exhibit, or some type of display, creates an opportunity for participants to dialogue with policymakers and 
stakeholders about community concerns using real forms of evidence through participants’ photos and stories.2, 3 As such, by 
neglecting to host a photovoice exhibit, the full extent of participants’ voices can be silenced.38 In a reflective commentary on the 
method she created, Wang noted, “All kinds of limits and pressures can get in the way of staying true to the values and integrity of 
photovoice. Often, the policy component is the first to go. Photovoice organizers, eager to ‘analyze’ the ‘data’ on their own, 
eschew bringing policy makers to the table at the outset, or they neglect to facilitate ways for community people to share their 
policy recommendations. I want to say, please look in your heart, and may your work be rooted in the goals and core values that 
underlie photovoice.”39  
 
This methodological review of the literature has important implications for future photovoice projects. First, there is a general 
need for assessing photovoice methods that are specific to each discipline or population of study. Replicating this type of 
methodological review can help to address the limitations of how photovoice is being used, and how projects could be improved 
in the future. Second, although completing all three major goals can be time consuming, implementing the basic steps of 
photovoice is necessary to realize the potential benefits for participants in this unique participatory research method.39 Third, this 
review underscores the importance of those using photovoice to plan on how they will evaluate and report the impacts of a 
photovoice exhibit.40 Practically, Wang and Burris’ defining articles of the photovoice method1-3 and this methodological review 
can serve as useful guides in planning the basic steps of a photovoice project (e.g., training participants in the photovoice method, 
providing a photo assignment, providing photo ethics and photo tips, conducting group discussions of photos, involving 
participants in photo analysis, and working with participants to share the photos with policymakers). Fourth, although the three 
goals of photovoice as outlined in Wang and Burris’ foundational articles may be considered the “gold standard” of photovoice, 
researchers may modify the method. As such, it is important for researchers to clarify how the method was modified. If 
participants’ photos are only used as an aid for interviews, the method should be classified as “photo elicitation”41 rather than 
photovoice. Or, if photovoice was only used to enhance participants’ knowledge, skills, attitudes, behaviors, health, or efficacy for 
change at the individual level (versus at the community or policy level) this could be categorized as a “photovention” type of 
photovoice.41 Moreover, if the objective of photovoice was to map community assets or needs (without addressing policymakers), 
this could be specified that photovoice was used only as a community assessment.41    
 
There are several strengths and limitations to this study. This study’s findings support Gallegos and Chilton’s11 recommendation 
that scholars of food insecurity collaborate with their participants. The studies that achieved each photovoice goal engaged 
participants as co-researchers to enact change, suggesting that photovoice is a methodology that might be particularly useful for 
understanding and improving food insecurity without marginalizing participants and their lived experiences. In addition, this 
review indicates that photovoice can have real impacts on food insecurity. Although policy change can be difficult, three projects 
described in this review resulted in the availability of meals at an afterschool program,18 changes to food in a school setting (e.g., 
improved food handling procedures, elimination of unhealthy food items),19 and the influence on policymakers’ votes on 
proposed cuts to SNAP funding.20,21 Although these impacts do not solve food insecurity in a broad sense, they do indicate that 
those who study food insecurity with a focus on sparking change in local communities or the national level may want to consider 
using photovoice as a tool for that work.  

 
In terms of limitations, first, we only included studies that were conducted in the U.S., as food insecurity and advocating for 
policy change can look different from nation to nation, and we wanted the findings to be comparable by region within the same 
country. As such, it is possible that photovoice projects conducted outside of the U.S. achieved the three goals of photovoice 
methodology to a level different than those described in this literature review. Second, by only including photovoice projects that 
were published in the peer-reviewed literature, it is possible that other relevant photovoice projects (e.g., dissertations, theses, 
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presentations) could have provided additional insight into how photovoice is implemented within the scope of food insecurity. 
Third, it is possible that the study’s limited search terms and only using the databases of PubMed and CINAHL did not retrieve 
an exhaustive list of photovoice projects about food insecurity using different terms (e.g., hunger, nutrition, food, grocery) from 
databases of various fields (e.g., anthropology, sociology, women’s studies, economics). Finally, the projects listed in this literature 
review may have achieved aspects of photovoice goals, even though those details were not mentioned in the articles. This may be 
due to journal word limits that do not allow enough space for describing specific methodological details. As such, those who 
disseminate the findings from photovoice projects through peer-reviewed publication may want to use supplemental materials if 
journal word limits are too restrictive. 
 
CONCLUSIONS 
This study conducted a methodological review to assess the extent of how photovoice’s three major goals were achieved in food 
insecurity research that used the photovoice method. A total of 19 articles were included in the literature review, describing 15 
different photovoice projects. Overall, the photovoice projects as described in the articles’ text underachieved the goals of 
photovoice. Specifically, only two of the photovoice projects fully achieved each photovoice goal, and five projects at least 
partially achieved each goal. In sum, the literature review’s findings emphasize the need for projects labeled “photovoice” to fully 
implement the method's fundamental goals. 
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PRESS SUMMARY 
Photovoice is a community-based participatory research tool critical in engaging participants as collaborators to determine the 
health needs of their communities. The photovoice method is defined by its three major goals: (1) to support participants’ use of 
photos to document community needs, (2) to facilitate participants’ group discussion about community issues highlighted in their 
photos, and (3) to exhibit the photos as a way to reach policymakers and advocate for community change. The purpose of this 
methodological review was to assess the extent of how photovoice’s three major goals were achieved in food insecurity research 
that used the photovoice method. Based on the authors’ anecdotal observations, photovoice has been one method of 
participatory research used in several studies on food insecurity; however, a methodological review of those studies regarding 
adherence to the photovoice method has yet to be conducted. As such, this methodological review of the literature aimed to 
assess the published studies that used photovoice to address food insecurity. In doing so, the review can identify how those 
studies may have varied in achieving each of the three major goals of photovoice and suggest how photovoice methods could be 
improved in the future. 
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ABSTRACT  
Modern construction technologies can offer significant potential for historic building treatments by addressing structural 
deterioration, enhancing safety, improving energy performance, and supporting long-term sustainability. However, integrating 
these modern construction technologies into historic construction requires a careful balance between preserving historic integrity, 
complying with contemporary construction standards and advancing technological capabilities. This tension often results in 
complex managerial and technical challenges for project stakeholders when considering, selecting, and implementing modern 
construction technologies into historic building treatments. Understanding the perspective and decision-making considerations of 
key stakeholders is critical to the effective development, utilization, and application of modern construction technologies in the 
historic construction field. However, there is a lack of empirical understanding of how project stakeholders, including 
construction engineers and managers, experience, interpret, and address the managerial and technical challenges in practice. In 
addition, little is known about how such challenges influence technology adoption decisions during historic building treatments. 
Therefore, it is essential to investigate the lived experiences and perspectives of the project stakeholders to identify the key drivers 
and challenges shaping modern technology adoption during historic building treatments. To address this research gap and capture 
nuanced, context-dependent perspectives, the current study employed an in-depth qualitative approach, drawing on detailed 
interviews with subject matter experts who participated in historic building treatment projects in the Metro Detroit area. 
Qualitative data were collected and analyzed to examine the lived experiences, interpretations, and professional judgments of 
stakeholders, which are often shaped by project-specific constraints, regulatory environments, and organizational contexts that 
cannot be adequately captured through purely quantitative measures. The findings of this research indicate that major barriers to 
the application of modern construction technologies in Detroit’s historic building treatment projects include limited knowledge, 
technology reluctance, and high costs. The findings of this research advance empirical understanding of how project stakeholders 
and decision-makers determine the appropriate technologies in historic building treatments. The results identify key factors that 
contribute to practitioners’ and contractors’ reluctance to adopt these technologies, including financial constraints, limited 
technical knowledge, and training gaps among contractors. By revealing the practical considerations that influence technology 
adoption and implementation, this study provides evidence-based guidance for construction firms, owners, consultants, and 
historic-building preservation professionals. The findings also inform preservation policy and regulatory decision-making by 
clarifying the barriers and decision processes associated with modern technology adoption, supporting the more consistent, cost-
effective, and context-sensitive application of modern construction technologies in historic building treatments. 
 
KEYWORDS 
Historic Integrity; Historic Property; Historic Building Treatments; Preservation; Rehabilitation; Restoration; Reconstruction 

 
INTRODUCTION 
The treatment of historic properties includes a range of professional interventions applied to structures in order to conserve, 
repair, adapt, or rehabilitate them while respecting their cultural, architectural, and historical significance.1, 2 The treatment of 
historic buildings has long been shaped by the balance between modern construction demands and the imperative objective of 
preserving cultural and historic integrity.3 While advances in construction technologies offer opportunities to improve efficiency, 
sustainability, and affordability, they can often pose the risk of diminishing the historical character of built heritage.4, 5 There is a 
persistent risk that construction technologies aimed at improving historic buildings may inadvertently impact their cultural value 
by compromising their historic integrity.4 Many historic properties were built centuries ago and the construction industry has 
undergone transformative changes in methods and technologies since then. As a result, the gap between historic construction 
techniques used for historic buildings and modern technologies applied in modern construction projects has continued to widen.6, 
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7 In addition, historic buildings are often used in ways that differ significantly from their original purpose, creating new occupant 
needs.5 For example, contemporary HVAC requirements are often far more demanding than those in place when historic 
buildings were originally constructed.8 If this gap is not carefully managed, historic properties risk losing their integrity through 
neglect or hasty modernization, while insufficient adaptation may ultimately render them obsolete.9 
 
Historically significant buildings are governed by extensive and complex regulations designed to balance the practical demands of 
economic use with the preservation of historic integrity and cultural significance.10 The National Historic Preservation Act 
(NHPA) requires federal agencies to consider impacts on historic properties, fostering harmony between modern use and 
preservation.11, 12 Historic building treatments are often expensive, time-consuming, and typically require specialized artisanal skills 
and technical expertise.13–15 Hasty or inadequately planned work on historic properties without proper expertise can result in 
severe, long-term, and often irreversible damage to the properties.14, 16 Historic building treatment projects should balance modern 
construction demands such as functional use, sustainability, environmental performance, energy efficiency and affordability, with 
the preservation of historic authenticity, aesthetic character, and cultural value of the property.17, 18 However, in practice, achieving 
this balance remains highly challenging.19, 20 

 
Modern construction demands can be addressed through the adoption of modern construction technologies, such as energy-
efficient retrofitting methods, smart building materials, and digital building information modeling (BIM) techniques.21–24 Historic 
building treatment projects can similarly leverage such technological interventions to enhance overall project performance. For 
example, the heritage BIM-based energy retrofit of a historic public building achieved approximately 32% to nearly 100% (up to a 
net-zero energy balance) annual operational energy savings while preserving the building’s heritage values.25 Identifying a 
reasonable balance between the application of modern technologies and the preservation of historic integrity is critical in historic 
building treatment projects, as technological intervention decisions can directly influence both conservation and performance 
outcomes.26–28 In addressing this balance, many Western European countries have adopted more progressive technological 
interventions in historic buildings, while many Eastern European countries tend to favor more conservative, preservation-
oriented approaches to historic building treatments.29 In the United States, this balance manifests differently across regions, 
reflecting variations in regulatory frameworks, economic conditions, and local construction practices.30–32 In legacy post-industrial 
U.S. cities, such as Detroit, historic building treatments have been particularly challenging. Detroit experienced rapid industrial 
growth in the early 20th century, followed by significant economic decline and urban transformation.33, 34 Detroit’s prolonged 
economic decline relegated the maintenance and rehabilitation of many historic properties to a lower priority, resulting in 
widespread abandonment and deterioration.35 At the same time, the city faces pressing economic and social demands that require 
cost-effective and sustainable renovation solutions.36 As a result, the city of Detroit has recently launched initiatives to promote 
the restoration and adaptive reuse of historic buildings.36  
 
Despite Detroit’s extensive portfolio of approximately 292 historic properties and districts listed on the National Register of 
Historic Places, little research has examined the challenges and barriers to integrating modern construction technologies and 
methods into local historic preservation and rehabilitation practices from an end-user perspective.37 Existing literature tends to 
focus on general discussions of heritage conservation,38, 39 or on the wide variety of modern construction techniques and 
technologies currently applicable to projects concerning historic properties,40 with a lack of grounding in local expert input. It is 
crucial to understand the context and motivations that lead local contractors and clients to adopt emerging construction 
technologies for cultural and historic regional heritages. The current research aims to investigate the challenges, perspectives, and 
key considerations influencing modern technology adoption in historic building treatments. This study employs in-depth 
qualitative interviews with construction practitioners who participated in Detroit’s historic building projects. The findings of this 
research are expected to provide empirical evidence and practical insights on balancing modern construction technologies with 
historic integrity preservation and address the gap in knowledge about the decision-making processes for applying modern 
construction technologies to historic building treatments. 
 
LITERATURE REVIEW 
The literature review is conducted to synthesize the current state of modern construction technologies and techniques applicable 
to historic building treatments.  Important terms are defined based on the literature review in Table 1 to ensure conceptual 
clarity, promote consistency across qualitative interviews, and support the validity and transparency of this study.  
 

Term Definition 

Property Preservation Historic building and property preservation is the process of maintaining, repairing, and restoring historic properties 
in a manner that preserves them in a state as close as possible to the one in which the building was initially built  while 
still keeping up to as many modern safety, accessibility, and environmental standards as possible.41 
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Historic Property  As stated by (NHPA [54 U.S.C. § 300308]) “Historic property” will be defined as any prehistoric or historic district, 
site, building, structure, or object included on, or eligible for inclusion on, the National Register, including artifacts, 
records, and material remains relating to the district, site, building, structure, or object.42 

Historic Building 
Treatments 

When working with historic properties, it is important to understand and remember the four historic building 
treatments. preservation, rehabilitation, restoration, and reconstruction.41 

Preservation Preservation is defined as applying the necessary measures to stabilize a historic property and maintain it in its current 
state.41 

Rehabilitation Rehabilitation is defined as repairs, additions, or alterations to a property while still keeping the features of the 
property that convey its cultural, architectural, or historic values.41 

Restoration Restoration consists of depicting the form and character of a property as it used to be at a specific point in time. This 
may include reconstruction of missing features or the removal of added features that do not fit the intended time 
period.41 

Reconstruction Reconstruction is applicable in situations where there is little existing material left. In such cases, a total rebuilding of 
the property is required. This treatment has a substantial risk due to the potential for historic inaccuracies.41 

Table 1. Definitions of terms. 
 
A summary of the literature review is presented in Table 2. Previous studies explore the applications of modern technologies in 
historic building treatments, such as the utilization of a deep learning AI algorithm to classify Athenian architecture into 
appropriate categories.43 
 

Study Modern Technology Findings 

Prokop et al, 202144 Laser scanner Faro Focus 3D modeling 

 A 3D Historic Building Information Model (HBIM) provides 
reliable documentation and finite element analysis of historic 
structures, supporting visualization, diagnosis, and conservation of 
architectural heritage such as St. Hubert’s Chapel in Rzeszów. 

Garbett et al. 202145 
The combination of building information 
modeling (BIM) and augmented reality 
(AR) into a unified product  

A framework has been designed for the use of BIM and AR 
together. This resulted in a prototype system (BIM-AR) being 
developed that allows geographically split teams to work together 
in the AR space. 

Siountri & Anagnostopoulos 
202343 

AI deep learning classification of historic 
buildings 

By utilizing a You Only Look Once (YOLO) algorithm and deep 
learning AI, the classification of Athenian architecture since 1830 
into its various categories can be accomplished automatically. 

Perret 20253 
The coherent acceptable low emission 
cultural heritage efficient renovation 
(CALECHE) project 

This literature review legitimizes and backs the continued 
utilization of the CALECHE project to pioneer sustainable energy 
and renovation projects for historic buildings, demonstrating its 
effectiveness through four demonstration sites, for example, the 
former Musée-Bibliothèque de Grenoble in France. 

Cabeza et al 201829 The deployment of modern energy 
efficiency solutions to historic buildings 

Using a variety of modern renewable technology solutions, such as 
high-efficiency heating, ventilation, and air conditioning (HVAC) 
systems, solar energy, and geothermal energy to raise the energy 
efficiency of historic buildings, helping mitigate their impact on the 
environment. 

Xu et al 201746 
The use of 3D scanning and 3D printing 
to recreate historic building ornamental 
components  

By combining the usage of three-dimensional scans and mortar-
based cement, 3D printing reproduction of certain ornamental 
components of historic buildings is possible when such 
components are difficult to achieve through historic methods. For 
a feasibility demonstration, a cup-shaped plinth was recreated at the 
Huazhong University of Science and Technology in China. 

Krajnikova et al 202547 
Using AI for digital diagnostics and 
predictive modeling in historic 
monuments.  

AI can greatly benefit the prediction of the condition of historic 
monuments and can reduce the need for interventions by providing 
automated damage detection and degradation analysis.  

Cascone et al  201620 Fiber-reinforced polymer nets  

Fiber-reinforced polymers (FRPs) are greatly effective at providing 
reinforcement to masonry structures: they are compatible with lime 
mortars and suitable for integration into existing buildings and can 
thus be used to great effect in historic buildings. An example 
provided is their use in a prominent historic building in Catania, 
Spain, originally built in 1883. 

Orlenko et al  202048 Hydrodynamic methods for the treatment 
of walls in historic buildings 

By utilizing new-to-the-industry hydrodynamic methods and special 
abrasives historic walls can be cleaned and prepared for restoration. 
Chemical methods like ammonium fluoride preparations and 
hydrofluoric acids can also be used. 

Khaleghi & Governa 202549 Smart city application to historic buildings  

The interaction of interconnected smart building systems such as 
digital heritage tools, data-driven urban management tools, BIM, 
etc. are in a delicate relationship with the cultural and historic value 
of many buildings. This relationship must be balanced carefully to 
preserve collective memory in a swiftly changing world. 

Tejani 202119 Integration of modern HVAC systems 
into historic buildings 

By retrofitting HVAC systems that are energy-efficient into historic 
properties they are able to continue functioning as important 
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buildings that serve not only a cultural function but a practical one. 
However, the implementation of these systems presents a large 
number of challenges in preserving the historic sanctity of the 
building. 

Grinzato 201255 Use of infrared (IR) thermography for 
historic building analysis 

Thermal non-destructive testing can be effectively applied for 
historic building treatments. IR thermography can inspect large 
surfaces with no physical contact or damage. The use of IR 
thermography allows for the detection of structural cracks, fresco 
detachment sizing, and understanding the moisture content of 
structures.  

Table 2. Description of the applications of modern construction technologies in historic building treatments that have been documented in previous studies. 
 

When technologies concern material replacement, it is critical to maintain a careful balance between the perceived practicality of 
the replacement material and understanding if the material is realistically applicable as a replacement for the original material, 
avoiding the common misconception that new material is always better.50 An example of such technological balance is the 
utilization of externally bonded composite material in masonry structures,51 such as fiber-reinforced polymer.52 The visual impact 
of these composite materials can be minimal in certain applications, particularly when they are carefully designed and strategically 
placed on less visible areas such as the extrados of an arch.51 However, their visual integration is application-dependent and may 
vary based on geometry, exposure, and design constraints. Despite this variability, these materials can significantly enhance the 
safety and structural stability of historic buildings. This is especially important in earthquake-prone regions where additional 
reinforcement is critical.20, 51 When preparing historic walls for other treatments and restoration efforts, hydrodynamic and 
chemical methods such as ammonium fluoride or hydrofluoric acids may be used.48 
 
The use of 3D scanning and 3D printing are two emerging technologies in construction that are beginning to see more frequent 
use.53 There are two primary reasons for the utilization of these 3D techniques in historic building treatments. Many decorative 
flourishes in historic buildings have substantial amounts of detail, of which there may be limited existing drawings and blueprints. 
Due to the fragile nature of certain building components and the possibility of their corrosion and erosion from contact with 
measuring equipment or oils from human skin, it may, as a result, become impossible to effectively measure and survey them 
without employing 3D laser scanning.46 The second major reason is the scope of work involved in manually copying certain 
elements. As the quantity of artisanal craftsmen goes down, and prices skyrocket for some projects, it becomes increasingly 
difficult to use entirely manual labor to recreate complex work such as decorative masonry, frescoes, and wood carvings.14 
Utilization of 3D scanning to obtain a highly detailed 3D image of the work can allow recreation with far more accurate results, 
especially if this is done preemptively before severe damage or deterioration takes place.54 Evaluation of historic buildings can also 
be conducted using thermal non-destructive testing. IR thermography can allow for the effective investigation of material 
weakness and its causes, as well as identify structural cracks.55  

 
An overarching technology that has become of pressing importance in the construction management industry as a whole is 
BIM.56 BIM allows for significantly easier project management and limits waste.57 As historic building treatments in particular 
involve so many fine details, as well as environmental constraints when adapting to modern standards,58 the usage of BIM has 
been imperative in maintaining control of every element of a project.59 During retrofitting projects, energy-efficient HVAC system 
implementation can be beneficial to historic buildings as they often rely on older HVAC systems leading to significant energy 
usage.60 As the modern world continues evolving, it becomes increasingly necessary for historic buildings to remain usable and 
compliant in modern circumstances. Modern HVAC systems can achieve that while maintaining the historic value of the 
properties.19 

 

A crucial factor necessary for successful projects in the context of construction management is customer involvement.61 The 
employment of virtual reality (VR) allows companies to clearly demonstrate to their clientele and other high-importance 
stakeholders concepts that may be difficult for them to grasp without seeing an image-based representation.62 In addition, VR 
employment during the construction phase can significantly increase safety awareness of contractors.63 Usage of VR also allows 
for the minimization of paper usage in the planning process of projects, which allows easier visualization of concepts and leads to 
increased accessibility and cohesion of efforts.64, 65 Many of these technologies can be applied at the same time, often leading to an 
even further streamlined and optimized process. For example, BIM and augmented reality (AR) can be integrated to deliver a 
seamless viewing process for both contractors and clients.45 A full bundle of modern technologies can lead to smart-city solutions, 
with integration of BIM, digital heritage tools, data-driven urban management tools, and other innovations.49 As artificial 
intelligence (AI) technology has risen to prominence in recent years, it has become increasingly relevant and commonplace in the 
historic construction industry.47 AI has broad practical and theoretical applications, from the utilization of deep learning 
techniques to classify buildings,43 to improving worker safety during high-risk tasks.66 
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Approval from the historical discourse community and other stakeholders is critical to the success of modern technology 
applications for historic building treatments and is often difficult to secure.38 Historians are often cautious about attempting new 
preservation strategies.67 This difficulty is especially pronounced with technologies that can be seen by the surrounding 
community as minimizing the historic integrity of the property.39, 68 For example, 3D printing technology can reproduce certain 
decorative elements of buildings; however, it can rarely do it with the original material and must be done with a replacement, such 
as a cement mixture or plastic.46 Use of certain modern technologies is only considered in severe cases of dilapidation.58 In 
addition, the deployment of certain smart systems often aligns with speculative redevelopment and the transformation of historic 
spaces into commodities, separating them from their function as spaces communities see as their cultural heritage and identity.49 
Despite the significant amount of research devoted to the topic of the application of modern technology to historic treatment 
projects, the majority of the research that has been done is either quantitative in nature, resulting in less detailed professional 
opinions or is focused on an individual case study, often in Europe, resulting in a narrow scope of study. Prior research generally 
gives little attention to how clients and contractors evaluate whether to integrate modern technology into their projects or not. 
This research strives to address the existing research gap of the application of modern construction techniques, methods, and 
technologies for historic building treatments by utilizing qualitative research methods to provide a more in-depth understanding 
of how industry professionals and owners of historic properties decide what techniques and technologies are appropriate for their 
circumstances, as well as what prior knowledge they have of modern construction technology.  
 
METHODS AND PROCEDURES 
This research seeks to answer the following questions: (1) What are the factors that can assist in understanding whether a client or 
contractor is willing and likely to employ modern and emerging construction technologies for a historic building treatment 
project? (2) What often prevents individuals from deciding to use these technologies?  (3) What incentives or methods can be 
used to motivate and encourage the appropriate usage of modern construction technologies for historic building treatments? 
 
This research focused on identifying common challenges, strategies, and considerations in the selection process of applying 
modern construction technologies and techniques to historic building treatments in Detroit, Michigan. Five semi-structured 
expert interviews were conducted with professionals directly engaged in historic building treatments in Detroit, including virtual 
design construction (VDC) specialists, construction project managers, engineers, and historic preservation specialists. Four of the 
interviewees worked as contractors. 
In qualitative research, expert interviews are a widely accepted technique for eliciting in-depth knowledge about specialized 
practices, unresolved issues, or gaps in existing literature.37 In the context of historic building treatments, many of the most 
relevant insights about historic building preservation requirements and modern construction technologies are not readily 
accessible through formal documents or published studies. Semi-structured expert interviews address this limitation by offering a 
systematic yet flexible way to capture practitioners’ reasoning, decisions, and implicit professional judgments. 
Semi-structured interviews differ from explanatory interviews in that they rely on a carefully designed question set to ensure 
consistency and comparability across responses, while still allowing space for clarification and elaboration. This approach makes it 
possible to capture both the breadth and depth of challenges encountered in Detroit’s historic renovation projects.  
Reliability in qualitative interviews refers to the consistency of data collection and interpretation processes.69 To enhance 
reliability, a semi-structured interview protocol was developed and applied across all participants, reducing variation in question 
framing and sequencing. Additionally, conducting multiple interviews with professionals from different roles improved the 
robustness of findings by triangulating perspectives.70 Validity is defined as the extent to which the research captures what it 
intends to capture.69 The validity of expert interviews in this study was strengthened through deliberate interviewee selection. The 
approach provides both an empirical contribution to preservation literature and practical guidance for professionals engaged in 
balancing heritage values with modern construction demands and technologies.  
 
To ensure ethical standards, the Institutional Review Board (IRB) at Wayne State University was contacted. It was determined 
that this study was exempt from being considered as human participant research as it constituted an evaluative study and did not 
require IRB review. Interviewees were selected from a variety of companies and universities and were contacted either by e-mail, 
telephone, or in-person conversations. 
 
This interview process employs non-random selection of interviewees as presented in Table 3, focusing on a variety of historic 
building treatments in the Detroit area done by a multitude of companies and contractors. The purpose of these interviews was to 
understand the decision process of contractors and clients as to whether they choose to use certain emerging technologies or not 
in the scope of historic building treatment projects,  to present to the reader a brief summary of some modern technologies used 
in building restoration in Detroit and surrounding suburbs, as well as to gain insight into the thought process of industry 
professionals and how they perceived the existing issues in the industry.  For the satisfaction of this purpose, semi-structured 
interviews were used with five subject matter specialists who were involved in a variety of projects in various roles such as project 
managers, project engineers, or members of historical boards. Care was taken to ideally select interviewees who were close to the 
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project and had a familiar relationship with contractors and sub-contractors involved. Historic properties important to the historic 
building landscape of Detroit, such as Central Michigan Station, shown in Figure 1, were discussed as part of the interviews.  
 

Interview Number Title Years of Experience Relevant Projects 

Interviewee #1 Electrical Engineer, Contractor 30+ Packard Proving Grounds 

Interviewee #2 Project Manager, Contractor 8  Central Michigan Station, Buhl 
Building 

Interviewee #3 VDC Coordinator, Contractor 7 Central Michigan Station  

Interviewee #4 Vice-Chair of Historical Committee 11 More Than 42 Residential 
Properties 

Interviewee #5 Project Manager, Contractor 37 Freer House 

Table 3. Interviewee information 
 

 
Figure 1. View on Central Michigan Station from below. 

 
RESULTS 
Five interviews were conducted with experts representing a combined total of over 93 years of experience in construction and 
pre-construction project phases. The interview responses generally aligned with insights identified in the literature review, 
including the risks and benefits of material replacement, the advantages of adopting modern technologies during the pre-
construction phase, and the importance of evaluating project-specific needs prior to implementing such technologies. The 
inclusion of practitioner and end-user perspectives provides contextual support for the literature findings and offers applied 
insights that help ground the discussion in real-world construction practice. At the same time, the interviews revealed novel 
findings and provided nuanced perspectives, particularly regarding the sparse application of modern technologies, which warrant 
further elaboration in this section. Two major categories of reasons for the lack of modern construction technology deployment 
were pointed out during the interviews. 
 
Financial Barriers 
The most obvious barrier to the adoption of modern construction technologies is financial concern. Many of the recently 
emerging technologies are still in the experimental phase and thus quite expensive. This issue is especially relevant to smaller 
construction firms as well as clients possessing residential properties. For them, the risk of utilizing a costly technology that may 
not necessarily “pay itself off’ is not worth the risk.  
 
Knowledge Barriers: Lack of Knowledge and Awareness  
However, even when prices are reasonable, the second major barrier corroborated by interviewees was the simple lack of 
knowledge and awareness of the technology in question. An example of this lack of knowledge and awareness is the use of 
infrared (IR) scanning in the pre-construction phase. Using an IR scan can aid in diagnosing the condition of the historic building, 
allowing the contractor to be prepared for the scope of work instead of being surprised by the poor condition of certain elements, 
such as severe leakage, structural cracks, or insulation issues.55 Being aware of these conditions before building treatments begin 
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can allow for proper methodologies to be applied for these issues, thus resulting in minimized further damage to the building and 
reduced costs. IR scanners are quite affordable to use, with a scan generally costing as little as 200-300 dollars. However, one of 
the major barriers to IR scanner application is that clients or contractors are simply unaware of it as an option for identifying 
issues with the building. The concern of clients being unaware of approaches was noted by an interviewee, mentioning how often 
he encounters owners of historic residential properties that are unaware of some of the modern construction technologies that 
could be available and fit the needs of their property. According to interviews, contractors often fail to provide adequate 
information to the client in this regard, despite being aware of the technology. A suggested solution was to utilize information 
pamphlets to distribute to potential clients, ensuring that they would be aware of all options regarding their property. A summary 
of interviewee suggestions is provided in Table 4. 
 

                                                                                                    Table 4. Interviewee recommendations 
 
Knowledge Barriers: Technology Reluctance 
Even when contractors are aware of certain new technologies, they can often be reluctant to employ them. Construction as an 
industry is a field that evolves slowly, particularly in comparison with others.71 Construction managers can be very doubtful about 
the use of new technologies due to a lack of understanding and exposure to them, and thus, have a lack of trust towards them.72  
This absence of trust and willingness to adopt new things is particularly noticeable with smaller construction firms for whom the 
risk of a poor financial decision is greater.73  Smaller construction companies are often concerned about employing new 
construction techniques and technologies on projects.73  
 
A method of disseminating knowledge of modern construction techniques and technologies noted by an interviewee was the 
production of media involving the implementation of modern construction technologies in the context of historic building 
treatments.  
Also, improving the user-friendliness and UI of software and digital tools could significantly increase the frequency of use of 
modern technologies in historic building treatments.  
 
Deciding what level of modern technological intrusion is acceptable is a challenging task. Interviewees agree that as many modern 
methods as possible should be used in the pre-construction phase. One of the biggest general factors in historic building work is 
unknown problems that are hidden by the building until work begins. Emerging technologies may be utilized to expose some of 
these potential faults, saving both money for the client and time for the contractor, and preventing decisions that may lead to 
further damage to the property. For example, an interviewee mentioned the need to detect water leaks as early as possible. When 
such issues are detected early in the planning phase, further damage can be prevented, and existing damage can be repaired more 
easily. In addition, careful pre-construction efforts and planning utilizing technology can help to understand the building's history 
and thus lead to accurate and historically appropriate choices in later phases of the construction process. For example, layers of 
paint may be analyzed, thus providing a better picture of what time period additions and renovations occurred in the building. 
Similar techniques can be used to analyze the mortar used on brick and masonry. However, once construction begins, knowing 
where it is acceptable to use modern methods becomes a lot more challenging. Most interviewees were quite opposed to any 
ahistorical material replacement. However, to quote an interviewee: “There is a place for it [modern construction methods and 
materials] to a point”. 
 
One of the most frequently cited factors influencing the successful application of modern construction technologies in historic 
preservation projects was the knowledge and training of contractors. Interview participants emphasized that modern technologies 
and materials are merely tools whose effectiveness depends on how appropriately they are applied. As one participant explained, 
using an unsuitable technology in a historic building is “like using a hammer to drive in a screw.” While modern materials can 
improve efficiency and performance, their misuse can compromise both the historic integrity and structural condition of a 
building.  
 

Recommendation  Reasoning 
Produce media involving the usage of modern construction 
techniques and technologies. 

Spread knowledge of a variety of modern construction techniques and technologies to lay 
people, resulting in a higher rate of them asking for such technology to be used on 
projects. 

Distribute information slips describing modern construction 
techniques and technologies to potential clients and owners of 
historic properties. 

Raise awareness of such technologies, resulting in increased interest and knowledge 
among people not directly involved in the field. 

Improve the user interface (UI) of products and reduce the 
amount of necessary equipment for utilization. 

Many products remain underutilized due to how complicated they are to gain 
competence with. If companies lowered the knowledge level required to use modern 
solutions through improvements to the user experience, these technologies would see 
more use. 
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The Freer House restoration project provides a clear example of these risks. Figure 2 shows the Freer House, which is currently 
undergoing restoration work that includes the replacement of the incompatible mortar with historically appropriate lime mortar. 
The Freer House, a historic masonry structure, was originally constructed using lime mortar, which is flexible enough to 
accommodate natural building movement. Because such historic structures typically lack modern expansion joints, compatible 
lime mortar is essential for preventing cracking and deterioration. During previous repair efforts, however, a modern cement-
based mortar was used instead of lime mortar. Although the cement mortar was perceived as stronger and more durable, its 
rigidity prevented the masonry from flexing as intended. As a result, the building experienced significant cracking, mortar joint 
failure, and masonry spalling, creating additional deterioration that continues to require remediation today. This example illustrates 
how inadequate knowledge of historic construction methods can lead to the inappropriate application of modern materials, 
ultimately causing greater damage and increasing long-term repair costs. 
 

 
Figure 2. A view of the Freer House undergoing rehabilitation 

 
DISCUSSION 
Despite the limited interview sample size and the geographic focus on the Detroit metropolitan area, this research provides 
insight into how project stakeholders and decision-makers determine the appropriate technologies in historic building treatments. 
The major barriers to applying modern construction techniques and technologies to historic building treatments can be grouped 
into two categories: financial barriers and knowledge barriers, which are often interrelated.  
 
Financial barriers emerged as a primary constraint, indicating that the high cost of adopting modern technologies frequently 
discourages implementation, particularly for smaller firms or projects with limited budgets. In such contexts, cost considerations 
tend to dominate decision-making processes and reduce the likelihood of adopting innovative approaches. Smaller companies and 
clients are effectively restricted to letting large companies bear upon them the brunt of experimentation with modern techniques 
and technologies and must wait until the new technology becomes tested and readily available on the market for a lesser price.  
 
Knowledge barriers represent a broader range of knowledge-based challenges, including the lack of knowledge and awareness and 
technology reluctance. The findings indicate that clients and contractors are often unfamiliar with available technologies, which 
limits consideration of their use in practice. Even when contractors are aware of emerging technologies, they may still be reluctant 
to adopt them, reflecting the generally slow rate of technological evolution in the construction industry compared to other sectors.70 
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This hesitancy is often associated with limited understanding and exposure, which can contribute to reduced trust in new 
technologies among construction managers.71 In some cases, stakeholders may also be unaware of the potential benefits these new 
technologies could offer compared to traditional approaches.  
 
One key intersection between financial and knowledge barriers is risk-aversion. When technologies are perceived as both costly 
and unfamiliar, stakeholders are more likely to favor established construction practices that are perceived as lower risk. This 
interaction reinforces conservative decision-making patterns in the adoption of new technologies in historic building contexts. 
This absence of trust and conservative adoption behavior is particularly evident among smaller construction firms, where the 
perceived risk of poor financial decisions is greater.72 Smaller firms are therefore more likely to be cautious in adopting new 
construction techniques and technologies.72 The interview findings suggest that financial constraints and perceived risk play a 
central role in shaping adoption decisions, particularly in contexts where project budgets are limited.   
 
The most commonly proposed solution to alleviate these challenges, mentioned in almost every interview, is to increase industry-
wide awareness of these technologies among both potential clients and contractors. Contractors and clients should be as aware as 
reasonably possible of all potential technologies available during a historic building treatment. This could be achieved through 
structured training programs, informational resources, as well as gradual exposure to emerging technologies as they become more 
widely adopted in practice. A potential strategy is to bring these modern technologies into common knowledge via the use of 
various media entertainment programs, such as television programs or online channels. Television programs, such as Houses With 
History, focus on historic building treatments. However, these existing programs usually focus on the aesthetic decisions during 
the historic building treatments, rather than discussing the potential use of modern technologies. Highlighting modern 
technologies and techniques that can be used to achieve the desired aesthetic outcome could significantly increase public 
awareness of these possibilities. 
 
Increasing the user-friendliness of software and digital tools could significantly improve the frequency of use of modern 
technologies in historic building treatments. Construction projects have an inherently complex and unpredictable nature.74 This 
inherent complexity makes the usability and ease of implementation of modern technology critical considerations in historic 
building projects. 
 
An important point to emphasize is that before the application of modern technologies, methods, or materials is considered, the 
contractor must be highly familiar with the historic methods, and more importantly, understand the rationale of why they were 
used. By doing so, contractors can more accurately decide where the use of modern technologies in historic building treatments is 
appropriate, and where it is not. This understanding of historic methods, or lack thereof, is the most important factor to consider 
when applying modern construction techniques and technologies in the context of historic building treatments.  
 
The research found that financial barriers, knowledge barriers, and usability limitations collectively reinforce risk-averse behavior 
of practitioners, hindering their adoption of modern technologies. This dynamic is particularly important in historic building 
treatments, where decision-making must balance innovation with preservation requirements. The successful integration of 
modern technologies, therefore, requires emphasis on both technological accessibility and historical competency. While 
interviewees highlight that these emerging technologies should become accessible to end-users as quickly as possible and that 
access to the technologies should be democratized, they also emphasize the need for coordinated efforts to strengthen training in 
historic construction methods. In combination, these approaches may enable the benefits of modern innovation to be realized 
without compromising the cultural and historical integrity of heritage structures. 
 
CONCLUSIONS 
This research was undertaken to address the research gap in the decision process of key project stakeholders when deciding whether 
to utilize modern construction technologies in historic building treatments and factors impacting this decision-making process. The 
findings of this research provide qualitative empirical insight into the opportunities and challenges associated with the applications 
of modern construction technologies in historic building treatment projects. Drawing on in-depth expert interviews with industry 
professionals involved in historic building projects in Detroit, Michigan, the study identifies several key concerns influencing 
adoption decisions, including the high cost of implementing modern technologies, lack of knowledge and awareness, and technology 
reluctance among project stakeholders.  
 
Among these, financial constraints emerged as a primary and recurring concern, particularly given the perceived expense of emerging 
technologies and the budget limitations often faced by smaller firms and projects. These financial considerations frequently interact 
with knowledge-related constraints, reinforcing cautious and risk-averse decision-making. At the same time, the results also 
underscore the potential benefits of modern construction technologies in historic building treatments, particularly in mitigating 
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long-term deterioration and enabling more effective intervention strategies, especially in cases where historic methods are infeasible 
or impractical. 
 
A key contribution of this research lies in its identification of knowledge gaps as a central constraint on the responsible adoption of 
modern technologies in historic building treatments. The findings of this research show that uncertainty, limited familiarity, and 
lack of knowledge about modern construction technologies, among both project owners and contractors, often drive overly 
conservative decision-making or, conversely, inappropriate technological applications. By foregrounding practitioner perspectives, 
this study advances existing literature by linking technology adoption in historic building treatments not only to material or 
regulatory considerations, but also to workforce training, professional education, and communication practices. Workforce training 
programs, targeted professional education, and the strategic documentation and dissemination of successful case studies can be 
utilized to address existing knowledge gaps and improve knowledge transfer across project teams, thereby supporting the effective 
application of modern technologies in historic building projects.  
 
This research provides empirical insights for project stakeholders in the historic construction industry by illuminating the 
complexities of technology-related decision-making, discussing financial and knowledge-based constraints, and identifying 
actionable strategies to support more effective application of modern technologies in historic building projects. This research opens 
several avenues for future research. The interview sample size was limited, which may constrain the breadth of perspectives 
represented. Moreover, the geographic focus on the Detroit metropolitan area restricts the generalizability of the findings. Future 
research would benefit from a larger and more geographically diverse sample of expert interviews, enabling analysis across different 
climatic conditions, regulatory frameworks, and regional preservation practices. Expanding the research scope in this manner would 
further refine the understanding of how modern technologies can be responsibly adapted to diverse historic building contexts. 
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PRESS SUMMARY 
Modern construction technologies have notable potential in their application to historic properties important to the cultural 
heritage of Detroit by addressing structural deterioration, enhancing safety, improving energy performance, and supporting long-
term sustainability. However, integrating these modern construction technologies into historic construction requires a careful 
balance between preserving historic integrity and complying with contemporary construction standards and advancing 
technological capabilities.  Understanding the perspective and decision-making considerations of key stakeholders is critical to the 
effective development, utilization, and application of modern construction technologies in the historic construction field. 
Therefore, it is essential to investigate the lived experiences and perspectives of key project stakeholders to identify the primary 
drivers and challenges shaping the adoption of modern technology used during historic building treatments. 
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ABSTRACT  
Background: Increasing accessibility of buprenorphine among individuals with opioid use disorder (OUD) is essential to decreasing 
the prevalence of overdose-related deaths. In January 2023, the Federal Mainstreaming Addiction Treatment (MAT Act) 
eliminated the X-waiver requirement for clinicians to prescribe buprenorphine to increase treatment provision. Prescriber-level 
behaviors following this policy change are not well understood in rural areas. This study investigates how buprenorphine 
prescribing practices changed in one North Carolina health system after the elimination of the X-waiver. Methods: Data were 
obtained through a convergent mixed-methods online survey conducted from February-July 2025. Survey items included 
structured survey questions and free response opportunities. Clinicians from the East Carolina University (ECU) Health System 
were identified from the North Carolina Medical Board (NCMB) Roster and from an ECU Health advanced practice provider 
email network (N = 978). Buprenorphine prescribing behaviors were analyzed using descriptive statistics. Barriers and facilitators 
to buprenorphine prescription were identified using thematic analysis. Results: Fifty clinicians responded to the survey for a 
response rate of 5.1%. Prior to the MAT Act, 42% reported prescribing buprenorphine; following the MAT Act, only 28% did so. 
Prescribing was shaped by (1) individual clinician factors; (2) health systems-level factors; and (3) community-level factors. 
Conclusions: Findings suggest that federal policy change alone may be insufficient to increase buprenorphine prescribing in this 
rural health system. Implementation of evidence-based strategies addressing factors at the community, health system, and 
individual level can potentially strengthen institutional support, reduce community-level barriers, and enhance clinician 
engagement in providing medication for OUD. 
 
KEYWORDS  
Buprenorphine; X-waiver; Medication for Opioid Use Disorder (MOUD) Policy; CFIR; Rural; North Carolina; Physician 
Assistant; Nurse Practitioner 

 
INTRODUCTION 
Opioid misuse and opioid use disorder (OUD) are significant public health concerns in the US. People who misuse opioids have a 
higher mortality rate and a substantially shorter life expectancy.1–3 In 2024, 4.8 million people ages 12 and older reported OUD in 
the past year.4 
 

Access to medication for opioid use disorder (MOUD), including buprenorphine or methadone, is the most effective OUD 
treatment. 5 MOUD reduces the risk of opioid overdose death by 60%.6 The CDC (Centers for Disease Control and Prevention) 
estimated that although 4% of Americans needed OUD treatment, only 25% received recommended medication.7 There are 
myriad reasons why MOUD is not accessed or utilized, including insufficient availability of MOUD prescribers,8,9 patient and 
provider stigma, lack of knowledge, inadequate prescribing resources, and federal or state regulations.10  
 
As of January 2023, any clinician with a narcotics license in the US can prescribe buprenorphine. Until then, prescribers were 
required to complete 8 hours of training and obtain a Drug Addiction Treatment Act (DATA) waiver, or X-waiver, through the 
Drug Enforcement Agency (DEA).11,12 Waivered clinicians were historically limited in the number of patients they could treat.13 
Despite the X-waiver requirement and associated incentive (federal loan forgiveness) obtaining the waiver did not ensure 
clinicians would initiate or sustain buprenorphine prescribing.14 Federal policy created unintended barriers, such as scope of 
practice restrictions, that reduced treatment access, as highlighted in a 2019 study reporting that only 6% of physicians, 2% of 
physician assistants (PA), and 3% of nurse practitioners (NP) held X-waivers.15 
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In April 2021, X-waiver requirements were relaxed, allowing clinicians to apply for training exceptions to prescribe buprenorphine 
for fewer than 30 patients.16 A state-level analysis, of four states, showed modest increases in waivered clinicians after training 
exemption thought effects varied by state; one state experienced a 0.5% decrease.17 In 2022, the Mainstreaming Addiction 
Treatment Act (MAT Act), removed restrictions surrounding MOUD.18 Effective January 2023, the MAT Act eliminated the X-
waiver requirement (including patient limits) and introduced a universal training requirement for clinicians treating OUD.18 The 
change allowed any clinician with an active DEA registration number that includes schedule III (e.g., Oxycodone, Adderall) 
authority to prescribe buprenorphine. However, state-specific restrictions (i.e., prior authorizations, patient limits, special state 
registration) still applied.19 
 

Impact of the X-waiver Elimination 
The MAT Act eliminated the X-waiver in 2023, yet few studies have examined the impact of this regulatory change on 
prescribing. Two national studies found that while the number of clinicians prescribing buprenorphine increased following the 
elimination, the number of patients with buprenorphine prescriptions decreased.20,21 Additionally, Guy et al. observed a 
diminishing rate of buprenorphine prescribing nationally the year following previous policies to expand MOUD, which could be 
due to lower prescribing frequence amongst newly initiated prescribers.22  This suggests that policy change is necessary but may 
not be sufficient to expand patient access to buprenorphine treatment. 
 
Rural Buprenorphine Treatment & CFIR 
National data show persistent rural–urban disparities in buprenorphine treatment.23,24 Roughly one-third of rural residents live in 
counties without buprenorphine access compared with about 2% of urban residents, and many rural counties remain markedly 
undersupplied.25   
 
Rural communities face barriers across multiple dimensions, including availability barriers (few clinics and providers),26 
acceptability barriers (greater stigma and negative clinician attitudes toward OUD and MOUD),27 and accessibility barriers 
(transportation, cost, and long waitlists).28 Across settings, intervention characteristics, inner-setting dynamics, and individual 
factors, including stigma, diversion concerns, and limited time or support, shape prescribing, though attitudes often improve with 
real-world experience.29-32  
 
The Consolidated Framework for Implementation Research (CFIR) is a framework used to identify multidimensional factors 
influencing intervention implementation.33 The CFIR has guided understanding of why buprenorphine delivery succeeds or stalls 
across multiple dimensions within health care settings. 34-36 CFIR has been applied to emergency department (ED)–based 
buprenorphine programs. A recent scoping review mapped barriers and facilitators across all five CFIR domains, identifying 
strategies such as multidisciplinary teams, co-located low-barrier services, and harm-reduction services, while also pointing to 
challenges related to structural stigma, complex patient needs, and a complex drug supply landscape.37 

 
North Carolina MOUD Access  
In 2024, the North Carolina Department of Health and Human Services (NCDHHS) reported roughly 3,025 overdose deaths 
statewide.38 During the period in which the X-waiver governed buprenorphine prescribing, multiple system-level barriers 
constrained access to treatment in North Carolina (NC). A 2023 study with NPs highlighted how federal and state regulations, 
limited institutional support, and persistent stigma toward OUD shaped clinicians' willingness and ability to prescribe 
buprenorphine.10 Downstream barriers in the dispensing process were also identified. Although most NC pharmacies carried 
buprenorphine, restrictive order practices and pharmacists’ refusal to dispense created inconsistent access for patients seeking 
care.39 These challenges illustrate that structural (CFIR domains: outer and inner setting) and attitudinal (CFIR domains: 
individuals) barriers can become embedded barriers interrupting the treatment continuum during the X-waiver era. Despite the X-
waiver removal and implementation of the MAT Act, it is unknown if these concerns continue to influence buprenorphine 
availability and uptake today in NC. 
 
It is important to specifically focus on rural community access to MOUD, as 80 of the 100 counties within NC are considered 
rural.40 NC rural communities experience higher overdose rates compared with their urban and suburban counterparts.41 Yet, no 
studies within NC explored rural MOUD treatment access post MAT Act. Access to MOUD is imperative to reduce overdoses in 
rural NC communities.  
 
There have been no studies on the impact of the MAT Act in NC. The purpose of this study is to characterize buprenorphine 
prescribing among clinicians in a NC health system that serves 25 rural counties in eastern NC.42 The study will provide 
information on how buprenorphine prescribing behaviors changed within a health system after the MAT Act and explore barriers 
and clinicians’ attitudes toward buprenorphine prescribing. We hypothesize that buprenorphine prescription increased following 
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the implementation of the MAT Act. Findings will guide the development and implementation strategies to enhance 
buprenorphine access and support utilization of MOUD treatment in rural areas. 
 

 

METHODS AND PROCEDURES 
Study Design and Participants 
This cross-sectional study used a convergent mixed-methods design. East Carolina University (ECU) Health System serves 29 
counties in eastern NC, 25 of which are rural and medically underserved.40,43,44 ECU Health has a substantial rural footprint and a 
mission to advance rural health.45 The system includes nine hospitals, more than 105 clinics, and over 1,200 physicians and 
advanced practice providers across multiple specialties.46 It was selected as the study setting because it is the fifth-largest NC 
health system and provides care to a large, predominantly rural patient population.47  
 
Eligible participants were ECU Health clinicians practicing as medical doctors (MDs), doctors of osteopathic medicine (DOs), 
physician assistants (PAs), or nurse practitioners (NPs). Clinicians working exclusively in administrative medicine or specialties 
unlikely to provide MOUD such as pediatrics/neonatology, anesthesiology, dermatology, ophthalmology, physical medicine, 
plastic surgery, pathology, and radiology were excluded. This study was approved by the ECU Institutional Review Board 
(UMCIRB 24-001094). 
 
Procedures  
Participant recruitment occurred in two phases. In phase one, clinicians were identified using the North Carolina Medical Board 
(NCMB) Roster, which provides a full listing of clinicians practicing in NC. A new roster report is run monthly, providing the 
most up-to-date list of licensees. The roster was obtained in December 2024. Clinicians practicing within ECU Health were 
identified from the NCMB Roster. It was thoroughly sorted to exclude specialties listed above. Duplicate entries were removed. 
The roster was separated into two separate lists for PAs (n=81) and MDs (n=438). Provider emails were obtained through ECU 
Health database.  
 
Due to NPs not being included in the NCMB roster, phase two focused on NP recruitment. An advanced practice provider leader 
within ECU Health system emailed NPs and PAs (n=459) working within ECU health. Due to using a mixed-discipline email 
group, we were unable to determine discipline-specific recruitment numbers for NPs and PAs in Phase 2.  
 
An adapted Dillman Method was used for email recruitment timing.48 A total of three emails were sent in the early morning (430-
6 am). Recruitment emails contained a URL and QR code, directing participants to a Qualtrics portal with study information. 
Informed consent was required before participants could answer survey questions; those who declined were redirected and could 
not proceed. At survey completion, participants could enter a drawing to win one of 55 $15 Amazon gift cards. Participation was 
voluntary and anonymous and for research purpose only; data were securely stored on ECU’s restricted-access OneDrive. 
 
Measures 
The CFIR informed a priori implementation barriers and facilitators for measurement.49 Measures focused on three domains: 
Outer Setting, Inner Setting, and Individuals. These domains were chosen due to alignment with survey measures. Items were 
adapted from publicly available CFIR constructs and tailored for OUD treatment (Table 2). The Outer Setting captured external 
factors influencing buprenorphine prescribing, including policies, community resources, and system- or patient-level barriers. The 
Inner Setting assessed organizational infrastructure, culture, and processes shaping implementation within the ECU Health 
system. The Individuals domain reflected clinician or patients' attributes (personal beliefs, knowledge, confidence, and 
motivations) that influence buprenorphine prescribing.50   
 
Outcome variables addressed in the 27-item survey include infrastructure, practice context, attitudes toward buprenorphine  
prescription, buprenorphine prescription prevalence, methadone prescribing practices, and personal and employment 
demographics (Table 1). 
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Domain / Variable Description Question Type Items / Response Options Source 

Infrastructure 
Organizational 

capacity to deliver 
MOUD 

Two Quantitative 
Items; One 

Qualitative Item 

1. Resources needed to administer buprenorphine 
(Likert: Strongly Agree–Strongly Disagree) 

 
2. PDMP use (Before determining any medication; 
Before prescribing narcotic; Before treating OUD; 

After prescribing; Seldom; Not familiar). Qualitative 
response option of Other – please list. 

3. Identify sources for OUD treatment guidance 
(qualitative response). 

 

Integrating Medications 
for Addiction Treatment 

(IMAT) index 
Chokron Garneau et al., 

2021 

Practice Context 
Clinical 

environment and 
patient population 

Three Quantitative 
Items 

1. % of patient using opioid analgesics for chronic 
pain 

 
2. What proportion of patients does the clinician 

directly prescribe (0%–100%) 
 

3. Primary population includes SUD (Yes/No/Not 
assessed) 

 

Damschroder et al., 
2022b; 

McCracken et al., 2012; 
Wertheimer et al., 2021 

Clinician Attitudes 
Toward Buprenorphine 

Prescribing 

Perceptions 
influencing 
prescribing 

Two Quantitative 
Items; One Mixed-

Method Item 

1. Importance of prescribing buprenorphine (Likert: 
Strongly Agree–Strongly Disagree) 

 
2. Influence of X-waiver on prescribing (Don’t 
know; No effect; Minor effect; Major effect) 

 
3. Previous MOUD training (Fellowship; CE 

training; Mentoring; UNC ECHO; None); 
Qualitative response option of Other – please list. 

Chokron Garneau et al., 
2021; 

Damschroder et al., 
2022b 

Buprenorphine 
Prescribing Practices 

Current and 
historical 

prescribing 
behaviors 

Six Quantitative Items 

1. Clinic volume (<100 – >1000) 
 

2. History of prescribing buprenorphine (Yes/No) 
 

3–4. Patients prescribed buprenorphine before vs. 
after X-waiver elimination (0; 1–3; 4–8; >8) 

 
5. Comfort prescribing buprenorphine (Needs 
training; Difficult to discuss; Strongly against) 

 
6. Comfort teaching peers about MOUD 

(Comfortable; Needs training; Not comfortable; 
Difficult to discuss) 

 

Jones et al., 2023; 
Jones & McCance-Katz, 

2019; 
Meyerson et al., 2019; 
Perez et al., 2004; The 

Physician’s Foundation, 
2012 

Methadone Practices 
Willingness to 

prescribe 
methadone 

Two Quantitative  
Items 

1. Likelihood of prescribing methadone 
 

2. Likelihood if regulations allowed office-based 
prescribing (0–10 scale: 0 = very unlikely, 10 = very 

likely) 

Damschroder et al., 
2022b; 

Jones & McCance-Katz, 
2019 

Barriers to MOUD 
Treatment 

Barriers hindering 
MOUD 

accessibility 
 

One Mixed-Method 
Item 

1. Select barriers hindering MOUD accessibility 
(Table 4.). 

 
Speight et al., 2023 

 Barrier elaboration One Qualitative Item 2. Suggested changes to improve buprenorphine 
access. 

Damschroder et al., 
2022 

Demographics Participant 
characteristics 

Four Quantitative 
Items 

Race/ethnicity; 
Gender; 

Age 
 
 

U.S. Census Bureau, 
2020 

Employment 
Characteristics 

Professional 
background 

Four Quantitative 
Items 

Degree; 
Years in practice; 

Specialty; 
County of practice 

The Physician’s 
Foundation, 2012 

Table 1. Summary of Survey Outcome Variables and Measurement Items. 
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Data Analysis  
Quantitative Data 
Quantitative data were analyzed by examining the distribution of responses for each answer choice provided in a frequency table 
for each item (Table 1). Descriptive statistical analyses were performed using Statistical Package for the Social Sciences (SPSS 
v.30).  
 
Qualitative Data  
Qualitative data were collected through free response items embedded within a quantitative survey. Data were analyzed using a 
deductive and inductive approach. Responses were coded based on a priori CFIR domains.50 Constructs from the outer setting, 
inner setting, and individual domains were utilized to assess factors such as local attitudes and conditions, partnerships and 
connections, incentive systems, access to knowledge and information, available resources, and characteristics of innovation 
deliverers and participants, such as compatibility and motivation (Table 2). A related stigma construct was developed and 
incorporated into the coding framework.  
 

Domain Construct Exemplar Quote 

Outer Setting 
  
  
  

Financing “Lack of insurance coverage” 

Local Attitudes “Remove the stigma/judgement from 
healthcare professionals and media" 

Local Conditions “Rural location” 

Partnerships and Connections “I would have counselors, LCSW, support 
groups, a way to do drug testing and two extra 
nurses” 

Inner Setting 
  
  

Incentive Systems  "Incentivize providers for identifying and 
treating patients with substance abuse issues" 

Access to Knowledge and Information "Increase non-biased education to health care 
providers about SUD" 

Available Resources  “More providers/clinics and easier 
communication between EHR so we can 
follow treatment plans” 

Individual 
  
  
  

Innovation Deliverers “More education for providers” 

Innovation Recipients  “Patient cooperation and willingness to try 
buprenorphine” 

Compatibility “A special clinic of providers that can 
specialize in MAT” 

Motivation “More providers willing to prescribe/manage” 

Stigma Stigma Prevalence “The stigma” 

  Reducing Stigma "Remove the stigma/judgement from 
healthcare professionals and media" 

         Table 2. Buprenorphine prescribing practices by Consolidated Framework for Implementation Research (CFIR). 
 

Convergence of Data 
We integrated findings using a convergent mixed-methods approach.51 After separately analyzing the data, we compared results 
through a structured side-by-side examination to identify areas of convergence, expansion, and divergence. Quantitative indicators 
were aligned with qualitative themes describing contextual barriers and facilitators concerning prescribing practices following the 
X-waiver elimination. 
 
RESULTS 
Data collection for Phase 1 occurred from February - April 2025 (Figure 1) and for Phase 2 June - July 2025. Email invitations 
were distributed to 519 clinicians in Phase 1 and 459 clinicians in Phase 2, yielding a sampling frame of 978 clinicians. A total of 
50 surveys were completed, 32 in Phase 1 and 18 in Phase 2, resulting in an overall response rate of 5.1%.  
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Figure 1. Sample for Phase 1 Recruitment. 

 
Respondents included 24 MDs (48%), 1 DO, (2%), 10 PAs (20%), and 15 NPs (30%). Most practiced in Pitt County (80%), as the 
primary ECU Health Center is in Pitt County. The sample was relatively evenly split between male (48%) and female (52%)  
(Table 3).  
 

Sample Characteristic Full Sample 

 n = 50 Percentage 

Professional Title   

Medical Doctor (MD) 24 48% 

Doctor of Osteopathic Medicine (DO) 1 2% 

Physician Assistant (PA) 10 20% 

Nurse Practitioner (NP) 15 30% 

Specialty    
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Primary/General Care  
(Family Medicine, Internal Medicine) 9 18% 
Woman & Infant Health  
(OBGYN, Neonatology) 6 12% 
Behavioral & Supportive Care  
(Addiction Medication, Palliative Care) 12 24% 
Surgical & Acute Care  
(Surgery, Emergency Department) 14 28% 
Specialty Care  
(Neurology, Oncology, Cardiology) 9 18% 

Practicing County   

Pitt 40 80% 

Wilson 1 2% 

Edgecombe 2 4% 

Duplin 1 2% 

Hertford 1 2% 

Halifax 2 4% 

Chowan 1 2% 

Dare 1 2% 

No response 1 2% 

Age   

20-29 2 4% 

30-39 15 30% 

40-49 7 14% 

50-59 8 16% 

60-69 6 12% 

No response   

Gender   

Male 23 46% 

Female 26 52% 

No response 1 2% 

Race   

Asian (Chinese, Indian, Filipino, Vietnamese, Korean, Japanese) 3 6% 

Black or African American 2 4% 

White 39 79% 

Other 4 8% 

No response 2 4% 

Ethnicity   

Hispanic, Latino, or Spanish origin 3 6% 

Not Hispanic, Latino, or Spanish origin 43 86% 

Prefer not to say 3 6% 

No response 1 2% 
Table 3. Clinician Demographics. 
   

Survey participants (N=50) indicated prior to the MAT Act, 42% (N=21) prescribed buprenorphine compared with 28% (N=14) 
after. Among Phase 1 respondents (N=32), 72% (N=23) reported no change in prescribing habits following the MAT Act, 12% 
(N=4) reported increasing their buprenorphine prescribing, and 16% (N=5) reported being unsure whether their habits had 
changed. In Phase 2 (N=18), when asked how many patients they currently manage on buprenorphine for OUD, 17% (N=3) 
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reported treating 0 patients (typically referring to specialty treatment), 11% (N=2) managed 1-3 patients, 5% (N=1) managed 
more than 8 patients, and 67% (N=12)  did not answer due to skip logic within the survey. 
 
Participants identified multilevel determinants shaping buprenorphine prescribing. Barriers and facilitators spanned the outer 
setting, inner setting, and individual levels (Figure 2). These preliminary findings suggest that prescribing is influenced by 
intersecting structural, organizational, and individual factors, emphasizing the need for multilevel implementation strategies to 
expand MOUD in rural health systems. 
 

 

 

 

 
 

Figure 2. Multilevel Determinants of Buprenorphine Prescribing in a Rural Health System. 
 
Outer Setting 
Participants identified several community-level factors outside of ECU Health System that influenced their ability to prescribe 
buprenorphine. To assess perceived system-level constraints, respondents indicated current barriers and facilitators they believed 
to affect buprenorphine prescribing (Table 4). Every respondent indicated at least one barrier influencing MOUD treatment.  
 
 
 
 
 
 
 

OUTER SETTING 
Insurance/Financial 
Rurality 
Care Coordination 
Pharmacy Variability 
 
Facilitators: low-cost formularies, proactive pharmacists, multidisciplinary 
clinics 

INNER SETTING 
 
Resource Capacity 
Knowledge/Training 
 
 
Facilitators: standardized training, expanded staffing, better 
communication infrastructure 

 

INDIVIDUAL CHARACTERISTICS 
 
Scope-of-Practice 
Prescribing Rates 
Motivation 
 
 
Facilitators: incentives, clear workflows, organizational support 

STIGMA 
 
Community Level  
Healthcare Professionals 
 
 
Facilitators: Improved representation of MOUD in the media, 
Awareness campaigns 
  

 
 

M
ultilevel factors collectively shape buprenorphine prescribing 
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Barrier  Prevalence by Discipline  Prevalence Total  

 MD 
N = 24 

DO 
N = 1 

PA 
N = 10 

NP 
N = 15 

 
N = 50 

Rural location 16 (32%) 0 (0%) 8 (16%) 8 (16%) 32 (64%) 

Stigma  13 (26%) 0 (0%) 6 (12%) 9 (18%) 28 (56%) 

Lack of providers willing to utilize MOUD 
treatment  

19 (38%) 1 (2%) 5 (10%) 10 (20%) 35 (70%) 

Patient transportation 10 (20%) 0 (0%) 6 (12%) 5 (10%) 21 (42%) 

Patient MOUD education 8 (16%) 0 (0%) 5 (10%) 3 (6%) 16 (32%) 

Lack of insurance coverage  11 (22%) 0 (0%) 5 (10%) 9 (18%) 25 (50%) 

Job instability  5 (10%) 0 (0%) 4 (8%) 3 (6%) 12 (24%) 

Patient motivation  13 (26%) 0 (0%) 6 (12%) 8 (16%) 27 (54%) 

Pharmacies not offering buprenorphine or 
other MOUD treatment  

8 (16%) 0 (0%) 
 

4 (8%) 1 (2%) 13 (26%) 

Lack of long-term recovery support  12 (24%) 0 (0%) 
 

5 (10%) 9 (18%) 26 (52%) 

Other  2 (4%) 0 (0%) 
 

1 (2%) 3 (6%) 6 (12%) 

          Table 4. Barriers to Buprenorphine Prescribing. 
 
Insurance/Financial 
Participants emphasized that financial instability and insurance related barriers limit access to buprenorphine, noting that gaps in 
insurance coverage and high out of pocket costs restrict treatment. Several suggested that access would improve if buprenorphine 
were included in low-cost retail plans, with one proposing it be made “available on the $4 formulary,” to reduce patient burden. 
Others stressed the need for broader no cost options and fewer insurance approval requirements, and one respondent highlighted 
the need for “lower cost, [and] less insurance approval process,” which reflects how administrative hurdles worsen financial strain. 
Participants linked these challenges to patients’ overall “financial security,” describing limited resources that affect appointment 
attendance, prescription adherence, and navigation of insurance systems. 
 
Rurality  
Participants emphasized that rurality, including limited local treatment options, long travel distances, and unreliable 
transportation, remained a primary barrier to consistent MOUD access. These constraints were often described in terms of 
“patient transportation,” with one participant noting that if additional services were available locally, “access to care and ability to follow up 
would be a non-issue.” Several highlighted how job instability and broader community level socioeconomic strain further undermined 
patients’ ability to initiate and sustain treatment. 
 
Limited Services 
Several participants identified restricted long-term recovery support as a barrier, noting limited external programs offering 
sustained counseling, case management, or group-based recovery services. The absence of accessible psychiatric services in 
eastern NC further constrained integrated care. In contrast, participants emphasized the critical role of strengthened partnerships 
in facilitating buprenorphine treatment. Clinicians described the value of increased outpatient support and follow up options, 
including access to multidisciplinary clinics that provide counseling, nursing support, drug screening, and care coordination. One 
respondent explained that an ideal service environment would include “counselors, LCSWs, support groups, a way to do drug testing, and 
two extra nurses,” underscoring the need for robust cross-disciplinary collaboration. Participants identified implementation 
facilitators that could mitigate structural challenges, including more outpatient and multidisciplinary support, development of 
specialized MOUD clinics, and expanded referral pathways to ensure timely follow up and ongoing recovery support. 
 
Pharmacy Variability 
Respondents described challenges collaborating with pharmacies that do not consistently stock buprenorphine, noting that 
inconsistent availability disrupted continuity of care and created uncertainty for patients attempting to fill prescriptions. As one 
clinician explained, there is a need for “more proactive pharmacists.” At the same time, pharmacy partnerships emerged as important 
facilitators. Several clinicians emphasized the value of “buprenorphine availability from pharmacy,” and highlighted how proactive 
pharmacists who routinely stock buprenorphine and demonstrate reduced stigma in their interactions strengthened patient access 
and treatment continuity. 
 
 
 



American Journal of Undergraduate Research	 www.ajuronline.org

	 Volume 23 | Issue 3 | September 2026 	 38

Inner Setting  
Participants identified several ECU Health System determinants that influenced buprenorphine prescribing, noting that 
organizational resources, workflow structures, and training capacity shaped clinicians’ ability to deliver MOUD.  
 
Resource Capacity 
Clinicians were asked whether they had sufficient resources to implement and administer buprenorphine. Responses (N=50) were 
mixed: 12% (N=6) strongly agreed, 24% (N=12) agreed, 26% (N=13) were neutral, 20% (N=10) disagreed, and 18% (N=9) 
strongly disagreed. This variability may reflect uneven access to essential resources. 
 
Participants referenced limited time and staffing as barriers, noting that these constraints hindered engagement with patients seen 
infrequently. One clinician noted, “too little time to follow patients whom I see once or twice a year,” highlighting how staffing shortages and 
time constraints may affect MOUD feasibility. Another clinician emphasized the need for, “more providers/clinics and easier 
communication between EHR [electronic health record] so we can follow treatment plans,” suggesting that increased staffing and improved 
cross-clinic communication are essential for continuity of care. Participants suggested, "having treatment facilities not require experienced 
providers in MOUD, but [are] willing to hire and train,” to expand treatment capacity. Additionally, participants highlighted the role of 
incentives, recommending, “incentivize providers for identifying and treating patients with substance use issues” to increase provider 
willingness to utilize MOUD.  
 
Knowledge/Training 
Limited awareness appeared in clinicians’ knowledge of the X-waiver elimination. In Phase 1 (N=32), only 18.7% (N=6) reported 
adequate or superior knowledge, while 56.3% (N=18) described minimal or basic knowledge, and 25% (N=8) indicated no 
familiarity or knowledge. Phase 2 (N=18) clinicians similarly reported how the X-waiver elimination affected their management of 
patients, 11% (N=2) indicating minor effect, 50% (N=9) indicating no effect, and 39% (N=7) indicating no knowledge of the X-
waiver elimination. 
 
Several clinicians noted variability in how often they checked the Prescription Drug Monitoring Program (PDMP). Clinicians 
from Phase 1 (N=32) were asked if they check the PDMP before initiating medications for patients. While 90.6% (N=29) 
answered yes or most of the time, 9.4% (N=3) answered no or were unfamiliar. Similarly, clinicians from Phase 2 (N=18) were 
asked how they currently use the PDMP, with 72.2% (N=13) explaining they check it before prescribing a narcotic, determining a 
medication, or treating a patient with OUD. The remaining 27.8% (N=5) reported they never check or are unfamiliar with the 
system.  
 
Participants were asked what training they had received in the last 5 years regarding managing patients on buprenorphine (N=50); 
32% (N=16) reported no training, while the remaining 68% (N=34) indicated participation in one or more methods which 
included: addiction medicine fellowship, continuing education training, mentoring from a colleague, and the UNC ECHO 
program. Participants reported obtaining information from medical articles, Eat Sleep Console, MAT Training in PA/NP 
education, SAMHSA, and online. Several participants emphasized the need for unbiased and widespread education for primary 
care providers, contributing to increased knowledge and awareness. 
 
Individual Characteristics 
To assess individual level determinants, clinicians identified attributes of clinicians or patients involved in prescribing, supporting, 
or receiving buprenorphine treatment. Participants (N=50) noted that patient cooperation (N=27) and provider willingness 
(N=35) potentially influence engagement with MOUD. 
 
Scope-of-Practice 
Participants were asked whether prescribing buprenorphine to manage patients with OUD was within their scope of practice (N 
= 18). Just over half, 55.6% (N=10), agreed, 5.6% (N=1) were neutral, and 38.8% (N=7) disagreed. Respondents who did not 
prescribe buprenorphine (N=29) provided reasons such as n “no experience,” and needed “widespread training to all primary care 
physicians.” Clinicians highlighted the importance of increasing confidence and competency in outpatient settings, explaining that 
“more prescribers comfortable with using it [buprenorphine] outpatient to follow up inpatient treatment” would strengthen continuity of care. 
 
Prescribing Rates 
Participants were asked whether they had managed patients on buprenorphine for OUD between 2015 and 2022 and whether 
they were currently managing such patients. Overall, 42% (N=21) had previously managed patients on buprenorphine, while 58% 
(N=29) had not. Currently, 72% (N=36) reported they do not prescribe buprenorphine, whereas 28% (N=14) do. Several 
respondents emphasized the need for “more providers willing to prescribe and manage,” suggesting a gap in MOUD prescribing capacity 
in eastern NC.  
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Motivation 
Participants identified patient-level factors, including education, motivation, and engagement, as key influences on MOUD 
treatment. One clinician noted “patient cooperation and willingness to try buprenorphine.” as a necessary improvement needed to increase 
patient access to MOUD. Incentive systems and organizational support were cited as strategies to encourage clinician 
participation, while ease of control and supportive infrastructure were highlighted as factors that enhance clinicians’ motivation to 
prescribe and manage buprenorphine, addressing the ongoing challenge of a “lack of providers willing to utilize MOUD treatment.”  
 
Stigma 
Multiple participants described stigma as a key barrier to buprenorphine implementation. Some clinicians described broader 
community-level needs, including improving general education and health literacy to reduce misunderstanding and stigma 
surrounding MOUD. While others noted healthcare provider stigma was affecting care shown by one clinician calling for 
“decreased stigma and more proactive pharmacists,” explaining that restrictive or judgmental dispensing practices reinforce community 
barriers to MOUD uptake. Others emphasized the need to “remove the stigma, judgment from healthcare professionals and media,” 
illustrating how regional narratives about addiction and treatment can shape acceptance of buprenorphine and hinder 
normalization of MOUD in routine care. 
 
DISCUSSION 
Preliminary findings show that integrating MOUD into routine care requires addressing multilevel barriers. Critical gaps in 
infrastructure, education, and systemic support continue to limit buprenorphine prescribing among participants in rural NC. 
While preliminary findings indicate a decrease in buprenorphine prescribing following the X-waiver elimination, this trend may be 
attributed to persistent barriers within the outer setting, inner setting, and individual CFIR domains.  
 
Outer Setting 
Our initial findings reinforce and extend evidence on financial, geographic, and structural barriers shaping MOUD access. 
Consistent with prior work, financial constraints and uneven insurance coverage restricted affordability, particularly for extended-
release formulations that often require prior authorization.52,53 These results align with calls for policies that broaden 
reimbursement and reduce administrative hurdles.54 

 
Rurality limited MOUD access through geographic isolation and resource shortage.55,56 Geographic isolation and limited 
resources reinforced the critical role of PAs and NPs in rural MOUD delivery and the need for ongoing support.57,58 
Collaborative relationships between clinics, pharmacies, and behavioral health providers remain essential, and integrating MOUD 
into pharmacy practice may help address gaps identified by participants. 
 
Inner Setting 
Inner setting determinants within the ECU Health System shaped buprenorphine prescribing through limited resource capacity 
and substantial variation in clinician knowledge. Participants reported restricted time, staffing shortages, and insufficient 
infrastructure, all of which reduced their ability to deliver MOUD. These findings mirror research showing that inadequate 
staffing and limited clinical time hinder prescribing and underscore the need for integrated workflows and follow-up systems to 
support sustained MOUD care.59 Responses highlighted gaps in knowledge and training. Many clinicians reported no recent 
buprenorphine training, consistent with evidence that education improves confidence and intention to prescribe, and that 
insufficient training weakens the effects of policy changes such as the removal of the X-waiver requirement.60 Several clinicians 
noted unfamiliarity of the X-waiver altogether. In Phase 1 (N=32), 25% (N=8) of clinicians reported no knowledge of the X-
waiver, and in Phase 2 (N=18), 39% (N=7) reported no awareness of its elimination. Given that buprenorphine is an evidence-
based treatment for OUD, this degree of unfamiliarity is alarming. Lack of knowledge about MOUD authorization reflects a 
critical clinical gap that may directly impede treatment access. 
 
Differences across clinician types further highlight variability in implementation readiness. In Phase 1 (N=32), which primarily 
included MDs and DOs, fewer than 10% indicated they never check or were unfamiliar with the PDMP. In contrast, nearly 30% 
of PAs and NPs in Phase 2 (N=18) reported never checking the PDMP or being unfamiliar with the system. This discrepancy 
highlights a likely practice and knowledge gap between physicians and advanced practice clinicians, indicating the need for 
targeted PDMP and MOUD policy education. Participants identified incentive structures as a potential mechanism to normalize 
MOUD prescribing, aligning with evidence that incentives strengthen clinician engagement and support adoption of MOUD 
within health systems.61 Collectively, preliminary data point to the importance of strengthening institutional infrastructure, 
expanding protected time for MOUD activities, implementing targeted training and policy education, and incorporating incentive 
models to meaningfully enhance clinician readiness and improve MOUD implementation. 
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Individual Level 
Contrary to our hypothesis, buprenorphine prescribing did not increase following X-waiver elimination, suggesting that policy 
shifts alone are insufficient. Participants described workflows challenges, limited training, and role misalignment. Literature 
similarly shows that clinicians benefit from targeted training, mentorship, and organizational support to integrate MOUD into 
routine practice.62,63 Participants noted that patient motivation influences treatment uptake, consistent with research showing that 
education, social support, and reduced stigma enhance MOUD engagement.64-66 Initial findings underscore the need for strategies 
addressing both clinician and patient-level determinants. 
 
Stigma 
Stigma remained a central barrier across community, provider, and system levels. Participants described misunderstanding of 
MOUD, limited health literacy, and negative regional narratives, aligning with literature showing that stigma reduces both 
prescribing and patient engagement.67,68 Provider-level stigma, including judgmental dispensing and negative assumptions, further 
limited access, reinforcing evidence that stigma within healthcare settings undermines treatment retention.69 These findings 
highlight the need for stigma reduction and recovery-oriented messaging to normalize MOUD as standard, evidence-based care. 
 
Limitations 
Although the overall response rate was low (5.1%), it aligns with rates commonly reported in clinician email–based surveys.70,71 A 
2022 study examining barriers and facilitators of clinicians prescribing buprenorphine received a higher response rate (20%), likely 
because clinicians were surveyed after completing a buprenorphine X-waiver training course.69   
 
Our study is limited by its cross-sectional design, response rate, single region setting, and reliance on self-report, which limit 
generalizability and introduces response bias. Given the overall low response rate, participants who responded may be particularly 
interested in substance use treatment or rural health initiatives, highlighting selection bias. Future work is needed and should 
include testing a multicomponent implementation strategy, including training, workflow integration, pharmacy partnerships, 
incentives, and patient-level outcomes. 
 
CONCLUSIONS 
In this regional sample of clinicians from NC, willingness and ability to prescribe buprenorphine were shaped by interlocking 
factors across the outer setting, inner setting, individual domains of CFIR, and stigma. Data suggests improving implementation 
requires a system-level, not prescriber-by-prescriber approach. Preliminary findings suggest that policy authorization alone may 
not be enough to ensure equitable, routine access to MOUD treatment. A coordinated, multilevel strategy may support a shift  
from episodic prescribing to reliable, patient-centered treatment for OUD. 
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PRESS SUMMARY 
Expanding access to buprenorphine, a medication that helps treat opioid use disorder, is critical to reducing overdose deaths. In 
2023, the Mainstreaming Addiction Treatment Act removed a major barrier that had previously limited which clinicians could 
prescribe this medication. This study examined whether that policy change increased prescribing in a rural North Carolina health 
system. Despite the removal of this restriction, prescribing did not increase and, in some cases, declined. Clinicians reported that 
their ability to prescribe buprenorphine was influenced not only by policy, but also by workplace support, available resources, and 
community-level challenges. These findings highlight that policy change alone is not enough. Targeted support at multiple levels is 
needed to expand access to this life-saving treatment and better address the opioid crisis. 
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ABSTRACT 
The Prisoner’s Dilemma examines decision-making in situations in which there is discord between individual incentives and 
cooperation. Theory predicts that rational individuals, working to maximize their own individual payoff, will act non-cooperatively 
in their own self-interest. However, prior research proposes that cooperation may vary across demographic groups. A total of 184 
individuals were surveyed using Google Forms to collect demographic information and were presented with a modern adaptation 
of the Prisoner’s Dilemma. Associations between age, race, gender, religiosity, and likelihood of cooperation were explored. 
Results indicated that female participants demonstrate significantly higher rates of cooperation than their male counterparts. 
Additionally, younger individuals (18-34) were also significantly more likely to defect than older individuals (35+). Unexpectedly, 
there were no significant associations found between race, religion, and cooperation despite expectations. The findings suggest 
that gender and age may have some influence over variation in cooperative decision-making while other demographics such as 
race and religiosity have limited influence. Theory provides a guideline for what to expect, but human behavior is not fully 
predictable. This research provides insight into the nuances of cooperation and how individual characteristics and their 
corresponding life experiences can cause deviation from theoretical expectation. 
 
KEYWORDS 
Cooperation; Prisoner’s Dilemma; Game Theory; Demographics; Decision-Making; Behavioral Economics; Chi-Square; 
Experimental Economics; Economic Psychology; R Programming 

 
INTRODUCTION 
The Prisoner’s Dilemma and its Social Implications 
The Prisoner’s Dilemma game models a situation in which two individuals are in a conflict where they have the choices to either 
cooperate with their opponent or defect with various payoffs correlating to the decisions made.1 An individual who cooperates is 
benefiting the opponent while they themselves pay a cost.2 On the other hand, an individual who defects would be working to 
benefit themselves. Within the canonical Prisoner’s Dilemma, the best outcome is the one in which there is no other payoff in 
which both players would do better. This payoff lies where both players cooperate with one another. However, should a player 
choose to defect while the other cooperates, the defector receives the highest payoff. If both players choose to defect, however, 
they are both worse off and thus experience the worst outcome.1 While standard game theory predicts that rational individuals will 
act in their own self-interest, researchers have explored how cooperative behavior changes when Prisoner’s Dilemma scenarios 
are adapted to reflect modern social contexts. 
 
Dorrough and Glöckner3 establish that cooperation is considered an inherently friendly act while defecting is inherently selfish 
and unfriendly. There is a societal expectation that individuals act in a particularly socially acceptable way. Individuals are often 
motivated to be perceived as kind and altruistic. People look down on those who act selfishly while praising those who always put 
others first. However, Brañas-Garza and Morales-Siles4 suggest that in these anonymous Prisoner’s Dilemma games only about 
20% of people tend to choose the altruistic approach. There is a conflict of interest between working in self-interest and 
succumbing to societal norms. Defection will ensure the best payoff for the individual each time; however, cooperation is often 
viewed as the more socially desirable option. This raises the question as to who would choose to defect or cooperate and why. 
Gender, age, race, religiousness, and other demographics may play a part in this phenomenon. 
 
Gender in Cooperation 
The world has long assumed that women are more cooperative and docile than men. The expectation of women to be less 
competitive and magnanimous is, at the end of the day, based in common stereotype rather than fact.5 Even though stereotypes 
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like these can be harmful, they may not always be untrue as Capraro6 found that women are statistically more likely to cooperate 
than men. On the other hand, Dorrough and Glöckner3 found that, conversely, men were more likely to cooperate. However, 
regardless of whether or not cooperation is involved, when presented with choices, women are more likely to pick the “socially 
respectable” choice than men are.5 When looked at concurrently, the variety in these studies implies that gender differences are 
not only shaped by behavior, but another variable as well. 
 
Beyond the observed behavior, there is a phenomenon that makes itself evident. People, regardless of gender, are more likely to 
cooperate with a woman over a man as they expect women to provide reciprocity for their cooperation.5 This exposes an 
interesting paradox as despite being more likely to be cooperated with, women expect to be cooperated with less than men do.3 It 
can be theorized that this is due to the different life experiences and stereotypes placed upon each gender. Traditional gender-role 
stereotypes often characterize men as the providers while portraying women as the caretakers or dependents. These differing life 
experiences and perceived societal expectations may help to explain why these trends emerge. These findings suggest that not only 
gender itself that influences cooperation, but the experiences individuals face because of their gender. 
 
Age in Cooperation 
Rebellious youth is a common stereotype that suggests younger individuals are more likely to challenge authority than their older 
counterparts. Despite the common perception that older adults are cooperative and obedient, it is natural to wonder if older 
adults really are simply more restrained and cooperative than their youthful counterparts. Romano et al.7 found that there is no 
significant difference in the levels of cooperation between young and old adults. This is consistent with the study by Mienaltowski 
and Wichman8 which came to the same conclusion. Despite being equally likely to cooperate, older adults are more likely to 
express generosity than younger generations.7 The imbalance of these two points implies that while generosity may be definitively 
age-dependent, there may be other factors that influence cooperation.7  
 
Levels of one-shot cooperation are equal between older adults and younger adults but, when you keep the game going, a stark fact 
makes itself clear. Older adults are more forgiving and trustful while younger adults tend to be more vengeful. This nature may 
put these older adults at risk of being taken advantage of, but it also opens the opportunity for reconciliation which strengthens 
relationships.8 This may help to explain why individuals tend to believe that older adults are more likely to cooperate than younger 
adults. Due to their forgiving nature, older adults showed willingness to cooperate with younger adults despite believing that the 
younger adults would defect.7 While older adults are no more likely to initially cooperate with others than their younger 
counterparts, they do show a surprising level of compassion that leads them to make more cooperative decisions later down the 
line. This aligns itself with the “positivity effect” seen in older adults. Older adults unconsciously choose to spend their cognitive 
resources on positive over negative stimuli.9 With a natural inclination towards positivity, this may aid in explaining why older 
adults tend to display more forgiving and generous behavior. 
 
Race and Religiousness in Cooperation 
Race is more than just the color of your skin, but also a community you are a part of. There are daily obstacles and challenges 
each race of people must experience on a day-to-day basis that alter their view on cooperation. Romano10 established that black 
individuals have higher rates of cooperation than their white counterparts. Additionally, black individuals were also shown to have 
more trust and higher expectations in their opponent than did white individuals.10 Despite this, participants of all races felt more 
cooperative with those of their own race rather than those not.2  
 
Religiosity is a big part of the culture of a lot of races and can also play a part in cooperation. In religion, the mantra of “love thy 
neighbor” and, in general, doing good to all is often emphasized as a moral duty. This idea correlates to the idea of cooperation, in 
that cooperation is the kind and just thing to do and as such would be the religious thing to do. Romano10 identified that black 
individuals are considerably more religious than white individuals. He also stated that religious individuals were more likely to 
believe their opponent would cooperate just how black individuals expressed the same feelings. Religiousness and race seem to go 
hand in hand when it comes to cooperation. The cultural experience one obtains with their racial identity seems to shape how 
people work with and trust other individuals. 
 
Research Gap 
Despite extensive research on cooperation, previous research has reported inconsistent findings regarding the influence of 
demographic characteristics in one-shot, anonymous Prisoner’s Dilemma settings. This study addresses this gap by examining 
how age, gender, race, and religiosity influence cooperation in a controlled survey-based modern workplace adaptation of the 
Prisoner’s Dilemma. 
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METHODS AND PROCEDURES 
This study examined how demographic characteristics influence cooperation in anonymous, one-shot Prisoner’s Dilemma games. 
The analysis focuses on identifying patterns of cooperative behavior across the demographic variables of age, race, gender, and 
religiosity.  
 
Data were collected through an online Google Forms survey which garnered 184 participants. Participants were recruited through 
a combination of online platforms and personal outreach. The survey was distributed via SurveyCircle, online forums such as 
Reddit, and through outreach to university faculty who shared the survey with their students. Additionally, participants were 
recruited through personal networks, including friends, family members, and colleagues, who further distributed the survey within 
their own networks. This approach resulted in a convenience sample drawn from a range of backgrounds rather than a single 
institutional population. The first section of the survey collected participant demographic information including biological gender, 
gender identity, age, race, and level of religiousness. In this study, ‘gender’ refers specifically to biological sex, male or female, as 
self-reported by each participant. All demographic questions were optional, and as a result, response counts varied across 
variables. 
 
Following the demographic section, participants were presented with a modern adaptation of an anonymous, one-shot Prisoner’s 
Dilemma in which they were faced with a situation involving a job promotion. This adaptation of the canonical Prisoner’s 
Dilemma was designed to maintain the central conflict between cooperation and self-interest while altering the traditional payoff 
structure to increase the realism of the decision-making context through a workplace promotion scenario. Mutual cooperation 
does not guarantee both participants an identical payoff but rather ensures a fair chance at promotion solely based on merit. The 
situation was presented as follows:  

You along with another co-worker are up for a promotion. You both have dirt on one 
another that could compromise the others chances of getting promoted. 
 
During the interview process you as well as your co-worker have the opportunity to either 
spill the dirt on the other or stay quiet. 
 
If one spills the dirt and the other doesn't, the one who spills the dirt guarantees the 
promotion. If both spill the dirt neither candidate gets the promotion. If neither candidate 
spills any dirt, the promotion goes to whichever candidate is more qualified. 
 
Would you spill the dirt or stay quiet? 
NOTE: You have no way of communicating with your co-worker nor do you know what 
they have chosen. 
 

The participants chose whether or not they would “spill the dirt” (not cooperate) or “stay quiet” (cooperate). The question 
emphasized the anonymity aspect of the situation, ensuring participants knew that there was no known demographic information 
on the competitor, nor could any discussion happen with the competitor.  
 
The data were compiled in Microsoft Excel and exported as a .csv file. This data was then imported into RStudio as a dataframe 
for statistical analysis using the tidyverse package. The data were cleaned to remove any incomplete responses. The data were 
subsequently sorted into separate dataframes corresponding to each demographic variable and associated decision. Data were 
analyzed using both original and aggregated groupings (white vs non-white and 18-34 vs 35+) to satisfy the expected cell count 
assumptions required for chi-square analyses. 
 
To evaluate the relationship between cooperation and each demographic variable, chi-squared tests of independence were 
conducted. This method was selected due to the categorical nature of both the dependent and independent variables. Expected 
values were calculated using the table function, chisq.test function, and $expected output in R. For each analysis, chi-square 
statistics and the corresponding p-values were computed and compared to a significance level of 0.05. 
 
This methodology allowed for the clear identification of trends between cooperation and demographic data. Using an anonymous, 
one-shot format allowed for the study of biological and innate instincts rather than individual strategy based on outside variables. 
The survey data allowed for the collection of a broad range of demographic data efficiently while chi-squared testing permitted 
objective pattern recognition ideal for this study. 
 
There were limitations to this study that are important to mention. While the use of a survey made collection of a large amount of 
demographic data convenient, self-reported responses may not reflect fully real-world behavior. Knowledge of response 
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collection and analysis may make participants more inclined to make the decision they see as more socially acceptable rather than 
truthfully reporting how they feel. Furthermore, since participants were responding to a hypothetical situation rather than one 
with real consequences, cooperation observed within this study may vary from behavior displayed in real-world, incentive driven 
situations. Additionally, the survey involved a small sample size and utilized convenience sampling. This resulted in small sample 
sizes for certain demographic groups necessitating the modification of data groupings as, in their original state, they were not an 
adequate representation of the broader population, which could lead to skewed results. Although biological gender and gender 
identity were collected from each participant, there was an insufficient number of responses from gender-diverse individuals. As a 
result, findings related to gender are limited to biological sex and may not generalize to broader gender identities. Despite these 
limitations, this methodology allowed for the measurement of observable differences in cooperation between demographic groups 
and provided a clear guideline for analysis. 
 
RESULTS 
A total of 184 participants completed the survey. Demographic information was collected on biological gender, age, race, and 
religiosity. Because demographic questions were optional, the number of responses varied slightly across demographic variables. 
Participant demographic characteristics are summarized in Table 1. 

 
Of the 184 participants, 87.4%, or 160 participants, chose to stay quiet while the remaining 12.6%, or 24 participants, chose to 
spill the dirt. Overall, participants were substantially more likely to cooperate than to defect in the workplace Prisoner's Dilemma 
scenario. To determine the association between specific demographic characteristics and cooperation, chi-squared tests of 
independence were conducted for each variable. Female participants were more likely to cooperate than male participants. A chi-
squared test of independence indicated a significant association between gender and cooperation (χ1

2 = 3.84, p = 0.0499, Cramér's 
V = .12). An initial chi-squared test of independence indicated no significant association between age and cooperation (χ5

2 = 8.25, 
p = 0.083). Because several age categories produced expected cell counts below five, participants were regrouped into two age 
categories (18–34 and 35+) and the analysis was repeated. The second chi-squared test indicated a significant association between 
age and cooperation (χ1

2= 4.12, p = 0.042, Cramér's V = .13). Older participants were more likely to choose to stay quiet than 
participants aged 18–34. An initial chi-squared test of independence found no significant association between race and 
cooperation (χ3

2 = 4.04, p = 0.26). Because several racial categories produced expected cell counts below five, participants were 
regrouped as White and non-White and the analysis was repeated. The second chi-squared test also indicated no significant 
association between race and cooperation (χ1

2 = 0.84, p = 0.36, Cramér's V = .00). A chi-squared test of independence indicated 
no significant association between religiosity and cooperation (χ1

2 = 1.09, p = 0.30, Cramér's V = .02).  
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To determine whether the observed demographic associations remained after simultaneously accounting for the other 
demographic variables, a multivariable logistic regression model was fitted with biological gender, age group, race, and religiosity 
as predictors of cooperation. After adjustment, none of the demographic variables remained statistically significant at the 0.05 
level. However, the direction of the associations was consistent with the chi-square analyses, with male participants exhibiting 
lower odds of cooperation (OR = 0.41, 95% CI [0.16, 1.02], p = .059) and participants aged 35 years and older exhibiting higher 
odds of cooperation (OR = 2.60, 95% CI [0.99, 7.67], p = .063). Race and religiosity were not significantly associated with 
cooperation after adjustment. 

 
DISCUSSION 
This study indicates that demographic factors do not uniformly influence cooperative behavior. While gender and age were 
associated with significant differences in cooperation, race and religiosity were not associated with significant differences in 
cooperation. These findings highlight the importance of behavioral variation across specific demographic groups and suggest that 
cooperation cannot be fully explained by uniform theoretical assumptions.  
 
Although the multivariable logistic regression provided weaker statistical evidence for the associations between gender and 
cooperation and between age and cooperation, the direction of these effects remained consistent with the primary chi-squared 
analyses, suggesting that gender and age may continue to play a role in cooperative decision-making. Because this study focused 
on a small number of pre-planned demographic hypotheses rather than exploring a large number of possible relationships, a 
multiple comparison correction was not applied. The consistency between the multivariable logistic regression and the primary 
analyses provides additional support for the robustness of these findings. 
 
One of the most notable findings of this study is the exceptionally high rate of cooperation, with approximately 87% of 
participants choosing to cooperate despite theoretical predictions favoring defection. This substantial deviation indicates that 
factors such as lower stakes in the modern Prisoner’s Dilemma in which the consequence involves not receiving a promotion 
rather than incarceration, the hypothetical nature of the situation, the perception of being judged when filling out a research 
survey, or the anonymous nature of the study influenced decision-making. An additional consideration is that the modified payoff 
structure of the modern workplace adaptation of the Prisoner’s Dilemma may also have had an effect on cooperation rates. This 
scenario may have encouraged cooperation by preserving a fair opportunity for promotion when both individuals cooperate, 
reducing the tension between self-interest and cooperation. While these are all plausible explanations, further research would be 
necessary to determine the relative contribution of each individual factor. 
 
Cooperation extends beyond theoretical models and plays a critical role in real-world social, economic, and organizational 
interactions. The present findings suggest that these behaviors cannot be fully explained by assumptions of rational self-interest 
alone. This study examined how demographic characteristics such as gender, age, race, and religiosity may lead to variations in 
cooperation and identified patterns of group behavior rather than focusing solely on the individual. 
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These findings are significant in a broader context, indicating that cooperation is not only driven by rational self-interest but by 
behavioral tendencies and group-level patterns. This contributes to a more nuanced understanding of cooperation and how, in the 
real world, it varies from theory. Collectively, these findings contribute to a more nuanced understanding of how to predict 
behavior in decision-making environments. 

 
CONCLUSIONS 
This study highlights the importance of understanding how demographics affect cooperative behavior when it comes to decision-
making. Game theory predicts that rational individuals will choose to be uncooperative in one-shot Prisoner’s Dilemma situations. 
However, this research demonstrates that human behavior does not always align with theoretical predictions. Instead, it suggests 
that cooperation in decision-making is influenced by behavioral tendencies as reflected in the patterns this study identified in 
cooperation across specific demographic groupings. 
 
The most significant insight found from this study is the variation in cooperation presented in the age and gender groupings. The 
results indicated that women are more likely to cooperate than their male counterparts. Additionally, older individuals (35+) were 
more likely to cooperate than younger individuals (18-34). These results imply that there are certain groups that are more inclined 
towards cooperation in anonymous, one-shot Prisoner’s Dilemma settings than others. This trend is not true for all demographic 
groupings however, as there was no statistically significant evidence to suggest that race or level of religiousness has any influence 
over likelihood to cooperate in those same settings. This reinforces that not all demographics have an equal level of influence over 
cooperation. 
 
The importance of this study reaches beyond the Prisoner’s Dilemma. Understanding the variation in cooperation across different 
demographic groupings can have a significant effect on social, workplace, and economic interactions. Cooperation is a 
fundamental component of many systems that have been established in the real world. By identifying these patterns, a better 
understanding of decision-making in cooperative situations across many demographic groups and how that affects risk-taking and 
trust can be developed. Focusing on group-level tendencies, rather than the individual, improves the ability to predict behavior 
across larger samples. 
 
For those in business settings and client-facing roles, it is important to consider human behavior when it comes to variation in 
cooperation rather than assuming uniform, theoretical decision-making. Negotiation and collaboration are a major part of how 
society works, especially in the workplace. Understanding demographic variation in these situations may allow for the use of more 
effective strategies.  
 
Cooperation, in the theoretical Prisoner’s Dilemma, is measured by the assumption that every individual is working in their own 
self-interest. However, human behavior is more complicated than that. Traditional models do not fully account for behavioral 
tendencies and group-level behavioral habits that inform decision-making beyond selfish reasoning. Continuing to observe these 
trends will allow for a better understanding and improved predictions involving cooperative behavior in real-world and theoretical 
settings. 
 
While this study provides valuable insight into the influence that demographic factors have on cooperation, there are several areas 
in which research on this topic can be explored. An important consideration is pursuing research on this topic with a larger 
sample size. A sample of 184 respondents was collected which limited the diversity of the results and lacked responses from 
smaller subgroups. A larger sample would provide a more representative study that would allow for results with more 
generalizability. 
 
Future research could also consider larger and more in-depth demographic variables. While biological gender was studied, it 
would also be of interest to study gender identity as well. Additionally, for this study individuals had to self-identify as religious or 
non-religious but, it could be of interest to break that down into smaller more specific categories such as devoutly religious and 
slightly religious with clearly defined definitions of each. Other variables could include socioeconomic status and level of 
education as well. Cultural background is also an important factor that could be studied, and a comparison within racial groups of 
different cultural backgrounds and their likelihood of cooperation may lead to different results. 
 
This study focused on anonymous, one-shot Prisoner’s Dilemma games. Future research could use different variations of the 
Prisoner’s Dilemma which would allow the study of repeated interaction and grudges as well as bias and assumptions of knowing 
who you are competing against. This could pave the way for analysis on how social factors affect cooperation rather than just 
biological or “in-group” factors. 
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While this study focused on adult participants, it may be interesting to expand the age range to include younger participants. With 
the ideals of sharing and teamwork being frequently thrust upon younger individuals, a cyclical trend might be seen in which 
around young adulthood, uncooperative behavior peaks while the beginnings and ends of life is where cooperation is maximized. 
 
With this study being a survey, individuals provided self-reported responses while knowing that their choices would be collected 
and analyzed. This may cause people to choose what they see as the “best” or socially correct option rather than what they really 
would choose if they were faced with that situation. This opens the door to continue this study as a non-experimental, 
observational study in which data is collected on subjects in their natural environment purely by observation with no interference. 
This ensures that participants aren’t altering their behavior to make themselves look better. 
 
This study serves as a solid foundation for further analysis of the effects that demographic characteristics have on cooperation. 
Future studies will aid in refining our understanding of human behavior and enhance the ability to predict outcomes in decision-
making situations. 
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PRESS SUMMARY 
This study examines how demographic factors such as gender, age, race, and religiosity influence cooperation in decision-making 
situations using a modern variation of the Prisoner’s Dilemma. Traditional game theory suggests that rational individuals will choose 
to act selfishly; however, results show that real human behavior is more complex. Gender and age were associated with differences 
in cooperation while race and religiosity did not. These findings highlight how demographics influence cooperation beyond pure 
rationality. These patterns help explain decision-making in the real world and provide insight into how people behave in social and 
economic situations. 
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ABSTRACT
This article develops a unified hierarchy of mathematical models for rocket trajectory and stability. While modern
rocket simulators utilize full six degree-of-freedom (6DOF) formulations, these models can be very computation-
ally expensive. They also obscure the true mathematical structure governing the coupling of trajectory and stabil-
ity. Conversely, simplified rocket models often neglect aerodynamic restoring and damping effects, leading to inac-
curate predictions. In this paper a sequence of progressively higher-order dynamical systems is constructed from
two to four degrees of freedom. These models are each derived from basic physical principles, verified against the
real-world validated rocket simulator RASAeroII. This framework uncovers the minimal set of physical mechanisms
required to capture important stability characteristics, including oscillatory modes, damping behavior, and the in-
fluence of roll coupling. By tracking the mathematics, the proposed models provide both computational efficiency
and a unique physical insight to rocket dynamics. The resulting hierarchy establishes a clear connection between
simplified trajectory models and full 6DOF simulations. This offers a practical and understandable foundation for
passive stability analysis and rocket simulation.

KEYWORDS
Degrees of Freedom; Trajectory; Apogee; Passive Stability; Caliber; Sounding Rocket; Axisymmetric; Harmonic
Oscillator; Force Averaging

INTRODUCTION
Since 1959, NASA’s Sounding Rocket Program has provided massive contributions to the national space effort.
Designed for sub-orbital missions and surveillance, sounding rockets are a staple in analyzing the physics of rock-
ets within Earth’s atmosphere. Sounding rockets, or slender-body rockets, are a class of rockets with axisymmetric,
simple bodies1 - they consist of a nose cone, cylindrical body tube, fins, and commonly a boat tail. Sounding rock-
ets come in a variety of shapes, sizes, and stages, which all largely determine a rocket’s stability. If no dynamic
control systems are required to achieve a certain caliber, or measure, of stability throughout flight, a rocket is con-
sidered to be passively stable. The result of passive stability is of great interest to this article, and directly corre-
lates to the success and versatility in sub-orbital experiments and missions.

Rigid body dynamics in three-dimensional space is completely described by six degree of freedom (6DOF) models,
and are applicable to rockets. Such models produced by private space corporations and government agencies each
utilize a unique algorithmic model - these models contain many separate nonlinear ODE systems, coupled through
code logic.1 A handful of explicit 6DOF models exist,2, 3 however these models can be frighteningly complicated,
cannot be utilized without proper computing power and time, and thus are outside the scope of this article.
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Simplified trajectory models can be found in many places, notably GitHub. However, these models tend to make
gross assumptions about tunable aspects such as drag and air density. Clearly, uncoupling trajectory from stabil-
ity causes inaccuracies that cannot be compensated without data from full simulations. Trajectory and stability
in any rigid body must be modeled together. This begs the question - what exactly is the minimal state space re-
quired to describe the coupled relationships between trajectory and stability? More specifically, how many degrees
of freedom are required to describe the path of a rocket?

In this article, the gap is bridged by determining if higher levels of fidelity yield more meaningful results. First,
this article mathematically proves the minimal state-space requirement, a 2DOF model. While this model success-
fully couples vertical trajectory with pitch attitude, this method lacks agreement with publicly available simulators
and stability considerations. Next, a 3DOF model is introduced, which captures true trajectory and stability in
the two-dimensional sense. By considering static and dynamic stability, pitch dynamics can be further represented
as a second-order harmonic oscillator. Finally, a 4DOF model is constructed, incorporating roll dynamics through
Euler’s Equations of Motion. This allows the unique point-of-view of the direct results roll has on rocket trajectory
and stability. After each system is derived, simulation results follow, thus verifying agreement with proven models.
A discussion about this article’s findings between the three models follows, ending with conclusions and references.

BACKGROUND
The Black Brant V (five) sounding rocket was developed by Magellan Aerospace in Winnipeg, Canada.1 It has
proven itself as a reliable staple in many sounding rocket programs around the world, including NASA’s. Their
Sounding Rocket Program Handbook outlines the data and uses for many of their common sounding rockets, in-
cluding measurements and characteristics of the Black Brant V. Having only one stage, the ’C’ variant of this rocket
contains four fins and a slightly more powerful motor, when compared to the ’B’ variant with three fins. The Black
Brant VC’s more powerful engine makes it ideal for missions with an apogee, or maximum altitude, from 80 to
260km, carrying payloads from 500 to 1200lbs. This rocket is stackable and comes in many variants, notably the
Black Brant IX and XIa, which stack boosters underneath. This allows the aforementioned rockets to achieve much
higher altitudes and payload capacities, where usage depends on the mission outline.

Figure 1. The Black Brant VC Sounding Rocket, modeled inside RASAeroII.

Using RASAeroII, which is a 3DOF rocket simulator,4 the Black Brant VC was modeled in Figure 1. RASAeroII
boasts an average accuracy within 3.47% of real world results for apogees under 300000 feet, and a general average
real world accuracy of five percent for apogees above 300000 ft.4 Verification of the models produced in this article
will be completed based on the agreement between RASAeroII, as gathering real world data from sounding rockets
is outside the scope and ability of this article.

When discussing rocket stability, the most important measure comes down to the stability margin, defined as the
relative distance between the centers of gravity and pressure. Center of pressure should live near the fins of a sta-
ble rocket, where the average surface area resides, and moves with mach speed. Under subsonic conditions, when
mach speed is less than 0.8, the center of pressure barely moves. During the transonic region between mach 0.8
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and 1.2, center of pressure spikes aft mostly due to wave drag. Finally, at supersonic speeds above mach 1.2, the
center of pressure moves forwards. On the other hand, center of gravity lives at the balance point of a rocket, and
moves forwards depending on how quickly fuel mass depletes.5 Once fuel mass depletes, it can be expected that
the center of gravity does not change for the duration of flight.

Definition 1. Let xCG and xCP be the positions of center of gravity and pressure, respectively. Additionally, let D
be the diameter of the rocket’s body tube. Then stability margin SM is calculated by:6

SM =
xCP − xCG

D
, Equation 1.

where a stable rocket has a positive stability margin. The larger this value, the more a rocket will counter perturb-
ing forces with restoring moments.

The rate of change of restoring moments produced by a rocket, about pitch, is Cmα
. This static stability term is

the derivative of the moment coefficient Cm w.r.t. the angle of attack α.

Definition 2. Let CNα
represent the rate of change of normal forces experienced by the rocket in the pitch direc-

tion, calculated using the Rogers Modified Barrowman Method.4 Then the term Cmα is best estimated using the
stability margin SM :2

Cmα
= −SMCNα

. Equation 2.

The rate of change of damping about pitch arises from aerodynamic forces induced with rotational motion.5 This
term represents the rate at which a rocket will increase or decrease oscillations to reach a steady state. Cmα is re-
ferred to as the pitch stability derivative, and Cmq

as the pitch damping derivative.

Definition 3. Let Cmq
be the rate at which oscillations are damped due to restoring moments. Then the best esti-

mation of Cmq
can be calculated as:2

Cmq = −2CNαSM, Equation 3.

which assumes aerodynamic forces are concentrated around center of pressure xCP .

For rocket stability, both derivatives Cmα
and Cmq

must be negative for stable flight to occur. Else, the rocket
tumbles.5 Air density within Earth’s atmosphere ρ decreases exponentially with altitude x, described below using
the exponential density profile of Earth’s atmosphere:5

ρ = ρ0e
− x

H . Equation 4.

Using atmospheric ceiling height H = 850000 meters, a plot is presented over altitude x, and air density with
altitude can be viewed in Figure 2 as a logarithmic plot to better show the exponential nature of Equation 4.
Gravitational acceleration experienced by an object in Earth’s atmosphere is determined by2

g = g0(
re

re + x
)2, Equation 5.

where g0 is gravity at sea level and re is the radius of Earth, in meters. Viewing the plot in Figure 3, it’s clear to
see how gravitational acceleration decreases almost linearly when leaving Earth’s surface.5 Additionally, the total
mass of a rocket is calculated by the sum of constant dry mass mdry and current liquid fuel mass mf ,

m = mdry +mf . Equation 6.

The thrust curve T describes thrust force, in Newtons, produced over time. This is where maximum thrust and
action time are described. The thrust interpolant for the Black Brant VC sustainer is plotted below in Figure 4,
derived from data found in NASA’s Sounding Rocket Program Handbook,1 and used similarly in both RASAeroII
and MATLAB simulations to enforce the verification of model agreement.
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Figure 2. Air density over altitude, in kilometers (logarithmic
scale).

Figure 3. Gravity over altitude, in kilometers.

The temperature model Ta describes the change in temperature, in Kelvin, as altitude increases through the layers
of Earth’s atmosphere.7 Due to the scope of this article’s models, the piecewise temperature model below accounts
for the first H = 400 kilometers of Earth’s atmosphere from sea level to the edge of the thermosphere, constructed
using measurements of temperatures throughout the layers of Earth’s atmosphere from the National Oceanic and
Atmospheric Administration (NOAA):

Ta =




26.65−T0

11000 x+ T0 if 0 ≤ x < 11000

216.65 if 11000 ≤ x < 20000

53.35
30000x+ 181.05 if 20000 ≤ x < 50000

270.13 if 50000 ≤ x < 53000

− 97
36000x+ 404.1 if 53000 ≤ x < 86000

173 + 827(1− exp
x−86000
198500 ) if x ≥ 86000

, Equation 7.

where x is in meters, and T0 represents temperature at sea level in Kelvin, varying based on season and location.
Plotting the temperature model in Figure 5 helps to understand how temperature is proportional to density until
solar absorption occurs, increasing temperatures above 86 kilometers rapidly from sea level.

Figure 4. Thrust profile of the Black Brant VC sustainer, in
Newtons.

Figure 5. Temperature over altitude, in kilometers.

To find mach speed of a rocket traveling through the layers of Earth’s atmosphere, the speed of sound a is first
calculated by the equation below as1

a =

γaRTa, Equation 8.

where γa = 1.4 is the ratio of specific heats, and R = 287Jkg−1K−1 is the specific gas constant. Thus, the speed of
sound only fluctuates with temperature Ta, determined by altitude x as seen from Equation 7. Mach number vm
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can now be defined by dividing positive velocity by the speed of sound:1

vm =
|v|
a
. Equation 9.

Pitch inertia Iy, which depends on current fuel mass mf , is best estimated for sounding rockets like the Black
Brant VC by adding the inertial contributions of the body and liquid fuel. Inertia represents an object’s resistance
to rotation about an axis. The equation below estimates the inertia for a thin-walled cylinder:8

Iy =
1

12
m(3R2 + L2

t ) +mf (xaft − xCG)
2, Equation 10.

where R is the body radius, Lt is total length of the rocket, and xaft is the distance between the nosecone and
center of the fuel cell, all in meters. The rate of change of fuel mass mf (kilograms), known as fuel burn rate m′

f

(kgs ), is given by1

m′
f = − T

g0Isp
, Equation 11.

where Isp is the specific impulse of the rocket motor. When Isp is multiplied by sea level gravity g0, muzzle ve-
locity is produced.8 The specific impulse of a motor is the measure of seconds in which one unit of thrust can be
produced from one unit of fuel. This reflects the efficiency in which fuel is converted to thrust for a motor, with a
larger specific impulse implying a greater fuel efficiency.

TWO DEGREES OF FREEDOM - METHODS AND PROCEDURES
In theory, the simplest way to couple rocket trajectory and stability would be a 2DOF model, where only one axis
each describing each are considered. The three axes of a rocket, in reference to its body, can be viewed in Fig-
ure 6. Each axis can describe translation along with rotation, and thus objects in the 3D sense have six degrees
of freedom. Vertical translation, or traveling along axis xB , can produce results like altitude and apogee, whereas
rotation about axis yB describes pitch attitude for stability.

Figure 6. Rocket body reference axes.

From Figure 6, attitudes ϕ, θ, and ψ represent roll, pitch, and yaw, describing radians of rotation about axes xB ,
yB , and zB , respectively. Flight path angle γ represents the inverse tangent of the ratio of velocities in the vertical
/ horizontal plane, expanded upon in the 3DOF section. This vector is the resulting direction of where the rocket
is moving, not necessarily where the nose is pointing. Finally, when the rocket is rotated 90◦ clockwise about axis
yB , translation along xB becomes altitude, yB is distance, and zB as sidewalk.

TRAJECTORY - 2DOF

Consider translation along the xB axis - when pitch attitude θ = π
2 , xB is vertical, and so is the rocket. From

Newton’s 2nd Law of Motion, the sum of accelerative rates8 can be calculated to define the acceleration a rocket
experiences. Taking the time derivative of displacement x gives velocity v, and once again yields acceleration v′.
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These values must be simultaneously ‘vertical’ and ‘overall’ due to the limitation of this model, which has only one
translational axis:

x′ = v,

v′ =
T

m
− g − FD

m
.

Equation 12.

From Equation 12, FD is the force experienced by the rocket due to drag.5 Drag force FD is calculated below as

FD = q̄SCD, Equation 13.

where dynamic pressure q̄ = 1
2ρv

2, reference area S = πr2, and drag coefficient CD are considered. The drag co-
efficient changes with mach speed vm and angle of attack α, requiring an extensive model of its own for realistic
calculations. The types of drag considered include base, wave, pressure, skin friction, and drag due to angle of at-
tack, with slight differences between engine on and off conditions.

STABILITY - 2DOF

Now, consider rotation about axis yB - in the strictly vertical model, it becomes clear that the directions in which
pitch attitude (θ) and flight path angle (γ) vectors follow must live along axis xB . This leads to an intuitive but
important result.

Lemma 1. If a rigid body model is limited to one axis each of translation and rotation, then attitude must remain
constant.

Proof. Consider a 2DOF rocket model, tracking vertical translation and transverse rotation. Angle of attack is de-
fined as

α = θ − γ, Equation 14.

where θ is pitch attitude and γ is flight path angle, in radians. Because only vertical travel is considered, no devia-
tion from this axis can be tracked. Intuitively, α = 0 always - it follows this limitation holds for the other transla-
tional directions, such as distance or sidewalk with yaw attitude. Therefore, every rigid body model with only one
axis each of translation and rotation must have attitude remaining constant.

Within the 2DOF vertical flight model, θ = γ and thus α = 0. This result alone suggests the need for an additional
translational degree of freedom. Nonetheless, this article acknowledges the mathematical possibility of analysis,
and assigns the rest of the state variables needed to see what results can be obtained.

Pitch angular acceleration q′ is calculated by dividing the aerodynamic pitching moment M by pitch inertia Iy.5,
consisting of both static and dynamic terms, derived from Euler’s Equations of Motion:8

M = q̄Sℓ(Cmα
α+ Cmq

ℓ

2v
q). Equation 15.

Reference length ℓ is the distance, in meters, from center of gravity to center of pressure - when Cmα < 0, aerody-
namic moment opposes angle of attack. This stabilizes the rocket along flight path γ. Additionally, when Cmq

<

0, the rocket experiences a resistance to angular acceleration, defining the rates at which aerodynamic moments
dampen oscillations caused by these restoring moments.

It’s imperative to understand that the sign of SM , from Equation 1, will subsequently determine the signs of
both Cmα

and Cmq
in this model. When the stability margin is positive, the rocket will experience correct perturb-

ing forces with an ever-increasing amount of torque, causing instability and tumbling. Additionally, if these rates
are negative, but too small, the rocket will fail to restore stability about pitch quickly enough for reliable flight.
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The stability subsystem is now:
θ′ = q,

q′ =
M

Iy
,

Equation 16.

and by Lemma 1, α = 0, thus only damping effects remain, removing stiffness from Equation 16 entirely. All
together, a model is constructed describing the coupling between vertical trajectory and pitch damping in two de-
grees of freedom.

x′ = v,

v′ =
T

m
− g − FD

m
,

θ′ = q,

q′ =
q̄Sℓ2

4vIy
Cmqq.

Equation 17.

Equation 17 mathematically couples trajectory into stability, however no freedom exists for pitch attitude θ,
flight path angle γ, or angle of attack α. Still, results agreeable with RASAeroII can be shown.

RESULTS - 2DOF
Utilizing RASAeroII, results of the Black Brant VC were obtained under purely vertical flight, equivalent to the fi-
delity of a 2DOF model. Most sounding rockets employ yo-yo despin, parachute, and drogue phases, however these
consideration have been removed for the simplicity of testing the mathematical models’ agreement with RASAeroII.
It is the scope of this article to verify the mathematical agreement between the two models, as opposed to measur-
ing accuracy to real world data which is unobtainable for this rocket specifically.

Simulation results of the Black Brant VC from Equation 17 is now shown below, overlaid by the data obtained
from the RASAeroII simulation. The MATLAB 2DOF model underestimates apogee by 0.9%, mostly due to a lack
of stiffness in stability, while maximum and minimum speeds are within 0.3%. Although the considerations of the
2DOF model are too low to be physically reliable, they still agree with RASAeroII’s estimations within 1%.

Figure 7. Altitude over time of the Black Brant VC compared
between RASAeroII (dashed black line) and the MATLAB 2DOF
simulator (solid red line).

Figure 8. Vertical velocity over time of the Black Brant VC
compared between RASAeroII (dashed black line) and the MAT-
LAB 2DOF simulator (solid blue line).

THREE DEGREES OF FREEDOM - METHODS AND PROCEDURES
In order to properly capture stability, it’s clear from Lemma 1 that α must be nonzero. More specifically, pitch
attitude θ and flight path angle γ must be independent of each other,8 and free to change during flight. It is here
this article takes a moment to clarify the assumption of an axisymmetric rocket - when viewed from the nosecone
along axis xB , the rocket may not be perfectly symmetric in design, and geometric centers remain along xB al-
ways.1 Based on Equation 14 from Lemma 1, a third degree of freedom is necessary to describe α this way.8 By
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choosing to model travel along axis yB , flight path angle γ can be defined as the arctan () of the ratio of velocities

γ = arctan (
vx
vy

), −π ≤ γ ≤ π Equation 18.

where vx is velocity in the vertical sense along xB , and vy horizontally along yB . The ratio of these velocities yields
drift in a two-dimensional plane, allowing for γ to reflect resulting flight path angle.5 Taking advantage of this,
the rates of change of velocity can be constructed by finding the magnitude of vertical and horizontal velocity vec-
tors.5 The system below describes vertical translation now,

x′ = vx,

v′x =
T sin θ

m
− g − vxFD

vm
.

Equation 19.

and horizontal translation can be modeled similarly:

y′ = vy,

v′y =
T cos θ

m
− vyFD

vm
.

Equation 20.

Overall velocity v is now5

v =
√
v2x + v2y, Equation 21.

and the pitch stability subsystem remains the same as Equation 16 with no additional considerations. The 3DOF
model becomes:

x′ = vx,

v′x =
T sin θ

m
− g − vxFD

vm
,

y′ = vy,

v′y =
T cos θ

m
− vyFD

vm
,

θ′ = q,

q′ =
M

Iy
.

Equation 22.

THREE DEGREES OF FREEDOM - RESULTS
A 3DOF rocket simulator can now be implemented in MATLAB. This time, the versatility of Equation 22 is
highlighted by introducing initial launch angles. The Black Brant VC is evaluated in the figures below when launched
at zero, five, ten, and fifteen degrees from vertical, displaying how choosing such a condition effects trajectory re-
sults. RASAeroII continues to be the comparative benchmark for this fidelity.

Under vertical launch, the MATLAB simulator estimates apogee with five orders of agreement to RASAeroII’s es-
timation. As launch angle perturbs from zero, the MATLAB simulator retains at least two orders of agreement for
apogee, distance, and speed estimations, highlighted in Figures 9 to 12.

With these results, a theorem is introduced clarifying the distinction between two and three DOF stability subsys-
tems, and the difference this makes for analyzing passive stability of rockets.

Theorem 2. A rocket dynamics model exhibits a genuine coupling between trajectory and stability in the 2D sense
iff a minimum of three degrees of freedom are considered.

Proof. A proof by contrapositive follows, first showing ¬B ⇒ ¬A, then concludes by showing B ⇒ A:
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Figure 9. Altitudes over times of the Black Brant VC compared
between RASAeroII (dashed grayscale lines) and the MATLAB
3DOF simulator (solid color lines).

Figure 10. Altitudes over distances of the Black Brant VC
compared between RASAeroII (dashed grayscale lines) and the
MATLAB 3DOF simulator (solid color lines).

Figure 11. Flight path angles over times of the Black Brant VC
compared between RASAeroII (dashed grayscale lines) and the
MATLAB 3DOF simulator (solid color lines).

Figure 12. Horizontal velocities over times of the Black Brant
VC compared between RASAeroII (dashed grayscale lines) and
the MATLAB 3DOF simulator (solid color lines).

Let a rocket dynamics model exhibit a true coupling between trajectory and stability. This means the position of
the rocket in a 2D plane is free to move in two different directions, and the attitude in this plane can both affect
and be affected by the trajectory of the rocket.

Assume, to the contrary, this rocket dynamics model has fewer than three degrees of freedom. Then two cases fol-
low:

Case 1: One translational and one rotational degree of freedom are considered. By Lemma 1, the attitude must
remain constant.
Case 2: Two translational degrees of freedom are considered. Then the model is purely translational, with no sta-
bility coupling.

In both cases, a contradiction is reached - neither of these cases properly couple trajectory and stability. Thus a
rocket dynamics model with fewer than three degrees of freedom cannot exhibit a genuine coupling of the two.

Conversely, assume a model has three degrees of freedom in the two-dimensional sense, consisting of two transla-
tional and one rotational. Then attitude affects the trajectory in this plane by determining the direction of acceler-
ation. Additionally, trajectory affects the aerodynamic moments governing rotational acceleration. This is exactly
what produces a genuine coupling between trajectory and stability in the 2D sense, so a rocket dynamics model
must contain at least three degrees of freedom to describe this coupling.

Therefore, a rocket dynamics model exhibits a genuine coupling between trajectory and stability in the 2D sense if
and only if a minimum of three degrees of freedom are considered.
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Expanding upon Theorem 2, consider the 3DOF stability subsystem, from Equation 16:

θ′ = q,

q′ =
ρv2Sℓ

2Iy
Cmα(θ − γ) +

ρvSℓ2

4Iy
Cmqq,

Equation 23.

and define terms

k = −ρv2Sℓ

2Iy
Cmα

, Equation 24.

c = −ρvSℓ2

4Iy
Cmq , Equation 25.

where k is denoted stiffness and c as damping8. Then Equation 23 gives the second-order harmonic oscillator8

θ′′ + cθ′ + k(θ − γ) = 0. Equation 26.

Natural frequency ωn and damping ratio ζ can now be derived from the oscillator. The damped frequency ωd rep-
resents the decay of oscillation frequencies experienced by the rocket:

ωn =
√
k, ζ =

c

2ωn
, ωd = ωn

√
1− ζ2.

Taking the partials of Equation 23, the Jacobian is evaluated as:

J =

(
0 1

−k −c

)
, Equation 27.

with eigenvalues

λ1,2 = −c±
√
c2 − 4k

2
,

≡ −ζωn ± iωd.

Equation 28.

The real part of the eigenvalues from Equation 28 is:

Re(λ1,2) = − c

2
= −ζωn, Equation 29.

and because of the expansion of damping term c from Equation 25, the eigenvalues have a negative real part only
if pitch damping derivative Cmq

< 0, giving both c > 0 and ζ > 0. Because of the velocity term being squared
in the numerator of k but not in c, the discriminant of the eigenvalues is guaranteed to always be negative. Thus,
when c > 0, a stable spiral sink is formed. If pitch damping derivative c = 0, oscillations are simply undamped
and form a limit cycle. Finally, when c < 0, unstable flight occurs in the shape of a spiral source. A very simple
corollary follows:

Corollary 3. Rocket stability is determined by the stability margin.

Proof. When the stability margin is positive, the damping derivative is negative, and damping term c is positive.
When c > 0, the eigenvalues from Equation 28 are negative, and the rocket is stable. It follows that when the
stability margin is negative, the rocket is unstable due to the eigenvalues being positive. Thus the stability of a
rocket is determined by the stability margin.

Using values at t = 15 seconds from the 3DOF MATLAB simulation, phase portraits can be constructed at dif-
ferent perturbations of angle of attack as seen below. These figures represent the pitch stabilization of the Black
Brant VC over a local timespan. Because fifteen seconds into launch is near the moment of largest dynamic pres-
sure, these plots represent the moment of greatest instability for this rocket specifically. The solution timeplots for
θ(t) and q(t) are shown comparatively, considering these angles of attacks in Figures 13 to 18.

To demonstrate the importance of damping term c in determining the sign of the real part of the eigenvalues, the
phase portraits and timeplots below display how pitch stability changes when c < 0 and c = 0, creating unstable
spiral sources and stable limit cycles, respectively.
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Figure 13. Phase portraits when c > 0. Figure 14. Timeplots when c > 0.

Figure 15. Phase portraits when c < 0. Figure 16. Timeplots when c < 0.

Figure 17. Phase portraits when c = 0. Figure 18. Timeplots when c = 0.

FOUR DEGREES OF FREEDOM - METHODS AND PROCEDURES
Moving into new territory, a second rotational degree of freedom about either roll (axis xB) or yaw (axis zB) can
be added, resulting in a 4DOF model. First, Euler’s Equations of Motion for rigid bodies must be considered,8 one
of the many ODE systems involved in modern 6DOF rocket simulators. Euler’s Equations of Motion are defined
about axes xB , yB , and zB as follows:

L = Ixp
′ + (Iz − Iy)qr,

M = Iyq
′ + (Ix − Iz)pr,

N = Izr
′ + (Iy − Ix)pq.

Equation 30.

Here, angular accelerations p′, q′, and r′ are referenced about roll, pitch, and yaw, respectively. Angular rates p, q,
and r are referenced in the same manner, along with aerodynamic moments about roll L, pitch M , and yaw N .8
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Principal inertial tensors Ix, Iy, and Iz all correspond to their respective axes (roll, pitch, and yaw), and one can
see the derivation for aerodynamic pitching moment M and pitch inertia Iy from Equations 15 and 10 in the
previous models. Recall the assumption made earlier about axisymmetric rockets - a theorem is provided below
about the unique reduction of Euler’s Equations of Motion.8

Theorem 4. Let B be a rigid rocket body whose mass distribution is axisymmetric about its longitudinal axis xB.
Then the following properties hold simultaneously:

• Roll angular acceleration is dynamically uncoupled from both pitch and yaw angular accelerations.

• Roll rate is the sole angular rate coupling term between pitch and yaw dynamics.

Proof. Let a rocket’s body B be axisymmetric about axis xB , so Iy = Iz. Then Equation 30 can be reduced and
rewritten as a system of angular acceleration about roll, pitch and yaw:

p′ =
L

Ix
,

q′ =
M + (Iy − Ix)pr

Iy
,

r′ =
N − (Iy − Ix)pq

Iy
,

Equation 31.

where roll angular acceleration p′ is no longer influenced by pitch or yaw dynamics, and roll rate p is the sole an-
gular rate coupling pitch and yaw dynamics.8

Because of this result, the model can be extended to four degrees of freedom in the following unique manner:

x′ = vx,

v′x =
T sin θ

m
− g − vxFD

vm
,

y′ = vy,

v′y =
T cos θ

m
− vyFD

vm
,

θ′ = q,

q′ =
M + (Iy − Ix)pr

Iy
,

ψ′ = r,

r′ =
N − (Iy − Ix)pq

Iy
,

Equation 32.

where ψ is yaw attitude, r is yaw rate, and r′ is yaw angular acceleration from Euler’s Equations of Motion. This
way, nose coning motion can be considered between attitudes θ (pitch) and ψ (yaw), and roll rate p becomes a
tunable parameter, directly influencing the transfer of energy between these angular systems.

When it comes to passive stabilization in the real world, maintaining a roll rate p is essential to capitalizing on
stability by influencing natural frequency ωn and damping ratio ζ. Events like shooting a bullet and throwing a
football are great examples of axisymmetric objects that require spin stabilization for desired flight. This gyro-
scopic stiffness effect is what allows smaller flying bodies that are too marginally stable on their own to be artifi-
cially stabilized with roll.

In order to maintain stability in a variety of conditions, the Black Brant VC has an average prescribed roll rate
of 3.5 cycles per second,1 which is perfect for ideal force averaging8 without the risk of structural damage due
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to over damping. First, this article considers the new, four equation stability subsystem from Equation 32 with
hopes of seeing what effects roll has on passive stability through phase plane analysis. Expanded, the following
subsystem is obtained:

θ′ = q,

q′ =
q̄Sℓ

Iy
Cmα

α+
q̄Sℓ2

2vIy
Cmq

q +
(Iy − Ix)p

Iy
r,

ψ′ = r,

r′ =
q̄Sℓ

Iy
Cnβ

ψ +
q̄Sℓ2

2vIy
Cnr

r − (Iy − Ix)p

Iy
q,

Equation 33.

and only because of the axisymmetric assumption, it may be assumed that stability derivatives Cmα
≡ Cnβ

, where
Cnβ

is the rate of change of restoring moments about yaw axis zB (from N). Similarly, damping derivatives Cmq
≡

Cnr , where Cnr is the rate of change of damping about the yaw axis zB (from N).5 Thus the claim that M ≡ N

for this axisymmetric rocket holds. Recall the previous stiffness and damping terms8 k and c from Equations 24
and 25:

θ′′ + cθ′ + k(θ − γ)− Ωψ′ = 0,

ψ′′ + cψ′ + kψ +Ωθ′ = 0.
Equation 34.

Define complex variable z = (θ − γ) + iψ, so z′ = q + ir and z′′ = q′ + ir′. Solving for z′′ produces a single,
second-order complex harmonic oscillator, representing the coupling between pitch and yaw from Equation 34.

z′′ + (c+ iΩ)z′ + kz = 0 Equation 35.

Here, Ω in Equation 35 is the term (Iy−Ix)p
Iy

, responsible for coupling pitch and yaw. When roll rate p = 0, Ω =

0, and the pitch and yaw stability subsystems become uncoupled and independent. It becomes clear now exactly
how energy is transferred between pitch and yaw - in addition to coupling these rotational axes, roll rate coupling
term Ω provides a deeper result for natural frequency ωn and damping ratio ζ.

ωn =
√
k, ζ =

c+ iΩ

2ωn
, ωd = ωn

√
1− ζ2.

Interestingly enough, roll rate does not effect a rocket’s static stiffness, as this is a geometric property primarily
governed by stability margin SM from Equation 1. Rather, roll is responsible for coupling pitch and yaw dynam-
ics, modifying dynamic stability instead. What must be understood about roll is that this coupling can alter the
natural frequency ωn and damping ratio ζ, but not necessarily in a strictly ‘increasing’ or ‘decreasing’ manner.

Roll is best understood as a mechanism for averaging the aerodynamic and structural asymmetries of a rocket, and
thus when a rocket is ideally axisymmetric, like the Black Brant VC, this effect is minimal. However, in practi-
cal, real world systems where small imperfections always exist, roll can reduce the influence these asymmetries
contribute to instability. As a result, a rocket that rolls has the unique ability to reduce localized stresses on the
rocket body frame by distributing these aerodynamic loads more evenly about the two axes during flight, prevent-
ing events like bending frames and breaking fins.

In some cases, introducing roll can help mitigate unwanted dynamic effects, such as those encountered near max-
imum dynamic pressure or during transonic flight. By preventing these ‘directional biases’ in pitch and yaw, roll
promotes a more balanced response to perturbations, though it does not guarantee increased damping nor overall
stability. The amount of perturbing forces can neither be increased nor decreased, only redistributed.

FOUR DEGREES OF FREEDOM - RESULTS
Equation 32 was coded in MATLAB with the goal of viewing the real world effects spin has on the Black Brant
VC specifically. With a launch angle of five degrees from vertical, the following plots compare results obtained
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with and without roll, implemented in the simplest fashion by using a linear interpolant to increase roll from zero
to p = 3.5 cycles per second by fuel burnout, then maintained for the duration of flight. It’s important to note
this is not realistic, but rather the simplest way to view the effects rolling the Black Brant VC has on previously
calculated results.

Additionally, it follows from Theorem 4 that when roll rate p = 0, the pitch angular acceleration equation simpli-
fies to q′ = M

Iy
, and thus the 4DOF model simplifies to the 3DOF model covered in the previous section. For this

reason, the plots below are not compared with data from the RASAeroII simulator due to redundancy in results,
and the fact that RASAeroII does not support such rolling conditions as a 3DOF simulator.

Figure 19. MATLAB 4DOF Simulator - altitude over time,
comparing rolling and non-rolling conditions.

Figure 20. MATLAB 4DOF Simulator - altitude over distance,
comparing rolling and non-rolling conditions.

Figure 21. MATLAB 4DOF Simulator - velocity over time,
comparing rolling and non-rolling conditions.

Figure 22. MATLAB 4DOF Simulator - horizontal velocity over
time, comparing rolling and non-rolling conditions.

Figure 23. MATLAB 4DOF Simulator - centers of gravity and
pressure over time, comparing rolling and non-rolling conditions.

Figure 24. MATLAB 4DOF Simulator - flight path angle over
time, comparing rolling and non-rolling conditions.

Results suggest that the Black Brant VC experiences a greater apogee, with the sacrifice of smaller distance under
these rolling conditions. Roll rate will also decrease velocity due to energy being consumed during spin, however
this energy helps to redistribute the already small differences in perturbing forces experienced about pitch and yaw
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in a more even manner.

The direct effect roll rate has on passive stability of the Black Brant VC can be viewed with the figures below. A
local simulation was run at time t = 15 in the same manner as the 3DOF stability subsystem, yielding many ad-
ditional results considering yaw. Coning motion and coning decay are direct results of the 4DOF subsystem’s com-
plex oscillator, displaying the tradeoff of taking longer to reach a steady state with less stress on the body frame.

Figure 25. MATLAB 4DOF simulator - attitude timeplots. Figure 26. MATLAB 4DOF simulator - angular rate timeplots.

Figure 27. Pitch stability phase portrait, α0 = 3◦. Figure 28. Coning motion phase portrait, α0 = 3◦.

Figure 29. Pitch stability phase portrait, α0 = 6◦. Figure 30. Coning motion phase portrait, α0 = 6◦.
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Figure 31. Pitch stability phase portrait, α0 = 10◦. Figure 32. Coning motion phase portrait, α0 = 10◦.

Figure 33. Exponential decay of coning motion. Figure 34. Natural frequency and damping ratio ζ calculations.

DISCUSSION
With the 2DOF model, rocket trajectory and stability can be mathematically coupled, as shown in Equation 17,
but not without large physical constraints. Both simulators report a flight duration of approximately six minutes
and fifty-two seconds, and while MATLAB trajectory attributes agree with estimations produced by RASAeroII
up to two orders, pitch attitude θ remains constant at π

2 radians. Subsequently, its derivative, pitching rate, re-
mains zero. This is why angle of attack is always zero, proved in Lemma 1. This results in an infinitely damped
rocket - no amount of perturbing forces can effect stability of the rocket in this model, thus Equation 17 is insuf-
ficient for passive stability analysis.

Adding a third degree of freedom results in a complete picture of both rocket trajectory and stability about pitch -
RASAeroII reports an apogee of 682879ft under vertical launch, and the 3DOF model reports apogee at 682883ft,
a difference of only four feet, resulting in much higher agreement with RASAeroII. Angle of attack α is no longer
forced to be zero, thus Equation 22 allows for deviation from flight path angle γ, and stability is properly ana-
lyzed about pitch axis yB . This is the minimal mathematical model that bidirectionally couples trajectory with
stability, as was proved in Theorem 2, and passive stability of a rocket can be determined by viewing the solution
timeplot of θ(t) and q(t) from Figure 14, showing damped oscillations over time.

To further this article’s research into new territory, a fourth degree of freedom was added to the model. By the
result obtained in Theorem 4, roll is uncoupled from pitch and yaw in an truly axisymmetric rocket, and thus
can be treated as a parameter in Equation 32. The 4DOF stability subsystem from Equation 33 contains four
equations, and the complex oscillator from Equation 35 describes many results such as nose coning motion, pitch
stability, and yaw stability, with and without roll. From Figure 34, it’s clear that an increase in roll rate results
in an increase of natural frequency for the Black Brant VC specifically, and decreases its damping ratio. Too much
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roll rate for this rocket can inflate natural frequency until damping becomes too small, resulting in a stable limit
cycle, as opposed to reaching an equilibrium point. This is much more stressful on the rocket’s mainframe, and
therefore every rocket will have some ideal roll rate, including zero, in which force averaging provides the best pos-
itive effect on passive stability and stress on the rocket’s mainframe.

A rocket with excessive damping or a low natural frequency cannot always be directly corrected through roll, how-
ever inducing roll can alter the coupled dynamics of the pitch / yaw stability subsystem, which can modify the
damping ratio and natural frequency through energy exchange between these two axes. This is because perturbing
forces cannot be increased or decreased without structurally changing the shape and size of a rocket, but can be
redistributed more evenly between the pitch / roll plane and the yaw / roll plane, causing a phenomenon known as
force averaging. The best representation of how roll affects stability is shown below for the Black Brant VC, com-
paring 3DOF to 4DOF pitch stability phase portraits.

Figure 35. Pitch stability, 3DOF, no roll (inflated Cmq ). Figure 36. Pitch stability, 4DOF, with roll (inflated Cmq ).

By inflating the damping derivative fivefold, it’s clear how force averaging in Equation 34 eventually evens the
pitch stability phase portrait in Figure 36 to a spiral sink - the same spiral sink as the center of the 3DOF os-
cillator from Equation 26, as seen in Figure 35. By redistributing energy between these axes of rotation, roll
seems to lessen the time spent at larger pitch attitude and pitching rate values, with the sacrifice of a slightly larger
range in both respects.

Finally, the figures below highlight coning with pitching rate, and rates with pitch attitude - the yaw counterparts
are similar in shape and size with different values. This unique and new insight into passive stability with roll al-
lows this article to present exactly how a rocket is behaving within the pitch and yaw axes in local timespans.

Figure 37. Coning motion with pitching rate. Figure 38. Angular rates with pitch attitude.

By considering the varying degrees of freedom covered in this article, Table 1 is constructed, which highlights the
level of passive stability considered by the oscillator produced by each model’s stability subsystem.
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Degrees of Freedom Stability Oscillator Results
2 θ′′ + cθ′ = 0 Damping only
3 θ′′ + cθ′ + k(θ − γ) = 0 Stiffness and damping
4 z′′ + (c+ iΩ)z′ + kz = 0 Force averaging and coning

Table 1. Each oscillator derived and results of each model’s stability subsystem.

CONCLUSIONS
The three degree of freedom model is necessary and sufficient for bidirectionally coupling rocket trajectory with
stability. This model requires a minimum of six ordinary differential equations, and calculates copious amounts of
data about a single rocket launch. Application of this model in MATLAB results in an accurate rocket simulator,
justifying the massive leap in simplicity with physics and hand-solved solutions. The ability to track such results is
expected of a 3DOF simulator, however the ability to view phase portraits of pitch stability at any snapshot in the
rocket’s travel is a special point of view unique to this article.

The four degree of freedom model has the potential to surpass rocket simulators currently available to the public
in terms of simplicity and ease of understanding. Utilizing Euler’s Equations of Motion to couple rotation about
pitch with yaw is both novel and unique for this application - roll rate can not only be parameterized in such a
model, but solved for as well. The important result of Theorem 4 means rockets that may have had force biases
in perturbation in other simulators, can be experimented with force averaging by adjusting roll rate in this article’s
4DOF model.

Four degree of freedom rigid body models are most commonly used in vehicles with limited degrees of freedom,
such as cars and boats. Applied to rockets, the axisymmetric condition removes the need to track two degrees of
freedom each of horizontal translation and rotation, common for missiles and projectiles. A 5DOF model has since
been implemented and coded in MATLAB by including translation along zB , resulting in a three-dimensional pic-
ture of trajectory. Removing the axisymmetric assumption allows for a full rigid-body 6DOF model, which was
completed in June of 2026, and a second research article has been written and submitted for publication consid-
eration all about 6DOF considerations. Applications of these models can easily be applied to ballistics and other
similarly-shaped flying bodies for smaller modeling examples.
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PRESS SUMMARY
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ABSTRACT  
Problem-Based Learning (PBL) depends on effective collaboration, yet the optimal strategy for forming student groups remains 
unclear. This study compared two group formation approaches: heterogeneous groups based on the Myers–Briggs Type Indicator 
(MBTI) and homogeneous groups based on the Active Experimentation–Reflective Observation dimension of Kolb's Learning 
Style Inventory (LSI). Undergraduate students enrolled in Cell Biology and Introduction to Biology Laboratory courses were 
assigned to one of the two grouping strategies. Group functioning and role performance were evaluated using end-of-course 
surveys, and outcomes were compared using independent-samples t-tests and Pearson correlation analyses. Students in LSI-based 
groups reported significantly higher listening, productivity, psychological safety, belonging, satisfaction, and leader and 
communicator role performance than those in MBTI-based groups, whereas contribution and organizer performance did not 
differ significantly. Correlation analyses showed that satisfaction was most strongly associated with productivity in MBTI-based 
groups but with psychological safety in LSI-based groups. These findings suggest that grouping students according to learning 
style may better promote effective collaboration and positive group experiences than personality-based grouping in undergraduate 
PBL settings. 
 
KEYWORDS  
Myers-Briggs Type Indicator; Kolb’s Learning Style Inventory; Group Dynamics; Problem-Based Learning; Group Productivity; 
Group Satisfaction; Classroom Learning; Group Roles; Educational Outcome  

 
INTRODUCTION   
Over the past five decades, the aims of higher education have shifted from a traditional emphasis on knowledge for its own sake 
to a more pragmatic focus on career readiness and the development of transferable skills.1As universities expand curricula to span 
disciplines and align with workforce needs, they increasingly prioritize competencies such as communication, critical thinking, 
collaboration and adaptability.2 This evolution reflects broader societal changes such as economic pressures, technological 
advances, and rising expectations that higher education should contribute directly to employability. Consequently, universities 
are reimagining their role as launchpads for professional success, alongside their core mission of learning.1-4 
  
In today’s educational settings, group-based learning has gained prominence, particularly through approaches such as Problem-
Based Learning (PBL). A persistent challenge, however, is forming balanced and effective groups 
that leverage individual members’ strengths. A balanced and effective group is one in which the composition and interaction of 
the group members allow for the achievement of the group goals, frequently oriented towards problem solving. Personality types 
(e.g., Myers-Briggs Type Indicator- MBTI) and learning styles (e.g., Kolb’s learning styles) are two widely studied frameworks that 
offer insight into how individuals interact, process information, and contribute to group work.5,6  
 
PBL is an instructional approach in which students work in small groups to investigate and solve open- ended, real- world 
problems, developing content knowledge alongside skills in critical thinking, collaboration and self-directed learning. Originally 
developed for medical education, PBL has since been adopted broadly across the sciences and health professions because it 
mirrors the collaborative, problem-solving demands of professional practice.7 Because PBL depends on sustained small-group 
work rather than individual study, the way groups are composed is not incidental to the method. Instead, it is one of the central 
design decisions an instructor makes, and it shapes whether the group ultimately functions as a cohesive team or as a collection of 
individuals working in parallel.8 
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MBTI- based grouping in collaborative and PBL settings 
The MBTI, developed by Isabel Briggs Myers and Katharine Cook Briggs, sorts respondents into one of 16 types based on four 
dichotomous preferences: Extraversion/Introversion, Sensing/Intuition, Thinking/Feeling, and Judging/Perceiving. In 
educational contexts, MBTI has been used to anticipate group dynamics. For example, ‘extraverted’ types are described as more 
comfortable in discussion-heavy settings, ‘thinking’ types as oriented toward logic-driven problem-solving, and ‘judging’ types as 
preferring structured, deadline-driven work.9 

 
A smaller number of studies have directly tested whether MBTI-informed group composition improves outcomes in problem- or 
project-based settings. Related work, however, has approached this question observationally rather than through deliberate group 
assignment. For instance, a 2017 study by Ihm, An, and Seo examined 263 first-year dental students at Seoul National University 
who were randomly assigned into 11 small groups of up to eight students plus a facilitator, with MBTI types collected before PBL 
began and performance measured across four assessment components. The sample skewed toward extraverts (58.9%), sensers 
(66.5%), thinkers (74.5%), and judgers (63.9%), and females outperformed males on total PBL scores. Rather than manipulating 
group composition, the researchers used the Shannon diversity index to measure the MBTI heterogeneity that emerged naturally 
within each randomly formed group, and found that more diverse groups tended to perform better overall and specifically on 
facilitator evaluations (reflecting problem-solving ability), with the highest-performing groups clustered around ENTJ, ISTJ, and 
ESTJ profiles.10 This study offers useful groundwork by suggesting a link between personality diversity and PBL performance, but 
because groups were randomly assigned rather than deliberately composed by MBTI, it stops short of testing MBTI-informed 
grouping as an intervention. This gap is representative of the broader literature: most studies have evaluated MBTI-based diversity 
in isolation, whether through observation or intervention, rather than benchmarking it against an alternative composition 
framework, leaving open the question of whether MBTI's apparent benefits are specific to personality-based grouping or would 
appear with any structured, non-random composition strategy. 
 
LSI- based grouping in collaborative and PBL settings 
In 1984, several years after MBTI was created, David A. Kolb introduced his Experiential Learning Theory (ELT), inspired by the 
work of the gestalt psychologist Kurt Lewin, as well as John Dewey and Jean Piaget. ELT articulates a four-stage learning cycle 
(Concrete Experience, Reflective Observation, Abstract Conceptualization, Active Experimentation) and four corresponding 
learning styles. ELT emphasizes that individuals favor different modalities of learning and that teaching approaches should 
accommodate these variations to enhance engagement and learning outcomes. Within this model, the Active Experimentation–
Reflective Observation (AE–RO) dimension speaks most directly to how a student behaves in a group: AE-oriented students tend 
to learn by doing and engaging immediately, while RO-oriented students tend to hold back to observe and process before 
contributing.11 

 

Prior work on learning-style-based grouping has generally examined homogeneous composition, which is grouping students by 
shared style, but without directly testing it against a mixed-style alternative. For instance, a 2012 study by Alghasham examined 75 
first-year medical students at Qassim College of Medicine, identifying each student's learning style using Active-Reflective 
inventory (40% active, 60% reflective) and sorting them into nine PBL tutorial groups segregated by style (four active-only, five 
reflective-only) rather than mixed. Blinded tutors rated student behavior over five weekly PBL sessions across four domains: 
independent study, teamwork, reasoning/problem-solving, and active participation. Active learners were more collaborative, 
participative, and skilled at hypothesis generation, while reflective learners relied more on independent study, careful listening, and 
prior knowledge. However, these behavioral differences did not carry over to formative quiz scores, which showed no consistent 
advantage for either group. Notably, although the study design was homogeneous, the author concluded (without direct empirical 
comparison) that PBL groups should instead be intentionally mixed by learning style to balance these complementary strengths, a 
recommendation that itself remains untested against an actual mixed-group condition.12 

 
Differentiating the Two Frameworks and Limitations of MBTI 
Although MBTI and Kolb's ELT are often discussed together as personality/learning-style tools for group design, they are 
conceptually distinct in ways that matter for interpreting grouping outcomes. MBTI is a typological model: it sorts individuals into 
discrete categories along four independent preference dichotomies and is primarily descriptive of general behavioral and 
interpersonal tendencies. Kolb's model, by contrast, is dimensional and situates learners along two continuous axes (CE–AC and 
AE–RO) that describe how information is processed and acted upon, making it more directly tied to how a student engages with 
a specific task or activity rather than personality broadly. 
 
This distinction matters because MBTI has been the subject of longstanding methodological criticism as a research and 
measurement instrument. Concerns raised in the psychometric literature include low test-retest reliability, with a substantial 
proportion of respondents receiving a different type classification on retesting weeks later; the forced dichotomization of what are 
more plausibly continuous traits into binary categories, which discards meaningful variance; and weak evidence for the 
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instrument's predictive validity relative to dimensional models such as the Five-Factor Model (Big Five), which is more 
consistently supported in personality research.13,14 Because MBTI's dichotomous types can obscure meaningful within-group 
variability, an MBTI-based classification such as the Keirsey temperament framework used in the present study necessarily treats 
individuals near a dichotomy's midpoint the same as individuals with a strong preference, a limitation worth bearing in mind when 
interpreting group-level outcomes tied to temperament category.15 Kolb's Learning Style Inventory (LSI) has also drawn validity 
criticism, though generally less severe, including questions about the stability of style classification across contexts and the extent 
to which self-reported style predicts actual behavior in group settings.16  

 
METHODS AND PROCEDURES  
Participants  
Participants of this study were undergraduate students at the University of Wisconsin- Superior enrolled in Cell Biology (Fall 
2022, Fall 2023) and Introduction to Biology Laboratory (Fall 2023, Section 001 and 002). Students were invited to participate in 
this study of the first day of each course. The invitation informed the students that (a) the course would involve substantial small 
group work regardless of study participation, (b) participation in the research study (completion of assessment and evaluation 
survey) was voluntary, and (c) participation, or the specific group/role a student was assigned to, would not affect course grades. 
Each course was assigned, in its entirety, to one grouping condition (MBTI- based or LSI- based); no course section contained a 
mixture of both conditions. Condition assignments by course section, semester, and enrollment size is reported in the Results 
Section (Demographics of Participants), see Table 4. It is also important to note that both the Fall 2022 and Fall 2023 Cell 
Biology course was instructed by the same instructor and followed the same learning curriculum and assignments to maintain 
consistency between these two sections.   
 
Assessments 
All participating students completed a Student Information Survey and either of the two validated self- report assessments prior 
to group formation. The Student Information Survey asked students to report their goals for the course, self- perceived strength 
and weaknesses relevant to group coursework, prior experience working in small groups, and a preferred group role (Leader, 
Communicator, or Organizer). Students then completed the assigned self- assessment for their said course, either the online 
MBTI assessment, or the LSI.  
 
Group Formation and Role Determination: MBTI Based Groups 
MBTI-based groups were formed using the Keirsey Temperament Sorter, a framework that organizes the 16 MBTI types into 
four broader temperaments, see Table 1. 
 
 
 
 
 
 
 
 

Table 1: Full mapping of the 16 MBTI types to the four Keirsey temperaments used for group stratification.15 

 
Keirsey’s framework splits Sensing (S) types by their Judging/Perceiving preference (Guardian vs. Artisan) because, within 
Sensing types, this dichotomy most strongly differentiates preference for structure versus spontaneity. It splits Intuitive (N) types 
by their Feeling/Thinking preference (Idealist vs. Rational) because, within Intuitive types, this dichotomy most strongly 
differentiates value-driven versus logic-driven orientation. This is why the four temperaments are defined by different letter pairs 
(SJ/SP for Sensing types, NF/NT for Intuitive types) rather than a single consistent dichotomy across all four groups. 

Each student was first classified into one of the four temperaments using Table 1. Groups were then formed using a stratified-
composition strategy intended to maximize temperament diversity within each group. Groups were typically three members: for a 
three-member group, any three of the four temperaments (Guardian, Artisan, Idealist, Rational) could be represented, giving 
flexibility in which three temperaments were combined depending on section composition. A smaller number of groups had four 
members; in these cases, all four temperaments were represented once each, except when a section's temperament distribution 
made this impossible, in which case the most abundant temperament in that section was doubled up. No group contained more 
than one representative of the same temperament except under this doubling rule. 

Temperament Defining Dichotomies MBTI Types Included 

Guardian Sensing + Judging (SJ) ISTJ, ISFJ, ESTJ, ESFJ 

Artisan Sensing + Perceiving (SP) ISTP, ISFP, ESTP, ESFP 

Idealist Intuitive + Feeling (NF) INFJ, INFP, ENFJ, ENFP 

Rational Intuitive + Thinking (NT) INTJ, INTP, ENTJ, ENTP 
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Within each temperament-stratified group, students were assigned one of three functional roles (Leader, Communicator, 
Organizer) based on their specific MBTI type, following the mapping in Table 2 (below), such that each group had exactly one 
Leader, one Communicators, and one or two Organizers.  

GROUP ROLE  MBTI TYPES  RATIONALE  

Leaders  ENTJ, ESTJ, ENFJ, ESTP, ENTP   These types are natural at setting direction and structure, motivating others, and 
ensuring progress by keeping the group accountable to timelines and goals  

Communicators  ENFP, ESFP, ESFJ, INFP, INFJ   These types excel at connecting with others, expressing group ideas clearly, and 
serving as bridges between the team and external stakeholders  

Organizers  INTJ, INTP, ISTJ, ISFJ, ISTP, ISFP   These types thrive in analyzing details, refining outputs, and ensuring the final 
product is both accurate and high-quality, keeping the project grounded and 

complete.  

 
Table 2. MBTI-to-role mapping used for functional role assignment within MBTI-based groups. 

 
Because a temperament-stratified group could contain more than one student whose MBTI type mapped to the same functional 
role (most commonly among Organizer-eligible types, since six of the sixteen types map to that role), the role-preference item 
from the Student Information Survey was used as a tiebreaker: when two eligible students in the same group mapped to the same 
role, the student who had indicated that role as a preference was assigned to it, and the other was assigned the next-best-fitting 
available role. Following group formation and role determination, each student was emailed to notify them of the role they were 
assigned, a detailed explanation as to how their personality assessment contributed to the role assigned, and the expectation of 
their role in their group (Table 3).  

GROUP ROLE   EXPECTATIONS  

Leaders   Establish a clear timeline and plan for all the group activities, responsible for establishing deadline for the final project 
(human bio course only), Ensuring the work is evenly distributed and everyone in the group is participating in and 

contributing to the group activity, Ensures the group stays on task and the assignment is being completed in a timely 
manner.   

Communicators   Serves as a group spokesperson checking in with the instructor when clarification is 
needed, submitting group assignments and participating on behalf of the group on class discussion boards.   

Organizers   Quality control and finalization, overseeing the finalization of the infographic (human bio only), reviewing the 
content, design and overall quality of all the assignments the group is submitting. Contribute new ideas and perspectives to 

the group.  

 
Table 3. Group roles and expectations in a PBL setting: Leaders (planning, deadlines, and accountability), Communicators (spokesperson and assignment 

submission), and Organizers (quality control, finalization, and idea contribution). 
  
Group Formation and Role Determination: LSI Based Groups 
For the purposes of this study, LSI group formation used only the Active Experimentation (AE)–Reflective Observation (RO) 
dimension of Kolb's Learning Style Inventory. Students scoring higher on Active Experimentation were classified as active 
learners, whereas those scoring higher on Reflective Observation were classified as reflective learners. Every participant received a 
score on this dimension and was therefore classified into one of these two categories. Although the Concrete Experience (CE)–
Abstract Conceptualization (AC) dimension was also measured, it was not used for group formation. The AE–RO dimension was 
selected because it most directly reflects how students engage in collaborative learning tasks, including their preferred level of 
participation, discussion style, and approach to problem solving within a group. In contrast, the CE–AC dimension primarily 
describes how learners perceive and process information internally rather than how they interact with peers during collaborative 
activities. Because the primary outcomes of this study focused on group dynamics, communication, productivity, and role 
fulfillment, the AE–RO dimension was considered the most relevant dimension for forming groups.17 

LSI based groups were formed homogeneously with respect to the AE/RO classification described above: students classified as 
active learners were grouped only with other active learners, and students classified as reflective learners were grouped only with 
other reflective learners. No group contained a mixture of active and reflective learners. Group size was matched to the MBTI 
condition (three to four students per group) wherever enrollment allowed.  
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Roles within LSI based groups were assigned directly from the role-preference item on the Student Information Survey: students 
were grouped with same-style peers whose stated role preferences (Leader, Communicator, Organizer) were non-overlapping, so 
that each group again contained one Leader, one Communicator, and one to two Organizers. 

Rationale for the Composition Strategy and a Note on Design Symmetry 
The two grouping conditions in this study were composed using different strategies: MBTI-based groups were formed 
heterogeneously (stratified across temperaments), while LSI-based groups were formed homogeneously (matched on learning 
style). This asymmetry was a deliberate feature of the original study design, not an oversight, and is described here explicitly so 
that it can be evaluated on its merits. 

The heterogeneous, one-member-per-temperament structure used for MBTI groups follows a composition convention 
commonly recommended in Keirsey/MBTI-based team-building guidance, which favors temperament diversity within a team to 
ensure coverage of different behavioral and functional strengths. We want to be precise about what this citation does and does 
not support: it describes a widely used team-formation heuristic, not a controlled study demonstrating that heterogeneous 
Keirsey-based grouping produces superior PBL performance outcomes relative to homogeneous grouping.18 We are not aware of 
a published study that makes that specific comparison, and we have not represented the heterogeneous approach as empirically 
validated for that purpose. 

The homogeneous structure used for LSI based groups was informed by prior, unpublished classroom observations by the 
research team, which suggested that groups mixing students with markedly different learning paces or engagement styles 
experienced more friction and lower performance than groups of students with similar learning approaches. Because this 
observation had not been formally tested, one aim of the present study was to evaluate it empirically by contrasting a 
heterogeneous, personality-based composition strategy against a homogeneous, learning-style-based one. 

We note explicitly that this design choice confounds framework (MBTI vs. Kolb learning style) with composition strategy 
(heterogeneous vs. homogeneous): differences observed between the MBTI and LSI conditions in this study cannot be attributed 
solely to the underlying psychological framework, since they may instead (or additionally) reflect the composition strategy paired 
with each framework. This limitation, and the factorial design (Homogeneous MBTI, Heterogeneous MBTI, Homogeneous LSI, 
Heterogeneous LSI) that would be required to separate these two variables, is discussed further in the Discussion and Limitations 
sections. 

Group Evaluation 
Across the course, students engaged in collaborative activities including online discussions and PBL assignments. Students in Cell 
Biology completed exam wrappers at the end of each structured course unit; each wrapper included 10 Likert-scale items (1 = 
Strongly Disagree, 5 = Strongly Agree) assessing group functioning (e.g., “I believe the group worked well together to accomplish 
the project”). All students in all courses additionally completed a course wrapper at the end of the semester, which included the 
same 10 Likert-scale group-functioning items plus three additional Likert-scale items assessing performance in each students’ 
assigned role (Leader, Communicator, or Organizer). These wrapper responses were the source of all group performance, 
satisfaction, and role-performance data reported in the Results.  

Data Analysis  
SPSS and Microsoft Excel were used for all analyses. Independent-samples t-tests were used to compare mean scores between 
MBTI-based and LSI-based groups on each group-performance metric (listening, productivity, sense of safety, belonging, 
satisfaction, contribution) and on each role-performance rating (Leader, Communicator, Organizer). Pearson correlation 
coefficients were computed to assess relationships among group-level variables (e.g., satisfaction, productivity, psychological 
safety) separately within each grouping condition, using data from the two Cell Biology cohorts (fall 2022 LSI based, fall 2023 
MBTI based). Statistical significance was set at α = 0.05 for all tests. 

IRB Permissions’ number  
All study procedures involving human participants were reviewed and approved by the University of Wisconsin–Superior 
Institutional Review Board (IRB approval number E159).  
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RESULTS  
Demographic of Participants.   
Table 4 summarizes enrollment, grouping condition, and Keirsey temperament distribution by course section.  
 

Course / Semester N Condition Guardian Artisan Idealist Rational 

Cell Biology, Fall 2022 15 LSI (homogeneous) — — — — 

Cell Biology, Fall 2023 21 MBTI (heterogeneous) 9 0 6 6 

Biology Lab, Sec. 1, Fall 2023 18 MBTI (heterogeneous) 5 3 7 3 

Biology Lab, Sec. 2, Fall 2023 16 LSI (homogeneous) — — — — 

 
Table 4. Enrollment and Keirsey temperament distribution by course section and grouping condition. Dashes indicate sections assigned to the LSI based 

condition, for which temperament was not used for grouping. 
 

Group Performance Metrics  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Comparison of Mean performance metrics between MBTI- based and LSI- based grouping strategies. The bar chart shows the mean scores for 
listening, productivity, sense of safety, belonging, satisfaction and contribution for students in Cell Biology 2023 (MBTI- based groups) and Cell Biology 2022 
(LSI- based groups). Asterisk indicates statistically significant differences between group strategies (*p < 0.05). All metrics showed significant decreases in the 
MBTI-based cohort except for contribution. 
 
Figure 1 compares mean scores for listening, productivity, sense of safety, belonging, satisfaction, and contribution between the 
MBTI-based cohort (Cell Biology, fall 2023) and the LSI-based cohort (Cell Biology, fall 2022). Mean scores were lower in the 
MBTI-based cohort on every metric, reaching statistical significance for all metrics except contribution. The largest differences 
were observed for belonging (MBTI: 4.68 vs. LSI: 4.05, t-test p = 0.0003) and satisfaction (MBTI: 4.78 vs. LSI: 3.88, p < 0.0001). 
Contribution did not differ significantly between cohorts (MBTI: 4.51 vs. LSI: 4.27, p = 0.13), despite a numerically lower mean 
in the MBTI-based group. 

Role Fulfillment and Performance by Group Type   
Role-performance ratings (self- and peer-assessed, 0–3 scale, where 0 = “never participated” and 3 = “exceeds expectations”) 
were compared between conditions for each functional role using independent-samples t-tests. Students in LSB groups scored 
significantly higher than students in MBTI groups in the Leader role (t = 4.21, p < 0.001) and the Communicator role (t = 3.87, p 
= 0.002). No significant difference between conditions was observed for the Organizer role (t = 0.45, p = 0.66). 

Correlations Between Group Variables   
Using data from the two Cell Biology cohorts (LSI, fall 2022, N = 15; MBTI, fall 2023, N = 21), Pearson correlations were 
computed separately within each condition among group satisfaction, productivity, and psychological safety (“safe-to-share”). 
Within MBTI-based groups, satisfaction was most strongly correlated with perceived productivity. Within LSI-based groups, 
satisfaction was most strongly correlated with psychological safety (safe-to-share) rather than productivity. Full correlation 
coefficients are reported in Table 5. 
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Figure 2. Role performance ratings by group type. Students in Biology Lab course, rated themselves and their group members on a 0–3 scale. Mean scores were 
compared between MBTI-based and LSB groups using independent, pairwise t-tests for each role. LSB groups scored significantly higher in the Leader (t = 4.21, 
p < 0.001) and Communicator (t = 3.87, p = 0.002) roles. No significant difference was observed for the Organizer role (t = 0.45, p = 0.66). Asterisks on the 
figure indicate statistically significant differences between group types.  
  
 
 
 

 

 

 

 

  
 

Table 
5. Correlation among group variables for LSI- based and MBTI-based groups. Shown are Pearson correlation coefficients between group 
satisfaction, productivity, and perceived safety to share opinions (Safe-to-Share) and the variables contribution, listening, productivity, safety, belonging, and 
satisfaction for two group types: Learning Style–Based (LSB) groups (N = 15; Fall 2022) and MBTI-Based groups (N = 21; Fall 2023) from a Cell Biology course. 
Correlation analyses were conducted using SPSS. Diagonal entries (---) indicate self-correlations. Asterisks denote statistical significance of the correlations (*p < 
0.05; **p < 0.01)  

DISCUSSION AND LIMITATIONS 
The primary aim of this study was to compare MBTI-based and LSI-based grouping frameworks to determine which more 
effectively enhanced performance metrics and role fulfillment in PBL environments. Across two course contexts: Cell Biology 
and Introduction to Biology Laboratory; LSI -based grouping consistently outperformed MBTI-based grouping on key 
performance metrics. In particular, Figure 1 demonstrates that students in MBTI-based groups (Cell Biology 2023) reported 
lower scores across nearly all performance metrics of group functioning compared to students in LSB groups (Cell Biology 2022), 
including listening, productivity, sense of safety, belonging, and overall satisfaction. Contribution was the only metric that did not 
differ significantly between grouping strategies, suggesting a selective rather than uniform impact of grouping approach on 
student experiences. 
 
LSI-based groups demonstrated significantly higher productivity scores in both Cell Biology and Biology Lab courses, reinforcing 
the idea that grouping students according to shared learning processes (e.g., active vs. reflective) may reduce friction in task 
execution and pacing. The additional findings related to listening and sense of safety further support this interpretation. Groups 
formed based on learning style alignment may facilitate more predictable communication patterns and mutual responsiveness, 
enabling students to feel heard and comfortable sharing ideas. In contrast, MBTI-based grouping, which intentionally promotes 
personality heterogeneity, may introduce variability in communication preferences and decision-making styles that complicate 
coordination, particularly in time-limited or task-intensive PBL settings.  
 

Variable Contribution Listen Productivity Safe to Share Belonging Satisfaction 

LSI- Based             

Satisfaction 0.576* 0.732** 0.648** 0.750** 0.756** --- 

Productivity 0.606* 0.906** --- 0.933** 0.843** 0.648** 

Safe to Share 0.512 0.911** 0.933** --- 0.954* 0.750** 

MBTI- Based             

Satisfaction 0.387 0.644** 0.568** 0.523** 0.739** --- 

Productivity 0.362 0.593** --- 0.560** 0.510** 0.568** 

Safe to Share 0.511* 0.678** 0.560** --- 0.708** 0.523** 
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Group satisfaction and belonging exhibited the largest and most robust differences between grouping strategies, with MBTI-
based groups reporting markedly lower scores in both domains. These findings suggest that beyond task efficiency, learning-style 
homogeneity may play a critical role in fostering social cohesion and inclusion within small-group learning environments. 
Importantly, the absence of a significant difference in contribution indicates that students in MBTI-based groups did not perceive 
themselves as contributing less, despite experiencing lower satisfaction and weaker group climate.  
 
Role performance analyses further clarify how grouping strategies shape group processes. As seen in Figure 2, Students in LSI-
based groups scored significantly higher in Leader and Communicator roles, while no significant differences were observed for 
the Organizer role. Leadership and communication are inherently interactive and depend on shared expectations, pacing, and 
responsiveness. Learning-style similarity may facilitate smoother leadership emergence and clearer communication norms, 
whereas heterogeneous personality groupings may require greater negotiation and adaptation. The stability of the Organizer role 
across grouping conditions suggests that detail-oriented or task-structuring responsibilities may be less sensitive to group 
composition and more dependent on individual traits or clearly defined task demands. 
 
Correlation analyses provide additional insight into the mechanisms underlying these differences. As seen in Table 5, In MBTI-
based groups, satisfaction was strongly correlated with perceived productivity, suggesting that these groups may be particularly 
sensitive to affective dynamics: when interpersonal functioning declines, productivity may be disproportionately affected. In 
contrast, LSI-based groups exhibited stronger associations between satisfaction and psychological safety, indicating that learning-
style alignment may foster environments in which students feel comfortable expressing ideas, asking questions, and engaging in 
constructive disagreement. Sense of safety has been widely identified as a key predictor of effective teamwork and learning, 
particularly in collaborative educational contexts. 
 
While MBTI-based grouping offers a structured framework for role differentiation and exposure to interpersonal diversity, the 
present findings suggest that learning style alignment may be a more robust predictor of effective group functioning in PBL 
settings. LSI-based grouping more directly supports productivity, satisfaction, and positive group climate. Importantly, these 
results do not imply that MBTI is pedagogically ineffective, but rather that its strengths may not align optimally with 
performance-driven PBL outcomes. 
 
This study has several limitations. Sample sizes were modest and drawn from a single institution, limiting generalizability. The Cell 
Biology grouping conditions were implemented across different semesters rather than within the same cohort, introducing 
potential cohort effects. Additionally, outcome measures relied on self-reported Likert-scale instruments, which may be subject to 
response bias. Future studies should incorporate larger, multi-institutional samples, randomized within-cohort designs, and 
objective performance measures to further clarify how grouping strategies influence learning outcomes. 
  
CONCLUSIONS  
This study demonstrated that LSI-based grouping, grounded in Kolb’s ELT, is more effective than MBTI-based grouping in 
promoting group productivity, satisfaction, and role fulfillment in undergraduate PBL settings. While MBTI-based groups showed 
meaningful internal correlations between satisfaction and productivity, they consistently underperformed relative to LSI-based 
groups on primary outcome measures. These findings suggest that how students learn may be more consequential for group 
effectiveness than how they interact personality-wise. For instructors designing collaborative learning environments, particularly in 
science courses that rely heavily on teamwork, grouping students by learning style may offer a practical and evidence-based 
strategy for enhancing both performance and student experience.  
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PRESS SUMMARY 
Group work is a cornerstone of many college science courses, yet how students are assigned to teams is often overlooked. In this 
study, we found that forming groups based on students’ learning styles led to higher productivity, stronger leadership and 
communication, and greater overall satisfaction compared to grouping students by personality type using the Myers-Briggs Type 
Indicator (MBTI). Students in learning style–based groups reported feeling more comfortable sharing ideas and worked more 
efficiently together, while personality-based groups showed lower satisfaction and performance overall. These findings suggest 
that aligning how students learn may be more important than mixing personality types when designing effective collaborative 
learning experiences in higher education. 
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