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Abstract: Research on responsible AI has boomed over the past few years. Yet, an 

understanding of the responsible AI research across primary disciplines is missing in the 

literature. Through a review of 1224 studies across 7 databases, a total of 177 studies 

were included for a review of responsible AI across the emerging areas of Business, 

Engineering, Governance, Health, Science, and Social Science. Using grounded theory 

and axial and open coding, we extracted and summarized areas, principles, research 

designs, challenges, findings, and trends in responsible AI research across the emerging 

areas. The contribution of this work lies in presenting the caveats and future 

considerations of research on responsible AI holistically and across primary disciplines 

in higher education. 
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INTRODUCTION 
 

A healthy society advocates and enforces responsible behaviors by its citizens. Philosophers, 

historians, and others (e.g., Nietzsche, Sartre, Heidegger, Levinas, and Derrida) have 

embarked on the notion of responsibility and responsible behavior (Raffoul, 2010). 

Responsibility is an umbrella and all-encompassing term, but broadly it necessitates taking 

accountability and ownership of actions, whether they be good or bad (Gold, 2021). It 

predominantly stems from the philosophy of morality and humanistic growth (Constantinescu 

et al., 2021). Today, we see conflicts of responsible behavior not only among human citizens 

but also among artificial intelligence (AI) citizens who have become a part of our world 

(Yudkowsky, 2008). AI applications and agents, whether sparse or at scale, have come to be 

used by humans for collaboration and automation in decision-making. This has as a result 

sparked concerns on who, when, and how should be accounted responsible for actions and 

their subsequent implications (Giroux et al., 2022; Puaschunder, 2019). Despite the 

advancements in the technologies and algorithmic designs of artificial intelligence, AI is still 

missing a complete picture of societal values including responsibility, and may exhibit 

responsibly indifferent behavior (Cheng et al., 2021). There is a challenge to identify more of 

the must-have humanistic characteristics of AI (Ozmen Garibay et al., 2023). There is as such 

a need to understand and envelop responsibility in AI (Robbins, 2020). Neglecting societal 

needs such as responsibility and solely focusing on mathematical and algorithmic 

enhancements of AI programs is significantly detrimental. This approach may deter the 

notions of humanistic traits and have long-term and irreversible impacts on society and 

humans (Santoni & Mecacci, 2021). Neglecting these issues can be particularly harmful 

today given the proliferated uses of AI across disciplines and contexts (Sætra & Danaher, 

2022). 

 

PRIOR WORK AND GAP IN RESPONSIBLE AI 
 

A summary of some key research on responsible AI can be seen in Table 1. Prior work has, 

for example, examined the precursors to responsible AI (Mikalef et al., 2022; Schiff et al., 

2020), cases for responsible AI (Wang et al., 2020), explainable AI (Arrieta et al., 2020), and 

professional AI (Alam, 2023). Such research informs and warns of how responsible AI 

should be conceived and employed but may lack insight into the current state of research 

around responsible AI, especially across diverse areas. Much of the prior research conducted 

highlights the importance of responsible AI and holistic ways to address it, as presented in 

Table 1. Findings from such research often lead to the development of frameworks and best 

practices to devise AI responsibly. Yet, few prior research, particularly reviews, have 

examined the current state of research on responsible AI. We are motivated to examine the 

state of research on responsible AI across diverse disciplines. This survey is needed given 

that AI applications and techniques may greatly vary across different areas, leading to more 

distributed rather than universal notions of responsible AI behavior. Through a review of the 

literature, we are thus interested in examining emergent research trends on responsible AI 

across diverse areas and also see if similarities and differences exist. In doing so we wish to 

contribute to our understanding of research on responsible AI at every step of the way and 
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stage of research and further share challenges remaining with research on responsible AI 

across different areas.  
 

Table 1.  Summary of prior work  

Reference Key foci  

(Akbarighatar et al., 
2023) 

Combined topic modeling with manual content analysis to review 
the literature on AI maturity and readiness. 

(Alam, 2023) Share the development of a course titled Safety, Fairness, Privacy, 
and Ethics of Artificial Intelligence” (SFPE-AI). 

(Arrieta et al., 2020) Present a methodology for the large-scale implementation of AI 
methods in real organizations with fairness, model explainability, 
and accountability at its center. 

(Benjamins et al., 
2019) 

Share issues and lessons learned in an organization that develops 
and uses AI, both from a technical and organizational perspective. 

(Cheng et al., 2021) Provide a systematic framework of Socially Responsible AI 
Algorithms focused on examining the subjects of AI indifference. 

(Clarke, 2019) How organizations may manage responsibly and the need for risk 
assessment. 

(Dignum, 2019) Share ways in which AI can potentially produce unintended 
consequences and how to improve our knowledge about 
responsible AI. 

(Mikalef et al., 2022) Present five explanations for the principles-to-practices gap and the 
need for impact assessment. 

(Schiff et al., 2020) Present four themes that lead to 15 recommendations for 
responsible AI. 

(Shneiderman, 2021) Present a responsible AI initiative framework that encompasses five 
core themes for AI solution developers, healthcare professionals, 
and policymakers. These themes are summarized in the name 
SHIFT: Sustainability, Human-centeredness, Inclusiveness, 
Fairness, and Transparency. 

(Siala & Wang, 2022) Provide a bottom-up mapping of the current state of research at the 
intersection of Human-Centered AI, Ethical, and Responsible AI 
(HCER-AI). 

(Tahaei et al., 2023) Share 10 responsible AI cases from different industries to 
understand the use of responsible AI in practices 

 

GOAL AND RESEARCH QUESTION 
 

Rooted in a grounded theory approach, the goal of this research is to review literature across 

diverse domains emerging from the studies (i.e., science, engineering, governance, social 

views, and science) and identify research trends related to responsible artificial intelligence 

(AI). Grounded theory has been long used in higher education research (Conrad, 1982), 

enabling a differentiation between interpretivism and an absolute truth from an external 

reality. In recent years, research has shown that grounded theory has become one of the most 

commonly used qualitative research approaches (Stough & Lee, 2021) as it allows for 

generating a theory that is grounded in data (Birks & Mills, 2022; Morse, 2016; Stough & 
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Lee, 2021; Timmermans & Tavory, 2007). Using grounded theory in the review work hence 

offers a more structured yet interpretive approach to codification and analysis (Dunne, 2011; 

Wolfswinkel et al., 2013). We seek to answer the following topic and associated research 

questions: What are emergent trends in research on responsible AI across diverse domains 

(i.e., science, engineering, governance, social views, and science) 

1. What are the emergent principles of responsible AI?  

2. What are the emergent research designs on responsible AI? 

3. What are the emergent research challenges on responsible AI?  

4. What are the emergent research findings on responsible AI?  

5. Putting it together: What are emergent principle-research design-findings-challenges 

on responsible AI? 

We aim to understand research designs, challenges, findings, future work, and 

implications surrounding responsible AI overall and across the mentioned domains. We first 

provide background information on responsible AI (RAI). The methods section summarizes 

our search process and protocol for conducting the systematic review of responsible AI in the 

literature. The results section summarizes our findings on how the landscape of responsible 

AI compares across different domains in the literature. The discussion section further 

synthesizes and presents the implications of research across different domains. The 

contribution of this work is to offer a picture of the current state and future considerations and 

directions for research on responsible AI across diverse areas. 

 

 

METHODS 
 

Using a grounded theory approach, we study and analyze the reviewed studies to obtain key 

emergent themes of research and similarities and differences across areas (Stough & Lee, 

2021; Thornberg, 2012). The conceptualization of the area and its associated attributes such 

as study gap/motivation, context, design, findings, and so on are informed by reviewing each 

article and identifying what emerges. In other words, we use open coding to codify emergent 

topics from the reviewed studies. Wherever possible, we then apply axial coding to thematize 

and classify the attributes or summarize them in a few constituting words.  

 

SEARCH PROCESS  
 

An overview of our search process is presented in the PRISMA chart in Figure 1. We 

searched the string:  "responsible artificial intelligence" or "responsible AI" in the following 

databases:  PubMed, JSTOR, SCOPUS, IEEE Xplore, Science Direct, Semantic Scholar, 

Web of Science, and EBSCOhost. We then uploaded the articles to the Covidence software. 

Covidence is an online tool used for carrying out a systematic search process. It helps with 

identifying duplicates and organizing the search process. Of the total of 1224 publications 

uploaded, a total of 460 duplicates were removed from Covidence. Since we were interested 

in articles that put responsible AI at the foci of their work, we only selected articles from each 

database having "responsible AI" incorporated into their title and abstract and which were 

peer-reviewed and disseminated in English. 
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Figure 1.  PRISMA Chart 
 

 

METHODOLOGICAL FRAMEWORK   
 

Our work is rooted in the grounded theory approach, where the coding and thematic analysis 

of research informs the findings of our research questions. This also meant that we depended 

on the literature reviewed to identify areas of interest. After undergoing the review process 

shown in the PRISMA chart in Figure 1, we used the title and keywords of the reviewed 

studies to attribute their primary area/discipline. A summary of the areas extracted and 

references can be found in Table 2. After review and thematic analysis of 177 studies 

included in this review, a total of six areas emerged, namely:  

• Business (N= 12, 7%): including finance, and fintech.  

• Engineering (N= 20, 11%): including the application of engineering across disciplines 

other than health. 
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• Governance (N= 12, 7%): including law, policymaking, and law enforcement. 

• Health (N= 36, 20%): including medical and biomedical applications. 

• Science (N= 42, 24%): including data science and pure sciences. 

• Social science (N= 55, 31%): including perspectives, panel discussions, and practices 

in teaching and learning. 

 

As can also be seen in Table 2, the highest number of publications were in social science, 

followed by science, health, and engineering, and the two areas of business and governance 

the least. The emergent keywords also show to be variable across the areas.  
 

Table 2.  Areas and references of reviewed studies   

 

REFERENCE AREA (% 
OF 
TOTAL) 

(Asif et al., 2023; Crockett et al., 2023; Fenwick et al., 2018; 
Ferreira et al., 2023; Hadley, 2022; Haidar, 2024; Maki et al., 
2023; Marcoux & Martineau, 2022; Maree et al., 2020; Narayanan, 
2023; Papagiannidis et al., 2022; Wach et al., 2023) 

Business, 
N= 12 

 (7) 

(Abeywickrama et al., 2019; Alfrink et al., 2023; Bao et al., 2023; 
De Brito Duarte, 2023; Delecraz et al., 2022; Dominique et al., 
2023; Falco, 2019; Faßbender, 2021; Gavrilova, 2023; Hu, 2023; 
Kamada, 2016; Kuck, 2023; Lee et al., 2024; Lescano et al., 2023; 
Lewis et al., 2022; Lu et al., 2022; Lu et al., 2023; Onyejegbu et 
al., 2023; Öz et al., 2022; Ramirez-Amaro et al., 2023) 

Engineeri
ng, N= 20 

 (11) 

(Arora et al., 2024; Azafrani & Gupta, 2023; Boulanin & Lewis, 
2023; Brand, 2022; Gianni et al., 2022; Hacker & Passoth, 2022; 
Krafft et al., 2021; Krarup & Horst, 2023; Li & Yang, 2021; 
Meerveld et al., 2023; Pak, 2022; Upreti et al., 2023) 

Governan
ce, N= 12 

 (7) 

(Al-Dhaen et al., 2021; Al-Hwsali et al., 2023; Borda et al., 2022; 
Cai et al., 2023; Calvo et al., 2023; Charalampakos et al., 2023; 
Cheng et al., 2021; El-Haddadeh et al., 2021; Fosso Wamba et al., 
2021; Gaon & Stedman, 2019; Garg, 2023; Gilbert et al., 2023; 
Golbin et al., 2020; Gupta et al., 2021; Islam et al., 2023; Iwasawa 
et al., 2023; Jawad et al., 2021; Johnson et al., 2021; Jörg et al., 
2023; Karagianni et al., 2023; Knopp et al., 2023; Kumar et al., 
2021; Li et al., 2023; Liao et al., 2023; Liu et al., 2021; Marvin et 
al., 2022; Müftüoğlu et al., 2022; Prabhudesai et al., 2023; 
Roemmich & Andalibi, 2021; Rudd & Igbrude, 2023; Sivarajah et 
al., 2023; Szabo et al., 2022; Trocin et al., 2023.; Wang et al., 
2021; Weekes & Eskridge, 2022; Wellnhofer, 2022) 

Health,  
N= 36 

 (20) 

(Agarwal & Mishra, 2021; Akbarighatar et al., 2023; Al 
Hashlamoun et al., 2023; Alibašić, 2023; Arya et al., 2023; Ayoubi 
et al., 2023; Baeza-Yates & Villoslada., 2022; Bani Ahmad, 2024; 
Belle, 2019; Bhattacharyya et al., 2023; Blockeel et al., 2023; 
Christos et al., 2020; Church et al., 2022; De et al., 2023; 
Deshmukh & Srinivasa, 2022; Feher, 2021; Fritz-Morgenthal et al., 

Science, 
N= 4 

 (24) 
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2022; Harfouche et al., 2024; Herrmann, 2023; Heuillet et al., 
2022; Jaipuria et al., 2022; Ji et al., 2023; Kapania et al., 2023; 
Kumar et al., 2023; Liao et al., 2022; Lin, 2024; Liu et al., 2023; 
Mahoney et al., 2022; Merhi, 2023; Meske et al., 2022; Pisoni & 
Molnár, 2023; Pushkarna et al., 2022; Rantanen et al., 2021; Rivas 
et al., 2023; Rizinski et al., 2022; Roy & Salimi, 2023; Satish et al., 
2023; Sothilingam, 2023; Souza et al., 2023; Tutun et al., 2022; 
Walsh et al., 2021; Weiss et al., 2023) 

(Alam, 2023; Aler Tubella et al., 2024; Anagnostou et al., 2022; 
Ansari et al., 2021; Barletta et al., 2023; Brumen et al., 2023; 
Buchholz et al., 2022; Buijsman, 2023; Cachat-Rosset & Klarsfeld, 
2023; Calvo et al., 2020; Chang & Ke, 2023; Chen et al., 2023; 
Constantinescu et al., 2021; Contractor et al., 2022; Dennehy et 
al., 2023; Dholakia et al., 2023; Domínguez Figaredo et al., 2023; 
Dong et al., 2023; Farina, 2022; Grammatikos et al., 2023; 
Gwagwa et al., 2021; Hernández & Galanos, 2022; Inuwa-Dutse, 
2023; Kapania et al., 2022; Karpagam et al., 2022; Kuennen, 
2023; Lo et al., 2023; Lukkien et al., 2023; Mallinger & Baeza-
Yates, 2024; Man Li & Crabbe, 2022; Maruyama, 2022; Marzouk 
et al., 2023; Methnani et al., 2023; Methnani et al., 2021; Mikalef et 
al., 2022; Minkkinen et al., 2024, 2023; Murray-Rust et al., 2023; 
Nedunuri, 2023; Ong & Findlay, 2023; Porayska-Pomsta, 2023; 
Reis et al., 2023; Rodier et al., 2023; Ruttkamp-Bloem, 2023; 
Sanderson et al., 2022, 2023; Satornino et al., 2024; Saxena et al., 
2023; Scepanovic et al., 2023; Sinde et al., 2023; Stahl, 2022; 
Szczekocka et al., 2022; Tayebi & Garibay, 2023; Teixeira et al., 
2023; Yang et al., 2020) 

Social 
science,  
N= 55 

 (31) 

 Total, N= 
177 (100) 

To help make the data collection process less biased, we employed a coding scheme and 

charted findings about our research questions. This implies that if each study’s description 

fits the coding, it is charted appropriately. In doing we wish to make our data collection 

process more systematic and reproducible. A summary of coding for each research question 

can be found below: 

1. What are the emergent principles of responsible AI?  

1. Empirical: mathematical or established theories from the literature as the guiding 

principle 

2. Social: generic social norms and goals as the guiding principle 

3. Empirical and social: an empirical and social set of principles used by the study 

2. What are the emergent research designs on responsible AI? 

1. Quantitative: empirical means of hypothesis testing, conducting studies, and 

collecting quantitative data with mathematical analysis 

2. Qualitative: thematic means of coding, reviewing, and summarizing qualitative 

data with the synthesis of information 

3. Mixed: quantitative and qualitative means of data collection and analysis sed by 

the study 

4. Prescriptive: implies the research findings on responsible AI offer insight, model, 

or tool that is prescriptive of future actions 
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3. What are the emergent research challenges on responsible AI?  

1. Empirical: challenges with the mathematical models or theoretical aspects of 

research 

2. Social: challenges with the social and societal aspects of research 

3. Empirical and social: both empirical and social challenges 

4. What are the emergent research findings on responsible AI?  

1. Descriptive: what had been done in the past 

2. Diagnostics: what actions have been done correctly or incorrectly in the past 

3. Predictive: predicts future actions 

4. Prescriptive: offers actionable recommendations for the future 

5. Putting it together: What is the Research Landscape on Responsible AI? That is what 

is emergent principle-research design-findings-challenges on responsible AI? 

We analyze data collected for each of our research questions through descriptive 

summaries of codes and frequency counts of derived text. A complete summary of data 

collected from our review is summarized in Table 8 and can be found in the Appendix. The 

descriptive tables present the count of each category against the total counts of that category, 

leading to a percentage of the area. We use this along with a thematic review of codes to 

inform emergent trends and highlight strengths and weaknesses in research around 

responsible AI across the derived areas of Business, Engineering, Governance, Health, 

Science, and Social Science. 

 

LIMITATIONS   
 

We acknowledge that this study comes with limitations. We broadly search for responsible 

AI and so our work only provides a high-level picture of research on responsible AI across 

different areas. We only included studies in English and did not include tertiary publications.  

 

 

RESULTS  
 

This section shares the findings of the review and coding of each of our research questions.  

 
Principles  
 

A descriptive summary of principle types employed within the areas of reviewed studies can 

be found in Table 3. Within the areas of Business and Engineering, Social principles were 

used the most, and the combination of social and empirical principles was used the least. 

Within the areas of Governance and Social Science, Social principles were used the most, and 

empirical-only principles were used the least. Within the areas of Health and Science, the 

combination of social and empirical principles was used the most, and social principles were 

used the least.  

The word ethics is an emergent principle across the six areas and overall. Within the area 

of Business, principles are more regulatory and in the form of guidelines. Within the area of 

Engineering, principles are a social examination of technical contexts. Terms that are often 

associated with responsible technical AI such as transparency, accountability, explainability, 
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safety, security, accident, and privacy are seen in Engineering. Within the area of 

Governance, the safety and privacy principles held at an organizational level are an emergent 

theme of principles. Within the area of Health, principles are a social examination of 

healthcare designs and systems. Terms that are often associated with responsible medical AI 

such as transparency, non-maleficence, explanation, justice, and transparency are seen in 

Health. Within the areas of Social Science, terms such as fairness, transparency, 

accountability, nondiscrimination, safety, and privacy are emergent themes within the 

reviewed studies. 

 
Table 3.  Descriptive summary of principles across areas   

 

AREA EMPIRICAL SOCIAL 
EMPIRICAL AND 

SOCIAL 

Business (7) 25.00 58.33 16.67 

Engineering (11) 25.00 45.00 30.00 

Governance (7) 16.67 50.00 33.33 

Health (20) 30.56 27.78 41.67 

Science (24) 38.10 19.05 42.86 

Social science 
(31) 14.55 60.00 25.45 

Overall 25.42 41.24 33.33 

 
RESEARCH DESIGNS  
 

A descriptive summary of research designs and analyses employed within the areas of 

reviewed studies can be found in Table 4. Within the areas of Business, Health, and Science, 

Qualitative studies are reported the most, followed by quantitative, and a combination of 

qualitative and quantitative studies are reported the least. Within the areas of Governance and 

Social Science, Qualitative studies are reported the most, followed by a combination of 

qualitative and quantitative studies, and quantitative studies are reported the least. Within the 

area of Engineering, quantitative and combination of quantitative and qualitative studies are 

reported the most and the qualitative challenges are reported the least. Overall qualitative 

challenges are most reported, followed by quantitative and a combination of qualitative and 

quantitative challenges.  

Examples of quantitative studies include improving classification using hierarchical 

conditional multi-class, smart contracts, and models that enable comprehension of the 

implications and consequences of AI use. Examples of qualitative studies include literature 

reviews, societal frameworks of AI, and qualitative survey questionnaires. Examples of 

mixed methods studies include a review of the role of decision trees, speculative design and 

interview on a model, course designs, and mathematical modeling of responsible decision-

making. 
 

Table 4.  Descriptive summary of research design/analysis across areas   
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AREA QUANTITATIVE  QUALITATIVE  MIXED 

Business (7) 25.00 58.33 16.67 

Engineering (11) 35.00 30.00 35.00 

Governance (7) 8.33 58.33 33.33 

Health (20) 36.11 41.67 22.22 

Science (24) 28.57 52.38 19.05 

Social science 
(31) 10.91 69.09 20.00 

Overall 23.73 53.67 22.60 

 

 
RESEARCH CHALLENGES 
 

A descriptive summary of research challenges within the areas of reviewed studies can be 

found in Table 5. Except for the area of Science, all other areas report Social or a 

combination of Social and Empirical challenges the most. For Science, Empirical challenges 

are reported the most. Examples of empirical challenges are integrating RAI mathematically 

in the data science lifecycle, inaccurate uses of harmonized systems, and identifying a true set 

of features for predictive analysis.  

Examples of social challenges are controllability and sharing authority between humans 

and AI agents, addressing unfavorable outcomes, enabling civic participation, and impact of 

personal experiences. Examples of empirical and social challenges are conflicting goals, 

democratic shortfalls, opportunity risks, costs and uncertainty, and unparalleled contexts.  

 
Table 5.  Descriptive summary of research challenges across areas   

 

AREA EMPIRICAL SOCIAL 
EMPIRICAL AND 

SOCIAL 

Business (7) 33.33 25.00 41.67 

Engineering (11) 30.00 35.00 35.00 

Governance (7) 8.33 41.67 50.00 

Health (20) 22.22 41.67 36.11 

Science (24) 38.10 28.57 33.33 

Social science 
(31) 20.00 50.91 29.09 

Overall 25.99 39.55 34.46 
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RESEARCH FINDINGS  
 

A descriptive summary of research findings with AI within the areas of reviewed studies can 

be found in Table 6. All areas except for Engineering shared descriptive findings the most, 

and for Engineering descriptive findings were noted the most. The least shared findings were 

diagnostic for Business, Prescriptive for Engineering, Predictive for Governance, Health and 

Social Science, and Diagnostic for Science.  

Examples of Descriptive findings include highlighting key factors (e.g., accountability 

and explainability), needed interdisciplinary discussions, and types of audit planning risk 

assessments taken by companies. Examples of Diagnostic findings include model checking 

for human-agent collectives, and proposing models or algorithms that can find deficits in the 

responsibility of AI. Examples of Predictive findings include the use of the Internet of Things 

(e.g., medical or IoMT) to continuously learn and help predict patterns in future data or 

events. Examples of Prescriptive findings include. research roadmap, frameworks, and best 

practices proposed to enhance the responsibility of AI.   

 
 

Table 5.  Descriptive summary of research findings across areas   

 

AREA DES=- 
CRIPTIVE DIAGNOSTIC PREDICTIVE 

PRES- 
CRIPTIVE  

Business (7) 66.67 0.00 25.00 8.33 

Engineering (11) 35.00 45.00 15.00 5.00 

Governance (7) 50.00 25.00 8.33 16.67 

Health (20) 61.11 22.22 5.56 11.11 

Science (24) 78.57 4.76 7.14 9.52 

Social science 
(31) 56.36 23.64 7.27 12.73 

Overall 60.45 19.77 9.04 10.73 

 

PUTTING IT TOGETHER 
 

A descriptive summary of research trends can be found in Table 7. As can be seen in Table 7, 

frequent trends per area are rather low and each study within each area and overall devises 

different assortments of principle types, research design, and data analyses, and discovers 

different challenges and findings. Yet, overall social principles, qualitative analysis, social 

challenges, and descriptive findings tend to be the predominant research trend. A largely 

qualitative and social type of research on responsible AI may bring both benefits and 

disadvantages to our understanding of responsible AI. Next, we aim to summarize the 

findings of our review and present new conceptions and directions for future research. 
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Table 7.  Descriptive summary of frequent research trends across areas   

 

AREA TOP TREND MEANING  

Business (7) 

2331 

(1) 
Social principle, mixed analysis, empirical and 
social challenges, descriptive findings  

Engineering (11) 

2221 

(1) 
Social principle, qualitative analysis, social 
challenge, descriptive findings 

Governance (7) 

2222 

(1) 
Social principle, qualitative analysis, social 
challenge, diagnostic findings 

Health (20) 

1112 

(3) 
Empirical principle, quantitative analysis, 
empirical challenge, diagnostic findings 

Science (24) 

3231 

(3) 
Mixed principle, quantitative analysis, empirical 
challenge, descriptive findings 

Social science 
(31) 

2221 

(5) 
Social principle, qualitative analysis, social 
challenge, descriptive findings 

Overall  Social principle, qualitative analysis, social 
challenge, descriptive findings 

 

 
DISCUSSION  

 

In this work, we sought to gain a big-picture overview of the state of research on responsible 

AI. Through a review of 1224 studies across 7 databases, a total of 177 studies fit our criteria 

and explored responsible AI within one of six areas of Business, Engineering, Governance, 

Health, Science, and Social Science.  

 
SUMMARY OF FINDINGS  
 

We first identified and explored the areas and demographics of publications within the 

reviewed studies (see Table 1 and Table 2). We found that the highest number of publications 

were in social science, followed by science, health, and engineering, and the two areas of 

business and governance the least. This trend may suggest the need to make responsible AI in 

general and applied sciences streamlined more. What may make the characterization of 

responsible AI particularly difficult in governance and business can be conflicting financial 

versus humanistic motives by opposing stakeholders and the more prominent presence of 

dilemmas about responsible behavior in the two fields.  

When examining the key terms, we found emergent associations of management for 

business, the bias for engineering, decision-making for governance, computing for health, 

data for science, and education for social science. These terms may signal what is deemed 

more representative of responsible behavior and outline the differences in perspective that 

exist surrounding responsible AI across the fields.  

The journal followed by conference papers was the emergent type of research 

dissemination. We also see a surprisingly high number of publications overall in 2023 in 

comparison to the prior years. These may suggest that responsible AI is a newly found and 

hot topic that is currently receiving increased attention in the literature with interest in rapid 
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dissemination in the form of journal and conference articles. The lack of a high number of 

books on responsible AI across areas also indicates that all areas are struggling to find a 

standardized and generalizable definition and approach to responsible AI.  

A descriptive codification of principles (i.e., either empirical, social, or empirical and 

social) across the six areas and overall revealed that Social principles are most often 

employed as building theories and principles of responsible AI. We also found that Business 

and Engineering, Governance and Social Science, and Health and Science share similar 

profiles of principles that are largely social. This makes sense given that responsible behavior 

in nature is a social construct and must have humanistic traits and is thus naturally foreign to 

empirically guided algorithms and AI applications. The unifying emphasis on social 

principles around responsible AI suggests that more discussion and enhancement to the social 

conceptualizations are needed. Further, work is needed to reformulate such social principles 

appropriately (e.g., accurately, and ethically) into a language that is understandable and 

readily understood by AI applications.  

The principle of responsible AI is often associated with terms such as accountability, 

transparency and explainability, justice and fairness, non-maleficence, security, and privacy. 

This may suggest that AI manifests itself the most within the data pipeline and design of 

systems across different areas, and social construction of and consensus on responsible AI is 

needed. We also found that within Business the principles are more regulatory responsibility, 

in Engineering more technical responsibility, in Governance more organizational 

responsibility, in Health more medical responsibility, in Science more learning and design 

responsibility, and in social science, more equity and fairness responsibility is needed. These 

terms again highlight what is deemed more important across different areas and perhaps can 

hint at where more efforts need to be put into improving principles of responsible AI across 

different areas.  

Research design tends to be qualitative with responsible AI. This makes sense as the 

fundamentals of responsibility have a subjective, interpretive, and socially constructed nature. 

We find either quantitative or qualitative studies often create vastly different conceptions of 

responsible AI. Quantitative studies are mathematical, theoretical, and algorithmic, and often 

deal with technology, designs, and procedures to make AI responsible in empirical ways. 

Qualitative studies are interpretive, and subjective, and often discuss and disseminate an 

understanding of what constitutes AI responsibility. Mixed studies employ a combination of 

empirical measurements and subjective perceptions and experiences of individuals toward 

responsible AI. While each research design and data analysis approach offers a unique 

perspective on responsible AI, more work may be needed to connect and make different 

research designs interoperable. For example, a challenge for future work may be on how to 

quantitatively characterize the many notions and needs of responsible AI appropriately.  

Except for the area of Science, all other areas report Social or a combination of Social 

and Empirical challenges the most. For Science, Empirical challenges are reported the most. 

This finding highlights the dominant role of social gaps and needs that need to be accounted 

for and addressed with research on responsible AI. For example, even areas such as 

Engineering that use empirical research design and analysis the most found to be facing 

social challenges concerning responsible AI the most. 

We find an abundance of descriptive findings surrounding responsible AI, and less work 

on developing diagnostic, predictive, and prescriptive research findings on responsible AI. 
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Diagnostic models can help inform where AI responsibility went wrong in the past. 

Predictive models can help hypothesize where AI responsibility may go wrong in the present 

or future. Prescriptive models can help propose corrective actions or guidelines on how to 

always safeguard responsible AI use.  

Overall, we find research across areas to devise different assortments of principle types, 

research designs, and data analyses, and discover different challenges and findings. Yet, 

when looking holistically over the areas combined, we find the emergent research to be using 

social principles, qualitative analyses reporting on social challenges, and descriptive findings. 

There may thus need to be more harmonized and continuous research efforts to bridge the 

gap between empirical theory and practice and qualitative and social notions and needs of 

responsible AI. 

 

IMPLICATIONS 
 

The review of 177 studies across six areas presents both underlying and different 

implications. Examples of universal and underlying implications are the ever-expanding 

notions of ethics, such as accountability, explainability, transparency, justice, non-

maleficence, accountability, and privacy. There is such a possibility that RAI's boundaries 

and terms are infinite and evolving with time. The future progression of AI, along with 

social-political powers may dictate to what degree humans can intervene and characterize 

responsible AI appropriately. Below, we present example implications for each of the six 

areas of Business, Engineering, Governance, Health, Science, and Social Science.  

In Business, applications such as smart contracts may safeguard the responsible and 

ethical growth of AI. Yet, they remain a technique and technology for privacy, and so their 

expanded and increased use may also be susceptible to hacks and newly found issues. In 

Engineering, traditional policy development and execution may be evaluated by selected 

representatives' checks. Identifying who and when may qualify as a representative, however, 

may become difficult when there are so many unique attributes of each individual, and 

aggregating them into representative classes or profiles of groups becomes multi-optional. 

The verification results through counterexamples and simulation results may enable more 

intuitive and comprehensive model checking for the AI engineer. This presumes that every 

example fed the model has a clear-cut counterexample with a robust opposing result. If 

however, the actions and their results are assumed to spread in a fuzzy, rather than a binary 

spectrum, having a counter-example for every scenario may be overly simplistic or hard to 

characterize. In governance, stakeholder participation and public confidence may be needed 

for incorporating AI into governance decision-making processes. A challenge may become 

the emergence of AI technology itself as a stakeholder, since its intelligence may give it 

power to have or impose needs of its own. As such public opinion may become understood 

and explained through the lens of AI technology, which may be narrow and fragmented in 

ways it understands and expresses the world (e.g., classification, clustering).  

In health, awareness about AI may provide knowledge about the problems it may 

introduce such as ethical and moral ones in healthcare education. Yet, a monotonic view of 

AI use in healthcare education may divert attention from real-world humanistic ethical and 

moral challenges that may be left unnoticed or become hidden with the use of AI. As such 

there may be two stories of responsible healthcare practices that need to be written in tandem, 
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namely responsible healthcare practice both in the presence and absence of AI. In healthcare, 

various ethical principles may need to be considered. Examples are Health Equity, 

Accountability, Avoiding Unfair Bias, Security and Privacy, Confidentiality, Safety, 

Transparency, Social Justice, and Autonomy. Using AI may help make diagnoses more 

accurate and informed, yet it may also allocate more responsibility and accountability to the 

AI, making the human expert less informed and responsible. This may in the long run impact 

patient's sense of trust and health care responsibility and create new challenges of its own. 

For example, new concerns may emerge such as now that the responsible AI made a false 

diagnosis, what counter or next steps need to be carried out and should the irresponsibility be 

mitigated.  

In Science, AI trading may introduce new risks and variables into the financial 

ecosystem. A question thus becomes whether existing financial systems can adapt and 

transition to accept AI within their social and empirical frameworks.  Whereas in sectors such 

as healthcare more knowledge of AI may lead to enhanced quality of human life, in some 

other areas such as finance and politics the dependency on AI may degrade and take away 

human's goals. When training data is unreliable, modeling may be achieved using a Named 

Entity Recognition model or NER. The NER itself, however, extracts information from the 

text and may be generalizable the best to the text itself and no other instances where data is 

unreliable. 

In Social Science, connecting and filling the gap between the social and technical notions 

of responsible AI is difficult, yet the challenge does not end here. Humans and even AI 

programs may have different interpretations of responsibility within each of the social and 

technical notions. For example, the construction and thresholds of transparency may differ 

across individuals and contexts, making the enactment of responsible AI variables as well as 

difficult to validate. Governments and regulatory organizations can play an important role in 

establishing standards for sustainability. A consideration, however, is to know if and how the 

governments and regulatory organizations use their AI systems their own and the impact of 

distributed uses of types of artificial intelligence on governance and the quality of humans' 

lives.  

 

NEW CONCEPTIONS AND DIRECTIONS  
 

Our review of 177 studies informed efforts that have been persistently and least used. Here 

we aim to suggest areas of consideration for future work that may help improve research and 

insight into responsible AI.  

 

PRINCIPLES  
 

In this work, we coded principles to be of social, empirical, or combination nature. We 

should note that all principles, whether hard coded and static or dynamic and transient, are 

socially developed and established constructs. Principles are often set by a language and logic 

understandable by humans, and so are largely informed semantics set by humans. Moreover, 

principles are understood and used differently by humans and teams of entities (Oliver, D., & 

Jacobs, 2007). We attempted to separate principles by attributing those that are more driven 

by scientific theories as empirical and humans’ needs and challenges as social. We followed 
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this lens and identified that overall, most of the work on responsible AI is more social, rather 

than empirical or combination nature. This finding points to a lack of empirical formulations 

of responsible AI and an abundance of human perspectives and opinions on responsible AI. 

Together, these two findings can highlight a challenging concern that awaits us with the 

increased use of AI. That is how can we enable the so many different social constructions of 

responsible AI to co-exist and further be able to link the social with empirical principles and 

characterize them in more theoretical terms? Principles of responsible AI may need to 

transcend social or theoretical perspectives and delve further into principles of behavior 

(Hull, 1943), principles that can be causal or dynamic (Dishop et al., 2020), and so on. Even 

within each of the social and empirical or combination principles, the rules of thumb may 

change particularly within and across different areas. For example, the statistical principles 

may come to be different or follow different protocols of validation under different 

circumstances within a business or when comparing business with health. Therefore, we find 

the notion of principle making and setting to be a complex, multifaceted, and nested concept 

that needs further discussion and classification.  

 

RESEARCH DESIGN  
 

In this work, we also coded research designs to be of qualitative, quantitative, or combination 

methods. We came to find prior research mostly employs qualitative methods. A key reason 

for this could be because responsible AI, even if denoted purely algorithmically or 

statistically, is understood through the impact it has on humans (e.g., stakeholders such as 

designers or users) and their needs (Deshpande & Sharp, 2022). As a result, responsible AI is 

often measured and evaluated based on humans’ self-reported experiences and concerns 

(Sartori & Bocca, 2022). Future research designs thus may need to offer mechanisms for 

more exact, reproducible, and quantifiable, hence quantitative collection and analysis of 

responsible AI. Much of this may be achieved with future breakthroughs of portable, non-

invasive, and accurate modeling of humans’ brains and mathematical formulations of 

perceptions and experiences (Gazzaniga, 2013; S. J. Morse, 2006). But until then, we may 

need to focus on how to quantitatively chunk down complex and comprehensive notions of 

responsible AI and help make social consensus on what does or does not qualify as 

appropriate research design to implement, measure, or assess responsible AI. 

 

RESEARCH CHALLENGES  
 

In this work, we further coded research challenges to be of empirical, social, or combination 

types. Again, we found social challenges to be the most but interestingly, the empirical and 

combination challenges were not very far social challenges, suggesting all sorts of challenges 

exist in light of predominant social principles and qualitative research designs. The findings 

highlight that the study and execution of responsible AI have two important dimensions, 

namely how we perceive and use it socially and qualitatively as humans and how we come to 

be challenged both socially and empirically in the presence of AI in the loop. Since much of 

the logic and existence of AI is empirical, even its non-empirical applications lead to 

empirical challenges mainly because algorithms, numeric classification, and clustering are the 

drivers and backbone of what constitutes AI (Simon, 1995). A direction for future work, 
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perhaps in the opposite direction to probing and quantifying humans’ brains, thinking, and 

emotions, may be to make the logic, explanation, and algorithms behind AI more qualitative 

by stripping away AI from its predominant quantitative semantics. This direction may be 

even more promising, given that AI’s logic is likely to supersede that of humans. By making 

AI language and logic of nature that is natural to humans, even the most advanced notions of 

AI may still be readily digestible by humans. Yet, there is a lingering concern of deceit and 

mismatched explanations from the AI side.  

 

RESEARCH FINDINGS  
 

In this work, we further coded the findings of research on responsible AI to be descriptive, 

diagnostic, predictive, or prescriptive. We found descriptive studies to be dominant with a 

high lead in comparison to diagnostic, predictive, or prescriptive findings. This is concerning 

because it suggests that research is good in describing responsible AI but falls behind in 

identifying and troubleshooting where responsible AI falls short, predicting the presence or 

absence of responsible AI, and prescribing actions to maintain responsible AI in present or 

future times. This finding may highlight that we are in an infantry state of research on 

responsible AI and much more discussions and work is needed to characterize, execute, and 

enforce responsible AI.   

 

 

CONCLUSION 
 

Rooted in a grounded theory approach, the goal of this research was to review literature 

across diverse domains emerging from the studies (i.e., science, engineering, governance, 

social views, and science) and identify research trends related to responsible artificial 

intelligence (AI). Our review suggests that different areas devise different assortments of 

principle types, research designs, and data analyses, and discover different challenges and 

findings. Despite this diversity across the studied areas, research on responsible AI is 

inherently rooted and bounded by the social perceptions and needs of humans and empirical 

formulations and mechanisms of AI. A key challenge and goal of future work thus needs to 

align these two by either making humans more easily understand the empirical language of 

AI or conversely stripping AI away from a mathematical and empirical conception and 

reconstructing a new kind of AI that is solely social in a humanistic way, qualitative, and 

natural to humans’ language, semantics, goals, and address responsible behavior in a 

universally acceptable way.  
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Appendix 

 

Table 8 

Overview of the reviewed studies paradigm, AI use, and sector  
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2 (Abeywickrama et al. , 2019) 2 J 2 3 2 2 

5 (Agarwal & Mishra, 2021) 5 B 3 2 1 1 

5 (Akbarighatar et al. , 2023) 5 J 2 2 3 1 

5 (Al Hashlamoun et al. , 2023) 5 C 2 2 2 1 

6 (Alam, 2023) 6 J 1 1 1 1 

4 (Al-Dhaen et al., 2021) 4 J 3 2 2 3 

6 (Aler Tubella et al. , 2024) 6 C 1 1 1 2 

2 (Alfrink et al. , 2023) 2 C 3 3 2 2 

4 (Al-Hwsali et al., 2023) 4 J 2 2 3 1 

5 (Alibašić, 2023) 5 J 1 2 2 1 

6 (Anagnostou et al. , 2022) 6 C 1 1 3 3 

6 (Ansari et al. , 2021) 6 J 1 2 1 2 

3 (Arora et al. , 2024) 3 LN 1 3 3 1 

5 (Arya et al. , 2023) 5 C 1 1 1 1 

1 (Asif et al. , 2023) 1 J 3 1 1 1 

5 (Ayoubi et al. , 2023) 5 C 3 2 3 1 

2 (Öz et al. , 2022) 2 J 2 2 3 1 

3 (Azafrani & Gupta, 2023) 3 J 3 2 2 1 

5 Baeza-Yates & Villoslada, 2022) 5 C 2 2 2 2 

5 (Bani Ahmad, 2024) 5 J 1 2 2 1 

2 (Bao et al. , 2023) 2 J 2 3 3 2 

6 (Barletta et al. , 2023) 6 J 1 2 2 1 

5 (Belle, 2019) 5 J 2 2 3 1 

5 (Bhattacharyya et al., 2023) 5 C 1 1 1 1 

5 (Blockeel et al., 2023) 5 J 1 3 3 1 

4 (Borda et al. , 2022) 4 J 2 2 2 1 
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3 (Boulanin & Lewis, 2023) 3 J 2 2 2 2 

3 (Brand, 2022)v 3 J 2 2 3 3 

6 (Brumen et al. , 2023) 6 J 1 2 3 4 

6 (Buchholz et al. , 2022) 6 J 1 3 1 2 

6 (Buijsman, 2023) 6 C 1 3 2 2 

6 (Cachat-Rosset & Klarsfeld, 2023) 6 C 2 1 1 1 

4 (Cai et al. , 2023) 4 C 1 1 1 2 

4 (Calvo et al., 2023) 4 C 1 1 1 2 

6 (Calvo et al. , 2020) 6 J 2 1 2 1 

6 (Chang, Y.  L. , & Ke, 2023) 6 J 2 2 1 1 

4 (Charalampakos et al. , 2023) 4 C 1 1 1 2 

6 (H.  Chen et al. , 2023) 6 C 2 2 1 2 

4 (Cheng et al. , 2021) 4 J 1 1 3 1 

5 (Christos et al. , 2020) 5 C 1 1 1 4 

5 (Church et al., 2022) 5 J 2 2 3 1 

6 (Constantinescu et al. , 2021) 6 C 2 2 1 4 

6 (Contractor et al., 2022) 6 J 2 2 2 1 

1 (Crockett et al., 2023) 1 J 2 3 3 1 

2 (De Brito Duarte, 2023) 2 J 2 1 3 4 

5 (De et al. , 2023) 5 PP 3 1 1 1 

2 (Delecraz et al., 2022) 2 J 3 1 1 3 

6 (Dennehy et al. , 2023) 6 J 2 2 2 1 

5 (Deshmukh & Srinivasa, 2022) 5 J 2 1 1 1 

6 (Dholakia et al. , 2023) 6 C 2 2 2 1 

6 (Domínguez Figaredo et al. , 2023) 6 C 2 2 2 1 

2 (Dominique et al. , 2023) 2 C 3 3 2 2 

6 (Dong et al. , 2023) 6 J 2 2 2 1 

4 (El-Haddadeh et al. , 2021) 4 J 3 3 3 2 

2 (Faßbender, 2021) 2 C 1 2 2 1 

2 (Falco, 2019) 2 C 2 2 2 1 

6 (Farina, 2022) 6 J 2 2 2 1 

1 (Fenwick et al. , 2018) 1 BC 2 2 3 3 

1 (Ferreira et al. , 2023) 1 C 2 3 3 1 

4 (Fosso Wamba et al. , 2021) 4 J 3 3 3 1 

5 (Fritz-Morgenthal et al. , 2022) 5 J 3 2 2 4 

4 (GAON & STEDMAN, 2019) 4 LN 3 2 3 4 

4 (Garg, 2023) 4 J 3 1 3 3 

5 (Feher, 2021) 5 B 3 3 3 1 

2 (Gavrilova, 2023) 2 C 2 2 3 1 

3 (Gianni et al. , 2022) 3 J 2 2 2 1 

4 (Gilbert et al. , 2023) 4 LN 1 1 1 2 

4 (Golbin et al. , 2020) 4 C 2 2 3 1 
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6 (Grammatikos et al., 2023) 6 J 2 2 2 1 

4 (Gupta et al., 2021) 4 J 3 2 3 1 

6 (Gwagwa et al., 2021) 6 C 2 2 2 1 

3 (Hacker & Passoth, 2022) 3 J 3 2 3 4 

1 (Hadley, 2022) 1 C 2 2 2 3 

1 (Haidar, 2024) 1 J 1 2 3 4 

5 (Harfouche et al., 2024) 5 J 3 2 3 1 

6 (Hernández & Galanos, 2022) 6 C 2 2 2 1 

5 (Herrmann, 2023) 5 J 3 2 2 1 

5 (Heuillet et al., 2022) 5 C 1 1 1 3 

2 (Hu, 2023) 2 C 1 3 1 2 

6 (Inuwa-Dutse, 2023) 6 J 2 2 2 2 

4 (Islam et al., 2023) 4 C 3 3 1 1 

4 (Iwasawa et al., 2023) 4 J 3 1 2 1 

4 (Jörg et al., 2023) 4 J 2 2 2 1 

5 (Jaipuria et al., 2022) 5 C 1 1 1 1 

4 (Jawad et al., 2021) 4 C 2 2 2 1 

5 (Ji et al., 2023) 5 C 1 1 2 1 

4 (Johnson et al., 2021) 4 J 3 1 1 1 

2 (Kamada, 2016) 2 C 2 1 2 2 

6 (Kapania et al., 2022) 6 J 2 2 2 3 

5 (Kapania et al., 2023) 5 C 3 2 3 1 

4 (Karagianni et al., 2023) 4 C 1 1 3 4 

6 (Karpagam et al., 2022) 6 J 2 2 2 3 

4 (Knopp et al., 2023) 4 J 2 2 2 4 

3 (Krafft et al., 2021) 3 C 2 3 3 1 

3 (Krarup & Horst, 2023) 3 J 3 3 2 2 

2 (Kuck, 2023) 2 C 3 1 1 1 

6 (Kuennen, 2023) 6 J 2 2 2 4 

5 (K. P. Kumar et al., 2023) 5 BC 3 1 1 1 

4 (P. Kumar et al., 2021) 4 J 1 3 2 1 

2 (Lee et al., 2024) 2 J 1 3 3 1 

2 (Lescano et al., 2023) 2 J 1 1 3 2 

2 (Lewis et al., 2022) 2 J 3 1 1 3 

3 (C. Li & Yang, 2021) 3 C 2 2 3 1 

4 (K. Li et al., 2023) 4 C 3 2 3 1 

5 (Q. V Liao et al., 2022) 5 C 3 3 3 1 

4 (W. Liao et al., 2023) 4 J 1 1 2 2 

5 (Lin, 2024) 5 J 3 2 1 1 

5 (J. Liu et al., 2023) 5 C 1 3 3 1 

4 (R. Liu et al., 2021)s 4 J 2 2 2 1 
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6 (Lo et al., 2023) 6 J 2 2 2 4 

2 (Lu et al., 2023) 2 J 2 2 3 2 

2 (Lu et al., 2022) 2 C 2 2 2 1 

6 (Lukkien et al., 2023) 6 C 2 2 3 1 

4 (Müftüoğlu et al., 2022) 4 J 2 3 3 1 

5 (Mahoney et al., 2022) 5 C 1 1 2 4 

1 (Maki et al., 2023) 1 J 3 2 2 1 

6 (Mallinger & Baeza-Yates, 2024) 6 J 2 2 3 1 

6 (Man Li & Crabbe, 2022) 6 J 2 2 3 1 

1 (Marcoux & Martineau, 2022) 1 J 2 2 2 1 

1 (Maree et al., 2020) 1 C 1 1 1 1 

6 (Maruyama, 2022) 6 J 2 2 3 2 

4 (Marvin et al., 2022) 4 C 1 1 2 2 

6 (Marzouk et al., 2023) 6 J 2 2 3 2 

3 (Meerveld et al., 2023) 3 J 2 2 2 2 

5 (Merhi, 2023) 5 J 3 2 2 2 

5 (Meske et al., 2022) 5 J 3 2 3 1 

6 (sMethnani et al., 2023) 6 J 2 2 3 4 

6 (Methnani et al., 2021) 6 PP 2 3 2 1 

6 (Mikalef et al., 2022) 6 C 2 3 2 1 

6 (Minkkinen et al., 2024) 6 J 2 3 2 1 

6 (Minkkinen et al., 2023) 6 C 2 3 2 2 

6 (Murray-Rust et al., 2023) 6 J 2 3 3 1 

1 (Narayanan, 2023) 1 J 2 2 1 1 

6 (Nedunuri, 2023) 6 J 2 3 3 4 

6 (Ong & Findlay, 2023) 6 J 3 1 1 3 

2 (Onyejegbu et al., 2023) 2 J 1 1 1 2 

3 (Pak, 2022) 3 BC 1 1 1 1 

1 (E. Papagiannidis et al., 2022) 1 J 1 1 1 3 

5 (Pisoni & Molnár, 2023) 5 J 1 2 1 1 

6 (Porayska-Pomsta, 2023) 6 J 3 2 1 1 

4 (Prabhudesai et al., 2023) 4 J 1 1 1 2 

5 (Pushkarna et al., 2022) 5 J 3 3 1 1 

2 (Ramirez-Amaro et al., 2023) 2 J 3 3 1 3 

5 (Rantanen et al., 2021) 5 J 3 2 2 1 

6 (Reis et al., 2023) 6 J 3 2 2 2 

5 (Rivas et al., 2023) 5 BC 3 2 3 1 

5 (Rizinski et al., 2022) 5 J 1 3 3 3 

6 (Rodier et al., 2023) 6 J 3 2 2 1 

4 (Roemmich & Andalibi, 2021) 4 J 3 1 2 1 

5 (Roy & Salimi, 2023) 5 BC 2 2 1 1 
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4 (Rudd & Igbrude, 2023) 4 J 2 2 3 1 

6 (Ruttkamp-Bloem, 2023) 6 J 3 2 2 2 

6 (Sanderson et al., 2023) 6 J 3 2 2 2 

6 (Sanderson et al., 2022) 6 C 3 2 2 2 

5 (Satish et al., 2023) 5 C 1 3 1 1 

6 (Satornino et al., 2024) 6 J 3 2 2 4 

6 (Saxena et al., 2023) 6 J 3 2 3 1 

6 (Scepanovic et al., 2023) 6 J 3 2 3 1 

6 (Sinde et al., 2023) 6 C 3 2 3 1 

4 (Sivarajah et al., 2023) 4 J 1 2 2 4 

5 (Sothilingam, 2023) 5 C 1 2 3 1 

5 (Souza et al., 2023) 5 C 3 3 1 4 

6 (STAHL, 2022) 6 C 3 2 3 1 

4 (Szabo et al., 2022) 4 J 3 2 2 1 

6 (Szczekocka et al., 2022) 6 J 3 3 1 1 

6 (Tayebi & Garibay, 2023) 6 B 3 3 3 1 

6 (Teixeira et al., 2023) 6 PP 2 2 3 1 

4 (Trocin et al., 2023) 4 J 3 3 2 1 

5 (Tutun et al., 2022) 5 J 3 1 2 1 

3 (Upreti et al., 2023) 3 J 3 3 3 4 

1 (Wach et al., 2023) 1 J 2 2 3 1 

5 (Walsh et al., 2021) 5 C 1 1 1 3 

4 (W. S. Wang et al., 2021) 4 J 3 3 3 1 

4 (Weekes & Eskridge, 2022) 4 BC 2 3 1 1 

5 (Weiss et al., 2023) 5 BC 2 2 2 1 

4 (Wellnhofer, 2022) 4 J 3 2 2 1 

6 (Yang et al., 2020) 6 J 2 3 2 1 

 
 


