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The participation of a diverse –in terms of geography, discipline and gender– group of Early Career Researchers (ECRs) in the peer review process can help alleviate the workload of senior researchers and counteract the perceptual biases that the latter tend to show. Moreover, ECRs can benefit from developing skills that are often not included in educational programs. From 2018 to 2021, the Association of Polar Early Career Scientists, in collaboration with other associations, organized six group reviews of the Intergovernmental Panel on Climate Change (IPCC) reports by a total of more than 600 ECRs from over 70 different countries. This study aims to evaluate this group review in terms of its contribution to the production of scientific knowledge, and as a career development opportunity for ECRs. The data analyzed consists of application forms, review comments, and feedback surveys that were collected during each review process. The results of this study show that, overall, the group reviews were a success in terms of the experience of ECRs and their contribution to the peer review of the IPCC reports. Most survey respondents considered the general organization of the group reviews satisfactory and expressed interest in participating in future group reviews. However, most participants did not engage in discussions with their peers, which constitutes a missed opportunity to engage in active learning and the shared production of knowledge. ECRs made a significant contribution to the review of the IPCC reports by producing an average of 2,422 ± 532 comments per group review, 36% of which were substantive. PhD students were shown to be as proficient reviewers as postdoctoral researchers and faculty reviewers. More importantly, the diversity of reviewers in terms of geography and discipline, together with the fact that they are ECRs, can help produce more balanced scientific reports since they bring new perspectives, thus counteracting the biases that senior researchers have. These group reviews could be improved by providing more comprehensive training and facilitating communication among reviewers so that they can engage in meaningful exchanges. We conclude that the IPCC should formalize the inclusion of ECRs in future reviews of the IPCC reports.
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1 Introduction

The Intergovernmental Panel on Climate Change (IPCC) was created in 1988 by the World Meteorological Organization and the United Nations Environment Program to assess the state of most advanced knowledge related to climate change. This is achieved through a cycle of Assessment Reports (ARs) of several volumes alongside special reports. For the 6th cycle, the Assessment Report (AR6) was composed of three volumes and a synthesis one, and three special reports were produced. A crucial step of the IPCC AR cycle is its review process, which is transparent, conducted by experts and governments from around the world to ensure an objective and comprehensive assessment of climate change that reflects a wide range of views and expertise. The peer review exercise plays an important role in scientific research as an integral part of the publication process. It contributes to the progress of science (Gropp et al., 2017) by providing useful critiques, constructive feedback, and insights that help authors and reviewers refine their thinking, sharpen their arguments and develop effective communication skills, maintaining the quality standards of scientific publications (Cantor and Gero, 2015; Jana, 2019; Matsui et al., 2021). Through the review process of the IPCC ARs, both representatives of governments and the entire scientific community, including Early Career Researchers (ECRs), are invited to participate.

ECRs stand to benefit from taking part in the peer review process. For instance, a recent Nature publication discussed that, by reviewing scientific literature, ECRs grow better versed in their field of expertise’s current state of knowledge, develop skills that are often overlooked in postgraduate educational programs, and improve their online visibility by having their names attached to a review (Dance, 2022). Many education researchers suggest that engaging ECRs in scientific writing and reviewing as early as possible—whether that be through undergraduate thesis writing, courses centered on learning how to peer review in graduate programs, or active involvement in reviewing journal publications—creates ECRs capable of publishing higher quality literature than their peers (Reynolds and Thompson, 2017). With reviews done to improve academic integrity, Rodríguez-Bravo et al. (2017) suggest that ECRs learn a lot about their own research methods when scrutinizing the work of other academics and develop tools useful for their own careers in academic publishing (e.g., a more comprehensive understanding of the review process and exposure to academic writing and presentation styles).

Reviewing is a critical skill that many academics learn through experience and interactions rather than through a structured mechanism. While journals may shy away from including ECRs in the review process due to a perceived lack of experience, we jeopardize the continuity of this key process by not providing ECRs the opportunity to participate (Walker, 2018). As peer review continues to be central to the production of high-quality publications, providing opportunities for ECRs to engage in review processes ensures that new reviewers gain competent skills in a supportive and encouraging environment (Casado, 2018), helping to guarantee future academic integrity (McNair et al., 2019). It is encouraging that some publishers and organizations are starting to recognize the need to include ECRs in the peer review process. For example, the European Geosciences Union1 offers hands-on peer review training to ECRs, and adds them to the reviewers database of its journals. In addition, including ECRs in peer review activity may reduce the bias, based on prestige (Lee et al., 2013), that some reviews may encounter while considering mainly over-solicited senior scientists. Finally, the inclusion of ECRs in the review process of IPCC reports helps produce more inclusive assessment reports, especially when the ECRs come from different socio-cultural and economic backgrounds, since ECRs mitigate less exhaustive knowledge with less perceptual biases of what the field should be. While ECRs perform the majority of scientific research and are the most gender diverse group within the wider research community, they are also the most vulnerable (Castelló et al., 2015; Heggeness et al., 2017). The COVID-19 pandemic had a particularly negative impact on ECRs; ECRs reported a nearly three-fold increase in burnout, significant reductions in productivity, and worsening mental health as a consequence of the pandemic, which has the potential to disrupt the trajectories of their careers (Harrop et al., 2021). Given the influence that scientific rigor exerts on the timeline and resources required for research output, COVID-19 had diverse impacts on scientists globally (Myers et al., 2020; Gao et al., 2021; Jawak et al., 2021). For example, Myers et al. (2020) highlight that existing gender gaps in science place an undue burden on female scientists, particularly those with young children, who experienced a precipitous decline in the time spent on research during the pandemic. The decrease of new research projects can be traced to multiple influences, including reduced access to facilities and field sites, limited in-person training and mentor access, reduced funding for non-COVID-19-related research, increased teaching demands, and psychological stress (Gao et al., 2021). All these factors have an even greater impact on the productivity and work of ECRs.

While the COVID-19 pandemic significantly affected productivity and opportunities for ECRs (López-Vergès et al., 2021), there were new online opportunities that allowed ECRs to remain active in the scientific community. One such activity was the opportunity to participate in the review of the IPCC reports. The Association of Polar Early Career Scientists (APECS),2 in collaboration with the Past Global Changes Early-Career Network (PAGES ECN),3 the Permafrost Young Researchers Network (PYRN),4 Young Earth System Scientists (YESS),5 and the Mountain Research Initiative (MRI),6 conducted group reviews of the AR6 before and during the pandemic. This endeavor followed the group reviews of the first order draft (FOD) and second order draft (SOD) of the IPCC Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC) conducted by ECRs and led by APECS prior to the pandemic. These group reviews had a significant impact on both the quality and quantity of review comments submitted to the IPCC, as well as the integration of ECRs into the IPCC process (Casado et al., 2020; Gremion et al., 2021). For the FOD, ECRs participating in the APECS-led group review contributed 17% of the total submitted comments, providing on average a slightly greater number of comments than the 388 other expert reviewers who provided feedback on the FOD [31.8 versus 26 comments; Casado et al. (2020)]. While the quantity of comments does not equal quality (van der Veer et al., 2014), Casado et al. (2020) were able to establish that, at least for the ECRs participating in the group review, there was no relationship between career stage (e.g., PhD students vs. postdoctoral researchers) and the number of editorial vs. substantive comments provided. This supports the assertion that the career stage does not significantly influence the quality of review comments.

Furthermore, surveys conducted on group review participants demonstrated that ECRs achieved diverse benefits from the review process, including improved familiarity with the IPCC, capacity building, and international networking (Gremion et al., 2021). Over 90% of group review participants were open to the possibility of participating in future group reviews of the IPCC report drafts, while over 85% were now open to contributing expert review comments as individuals (Casado et al., 2020). Thus, these initial ECRs group reviews prior to the pandemic set the stage for further group reviews of the IPCC report drafts, which included reviews of the FOD and SOD for the WGI and WGII contributions to AR6. In this paper, we analyze data gathered during these six group reviews led by APECS and its partners since 2018 with the aim to assess the group review process. Although the first two group reviews, FOD-SROCC and SOD-SROCC, have been analyzed by Casado et al. (2020) and Gremion et al. (2021), respectively, this study builds upon and notably expands the previous results in three ways. First, it generalizes the studies to the main assessment report, thus dealing with reviews on research on general environmental and climate science rather than just about the Cryosphere, which was the topic of the SROCC. Second, it analyzes a much larger sample size. Considering both FOD-SROCC and SOD-SROCC together, a total of 161 individuals participated as reviewers, and 92 survey responses were collected. Considering the last four group reviews together, a total of 446 individuals participated as reviewers, and 298 survey responses were collected. Thus, the analysis of the six group reviews allows us to extract more solid conclusions regarding these group reviews. Third, in contrast to the study of Casado et al. (2020) and Gremion et al. (2021), who focus on the survey responses and the reviewers’ comments, this study also analyzes the characteristics of the applicants.

The main objective of this study is to evaluate this group review process of the IPCC assessment reports in terms of its contribution to the production of scientific knowledge, and as a career development opportunity for ECRs. More specifically, we aim to answer the following questions:

• Do these group reviews have the potential to counteract perceptual biases in the IPCC review process by engaging a diverse pool of ECRs?

• Were discussions among the reviewers, which facilitate active learning and the shared production of knowledge, encouraged during these group reviews?

• Does the career stage of ECRs determine the value of their contribution —measured as the number of substantial comments— to the review of the IPCC reports?

• How can the organization of these group reviews be improved to better align with the needs and expectations of ECRs?

• Should the IPCC formally include the review of its reports by ECRs as an essential component of its assessment cycle?



2 Materials and methods


2.1 Organization of the group review of the IPCC reports

APECS, in collaboration with PAGES ECN, PYRN, YESS, and MRI, organized six group reviews of the IPCC reports between 2018 and 2021 (Table 1). The organization of these reviews is challenging since the IPCC sets deadlines that must be met, with the IPCC review period usually lasting somewhat less than 2 months. Each group review was coordinated by a team composed of a Project Group Leader, Lead Chairs, and Chairs affiliated to one or more of the collaborating early career networks. The organization of the group reviews of the FOD-SROCC and SOD-SROCC is described in Casado et al. (2020) and Gremion et al. (2021), respectively. The organization of the last four group reviews is described here.



TABLE 1 Group reviews, name of the (co-)organizing associations, and number of members of the organizing teams.
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The main stages were similar for all the group reviews (Figure 1). The IPCC released information on the timeline of the review cycle through a press release on its website. From this information, the organizing team prepared and released a call for applications to participate in the group review. The call for applications was addressed to ECRs, defined as individuals who fall into one of the following categories: master’s degree student, PhD student, postdoctoral researcher, or early career scholar. Once the application call was closed, the organizing team selected applicants based on research experience and motivation, balancing the selection of applicants based on gender, career stage, and country of residence or citizenship. The number of selected applicants for each review also depended on the number of team members since the latter are responsible for reviewing the comments of the former.

[image: Figure 1]

FIGURE 1
 Main stages of the group reviews of the IPCC reports organized by APECS, PAGES ECN, PYRN, YESS, and MRI. The approximate time taken is shown for some of the stages.


The selected applicants (“participants”) were provided with training on how to review the IPCC reports. This training consisted of a “Guide for reviewers” and a webinar organized in collaboration with the IPCC staff. The participants were assigned different sections of the report for review. Some members of the organizing team also provided comments as a reviewer. The organizing team then merged and reviewed all the comments for quality (e.g., removing duplicate or irrelevant comments) to produce the final comment sheet. This comment sheet was then submitted through the IPCC platform on behalf of the group. Finally, the participants were asked to fill in a survey to provide feedback on their experience in the group review process. The time between the release of the call for applications and the submission of the comments to the IPCC was approximately 6 months. For instance, the call for reviewers of SOD-WGII-AR6 was released on 23 July 2020 (APECS, 2020) and the comments were submitted to the IPCC at the end of January 2021. The exception was SOD-WGI-AR6 since the IPCC extended the review period by 6 weeks due to COVID-19 (IPCC, 2020).

In addition to acquiring review experience, the efforts of reviewers are officially recognized in two different ways. First, after the group review process, participants receive a certificate of participation signed by the representatives of each participating organization and by the IPCC co-chairs of the IPCC working groups. Second, the names of all reviewers are included in the annex of expert reviewers that is part of the final IPCC report.



2.2 Data collection and analysis

Data were collected at three different stages during each review process. First, prospective participants completed an online application form. Second, the review comments provided by the participants (i.e., the selected applicants) were compiled. Third, participants were asked to complete an online feedback survey following the group review.

Both the application form and the survey contained a combination of open-ended and multiple-choice questions. The responses to the open-ended qualitative questions were analyzed following thematic analysis (Braun and Clarke, 2006; Nowell et al., 2017). Thematic analysis is used to analyze free text to identify and generate themes, that is, patterns from within it. This involves becoming familiar with the data set (iteratively reading the responses and understanding them), creating initial codes (attaching labels to different sections of the text), generating themes based on the respective codes (grouping different codes together) and applying this to the context of our research questions. Sentiment analysis (Pang and Lee, 2008; Bordoloi and Biswas, 2023), also known as opinion mining, was utilized to review responses to the survey about the training. This analysis involves natural language processing and text analysis to identify and extract subjective information from the text, aiming to determine whether the sentiment expressed is positive, negative, or neutral. Detailed information about the design of the application and survey forms, as well as the categories that have emerged from these datasets is presented below.


2.2.1 Applications

The application form was designed to gather demographic information as well as information about the applicant’s research expertise, review experience, motivation to participate in the group review, and expectations about the group review process. Analyses of the socio-demographics of the applicants have the potential to reveal whether a particular socio-demographic group or country is underrepresented, thus indicating the groups that the organizers of future group reviews should focus on reaching out to. The other information gathered is valuable to inform decisions on how to improve the organization of these group reviews and adapt them to the needs and expectations of ECRs. Not all application forms for all reviews contained the same questions, as the form was improved from review to review. Table 2 indicates the questions analyzed here and the respective reviews.



TABLE 2 Number of total applicants per group review of the different IPCC reports, and overview of the questions that were asked per application form (only the questions analyzed here are shown).
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Before proceeding to the analysis of the application data, invalid applications were removed. This included duplicate applications and applications from Chairs, who automatically had the right to be reviewers. In addition, 10 (4%) and 20 (5%) individuals who applied for the SOD-WGI-AR6 and SOD-WGII-AR6, respectively, stated that they did not allow the organizers to use their answers anonymously for statistical purposes. Thus, their applications were removed from the data analysis.

The application data contained qualitative and quantitative responses, some of which were classified into different categories. The qualitative responses that were categorized pertain to the questions about career stage, discipline, participation in previous group reviews, motivation to participate in the IPCC group review, and the main challenges when reviewing scientific reports. The responses to the question about career stage were classified into the following categories: (1) undergraduate student, (2) master’s student, (3) PhD student, (4) postdoctoral researcher, (5) Early Career researcher/faculty (scientists and faculty who are ECRs), (6) faculty/research staff, (7) working in industry, and (8) other. Thirty disciplines were found across all group reviews. The discipline of Earth Sciences included at least two of the following: Geophysics, Geosciences, Paleontology, Climatology, Remote Sensing, Oceanography, Meteorology, among others. Note that many respondents listed more than one discipline. In those cases, if two of those disciplines were among those included in Earth Sciences, they were assigned to Earth Sciences. The question about participation in previous group reviews was asked slightly differently in the various application forms for the different group reviews. To be consistent, applicant answers were categorized as “yes” and “no,” depending on whether or not the applicant had participated in one or more previous group reviews of the IPCC reports organized by APECS and its collaborators (or only APECS). Furthermore, the motivation to participate in the IPCC group review was divided into the following categories: (1) learn more about the IPCC, (2) learn more about the review process, (3) improve their CV, (4) use their skills to contribute to science policy, (5) become familiarized with the current literature, (6) participate in international teamwork and networking, and (7) other. Regarding what the applicants think is the main challenge when reviewing a scientific report, such as the IPCC AR6, the answers were categorized as shown in Table 3. Since the responses of the applicants to the questions about motivations and main challenges fit in more than one category, the analysis of the responses to these two questions focuses on the percentage of responses that are classified in each category.



TABLE 3 Name and definition of the categories for the responses of the applicants regarding what they think is the main challenge when reviewing a scientific report.
[image: Table3]

Regarding the quantitative responses, the question about the time the applicants expected to spend on the review was classified into different ranges of hours: (a) 0–16 h, (b) 17–40 h, (c) 41–80 h, (d) 81–160 h, and (e) more than 160 h. The time the applicants expected to spend on the review was expressed in hours in the responses of the SOD-WGII-AR6, but the responses were not always expressed in hours in the SOD-WGI-AR6. Therefore, to normalize the data for comparison, the answers were converted to hours, where one working day was considered equal to 8 h and, when responses were given in intervals of hours, the middle point of the interval was selected.

There are some limitations to the data that were gathered. One of the challenges when analyzing the responses to the application forms was that the forms differed across group reviews. Overall, the application form of each group review contained the questions included in the form of the previous review, sometimes improved, in addition to new questions. Since some questions were optional, some answers were missing (Table 2). In addition, some answers could not be classified (Table 2). Note that missing and unclassified responses were not included in the analysis.



2.2.2 Reviewers’ comments

In total, the six reviews received 14,532 comments, which corresponds to 2,422 ± 532 comments on average per review (Table 4). All comments, with the exception of 1,562 comments from the SOD-SROCC (n = 635), FOD-WGI-AR6 (n = 824), and FOD-WGII-AR6 (n = 103), were sorted by the organizers of the group review as substantive (comments indicating errors in the content, need for new or more relevant references, or suggesting new missing content), editorial (comments mainly suggesting copy-editing or corrections of how a reference was referred to), or duplicates/unfit (in rare cases, some comments were inappropriate and not communicated to the IPCC). The goal of the organizers was to sort comments in such a way that the content shared with the IPCC authors was of high quality. This also led to some comments not being sorted, though the relatively small number of non-submitted comments is not expected to affect the statistical tests presented here.



TABLE 4 Evolution of the number of comments for each review.
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2.2.3 Survey responses

The survey was designed with the aim to obtain feedback from participants that would help improve the group review process. The questions asked in the surveys pertain to the following main themes: demographic information, motivation to join the group review, previous review experience, experience in this group review, feedback on the training provided for the review of the IPCC report, feedback on communication with the team members and with the other reviewers, and general feedback about the group review. As in the case of the application forms, each group review employed distinct survey forms. In general, each group review survey contained questions from previous review surveys, at times reworded to improve clarity, in addition to new questions. Table 5 indicates the questions analyzed per survey. When participants submitted multiple responses to a survey, only the first response was considered. The number of valid (i.e., not duplicate) responses to the survey ranged from 41 (SOD-SROCC) to 117 (SOD-WGII-AR6).



TABLE 5 Number of respondents per group review of the different IPCC reports, and overview of the questions analyzed here per survey.
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The survey responses contained qualitative and quantitative responses, some of which were classified into different categories. Regarding the question about the time the reviewers had spent working on the whole review process, the total time range was divided into the following categories: (a) 4–6 h, (b) 6–12 h, (c) 12–24 h, and (d) more than 24 h. The same categories were used for the question about the maximum amount of time the respondents would have agreed to provide for the review, in addition to a new category for those who did not remember. The categories used to analyze these two questions are different from those used in the analysis of the application data since, in some of the surveys, the answers were limited to specific ranges of times.

Regarding the qualitative responses, responses to the questions asking if the training (overall training, webinar, and guide) was adequate were coded as 1 or 0 based on their content. For a given question, if a response was directly indicated as “yes” or rated between 3 and 5 on a linear scale, it was coded as “yes” (1), “no” (0), and “N/A” (0). If the response was directly indicated as “no” or was rated between 0 and 2 on a linear scale, it was coded as “yes” (0), “no” (1), and “N/A” (0). If there was no response to the question or the response was indicated as “not sure,” it was coded as “yes” (0), “no” (0), and “N/A” (1). The responses to the question about how to improve the training were classified into eight categories, and the comments on the webinar and the guide were classified into 11 categories. Additionally, responses with comments and suggestions on how to improve the training were further categorized into themes to identify “positive,” “negative,” and “neutral” sentiments. The responses to the question of whether communication with the organizers had been satisfactory were divided into three categories: (1) yes, (2) no, and (3) maybe/unknown. Since in the last two surveys the answer to the question was given on a scale from 1 to 5, the answers were categorized as follows: (a) no (1–2 on the scale), (b) unknown (3 on the scale), and (c) yes (4–5 on the scale). As for the question about whether the respondent had been encouraged to communicate with other participants, the responses were divided into three categories: (1) yes, (2) no, (3) maybe/unknown. The responses to the question about the most valuable aspect of participating in the group review were divided into seven categories: (1) communication skills, (2) contributing to an international project, (3) learning about the IPCC process, (4) networking, (5) professional growth, (6) reviewing training and/or experience, and (7) scientific update. Some responses were assigned to more than one category.

There are two main limitations of this analysis. First, the forms differed across group reviews. The reason is that, initially, there was no intention of doing other group reviews. The decision to continue organizing more reviews was made when it was evident that ECRs appreciated this opportunity as much as IPCC authors valued the comments provided (personal communication). Moreover, the composition of the team and its leader changed over time. Thus, these group reviews have been an evolving process, with improvements being made over time. Second, not all participants responded to the survey and, among those who did, not all respondents provided answers to every question. Therefore, the results shown here do not necessarily reflect the experiences of all participants. Nevertheless, the responses to the survey provide useful information about whether the group review met the expectations of the respondents and offer constructive input on potential areas for improvement.





3 Results and discussion


3.1 Applications

The number of total applicants and selected applicants is shown in Figure 2. The number of applicants notably increased over time from the first (146) to the last (376) group review. However, this increase was not consistent, as can be seen with the decrease in applications for the FOD-WGII-AR6. In general, as the number of applicants increased, the number of selected applicants increased accordingly. This rise in the number of selected applicants relates to the number of Chairs growing as well, thus increasing the capacity of the organizing team to lead the work of a larger number of reviewers. Furthermore, the percentage of selected applicants per review gradually increased with time from the FOD-SROCC (51%) to the SOD-WGI-AR6 (60%), with the exception of the SOD-WGII-AR6 (55%).
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FIGURE 2
 Number of applicants (dark green), selected applicants (light green) and percentage of applicants selected (beige) for the different reviews.


Applicants mainly learned of the opportunity to participate in the four group reviews of the WGI-AR6 and WGII-AR6 through mailing lists, most frequently the APECS mailing list. Most applicants (between 73 and 89%, depending on the group review) had never participated in a group review of the IPCC report organized by APECS, or by APECS and its collaborators. The percentage of applicants who were affiliated with an ECR organization increased from the FOD-WGI-AR6 (72%) to the SOD-WGI-AR6 (83%), with the exception of the SOD-WGII-AR6, in which only 62% of applicants were affiliated with an ECR organization. The percentage of applicants with more than one affiliation with ECR organizations has remained relatively constant throughout the group reviews, ranging from 12 to 18%.

As the number of applicants increased, so did the number of countries of residence represented: from 25 countries represented in the FOD-SROCC to 54 in the SOD-WGII-AR6 (Figure 3). It is noticeable that, despite the decrease in the number of applicants for the FOD-WGII-AR6 compared to the previous group review, the number of countries of residence represented remained the same. It is important to highlight that not only the number of countries increased, but Latin America, Africa and Asia gained representation over the course of the group reviews. Despite these gains, four countries remain overrepresented among all group reviews, namely the United States, Canada, the United Kingdom and Germany. In summary, the increase in the number of applications with time has been accompanied by an increase in diversity in terms of the number of countries of residence represented, though certain countries remain overrepresented.
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FIGURE 3
 Place of residence of those who applied to participate in all six group reviews (top figure) and in each group review (bottom figures). Orange colored countries indicate that residents of that country applied to participate in a review. Number labels indicate representation of residents of a particular country across all reviews. For example, a 6 means that residents of that country applied to participate in all six rounds of reviews. The boundaries shown are for illustrative purposes only and are not intended to convey a position on the legal status of disputed areas. Readers are advised to refer to authoritative and up-to-date sources for the latest information on geopolitical realities and territorial disputes.


Given that it is common in academia to move from one country to another, a question about the country of citizenship was included in the application forms of the last three group reviews. Similar to the country of residence, the number of countries of citizenship increased in line with the number of applications, from 41 for the FOD-WGII-AR6 to 62 for the SOD-WGII-AR6, indicative of increasing cultural diversity of applicants over time (Figure 4). The main countries of citizenship represented were India and the United States, followed by Canada and Germany. Regarding the number of applicants for both the country of residence and country of citizenship, there are few statistically significant differences among the group reviews over time.
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FIGURE 4
 Same as Figure 3, but for countries of citizenship. The boundaries shown are for illustrative purposes only and are not intended to convey a position on the legal status of disputed areas. Readers are advised to refer to authoritative and up-to-date sources for the latest information on geopolitical realities and territorial disputes.


It is important to note the percentage of applicants coming from low-income, lower-middle-income, upper-middle-income and high-income economies, as defined by the World Bank.7 The countries of residence of the applicants for the first two group reviews were overwhelmingly high-income economies (90 and 88% for the FOD-SROCC and SOD-SROCC, respectively). For the other reviews, the countries of residence of most applicants remained mainly high-income economies, but the percentage was smaller (between 60 and 78%). The representation of low-income economies was negligible (0–1%) for all reviews. The overrepresentation of high-income countries is smaller when considering the country of citizenship. For the last three reviews, the country of citizenship of between 50 and 62% of the applicants was a high-income economy. The second most-represented economies were lower-middle income (between 22 and 29%), followed by upper-middle income (between 15 and 20%). For each review, only 1% of applicants had a country of citizenship categorized as a low-income economy.

Only the application forms of the SOD-WGI-AR6 and SOD-WGII-AR6 included a question about gender. Considering both reviews together, virtually all applicants except for three persons selected either female or male in their answer. Only one person wrote non-binary as a response, and two persons answered that they preferred not to say. More men (54% of applications) applied for the SOD-WGI-AR6, and more women (54% of applications) applied for the SOD-WGII-AR6. However, these differences were not statistically significant (Chi-square = 5.01, p-value > 0.17).

The analysis of the career stage of the applicants found that, in all but one group review, the dominant category was PhD student, followed by postdoctoral researcher (Figure 5). The SOD-WGI-AR6 is the only group review with more postdoctoral researchers (39%) than PhD students (29%). The third most frequent career stage was Early Career researcher/faculty, except in the SOD-SROCC, where the number of applicants who were faculty/research staff was higher. Considering the last two group reviews together, the distribution of women and men per career stage was similar. The percentage of students (undergraduate and graduate) was higher for women (51%) than for men (45%), the percentage of postdoctoral researchers was similar for women (30%) and men (28%), and the percentage of Early Career researcher/faculty, faculty/research staff was higher for men (23%) than for women (15%).
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FIGURE 5
 Percentage of applicants per career stage and group review.


Each group review included a variety of disciplines, with no discipline dominating in all reviews. Earth Sciences were the most represented among the applicants’ disciplines and are among the top four disciplines for all the reviews. Other highly represented disciplines include Atmospheric Sciences and Cryospheric Sciences (both in the top four in five group reviews), followed by Oceanography (in the top four in four group reviews). Geography, Biology, and Ecology were also represented in the top four, but with fewer occurrences. Regardless, a Chi-square test showed that the type of discipline is significantly dependent on the review completed (p-value <0.05). As such, though certain disciplines are well-represented across all reviews, each review attracted specific disciplines.

The main motivation to participate in both the SOD-WGI-AR6 (62% of responses) and the SOD-WGII-AR6 (74% of responses) was learning more about the review process (Figure 6). For the other motivation categories except for “other,” the percentage of responses ranged from 20 to 32% for both reviews. The other major motivations to participate in the group review of the SOD-WGI-AR6 were to use one’s skills to contribute to science policy (32%), learn more about the IPCC (31%), and participate in international teamwork and networking (30%). For the SOD-WGII-AR6, the other major motivations were to improve one’s CV (32%), use one’s skills to contribute to science policy (31%), and participate in international teamwork and networking (27%).
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FIGURE 6
 Percentage of applicants’ responses in the SOD-WGI-AR6 (dark green) and SOD-WGII-AR6 (light green) that were classified in each motivation category.


Regarding the previous experience of the applicants, the application forms gathered information about their review and publication experience. Most of the applicants (71–72%) for the first four group reviews already had experience reviewing scientific articles, proposals or reports. For the last two group reviews, the percentage of applicants with review experience was even higher (84% for the SOD-WGI-AR6 and 79% for the SOD-WGII-AR6). For the last two group reviews, the percentage of applicants with experience reviewing scientific articles, scientific reports and scientific proposals is shown in Figure 7. For both reviews, around 70% of the applicants had experience reviewing scientific articles, roughly half of them had experience reviewing scientific reports, and a little less than half of the applicants had experience reviewing scientific proposals. For both reviews, some applicants had experience reviewing more than four scientific reports (13%) and scientific proposals (11–12%), while 40 and 32% of the applicants for the SOD-WGI-AR6 and SOD-WGII-AR6, respectively, had reviewed more than four scientific articles. In summary, although most of the applicants for SOD-WGI-AR6 and SOD-WGII-AR6 already had experience reviewing scientific articles, for half of the applicants, the group review of the IPCC report was an opportunity to gain experience reviewing a scientific report for the first time.
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FIGURE 7
 Percentage of applicants for the SOD-WGI-AR6 (top row) and SOD-WGII-AR6 (bottom row) according to their experience reviewing scientific articles (left column), scientific reports (middle column) and scientific proposals (right column). The color corresponds to the number of articles/reports/proposals that the applicants have already reviewed in the past.


Analysis of the number of peer-reviewed articles published by applicants provides insight on their experience level. Most of the applicants for the SOD-WGI-AR6 and SOD-WGII-AR6 (75 and 74%, respectively) had published at least one peer-reviewed article as first author. For each review, roughly half of the applicants had published between one and four articles as first author, and only around a quarter of applicants had published more than four articles as first author. Most of the applicants also had experience as co-authors, with the majority of applicants for the SOD-WGI-AR6 and SOD-WGII-AR6 (76 and 72%, respectively) having published at least one peer-reviewed article as co-author. Less than half of the applicants had published between one and four articles as co-author (43 and 45%, respectively), and a minority had published more than four articles as co-authors (33 and 27%, respectively).

The time the applicants expected to spend on the review ranged from 45 min to 480 h. For SOD-WGI-AR6 and SOD-WGII-AR6, slightly more than half of the applicants indicated between 17 and 40 h (2–5 days), and around a quarter of the responses indicated 41–80 h (5–10 days). A very small percentage of applicants expected to spend 160 h or more. Interestingly, when compiling the average number of hours that the applicants expected to spend working on the two reviews, there was a statistically significant difference (p < 0.05) in the number of hours expected for participants working on SOD-WGI-AR6 (~52 h) compared to SOD-WGII-AR6 (~41 h). Note that the application call stated that “Previous reviewers spent on average 40 h on the process, including training and reviewing” (e.g., APECS, 2020), so it is likely that this information had an impact on the applicants’ response.

According to the applicants, the main challenge when reviewing a scientific report is ensuring that the vast number of references included in the report are adequately synthesized (Figure 8). Half and a third of the applicants for the SOD-WGI-AR6 and SOD-WGII-AR6, respectively, mentioned this challenge in their responses. The second main challenge is ensuring that the report is cohesive and easy to understand, with 29% of the responses for each group review mentioning this challenge. Other important challenges are avoiding leaning towards the viewpoint of stakeholders, and one’s ability to provide valuable feedback on the report. Finally, the time constraint is only mentioned by a relatively small number of applicants.

[image: Figure 8]

FIGURE 8
 Percentage of applicants’ responses in the SOD-WGI-AR6 (dark green) and SOD-WGII-AR6 (light green) that were classified in each category regarding what they think is the main challenge when reviewing a scientific report.




3.2 Reviewers’ demographics and comments

The place of residence of reviewers in all six group reviews, and country of citizenship for FOD-WGII-AR6, SOD-WGI-AR6, and SOD-WGII-AR6 are shown in Figures 9, 10, respectively. Note that only those participants that applied for, took part in, and submitted a comment file for the reviews are included. Chairs, who did not have to undergo the selection process, are not included in these figures since the objective is to analyze if the selection of applicants by the team led to a diverse group of reviewers. Across all reviews, 55 countries are represented as a place of residence, of which the majority are from high-income countries (53%), with the remainder split equally between upper-middle and lower-middle income countries. No low-income countries are represented among participants that submitted comment files. While the number of countries represented increased from the first to the last group review, except for FOD-WGII-AR6 (like the pattern observed for applications), the country of residence showed little variation, ranging from 21 for SOD-SROCC, to 34 for SOD-WGII-AR6. Except for SOD-SROCC, the number of countries represented through residence centers around 30. This number is lower than those for applications received and suggests that many potential reviewers do not complete the process for various reasons. In comparison, 77 countries of citizenship are represented across FOD-WGII-AR6, SOD-WGI-AR6, and SOD-WGII-AR6. Citizenship ranged from 40 for FOD-WGII-AR6, to 48 for SOD-WGI-AR6, and 62 for SOD-WGII-AR6. Again, high-income countries are best represented at 42%, followed by lower-middle (28%), and upper-middle (22%) income countries. Low-income countries are also represented at 8%. This indicates that while higher income countries are best represented, lower and lower middle incomes countries do participate. However, these participants are more likely to reside and work outside of their place of birth. It is worth noting that APECS membership has steadily increased (Hindshaw et al., 2018) and an increase in participation from the developing world could thus be expected. However, the reviews show that this is not the case. Thus, to increase developing world participation APECS should actively aim to increase their developing world membership. Another aspect worth noting is the availability of funding for those of the developing world. The success of ECRs often hinges on adequate funding (Moraru et al., 2024). Successful participation in these reviews would be improved by providing funding to those in need of it, such as participants from the developing world.
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FIGURE 9
 Place of residence of those who applied for, took part in, and submitted a comment file in all six group reviews (top figure) and in each group review (bottom figures). Colored countries indicate that residents of that country participated in a review. In the top figure, the colors represent the type of country according to the classification by the World Bank. Number labels indicate representation of residents of a particular country across all reviews. For example, a 6 means that residents of that country participated in all six rounds of reviews. The boundaries shown are for illustrative purposes only and are not intended to convey a position on the legal status of disputed areas. Readers are advised to refer to authoritative and up-to-date sources for the latest information on geopolitical realities and territorial disputes.
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FIGURE 10
 Same as Figure 9, but for countries of citizenship. The boundaries shown are for illustrative purposes only and are not intended to convey a position on the legal status of disputed areas. Readers are advised to refer to authoritative and up-to-date sources for the latest information on geopolitical realities and territorial disputes.


In what follows, we consider all comments submitted by all reviewers (including Chairs). Of all sorted comments, 36% were substantive, 51% were editorial, and 13% were duplicates/unfit on average (Table 6; Figure 11). There is a significant increase (p < 0.05) of duplicate/unfit comments from the FOD to the SOD reviews (except for the SROCC). This is neither associated with a corresponding increase in reviewers nor with an increase in the relative representation of a specific career stage (Figure 12). Considering that the SOD was the product of the FOD review, it can be assumed that additional substantive comments would be more difficult to make.



TABLE 6 Percentage of substantive, editorial, and duplicate/unfit comments of all sorted comments per review.
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FIGURE 11
 Percentage of substantive, editorial, and duplicate/unfit comments of all sorted comments per review.
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FIGURE 12
 Number of reviewers per career stage for each review (left) together with the total number of comments received (black line with diamonds) and the number of comments submitted to the IPCC (black line with squares) (right).


A Kruskal Wallis non-parametric ANOVA t-test at p < 0.05 was used to determine the significance of the number of reviewers, gender, comments per gender, and ratio of the different types of comments given per review. The number of reviewers increased steadily per review, from 61 reviewers for the FOD-SROCC to 186 reviewers for the SOD-WGII-AR6 (Figure 12). There is no significant difference in the relative representation of the different career stages (MSc, PhD, postdoctoral researcher, faculty, other/unknown) per review, indicating that the increase in reviewers was evenly distributed across career stages. Also, there is no correlation between the total number of reviewers and the total number of comments received (Figure 12). We observe no significant difference in the ratio of substantive, editorial, and duplicate/unfit comments between females and males. We also evaluated the ratio of substantive, editorial, and duplicate/unfit comments for the different career stages (Figure 13). No significant difference was found between PhD students, postdoctoral researchers, and faculty. A significant difference was, however, found in the ratio of editorial and substantive comments of master’s students compared to other career stages. Master’s students provided significantly less substantive and significantly more editorial comments. These results inform earlier results found in Casado et al. (2020) and Gremion et al. (2021), for which master’s students could not be analyzed independently because the group was too small. Interestingly, PhD students’ performance as reviewers clearly matches that of postdoctoral researchers and faculty reviewers. Thus, although researchers in earlier career stages provided more editorial comments, their inclusion in the group reviews still led to a considerable number of substantive comments, improving the breadth and strength of the IPCC review process in all cases. Further, any increase in the IPCC engagement of researchers who may contribute to future ARs is valuable in and of itself.
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FIGURE 13
 Percentage of substantive, editorial, and duplicate/unfit comments per career stage for all six reviews combined. Percentages marked with an asterisk are significantly different from the rest.




3.3 Survey responses


3.3.1 Motivation

Respondents in all review rounds had more than one motivation, with 95.1% of respondents reporting at least two different motivations. Furthermore, the number of motivating factors appeared to increase along with the increase in the number of options listed in the survey. For example, FOD-SROCC had the highest percentage of responses with one or two motivating reasons, while SOD-WGI-AR6 and SOD-WGII-AR6 had a large majority of applicants reporting five to eight motivations. This may imply that participants were more informed about the IPCC review process, but it may also show that by increasing the number of options in the survey, candidates were more likely to select multiple options, allowing respondents to better define their motivation. More than half of the respondents (51 to 64%) expressed interest in obtaining a certificate of participation. Note that this question was only asked in the first four group reviews. The most common answers supporting a request for a certificate of participation are related to career (i.e., to be included in one’s CV) or for academic or administrative validation. This shows that participants believe that this experience would have a tangible positive impact on their career. Several applicants indicated that they viewed this experience as a reflection of their values, and as a way to validate themselves.



3.3.2 Experience in the review process

Considering all the group reviews together, on average, most respondents spent more than 12 h working on the whole review process, with only 18% spending 4–6 h (Figure 14). Most respondents (31%) indicated that they would have agreed to spend a maximum of 12–24 h, and 29% would have spent over 24 h. Around a quarter of respondents (23%) would have agreed to spend 4–6 h, whereas 15% would have agreed to spend 6–12 h (Figure 14). The comparison between the time reviewers would have agreed to spend and the actual amount of time spent on the review process showed that the majority actually spent more time than initially expected. The majority of reviewers agreed to spend 12–24 h to complete the review process, with 31% spending over 24 h and 28% reporting having spent 12–24 h on the review. Since the application call stated that reviewers spent on average 40 h on the process (e.g., APECS, 2020), these results indicate that not everyone was willing or able to dedicate that amount of time to the process.
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FIGURE 14
 Distribution of the percentage of respondents as a function of the number of hours they spent working on the whole review process (dark green) and of the maximum number of hours that they would have agreed to spend on the review process (light green).


For all group reviews, the majority of respondents indicated that there had been factors that had limited the number of hours they were able to spend on the review process (Table 7). Workload was the predominant limiting factor for all reviews except for SOD-WGI-AR6. Personal factors were the second limiting factor in all group reviews. Since the COVID-19 pandemic took place during SOD-WGI-AR6, the participants of that review were asked if the pandemic had affected the number of hours they had been able to dedicate to the review process, with half of respondents indicating that it had. During that group review process, the deadline to submit comments for the group review was moved from April 9 to May 15. From a total of 60 respondents, 11.6% indicated that they could not deliver on time, even with the deadline change. Moreover, 38% of respondents could have sent their review on time without the deadline extension, while 50% of respondents indicated that they would have submitted fewer comments had the extension not been provided.



TABLE 7 Percentage of responses to the question about whether there were any factors limiting the number of hours the respondents were able to spend on the review process.
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3.3.3 Training

In response to the question of whether participants found the amount of training provided to be adequate, 98.5% of respondents (391 individuals) indicated that the training met their needs. Only 1.3% (five individuals) did not find the training adequate (remaining 0.2%, one individual expressed uncertainty regarding the adequacy of the training). We analyzed the 103 recommendations provided in response to suggested training improvements. Common themes emerged, including a desire for more in-depth training sessions, clearer training materials, and additional opportunities for interactive learning. These suggestions were further sub-categorized, resulting in a total of 94 recommendations (excluding similar responses among the 103 received) that contributed to the formation of eight distinct themes. These themes were identified as: Training and Communication, Review Process and Experience, Expertise Alignment and Section Assignment, Collaboration and Networking, Time and Workload, Section Review, Collaboration and Interaction, and Miscellaneous. The themes also provided valuable insight into the overall feedback on training, revealing 74 positive responses, 13 negative responses, and 16 neutral responses regarding areas for improvement. Most of the respondents affirmed that the webinar (84.4%) and the guide (94.4%) provided them with sufficient information on the IPCC assessment process to undertake their review. Only seven respondents expressed dissatisfaction with the content of the webinar, and six respondents expressed dissatisfaction with the guide’s content and structure. Regarding recommendations to improve the webinar and the guide, respondents suggested more interactive and engaging training materials, a need for additional visual aids, and a request for practical, real-world case studies to illustrate concepts. Suggestions to improve the webinar included more detailed content, enhanced clarity, and the need for additional resources for reference. As for the guide, respondents recommended more illustrative examples, improved clarity in specific sections, and case studies. In general, 71.7% of the comments regarding training resources were positive, focusing on review acknowledgment, enhancing interactions among reviewers, and optimizing chapter assignments for expert reviews. An additional 17% of respondents shared feedback about challenges encountered during the review process, such as the timing of training sessions, reviewer assignments, fairness, and review difficulties like expertise mismatches and writing quality. Finally, 11.3% of respondents highlighted areas for neutral improvement, such as reviewer-section alignment, clarity, transparency, and scheduling webinars closer to the review period.



3.3.4 Feedback: communication

In the last five group reviews, a large proportion (85–97%) of the respondents considered communication with the organizing team to be satisfactory, with only the SOD-SROCC showing a percentage below 95%. Overall, less than 3% of respondents perceived the communication as unsatisfactory, except in the SOD-SROCC, where 9.8% of the respondents considered it unsatisfactory. During all group reviews except for the first one, the Slack8 team communication tool was used to facilitate communication between participants. Only the last two group reviews included a question about the usefulness of Slack for communicating with other participants, providing a scale response from one (not useful) to five (very useful). Overall, the respondents of both group reviews agreed on the usefulness of Slack for communicating. However, there was a decrease in agreement, with SOD-WGI-AR6 showing 80% and decreasing to 75.2% for SOD-WGII-AR6 on the 3–5 scale. Furthermore, this decrease was also reflected in the increase on the 1–2 scale, with SOD-WGI-AR6 indicating a 20% disagreement and SOD-WGII-AR6 showing a disagreement of 24.8%.

In FOD-WGI-AR6 and FOD-WGII-AR6, the majority of respondents (65.8 and 71.1%, respectively) felt like they were encouraged to communicate with other participants. However, a relatively large proportion of respondents (15.8 and 17.8%) expressed the opposite, that they were not encouraged to communicate with other participants, while a similar percentage of respondents (18.4 and 11.1%) were unsure. In SOD-WGI-AR6 and SOD-WGII-AR6, this survey question was modified to analyze the actual exchange with other reviewers. In both reviews, approximately 60% of the respondents said that they had not had any exchange with other reviewers during the review process. Although different questions were asked in different reviews, these results may indicate that, even though participants felt that they were encouraged to communicate with each other, most of them ultimately did not. Thus, it would be advisable to develop methods to facilitate communication between participants during future group reviews.



3.3.5 General feedback

The general organization of the last five group reviews was considered satisfactory by 95% of respondents. For SOD-WGI-AR6 and SOD-WGII-AR6, the majority of respondents indicated that reviewing as a group had met their expectations (86%), whilst only 2% were not satisfied and 12% were not sure. Overall, learning about the IPCC process was considered the most valuable aspect of participating in this group review (27% of responses), followed by scientific updates (20%) and contributing to an international project (18%). Respondents also valued the opportunity for professional growth (15%) and acquiring reviewing training and/or experience (13%).

The respondents provided valuable feedback on their overall experience, expressing a desire for certain improvements and highlighting positive aspects of the review process. One common request was for more time and extended discussions with fellow reviewers, allowing for a deeper exploration of the topics at hand. They also emphasized the importance of effective communication channels, especially in light of outside responsibilities and limited availability due to personal circumstances. The respondents recognized the significance of involving scientists from developing countries, emphasizing the need for their perspectives and expertise in the review process. The well-organized nature of the review process received praise from many reviewers and IPCC authors (personal communications). They commended the clear structure and coordination efforts that contributed to a smooth and efficient experience. However, a few reviewers encountered challenges with section assignments and email communication, which resulted in confusion and last-minute attempts at completing tasks. Suggestions were made to address these issues by implementing redundant methods of contact and providing clearer instructions regarding section assignments. Despite these challenges, the overall sentiment was positive, with reviewers expressing their appreciation for the opportunity to contribute to the review process. They highlighted the value of participating as reviewers and expressed a willingness to continue engaging in future reviews. Collaborative work and interactions among reviewers were seen as beneficial, with several reviewers suggesting the promotion of discussions and networking opportunities. Given these positive comments, it is not surprising that the majority of respondents (88%) from the six review processes affirmed that they were keen to participate in another group review, while only 2% were contrary and 10% were not sure.

The IPCC report provides opportunities not only to participate in group reviews, but also in individual reviews. The percentage of respondents who affirmed that they would be interested in individually reviewing a chapter of an IPCC report decreased from FOD-SROCC to FOD-WGI-AR6, and then increased from FOD-WGII-AR6 to SOD-WGII-AR6. Likewise, the percentage of survey respondents who affirmed that they individually reviewed other section of the report decreased from FOD-WGI-AR6 to SOD-WGII-AR6 (note that the responses to the FOD-WGII-AR6 survey were not analyzed since only two individuals answered this question). The majority of them chose to review an additional portion or an entire chapter for their own interest, relevance to their work, or to improve their overall understanding. Regardless, the amount of substantive comments made indicate the usefulness of including ECRs in such reviews. As such, reviews of this kind should be included in upcoming IPCC reviews or even made part of the official review process. Not only are substantive comments received, but this also offers the opportunity to train ECRs in review processes, leading to skills transfer.





4 Discussion

As Solomon et al. (2008) state, “IPCC assesses the literature; it does not conduct new research.” The IPCC reports are shaped by particular perspectives, albeit partially improved by the thorough expert review process (Ford et al., 2016). As an open review process, it reduces common social biases in the review process such as the ones listed by Lee et al. (2013), which are Prestige Bias, Nationality Bias, and Gender Bias. The inclusion of ECRs in these group reviews has encouraged their participation, which has been steadily increasing over time, as demonstrated by the growing number of applicants since the first review in 2018. Most applicants were PhD students, followed by postdoctoral researchers. The diversity of applicants in terms of country of residence and citizenship has also increased since the 2018’s review. Regarding the countries of residence of applicants, they were mostly high-income economies, as defined by the World Bank, and the representation of low-income economies was negligible. For countries of citizenship, the overrepresentation of high-income countries persisted, but was smaller. Although the imbalance may stem from bias within the organizers’ membership, the situation could also be attributed to the low priority given to research in many low-middle-income economies (Sharma et al., 2023). This situation results in insufficient research funding, a lack of research culture, limited awareness about research, and a shortage of research personnel as stated by Sharma et al. (2023), thus contributing to the observed disparity. There was no statistically significant difference between the percentage of female and male applicants. However, we observed a consistent decline in women in higher career stages (Pico et al., 2020), which may reflect the loss of women along the academic career path, consistent with challenges reported in the existing literature (Williams and Ceci, 2012; O’Connell and McKinnon, 2021). Overall, the applicants belonged to a diverse array of disciplines, with no particular discipline dominating all reviews; instead, each review attracted individuals from specific disciplines. However, the majority of those disciplines are natural sciences ones. This may seem consistent with the choice of reports reviewed, but lack of inclusivity of social sciences perspective in the topics covered has been previously pointed out to the IPCC for previous reports as necessary improvements (Vasileiadou et al., 2011; Ford et al., 2016). While many applicants possessed prior reviewing experience, their interest in participating in these group reviews stemmed from a desire to gain insights into the review process. Despite the crucial role reviewers play, most scholars often find themselves learning as they proceed, drawing from the reviews they receive firsthand (Min, 2005; Kerig, 2021).

The vast majority of survey respondents expressed satisfaction with the general organization of the group reviews, the amount of training provided, and communication. Almost a third of respondents stated that the most valuable aspect of participating in this group review was learning about the IPCC report and review process, possibly because they are highly motivated to become actively involved in the IPCC process (van der Veer et al., 2014; Gulizia et al., 2020). As potential areas of improvement, respondents indicated the need for more time and the opportunity to have discussions with other reviewers. Although participants were encouraged to communicate with each other, most of the survey respondents indicated that they did not. Hence, it appears that a barrier exists, hindering the capacity of participants to engage in discussions with one another and with the organizing team. This obstacle may have diminished the considerable value of peer discussion as an efficient method of active learning (Smith et al., 2009), which could have improved the quality of the comments submitted.

Given their positive experience in this group review process, most respondents expressed their willingness to participate in future group reviews. Regarding the effort required from the participants, most survey respondents indicated that they had dedicated more than 12 h to the whole review process, and the majority indicated that the maximum time they would have spent was over 12 h. However, a non-negligible number of respondents stated that the maximum time they would have agreed to spend in the review process was less than 12 h. This latest finding aligns with the typical time of 4 to 5 h spent to review a paper by reviewers (Kovanis et al., 2016). The primary factor constraining the time respondents could dedicate to the review was their existing professional commitments. Indeed, as with most reviews, the reviews were conducted on a voluntary basis, and reviewers did not receive any compensation for their efforts, except the certificate of participation that more than half of survey respondents were interested in obtaining. They were scholars or fellow academics who carved out time from their regular duties, limiting their capacity to fulfill their reviewing responsibilities (Kovanis et al., 2016; Aczel et al., 2021). In addition, in the specific case of SOD-WGI-AR6, another limiting factor was the COVID-19 pandemic.

These group reviews have not only proved to be valuable for the participants, but our findings suggest that these efforts have also benefitted the IPCC review process. The IPCC operates under the fundamental principle that assessment reports, drawing from thousands of research publications, should adhere to the standards of being “comprehensive, objective, open, and transparent” (IPCC, 2013). Essential to fulfilling these objectives is the quality assurance offered by external review (De Vries et al., 2009; Castree et al., 2021). In our study, an average of 2,422 ± 532 comments have been produced per group review, of which 36% were substantive comments. Our reviews were therefore effective, as they were comprehensive in depth (Palutikof et al., 2023) and were performed by underrepresented experts of the global science community in reviewing. Indeed, when considering the type of comments provided—substantial, editorial, duplicate/unfit—, PhD students show the same performance as postdoctoral researchers and faculty reviewers. The performance of master’s students is significantly lower than other career levels, potentially due to less experience with the creation, review, and dissemination of scientific research. The fact that the IPCC has been providing support to these group reviews over several years suggests that these efforts are considered valuable for the review process of IPCC ARs.

The results of this study validate preliminary findings about the quality of ECRs as reviewers (Casado et al., 2020; Gremion et al., 2021), using a larger statistical group, and expanding to a larger array of topics. From these studies, several suggestions can be made regarding the recruitment of potential reviewers and the review process itself.

Regarding the application process, efforts should be made to attract a more diverse group of potential reviewers. Future reviews should strive for greater participation of those from the developing world and identify organizations prevalent in countries of the developing world to improve the reach of the review call. A consideration is to tailor the call to the different regions (developing world, developed world), and to pay greater attention to the balance of reviewers from these different regions. APECS and its co-organizing bodies should approach the IPCC for more formal arrangements for future reviews. This would allow the use of the IPCC reach in distributing the call among countries, hopefully increasing the participation of ECRs from the developing world. Another approach would be to contact relevant programs or institutions of countries in the developing world to assist the distribution of the call among their research community. Furthermore, ECRs active within the different associations organizing these reviews (APECS, YESS, others), and from the developing world could be approached to steer participation from within their countries to encourage greater participation. Finally, funding can be made available to ensure access to the review. This could include leave-funding (to allow ECRs to complete the review by taking leave from their current employer), or (Internet) data funding (to ensure ECRs have access to the review items). Providing equitable access to funding for ECRs is essential to ensure that they have the opportunity to contribute to scientific research (Moraru et al., 2024). Regarding gender diversity, it is encouraging that the percentage of men and women applying to participate in the last two reviews (the only for which we have data about gender), was similar. Enlarging the potential choices of gender in the application form (which only included “male,” “female” and “other”) is recommended to increase the number of applications from people who identify as a gender other than male or female. In addition, the application form should be modified to inform potential participants of a realistic range of average number of hours that reviewers usually dedicate to the process so as to avoid deterring potential reviewers from submitting their applications.

Regarding the group review process, the following suggestions are made for each aspect of the process:

• Training: As underlined by Smith (2006), training ECRs to review may contribute to continuously improving the review quality. More comprehensive training webinars and materials should be provided to the reviewers. In particular, the training should include more detailed content, additional resources, and real-world examples to illustrate concepts. It is highly recommended to include hands-on learning so that participants have the opportunity to review some text and receive feedback. Particular attention should be paid to providing better training on how to make substantive comments. Given the time constraint of these group reviews, the training sessions should be organized well before the deadline for the submission of comments, since this would allow for more in-depth training. For instance, twice-yearly sessions could be offered to all ECRs interested in reviewing the IPCC reports. Given that many applicants stated that their primary motivation to participate in the group reviews was learning more about the review process, these training sessions would likely attract many ECRs. Nevertheless, the opportunity to participate in webinars that take place closer in time to the review period should remain to ensure that ECRs acquire or consolidate the knowledge and skills required to provide a high-quality review. Finally, there should be more scheduling of webinars per time zone to allow greater participation.

• Communication: A strategy should be developed to facilitate engaging discussions between reviewers, which would likely lead to more substantial and less duplicate comments. In addition, more effective communication channels between the organizing team and the reviewers should be implemented. Future reviews should, thus, identify free communication platforms, such as Slack used for the previous reviews, and provide training on these to the review participants to improve effective use. Such platforms can also be integrated into productivity software, such as Notion9, to improve the workflow and communication. Important is that these platforms are free-to-use, to prevent participants from developing countries being excluded based on cost of tools used.

• Review: The number of pages assigned to reviewers should be reduced so that the amount of time dedicated to the review process is more realistic given the high workload of ECRs and the little amount of time available for the whole review process. However, reviewers who are interested in reviewing more pages should be provided with the opportunity to do so. The instructions addressed to reviewers regarding section assignments should be clearer. In addition, the organizing team should try to assign participants sections of the report that better correspond to their interests, noting the limitation that two people should be assigned to review the same section.

A common constraint to the implementation of many of these changes is the short review period. Indeed, the time the IPCC provides for the review of its reports is the same regardless of whether the review is individual or made by a group. Since a group review requires additional steps involving the sharing of tasks and discussion among reviewers, we argue that the time allocated to the group review of the IPCC report should be increased. Another limitation of the IPCC group review process is that the comment file is sent to the IPCC on behalf of the group. Therefore, it does not include the names of the individuals who made each comment, so IPCC authors do not know who made each comment. We suggest that the IPCC modifies its group review process so that the names of the reviewers who made each comment are shown.

Based on the amount of substantive comments received from the reviews, APECS and the other ECR organizations should approach the IPCC about formalizing the inclusion of ECRs in future reviews. Furthermore, based on the experience of the previous six group reviews, the organizers of these reviews should create standard operating procedures and best practice documents about the various aspects of the review process. By formalizing the ECR involvement in future reviews, the reach of the ECR group review call would also be greater and potentially reach more participants from the developing world.

Finally, it is important to highlight that the inclusion of ECRs in reviews of the IPCC reports can help reduce the bias inherent in the review process. In effect, the participation of ECRs, who likely have less perceptual biases than senior researchers, in the review of the IPCC reports has the potential to increase the breadth of knowledge included so that perspectives outside the mainstream science are considered. The inclusion of different perspectives is further encouraged by the inclusion of ECRs from different socio-cultural and economic backgrounds. In this sense, a future study could analyze the knowledge production process of group reviews by ECRs by using a framework such as the Serendipity-Mindsponge-3D (SM3D) knowledge management framework (Vuong et al., 2022).

To summarize, ECRs benefit from participating in group reviews of the IPCC reports and, at the same time, they make a substantial contribution to the IPCC review process. Given the success of these group reviews, this effort should be continued for the upcoming IPCC Seventh Assessment Report.
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