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This paper reports on the results of a descriptive analysis of 675 publications included in the proceedings of five editions of the International Science, Technology, Engineering, and Mathematics in Education Conferences held in Australia, Canada, and China over 9 years between 2012 and 2021. Peer-reviewed academic journals are traditional sources of high quality and established research. Yet these papers might take months and sometimes years to get published. On the other hand, an analysis of research foci represented at international STEM conferences can be used as a source of the most recent trends in the field, and the developments of STEM education research across time and by national origins. In this analysis, 675 abstracts from five editions of the International STEM in Education Conference were coded into eight topics, followed by a descriptive analysis of the results. Four countries were consistently the top four contributors: Australia, Canada, China, and the United States. Thus, the study conducted a descriptive analysis and discussion of the trends among these countries. The results revealed trends in STEM education research, among which policy, curriculum, assessment; K-12 teaching and learning, are dominant topics of research investigation, while postsecondary STEM teaching and learning are less investigated. The results also demonstrated the dominance of some topics over others among the countries that most contributed to the conferences. For instance, Canada dominated in the studies of culture, gender, and social issues and in postsecondary STEM education. China paid much less attention to these topics, while putting more emphasis on historical and epistemological perspectives on STEM, policy and curriculum, and K-12 teaching and learning. Australian research focused on policy and curriculum; K-12 teaching and learning; and industry. Meanwhile, the United States showed the least difference in percentages between topics. Overall the analysis indicates a relatively low interest in postsecondary STEM education research, despite the growing demand for STEM professionals. This highlights the need for STEM education research focused on institutions of higher education. This analysis interprets the trend results in light of the issues in STEM education confronting various national jurisdictions.
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1. Introduction

Promoting a science, technology, engineering, and mathematics (STEM) education has been one of the main goals of recent educational reforms worldwide (Madani and Forawi, 2019; Nugroho et al., 2019; Yamada, 2019). Around the globe governments’ efforts and budgets have prioritized the elaboration of STEM policies to govern school science and mathematics, and STEM related research and education (Freeman et al., 2019). These educational reforms attempt to address the demands from global and local markets for a STEM-skilled workforce and skilled STEM educators (Diekman and Benson-Greenwald, 2018; Sharma and Yarlagadda, 2018).

In the last decace, the number of publications in STEM education journals has significantly increased, and the field of STEM education research and the professional identity of many academic journals in STEM education have been consolidated (Li et al., 2020). With the rapid growth of the STEM education research field, it is crucial to keep track of changes as well as identify the overall trends of research focus. To explore these trends and related issues in STEM education across time this paper analyzes the proceedings of a series of biennial International STEM in Education Conferences.1 We believe that the analysis of research foci represented at such conferences can be used as a source of further information about the development of STEM education research now and into the future.

While the acronym STEM stands for Science, Technology, Engineering, and Mathematics, STEM can have a variety of meanings for different researchers and different stakeholders involved in STEM education research (Herranen et al., 2021; Martinovic and Milner-Bolotin, 2022). The most common notion is that STEM uses the integration of the four disciplines to solve real-world problems (Sanders, 2008). Worldwide, researchers have focused either on this interdisciplinary feature of STEM education or on the individual STEM disciplines. However, even within each institution of higher education, scholars have different operational definitions and conceptualizations of STEM, its applications, and of STEM teacher education (Breiner et al., 2012; Ben-David Kolikant et al., 2020). Common trends in STEM education are observed around the globe and, with governments attentive to other countries’ successful initiatives, there is considerable convergence in the field STEM regarding policies (Marginson et al., 2013). However, the political, social, and educational contexts in which STEM education policies and initiatives are developed and implemented are also varied worldwide. Policies, professional practices, and research are always built upon national political cultures, local histories, and research traditions. Each jurisdiction will develop STEM initiatives in response to their own contexts.

Accordingly, the analysis of research in STEM education by national jurisdiction can reveal the diverse emphases given to STEM education research and how different countries contribute to the field of STEM education. For this paper we conducted a descriptive analysis of 675 publications included in the proceedings of five editions of the International STEM in Education Conferences held between the years 2012 and 2021 (see text footnote 1). The variety of meanings and the rapidly evolving pace of the field of STEM education research internationally makes it challenging for researchers to identify research in STEM education (Li et al., 2019). The multidisciplinary characteristic of STEM allows scholars to publish in a large variety of journals in different fields of knowledge making it difficult for researchers to identify STEM education papers. Despite these challenges reviews about the trends in STEM education can be found in the literature (Brown, 2012; Mizell and Brown, 2016; Li, 2019; Li et al., 2019, 2020; Kayan-Fadlelmula et al., 2022). To address these challenges most reviews in the field limit their scope of study to the publications that self-identify as STEM, considering only the papers that contain the acronym STEM in their titles, abstracts, and/or keywords.

While academic journals are considered sources of high quality and recent research (Xu et al., 2019), academic papers take months and sometimes even years to publish. On the other hand, publications in conferences are much more current and are also more open to students and to a wider range of contributors; teachers and people involved in implementing STEM as well as STEM education researchers can participate. Academic conferences play an important role in providing a forum to exchange novel ideas, discuss new and ongoing research, develop academic communities, and expand professional networking for new scholars (Subramanian, 2020). STEM conferences are also a site for teacher professional development, playing a key role in the integration of STEM into future teaching practices in schools (Holmes et al., 2017; Anderson et al., 2021). We consider that the analysis of the research foci of the International STEM in Education Conferences can be helpful in revealing and examining trends and the development of the field of STEM education research in different countries. Further, it can also help us to better comprehend the trends previously identified in literature reviews. Academic conferences, as sites of knowledge dissemination, can be valuable sources for identifying currently emerging research trends in the STEM education field in ways that academic journals might not due to the lengthy time required to publish in such journals.

We recognize that these conferences are a bounded system of knowledge dissemination within STEM education research activity, and it is important to define the boundaries of such an investigation. Thus, this paper aims to identify the general trends and hot topics in five proceedings of the International STEM in Education Conferences that took place from 2012 to 2022. We also analyze the trends for the top four contributing countries: Canada, China, Australia, and the United States (US). Specifically, we conduct a descriptive analysis of the proceedings to address the following questions:

1. Which countries were the biggest contributors to the five consecutive biennial International STEM in Education Conferences across the years 2012 to 2021?

2. What were the dominant research foci of the conferences’ publications by year and by country of origin?



2. The International STEM in Education Conference

The STEM in Education Conference is a biennial international conference that focuses on STEM education across formal and informal contexts. The conference provides a forum for teachers, scholars, businesses, industries, and private and public agencies around the world to share and discuss their innovative practices, research initiatives, and educational tools that advance STEM education.

Currently, the conference is supported by a worldwide consortium of universities, namely: The University of British Columbia, Canada; University of Calgary, Canada; Beijing Normal University, China; Northeast Normal University, China; Southwest University, China; Shanghai Normal University, China; University of Sydney, Australia; and Queensland University of Technology, Australia. The conference has been hosted biennially a consortium member in their country since 2010: the first and fifth International STEM in Education Conferences were held by Queensland University of Technology in 2010 and 2018; the second and fourth editions of the conference were held by Beijing Normal University in 2012 and 2016; and the third and the sixth editions were held by the University of British Columbia in 2014 and 2021, respectively.

This regularly occurring conference was selected because two of the authors (DA and MMB) have been part of the consortium that has been organizing the conference since 2012 and all authors were part of the STEM 2021 Organizing Committee. Moreover, since the consortium is composed mostly of institutions of higher education located on the Pacific Rim the proceedings of this conference could be an interesting source of data different from the academic journals and databases usually used in literature reviews in the field, or other conferences organized by North American and European organizations. While international conferences claim to be global, it is reasonable to argue that they are limited by different communities of knowledge dissemination within STEM education research activity. International conferences are often hosted by organizations that are not international but dominated by one country. One of the objectives of the International STEM in Education Conference is to create a forum where collaborators from different regions of the world can be heard and exchange ideas on an equal footing. Four different countries took the lead over the years, and the conference has had great diversity in terms of worldwide participation (29 countries). Even though, we acknowledge that the trends presented in this paper are informed primarily by what is occurring in the Pacific Rim due to the structure of the consortium.



3. Materials and methods

In this paper we analyzed five proceedings of the International STEM in Education Conferences that took place in 2012 (China), 2014 (Canada), 2016 (China), 2018 (Australia), and 2021 (Canada). Since the inaugural STEM in Education Conference in 2010 (Australia) did not have proceedings, it was not included in this study. This investigation considered all the publications in the conference proceedings, which included all types of submissions accepted for presentation. In the five proceedings analyzed in this study the STEM in Education Conference accepted five types of publications: paper presentations, poster presentations, panels, symposia, and workshops.

To address the research questions, the abstracts of 675 proceedings publications were coded into eight categories. All authors participated in the coding process. The first author initiated the coding process. The second and third authors revised the initial coding. Any discrepancies were discussed until all three authors agreed. Seven of the categories were consistent with the ones employed by Li et al. (2019, 2020) in their recent systematic review of journal publications in STEM education. As the STEM in Education Conferences invited sponsor industry-partner presentations, an additional category (STEM and industry) had to be created. The eight categories used to code the abstracts are as follows:

1. K-12 teaching, teacher, and teacher education in STEM (including both preservice and in-service teacher education).

2. Postsecondary teacher and teaching in STEM (including faculty development, etc).

3. K-12 STEM learner, learning, and learning environment.

4. Postsecondary STEM learner, learning, and learning environments (excluding preservice teacher education).

5. Policy, curriculum, evaluation, and assessment in STEM (including literature review about a field in general).

6. Culture, social, and gender issues in STEM education.

7. History, epistemology, and perspectives about STEM and STEM education.

8. STEM and industry.

Due to the multidisciplinary nature of STEM education and STEM education research each abstract was coded into as many as four of the categories when possible. This strategy enabled a more encompassing and faithful representation of the research foci across the publications. Regarding authorship nationality, we considered the institutional affiliations of those listed as first authors. After the coding process was completed, the descriptive analysis for all the countries identified four countries that were consistently in the top four contributors to the five proceedings. Thus, the study proceeded to conduct a descriptive analysis and discussion of the trends among these countries.



4. Results and discussion


4.1. Which countries were the biggest contributors to the five consecutive biennial STEM in Education Conferences across the years 2012–2021?

Figure 1 shows the number of publications across the five proceedings of the STEM in Education Conference. The conference published 77 publications in the 2012 proceedings, 213 publications in 2014, 68 publications in 2016, 124 publications in 2018, and 194 publications in 2021. The results show that the conferences hosted in Canada had more presentations than the conferences hosted in China and in Australia. Moreover, the number of submissions has increased in the last two conferences. The reasons for the popularity of the conferences in Canada might be its proximity to the United States (a country actively involved in STEM education research), the popularity of the host city (Vancouver), and a heavy involvement of Canadian graduate students and teachers. As the conference series became more popular, the number of participants has also grown over time.
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FIGURE 1
 Number of publications by country during five International STEM in Education Conferences.


Figure 2 shows the total number of publications per country over all five proceedings. Overall, the 10 countries with the most publications in the STEM in Education Conference are Canada, Australia, China, United States, South Korea, Japan, Israel, Taiwan, Nigeria, and United Kingdom. This distribution is consistent with the previous reviews (Li et al., 2020) that show Australia, Canada, and Taiwan as the major contributors to the field of STEM education and indicates that countries/regions in Asia are becoming active in the field. Half of the countries in the top 10 are from Asia.
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FIGURE 2
 Total number of publications per country.


Table 1 shows that Australia had the highest number of publications in the first two proceedings analyzed (2012 and 2014). After 2014 the host country for each conference had the highest number of publications in 2016, 2018, and 2021. The results also show that authors from Canada and United States presented more publications when the conferences were hosted in Canada in 2014 and 2021; it is easier for scholars from United States to participate in and submit publications to conferences hosted in Canada due to the geographical proximity between the two countries and relatively simple visa procedures.



TABLE 1 Publications for all countries.
[image: Table1]

Australia, Canada, China, and United States ranked in the top four across all conferences. While the results show that host countries have consistently ranked in the top four, Australia, Canada, and United States are also among the countries most published in science education and STEM education journals in the last decades. Tsai and Lydia Wen (2005) shows that from 1998 to 2002 United States, the United Kingdom, Australia, and Canada were the major contributors of publications in science education. More recently, the Chomphuphra et al. (2019) review of publications in STEM education found United States, Australia, and Canada as the top three publishing countries considering the SCOPUS database, Journal of STEM Teacher Education, and International Journal of STEM Education from 2007 to 2017. Research by Li et al. (2020) shows that most publications in STEM education research were by the authors from United States followed by Australia, Canada, and Taiwan. On the one hand, China’s ranking as one of the top contributing countries in the five proceedings of the STEM in Education Conference could be an indication that a country being a host and part of the conference organizing consortium significantly increases the number of presentations by that country. On the other hand, it could also indicate that recent reviews in the field could have been challenged to identify Chinese scholarly publications in STEM education since the majority of them are published in Mandarin-language journals and so are not counted in the English based analyses.



4.2. What were the dominant research foci of the conferences’ publications by year?

Table 2 shows the percentage of topics for each year. Policy, curriculum, evaluation, and assessment in STEM education and K-12 teaching, teacher, and teacher education in STEM presented an average percentage of 24 and 28%, respectively. They were the most popular topics in every edition of the STEM in Education Conference consistently presenting a higher publication percentage than other topics. K-12 teaching, teacher, and teacher education in STEM stood out presenting a higher percentage than any other topic for all proceedings. These topics are followed by K-12 STEM learner, learning, and learning environment and History, epistemology, and perspectives about STEM and STEM education with an average percentage of 18 and 12%, respectively. Cultural, social, and gender issues, Postsecondary STEM learner, learning, and learning environments and Postsecondary teacher and teaching in STEM presented an average below 10% for all publications in all proceedings. STEM and industry was the topic with the fewest publications in all conferences, with an average of 1% of all publications.



TABLE 2 Percentage of topics per year for all countries.
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The results show the most popular topics in the STEM in Education Conferences are also the most popular in academic journals. Recent reviews of the field of STEM education also show that researchers have a broad interest in both teaching and learning in K-12 STEM education (Li et al., 2019, 2020). K-12 teaching, teacher, and teacher education in STEM consistently presented the highest percentage for all proceedings while the category K-12 STEM learner, learning, and learning environment presented the third highest average percentage overall. Policy, curriculum, evaluation, and assessment in STEM education is the most popular topic in STEM education journals (Li et al., 2020) and presented the second highest average rate and, despite having lower percentages than K-12 teaching, teacher, and teacher education in STEM, it presented a higher percentage of publications than the rest of the topics. Postsecondary teacher and teaching in STEM and Postsecondary learner and learner in STEM were less than 10% of the publications in all proceedings with an average of 5 and 6%, respectively. The results follow the trends observed in other literature reviews of the field of STEM education that show that while there is a focus on STEM teaching and learning in the field, this interest is mostly focused on K-12 education (Ben-David Kolikant et al., 2020). The low number of publications in STEM and industry was expected due to its business-oriented nature in a conference that is mostly academically oriented.



4.3. What were the prominent topics for the top four contributing countries?

Australia, Canada, China, and United State consistently ranked in the top four in number of publications across the five proceedings analyzed. In this section we report the percentages and number of publications for each of the topics among the top four contributing countries in each edition of the International STEM in Education Conference. Later on, we also discuss the trends in relation to policies that have influenced the development of STEM education in each one of these four countries.

Table 3 shows the percentage of each topic across the five conferences for the top four countries. The results show that the publications for the top four countries present similar numbers to the ones found for all countries. K-12 teaching, teacher, and teacher education in STEM and Policy, curriculum, evaluation, and assessment in STEM education presented more than 20% of all publications each in each conference, representing together 53% of the total number of publications for the top four countries (29 and 24%, respectively). Meanwhile, K-12 STEM learner, learning, and learning environment and History, epistemology, and perspectives about STEM and STEM education also showed a similar percentage (16 and 12%, respectively) to the ones found for these topics for all countries. Cultural, social, and gender issues in STEM education, Postsecondary STEM learner, learning, and learning environments, Postsecondary teacher and teaching in STEM and STEM and industry presented rates lower than 10% of the total number of publications across all years and in each edition (except for Postsecondary teacher and teaching in STEM in 2012 with 10% of total number of publications in that edition).



TABLE 3 Percentage of topics per year for Australia, Canada, China, and United States.
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4.4. Contributions over the years for top contributing countries

Figure 3 shows the percentage of publications in K-12 teaching, teacher, and teacher education in STEM for each edition of the conference. In 2012, there was a total of 43 publications coded to this topic with Australia being the major contributor accounting for 47% of publications; China contributed with 35%, Canada 12%, while United States accounted for 6%. A total of 115 publications on this topic were identified in 2014, with Australia ranking first with 47% of the publications, Canada accounting for 27%, and China and United States for 13% each. In 2016, 52 publications were coded to this topic with China accounting for 37%, Australia 31%, Canada 25%, and United States 8%. One hundred and fourteen publications on this topic were identified in 2018, with Australia accounting for 63%, China 25%, United States 15%, and Canada with only 10%. Last, in 2021, 121 publications were coded to this topic, with Canada accounting for 48% of the total, while China and Australia contributed with 21% each, and United States contributed 18%. Overall, Australia is the country with the most publications coded to this topic (n = 173), followed by Canada (n = 118), China (n = 95), and United States (n = 59). The result shows Australia stood out as the major contributor to the topic, being the country that most contributed to the topic in three out of the five proceedings analyzed and being in the top two in four out of five proceedings. The results also indicate that the publications from China have been consistent across the five proceedings analyzed. China ranked in the top two in four out of five editions. In all the proceedings analyzed, K-12 teaching, teacher, and teacher education in STEM is the only topic with publications from all countries, suggesting the dominance of the topic within the field of STEM education and among the top four contributing countries. The results show that despite the sharp decrease in the number of publications from Australia, the number of submissions on the topic has grown from 2012 to 2021.
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FIGURE 3
 Percentage of submissions per year in category 1, K-12 teacher, teaching, and teacher education in STEM.


Figure 4 shows the percentage of publications in Policy, curriculum, evaluation, and assessment in STEM Education. In 2012, Canada had no publications coded to this topic, while Australia stood out with 75%, followed by China (17%) and United States (11%) in 33 publications. In total, 118 publications on this topic were identified in 2014, with Australia ranking first with 45%, Canada accounting for 30%, China for 15%, and United States for 11%. In 2016, 39 publications were coded to this topic, with China accounting for 58%, Australia for 18%, Canada for 15%, and United States for 10%. Sixty-nine publications on this topic were identified in 2018, with Australia accounting for 56%, United States for 16%, China for 16%, and Canada for 15%. In 2021, 107 publications were coded to this topic, with Canada accounting for 68%, while United States contributed with 13%, China with 12%, and Australia with 9%. Australia had the most publications on this topic in 2012 (72%), 2014 (45%), and 2018 (56%); was second in 2016 (18%); third in 2018 (15%), and last in 2021 (9%). Canada ranked first in 2021 (66%), second in 2014 (30%) and 2016 (18%), and last in 2018 (13%). Canada had no publications coded to this topic in 2012. China ranked first in 2016 (58%), second in 2012 (17%) and 2021 (12%), third in 2018 (12%), and last in 2014 (11%). The United States was the country with the third most number of publications in 2014 (15%) and the second most in 2018 (16%), and last in 2016 with 10%. In 2021, it had the fewest publications on the topic (9%), with no contributions coded to this topic in 2012. Overall, Australia is the country with the highest number of publications coded to this topic (n = 116), followed by Canada (n = 98), China (n = 94), and United States (n = 58).
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FIGURE 4
 Percentage of submissions per year in category 5, policy, curriculum, evaluation and assessment in STEM education.


Figure 5 shows the percentage of publications in K-12 STEM learner, learning, and learning environment for each edition of the conference. In 2012, a total of 15 publications on the topic were identified, with Australia contributing with 80% of the total and China contributing with 20%. No publications from Canada and United States were identified for this year. A total of 76 publications on this topic were identified in 2014, with Australia ranking first with 46%, followed by Canada with 20%, United States with 15%, and China with 14%. In 2016, 36 publications were coded to this topic, with China accounting for 64%, Canada 19%, United States 11%, and Australia 6%. Sixty-one publications in this topic were identified in 2018 with Australia accounting for 51%, United States 21%, China 20%, and Canada 8%. Last, in 2021, 48 publications were coded to this topic, with Canada accounting for 56% of the total, while United States contributed with 21%, China 19%, and Australia 4%. Overall, Australia (n = 82) contributed the most to the topic, followed by China (n = 58), Canada (n = 54), and United States (n = 42).
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FIGURE 5
 Percentage of submissions per year in category 3, K-12 STEM learner, learning, and learning environment.


Figure 6 shows the percentage of publications in History, epistemology, and perspectives. In 2012, there was a total of 28 publications on this topic. Australia was the major contributor this year accounting for 64% of publications, followed by China (18%), Canada (11%) and United States (7%). A total of 48 publications on this topic were identified in 2014, with Canada ranking first with 40%, Australia accounting for 31%, China 21% and United States 8%. In 2016, a total of 19 publications were coded to this topic, with China accounting for 32%, Australia 11%, and Canada and United States 8% each. In 2018, a total of 27 publications were coded to this topic with China ranking first with 48%, followed by Australia (30%), Canada (15%), and United States (7%). In 2021, 53 publications were coded to this topic, with Canada accounting for 67% of the total, while United States contributed with 30%, China 23%, and Australia 2%. Canada (2014 and 2021) and China (2016 and 2018) were major contributors to this topic in two conferences each. China had increasing trend on the topic until 2021. Despite being the second ranked country in number of publications on the topic in three conferences the results show Australia continuously declined in the number of publications in this topic ranking first in 2012 (64%); second in 2014 (31%), 2016 (11%), and 2018 (33%); and last in 2021 (2%). The United States also had few publications on this topic. Despite a considerable percentage in 2021 (30%), the number of US publications in this topic were below 10% in the other conferences. Overall, Canada is the country with most submissions (n = 65), followed by Australia (n = 44) and China (n = 44), and United States (n = 22).
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FIGURE 6
 Percentage of submissions per year in category 7, History, epistemology and perspectives.


Figure 7 shows the percentage of publications in Postsecondary STEM learner, learning, and learning environments. In 2012, China (53%), Australia (33%), and United States (13%) contributed to this topic, accounting for the 15 publications in the conference. A total of 43 publications were identified in 2014, with Canada ranking first with 47%, Australia accounting for 33%, United States 14%, and China 7%. Eight publications were coded in this topic in 2016: Canada accounted for 50% of these publications, followed by China and Australia with 25% each. In 2016, only four publications were identified in this topic with Australia and Canada contributing 50% each. In 2021, the number of publications increased to 23, with Canada accounting for 70% of the total, followed by United States with 22%, and Australia with 9%.

[image: Figure 7]

FIGURE 7
 Percentage of submission per year in category 4, postsecondary STEM learner, learning, and learning environment.


Australia was the country with the second highest percentage of publications in 2012 (25%) and 2014 (23%), the third in 2021 (11%), and it was responsible for half the publications in 2018. Canada showed a consistent contribution percentage to the topic from 2014 (47%) to 2018 (50%), with an increase in 2021 (70%). China showed a decrease over the years, ranking first in 2012 (53%), fourth in 2014 (7%), third in 2016 (25%) and did not have publications on this topic since the 2018 conference. Similarly, United States only had publications coded in this topic in 2012 (13%), 2014 (14%), and 2021 (22%). Overall, Canada had the highest number of publications with 42 publications, followed by Australia with 25 publications, and China and United States with a total of 13 publications each.

Figure 8 shows the percentage of publications in Postsecondary STEM teacher and teaching in STEM. In 2012, Australia contributed with 56% of the publications, China 31%, and United States 13% of the 16 publications in the topic. A total of 33 publications in this topic were identified in 2014, with publications coming from Canada (67%) Australia (18%), and United States (15%). In 2016, nine publications were identified on the topic coming from Canada (44%), Australia (44%), and China (11%), while in 2018 only Australia (67%) and Canada (33%) accounted for the three publications in the topic. In 2021, Canada (58%), United States (31%), and Australia (12%) contributed to the 26 publications.
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FIGURE 8
 Percentage of submissions per year in category 2, postsecondary teachers and teaching in STEM.


Australia was the country with the most publications in 2012 (56%) and 2018 (67%). Canada had the highest number of publications in 2014 (67%) and 2021 (58%). Both countries ranked first in 2016 with 44% each. China only contributed in the topic in 2012 and 2016. Overall, Canada is the country with the highest number of publications (n = 42), followed by Australia (n = 23), United States (n = 16), and China (n = 6). The results for Postsecondary STEM learners, learning, and learning environments and Postsecondary STEM teacher and teaching in STEM for the top four countries is in accordance with the results addressed previously for all countries and indicate a lack of focus in postsecondary teaching and learning in STEM education research.

Figure 9 shows the percentage of publications in Cultural, social, and gender issues in STEM education. In 2012, there was a total of 9 publications coded to this topic. Australia was the major contributor accounting for 56% of publications, followed by China (33%) and United States (11%). There were no publications from Canada for this topic in the first conference. Canada (66%), United States (24%), and Australia (10%) accounted for the 29 publications coded to this topic in 2014. In 2016, there were only six publications coded coming from Australia (50%), United States (33%), and Canada (17%). Thirteen publications were identified in 2018 with Canada accounting for 46%, Australia 31%, China 15%, and United States 8%. Last, in 2021, 28 publications were coded in this topic, 93% of them coming from Canada and 7% from United States. Australia was the country with the most publications in 2012 (56%) and 2016 (50%), and ranked second in 2018 (31%). Canada did not have any publications in this topic in 2012, but it ranked first in 2014 (66%), 2018 (46%), and 2021 (93%). The United States ranked second in 2014 (24%) and 2016 (33%), and last in 2012 (11%), 2018 (8%), and 2021 (7%). Despite not contributing to the topic in 2012, Canada was by far the country with the most publications in this topic overall (n = 52), followed by Australia (n = 15), United States (n = 13), and China (n = 5).
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FIGURE 9
 Percentage of submissions per year in category 6, cultural, social, and gender issues in STEM education.


Figure 10 shows the percentage of publications in STEM and industry. In 2012, only Australia with three publications (75%) and China with one (25%) contributed to this topic. In 2014, Australia was responsible for three publications in the topic, while Canada had two (33%) and United States (17%) had one publication coded in this topic. There were no publications coded in this topic in 2016. In 2018, Australia was the only country with publications coded in this topic (n = 7). Last, in 2021, United States contributed with four (56%) publications in the topic and Canada contributed with five (44%) publications.
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FIGURE 10
 Percentage of submission per year in category 8, STEM and industry.


Australia is the country with the highest number of publications in 2012 (75%), 2014 (50%), and 2018 (100%). Canada and United States accounted together for 100% of the publications in 2021. Similarly, in 2012 China and Australia accounted for all the publications in the topic. Overall, Australia is the country with the most publications (n = 13), followed by Canada (n = 7), and United States (n = 5). China contributed with only one publication in this topic in 2012.



4.5. Analyzing each country’s contribution to the science, technology, engineering and mathematics in education conference

The analysis of how much the top four countries contributed to each one of the topics give us some insight about the diversity of interests in different jurisdictions (Table 4).



TABLE 4 Percentage of topics per country across all editions of the STEM in Education Conferences for Australia, Canada, China, and United States.
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Canada stood out with 61% of all publications to Cultural, gender, and social issues. Canada also stood out as the country with the most publications on postsecondary STEM education, accounting for 46% of all publications in Postsecondary STEM learner, learning, and learning environments and 48% of all publications in Postsecondary teacher and teaching in STEM. History, epistemology, and perspectives about STEM and STEM education was the only other topic in which Canada accounted for more than 30% of all publications, with 37%. While STEM education in Canada has a strong focus on literacy and technology, the Canadian government and Canadian charitable organizations also have a strong emphasis on inclusion and the creation of opportunities for underrepresented populations. Increasing the number of women who participate in the science and technology sectors, including indigenous peoples, immigrants, and marginalized communities is at the base of the STEM rhetoric and movement in Canada (DeCoito, 2016; Koole and Squires, 2022).

According to Johnson et al., (2020) charities are the most effective STEM organizations in Canada. For instance, organizations such as Let us Talk Science2 and Mitacs3 stand out in their initiatives and impact on STEM education in Canada. Let us Talk Science is a national charitable organization that works with over 50 universities, colleges, and research institutes across Canada. Let us Talk Science is especially committed to providing evidence-based STEM programs and resources to educators for more than 25 years. Mitacs is a nonprofit organization that links the private sector and postsecondary institutions, creating international collaborations to develop Canada’s innovative capacity. The fact that Canada has an influential charitable organization focused on postsecondary education, such as Mitacs, can also explain why Canada had the highest number of submissions in Postsecondary teaching and learning in STEM education. When it comes to funding STEM initiatives, in 2018 the Canadian government committed $4 billion to research through 2023 of which as much as $700 million could be STEM-related (Johnson et al., 2020). In this budget multiple initiatives focus on diversity and inclusion in STEM. For instance, $1.4 billion in financing is designated for female-led small businesses; $210 million for the Canada Research Chairs Program to attract and retain scientists in Canada and to increase diversity among the chairs; $15 million to improve equality and diversity in academia; and $3.8 million to create a strategic plan to build better partnerships and methods of research with indigenous peoples (Johnson et al., 2020).

Australia presented higher percentages in publications regarding K-12 teaching and learning and policy and curriculum, accounting for 39% of all publications in K-12 teaching, teacher, and teacher education in STEM; 35% of all publications in K-12 STEM learner, learning, and learning environment; and 32% of all publications in Policy, curriculum, evaluation, and assessment in STEM education. Australia also dominated publications in STEM and industry with 50% of all publications in the topic. STEM education in Australia has been influenced by different reforms and actions from different stakeholders, national governments, and jurisdictions with a focus on K-12 STEM teaching, learning, and standards. For instance, in 2015 all Australian education ministers agreed on the National STEM School Strategy 2016–2026 (Education Services Australia, 2015). These policy guidelines established two goals that should be priorities in STEM education in Australia until 2026: (i) to ensure that students finish school with foundational knowledge in STEM; and (ii) that they are inspired to take on more challenging STEM subjects. The strategy emphasizes the importance of STEM-literate students for innovation, productivity, and Australian economic growth, and identifies five areas for national action: (i) increasing students’ STEM ability, engagement, participation, and aspiration; (ii) increasing teacher capacity and STEM teaching quality; (iii) supporting STEM education opportunities within school systems; (iv) facilitating effective partnerships with tertiary education providers, business, and industry; and (v) building a strong evidence base. The Murphy et al. (2019) analyses of these strategies concluded that these guidelines show a strong emphasis on developing STEM capabilities in students and building educator capacity, favoring actions aimed at improving educator knowledge and confidence, and supporting the adoption of STEM education practices, whereas other areas like early childhood education and equity receive less explicit treatment in the articulated actions.

While Australia is a federation where education is administered by individual states, the endorsement of governmental STEM initiatives through a national plan resulted in the alignment of resources, such as grants, to implement STEM initiatives at the national and state level (Ellis and Williams, 2020). STEM school education interventions: Synthesis report (Education Council, 2019) brings 69 STEM initiatives nominated by jurisdictions, including a description of the scale, target group/s, and program objective, and information on how well the initiative has achieved its goals, including external evaluation data if such data were available. The report shows an emphasis on initiatives focused on K-12 STEM teaching and learning as 87 and 69% of the STEM initiatives had teachers and students, respectively, as their target audience, while training and university and early childhood were age targets for only one STEM initiative each. Regarding the dominance of Australia in the submissions regarding STEM and industry, the fourth area for national action identified in the National STEM School Strategy emphasizes the need to facilitate “effective partnerships with tertiary education providers, business and industry” (Education Services Australia, 2015, p. 6). Different jurisdictions created sources of funding for this type of initiative. The STEM Industry School Partnerships Program (SISP) funded by the New South Wales Department of Education is an example of this effort where participating schools are matched with industry partners to collaborate in providing activities that are appropriate for each context and age (Ellis and Williams, 2020).

China’s highest percentages are in Policy, curriculum, evaluation, and assessment in STEM education (26%), K-12 STEM learner, learning, and learning environment (25%), History, epistemology, and perspectives about STEM and STEM education (25%), and K-12 teaching, teacher, and teacher education in STEM (21%). Chinese efforts to promote STEM education are also focused on the idea that STEM-literate citizens are essential to the nation’s economic development. Providing the same education for all students through standardization of STEM education and professional development opportunities to STEM educators are at the center of such efforts. Since 2017, the STEM Education Research Center officially has initiated collaborations in these regards and initiated China’s STEM Education White Paper and STEM Teachers Competency Level Standards (Ma, 2021). While the documents pointed out some progress in STEM education, especially in theoretical research and education policy, researchers identify challenges for the future of STEM in China such as the insufficient number of teachers, inadequate teachers’ STEM preparation, poor infrastructure conditions, and the limited macro-regulation and support at a national level for vulnerable groups (Quan, 2020; Zhong et al., 2022). In 2018, following the 2029 Action Plan for China’s STEM Education, a research force was organized to help train school teachers and build different special projects with a focus on STEM teacher training; STEM curriculum development; and local, national, and international cooperative promotions (Quan, 2020). The 2029 Action Plan for China’s STEM Education emphasizes K-12 education, best practices, and the cooperation between government, schools, manufacturers, and high-tech enterprises. The considerable number of submissions in History, epistemology, and perspectives about STEM and STEM education could reflect the discussion around the term STEM in the country. While the term STEM originated in United States initially to address issues regarding technology and the economy in that country, China’s education has been historically influenced by a different tradition and many Chinese educational researchers and practitioners are still pursuing their own educational concept regarding STEM education (Zhong et al., 2022).

Overall, United States was the country that showed less difference in percentages between topics, with the highest percentage being 19% for STEM and industry and the lowest being 13% for History, epistemology, and perspectives about STEM and STEM education. This small difference between categories can be related to the developmental stage of STEM in the country. For instance, while China is still working on developing its own STEM concept, the term STEM started being developed in United States in the 1990s by the National Science Foundation (Sanders, 2008). It is fair to say that STEM policy initiatives in this country developed earlier than in the other top four contributing countries, consequently targeting more areas.

STEM education in United States has been influenced by educational reforms that promote standards, assessment, and best practices, such as No Child Left Behind and Race to the Top and it is highly focused on accountability and producing measurable results (Johnson et al., 2020). Carmichael’s (2017) analysis of STEM policy in 50 states in United States shows that the economy has been the most important factor in implementing STEM programs in the country. Seventy-eight percent of states defined goals related to workforce, jobs, or economic development; 68% had as a goal the provision of STEM education for all students; and 56% had a focus on improving participation of minority groups. The Education Commission of States found that 38 states had policies targeted at STEM teacher recruitment and 23 states provided STEM professional development for high school teachers while only 12 states had policies targeting underrepresented groups in STEM and eight states had policies to support STEM mentoring and internships (Johnson et al., 2020). In 2018, the National Science and Technology Council issued a new US Federal STEM Strategic Plan, the Charting a Course for Success: America’s Strategy for STEM Education. The main goals of the new strategic plan are (Committee on STEM Education, 2018): (i) Build strong foundations for STEM literacy; (ii) increase diversity, equity, and inclusion in STEM; and (iii) prepare the STEM workforce for the future. The plan remarks that STEM-literate citizens are better equipped and prepared to participate in civil society and that United States will only fully benefit from the STEM reforms around the country once all American and especially those historically underserved and underrepresented in STEM fields and employment are included.




5. Conclusions

The descriptive analysis of the 675 abstracts included in the proceedings of the STEM in Education Conferences presented in this paper confirms the dominance of some topics over others in the field of STEM education as was already identified in previous reviews (Chomphuphra et al., 2019; Li, 2019; Li et al., 2020). Policy, curriculum, evaluation and assessment; K-12 teaching, teacher, and teacher education; and K-12 STEM learner, learning, and learning environment are dominant topics in the field while Postsecondary teaching, teacher, and teacher education and Postsecondary learner, learning, and learning environment are drastically less investigated by researchers in the field of STEM education. The presence of Australia, Canada, China, and the United States as the top contributing countries in the field of STEM education is also consistent with the literature, that shows these countries as major contributors to the field of science education and STEM education (Tsai and Lydia Wen, 2005; Chomphuphra et al., 2019). Also, Australia and China accounting for two of the top four contributing countries is consistent with Li et al. (2020), highlighting the growing activity of Asian countries in the field.

The results also indicate the dominance of some topics over others by the national origin of the researchers, shedding light on the different interests of STEM education research among the major contributors to the field. The top four contributing countries have shown a consistent interest in K-12 STEM learner, learning, and learning environments. The United States was the country that showed less variability in terms of percentage among the topics. Canada had by far a larger number of publications on Culture, gender, and social issues at the International STEM in Education Conference. Meanwhile, China had only 6% of all publications on the same topic. Australia stood out with more publications on the topics regarding policy, curriculum, and education reforms; K-12 teaching and learning; and industry. While the number of publications regarding postsecondary STEM education was low, as compared to other topics, Canada stood out for both postsecondary STEM learner, learning, and learning environments and postsecondary teacher and teaching in STEM. Despite the growing demand for STEM professionals in the labor market, overall, the analysis indicates low interest in investigating postsecondary STEM teaching and learning. Even though most publications originated from higher education institutions, the majority of them had K-12 STEM education as the focus of the study. This indicates the necessity of more STEM education research focused on teaching and learning in postsecondary environments.

While we believe the results presented in this paper might indicate some of the directions the field is taking, it is not the aim of this paper to generalize the results to all STEM conferences or even the field of STEM education research. This is a limitation of this study. Our analysis points to some trends among these countries, but more studies need to be conducted to investigate these and other STEM education trends. The field would benefit from additional studies investigating the types of research methods and theories used in the field as well as the most commonly used instructional methods in STEM education. Despite the limitations of analyzing conference proceedings in comparison to peer-reviewed academic journals, we suggest conference proceedings should be used as a source of data and its analysis as a tool to better understand emerging trends in the field of STEM education. It is a notable characteristic of the STEM education research that studies are published in a variety of journals across different domains. There is a necessity to identify scholarly work in STEM education and how the field has been changing and responding to the consolidation of STEM education research in academic journals as well as national policies. While recent reviews in the field have included a large selection of academic journals—usually limiting the scope of the review to papers that explicitly contain the STEM acronym—academic conferences in STEM education are specifically targeted to STEM education scholars, teachers, and students. Thus, they gather studies specifically focused on the field of STEM education. While the analysis of conference proceedings in STEM should not replace the analysis of trends in academic journals, it can add important insights when investigating hot topics and trends in STEM education and the growth and evolution of the field.
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