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Abstract

:

There are a growing number of education programs in science and STEM education with the aim of improving educational outcomes for Indigenous students who have long been underrepresented in current education systems. The aim of this study is to systematically review empirical research from 2011 to 2020 that reported programs to support Indigenous students in science and STEM education. A total of 24 studies were included in this review. These programs involved student participants from all K to 12 grade levels and occurred in both formal and informal contexts. Most of the programs employed multifaced approaches, and cultural relevance and scientific inquiry practice were the two main features of the programs. All the programs had reported positive outcomes in relation to Indigenous students’ science learning, understanding of their own cultures and traditions, and/or the complementarity of Western science and Indigenous knowledge.
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1. Introduction


Quality education for all students, and in particular improving the educational outcomes for Indigenous students, has been a focus in many countries such as the United States, Australia, and Canada [1,2,3,4,5]. Despite this, there continues to be disparities between Indigenous and non-Indigenous students, especially in STEM subject areas [2,4]. Because science and STEM education focus mostly Western science knowledge to the exclusion of other ways of knowing, Indigenous worldviews are usually undermined in Indigenous students’ science and STEM learning experiences, which has created tension between traditional Indigenous knowledge and school science [6]. When Indigenous students are forced to compromise their cultural identity, their science learning and development of scientific literacy are impeded. One possible way to provide Indigenous students with access to science learning without comprising their cultural identity is making science programs aligned with their traditional knowledge and everyday experiences [6]. With the aim to support educational success for Indigenous students, there are a growing number of educational programs that engage Indigenous children and youth in STEM education by integrating Indigenous knowledge with Western science to make the programs culturally responsive and relevant [7].



Recent reviews have examined how teachers’ professional development, pedagogical strategies, curriculum structure, and education policies impact Indigenous students’ learning experiences and academic performances [1,2,5,8,9,10], and suggest “the use of evidence-based research to develop, enact and evaluate future effort” to support Indigenous students [10] (p. 77). Following this recommendation and with the purpose of providing helpful information for future educational efforts, this systematic review was undertaken to research empirical practices and outcomes related to programs in science and broader STEM areas which aimed to support Indigenous students. In particular, this review sought to identify major practices and outcomes in these programs. The primary research question guiding this review was: In K to 12 science and STEM education, which program practices does the published literature suggest are linked with positive educational outcomes for Indigenous students? To address this question, this review identified intended program practices and outcomes reported in the published literature, which led to the identification of two supporting research questions: (1) In K to 12 science and STEM education, what efforts and practices have been implemented to support Indigenous students? And (2) what outcomes and associated findings have been reported in programs?




2. Methods


2.1. Systematic Review Design and Search Process


This review followed internationally recognized guidelines developed by a nonpartisan scientific body, PRISMA, which describes criteria for conducting and reporting systematic reviews [11]. To augment the PRISMA process and account for field-specific perspectives, I also incorporated techniques that social science researchers Cooper [12] and Gough et al. [13] recommended.



I used three sets of search terms in three academic databases: Academic Research Complete, Education Research Complete, and ERIC. The first set of terms identified studies focused on Indigenous students (i.e., Indigenous OR native OR aboriginal OR first nations) and the second set narrowed the scope to studies in the areas of science and STEM education (i.e., science education OR science teaching OR science learning OR STEM). These two sets of search terms were combined using the operator “AND”. The third set of search terms (i.e., university OR college OR higher education) was intended to narrow the scope to studies to the K to 12 levels by excluding studies at the post-secondary level. Thus, it was combined with the first two sets using the operator “NOT”. Other limiters were also applied to the initial search, including (1) published between 1 January 2011 and 31 December 2020; (2) peer-reviewed scholarly articles; and (3) written in English. After removing the duplicates, the initial search returned 404 total citation records.




2.2. Study Screening and Eligibility


A critical peer was invited to participate in the screening and assessment for eligibility for the purpose of peer-checking. To screen the 404 citation records, I, together with the critical peer, read each title and abstract to identify relevant studies based on the following inclusion criteria: (1) focused on Indigenous students; (2) reported practice and outcomes of educational programs; (3) focused on K to 12; (4) in science or STEM areas; (5) designed as empirical research or program evaluation; and (6) published in scholarly journals. Based on reviewing the titles and abstracts, 321 studies were excluded. Many of them involved learners at the post-secondary level, did not include outcomes or practice, and/or were not related to science or STEM learning. I then located the full-text versions for the remaining 83 citations. Next, the full text of these 83 articles was reviewed, focusing on eligibility for final inclusion in the review. Fifty-nine articles were excluded which did not meet the previously described first-round inclusion criteria. Upon completion of the full-text scan, 24 articles remained for inclusion in this systematic review. Figure 1 details the search and screening processes with the PRISMA Flow Diagram.




2.3. Data Analysis


The 24 studies were rigorously coded for analysis. To guide the data extraction, I developed a codebook that described the major coding categories of interest [14] (see Table 1). To avoid being limited by this predeveloped codebook, I used in vivo coding (i.e., extracting exact wording) when applicable [15]. This inductive technique helped capture unexpected data and led to the development of new codes [14,16]. By iteratively revising and rearranging codes, the codebook was modified based on emergent trends. For instance, in initial rounds of coding, I tried to assign codes to describe specific science subjects in which students’ learning activities happened, such as biology, earth science, and chemistry. In subsequent rounds, I noticed patterns related to whether the topics that students worked on were related to nature and the environment. Therefore, I revised the topic/subject category to note relevance to nature and environment.



To analyze the coding results, I adopted the mixed research synthesis review approach suggested by Ardoin and Bowers [14]. Specifically, where appropriate, I used ‘counting’ to aggregate the data. For instance, I coded and counted the code categories for regions, student grade level(s), research methods, etc. Those descriptive statistical analyses provided a general description of the trends in the research. To analyze data on features of practices and outcomes, I employed the constant comparison approach for thematic analyses [17]. Throughout the entire analysis process, the critical peer had also been involved for peer checking.





3. Results


Results in this section were organized and presented in terms of the main coding categories (see in Table 1). In what follows, I first describe results related to study and program characteristics, followed by features of the program practices and reported outcomes of the programs.



3.1. Study Characteristics


The 24 studies included in this review were published in 17 journals. Seven studies (29%) were published in three journals which had Indigenous and broad cultural focus (i.e., The Australian Journal of Indigenous Education, Australian Aboriginal Studies, and Cultural Studies of Science Education). Four studies (17%) were published in journals with the environment education focus (i.e., Applied Environmental Education and Communication and Journal of Geoscience Education). In terms of single journals, Cultural Studies of Science Education, The Australian Journal of Indigenous Education, and Journal of Geoscience Education had the most studies (i.e., 3 in each of them). Within the 10-year search period, eight (33%) studies in the reviewed samples were published in the first half of the time span (2011–2015) and 16 (67%) were published between 2016 and 2020.



In terms of geographic distribution, North America was the most heavily represented with 11 (46%) programs occurring in the United States and two studies (8%) in Canada. Australasia was heavily represented in the sample as well with five studies (21%) highlighting programs in Australia. The other six studies reported on programs in Asia (three studies, 13%), Africa (two studies, 8%), and South America (one study, 4%).



Of the 24 studies included in this review, 16 (67%) were coded as focused on qualitative data. These studies primarily employed interview and observation as methods to collect qualitative data on Indigenous students’ experiences. The other eight studies (33%) used a mixed methods approach to produce both qualitative and quantitative data. Survey and test results were the main sources for quantitative data in these studies. In terms of the research design, 23 studies (96%) were designed as case studies reporting the design, implementation, and outcomes of educational programs. Only one study (4%) used quasi-experimental design to evaluate the effectiveness of an intervention by comparing students’ performances in controlled and experimental groups. See Figure 2 for a summary of study characteristics.




3.2. Program Characteristics


Of the 24 studies included in this review, 11 studies (46%) were about programs in informal contexts (e.g., community centers and outdoor settings), 11 studies (46%) reported practice that occurred in a formal school context and during school time, and two studies (8%) reported programs that involved both formal and informal settings. See Figure 3 for a summary of program characteristics. Programs in different settings had different patterns in terms of characteristics, such as whether Indigenous knowledge holders were involved in program implementation, or whether the programs were recurrent (see Figure 3). Thus, in what follows, characteristics of programs in informal, formal, and both settings were described separately.



3.2.1. Programs in Informal Settings


Programs that occurred in informal settings usually had people from multiple groups involved in the program implementation, such as researchers in education, Indigenous knowledge holders, and/or staff from related institutions. Of these 11 programs, the majority (n = 9, 82%) had Indigenous knowledge holders, including elders, artists and/or storytellers from Indigenous communities, involved in the program design and implementation. For instance, in Barajas-López and Bang [18] and Kellogg et al. [19], Indigenous knowledge holders guided students outdoor fieldworks; people from Indigenous communities designed and led workshops on traditional cultural activities in Tzou et al. [20] and Eglash et al. [21]; in Barajas-López and Bang [18] and Pugh et al. [22], Indigenous knowledge holders communicated and connected with students via storytelling. In the other two programs (18%), Indigenous knowledge holders were not directly involved in implementation. One [23] emphasized that all mentors in the program (i.e., implementors of the program) had a long association with the Indigenous community where the student participants came from, and thus were familiar with students’ Indigenous culture. In the other program [24], instead of the program implementation, Indigenous knowledge holders were involved at the evaluation stage to assess the cultural merit of students’ work. (See Figure 3 for a summary of program characteristics.)



Among the 11 programs that occurred in informal settings, the majority (n=8, 73%) were programs recurring every year, such as Guzey et al. [25] and Pugh et al. [22], and three programs (27%) happened only once, such as Tzou et al. [20] and Eglash et al. [21]. As of the time the articles were written, seven yearly programs had been implemented for three to five years and one had been implemented for more than ten years. Of these 11 programs in informal contexts, nine occurred during the summertime as summer camps or summer programs with different lengths ranging from two days to two weeks. (The length was based on the available information found in the articles, although some articles only mentioned that the program was a summer camp without providing specific information about the length).



Students who participated in these informal programs ranged from six years of age to those in the twelfth grade. These programs usually had students from multiple grade levels learning together. The number of students being involved in each program varied from three to more than a hundred. With the exception of two programs in which students experienced Indigenous artwork and technology-supported diorama building and storytelling [20,21], all these informal programs provided students with topics that were related to nature and the environment, exploring local ecosystems, natural resources management, medicinal plants, and human health, etc. Examples include Guzey et al. [25], Ricci and Riggs [26], Cheeptham et al. [27], and Pugh et al. [22].




3.2.2. Practice in Formal School Settings


Of the 11 practices in a formal classroom context, around half (n = 5, 45%) were implemented solely by school science teachers. One was an Indigenous teacher’s action research in her own classroom. In this article, Shortland and Locke [28] reported that an Indigenous science teacher used creative narratives with her high school students as a way of developing their understanding of the human digestive system. The other four were implemented by non-Indigenous teachers such as Lee et al. [29]. Another five practices (45%, of 11) were implemented by science teachers in collaboration with Indigenous knowledge holders, such as elders and other members from Indigenous communities. Usually, in these programs, such as Rioux et al. [30,31], Sánchez Tapia et al. [6], teachers and these Indigenous knowledge holders worked together on integrating Indigenous knowledge into science curricula. In some cases, Indigenous knowledge holders also guided students’ culturally related activities, offered lectures on cultural traditions, and interacted with students via storytelling. It is noteworthy that, among these 10 studies in which schoolteachers were involved in the practice implementation either solely or in collaboration with Indigenous knowledge holders, only two of them explicitly stated that teachers were provided with professional support on culturally responsive pedagogy. Except for these practices that were implemented by teachers, there was one program which took place in schools yet was conducted by presenters from a not-for-profit organization. In the article [32], it was emphasized that all the presenters had backgrounds in science and had been trained in terms of how to interact with Indigenous students. This was the only program that was recurring every year and taking place in multiple schools at the same time.



Of the 11 practices in school settings, four (36%) were at elementary levels, and seven (64%) were in middle and high schools. Six studies (54%) involved only one grade, with students from one or two classes, three studies (27%) had student participants from multiple grades (e.g., grade 4 to 6), and two studies (18%) did not provide specific information. The number of students being involved in these classroom practices ranged from ten to more than a hundred. Compared with informal programs, practices in formal classrooms were relatively longer, ranging from a learning unit spanning several weeks to an academic year. Similar to the informal programs, during the formal classroom practices, students usually worked on nature- and environment-related topics. Only one study [33] was on classroom practice about an Indigenous traditional festival.




3.2.3. Programs Involving Both Formal and Informal Contexts


Of the 24 studies included in this review, two studies, Anthony-Stevens et al. [34] and Miller and Roehrig [35], reported hybrid programs that occurred in both formal school contexts (i.e., in-school activities) and out-of-school informal settings (i.e., field trip). Both these programs had Indigenous knowledge keepers participating in the implementation as mentors guiding students’ field trips. In one program, students experienced and reflected on a traditional outdoor game for 12 weeks [35]. The other program engaged students in exploring topics related to local ecosystems, such as watershed and solar energy, for an academic year [34]. Both programs happened every year and incorporated technologies to support students’ learning. In terms of the student participants, both programs had students from multiple grades from upper elementary to middle school levels.





3.3. Features of the Program Practice


Analysis of features of the practices mainly focused on what measures or interventions were implemented to support Indigenous students in K to 12 science and STEM education. Eight categories were identified which are explained below in Table 2. These coding categories were not exclusive; thus, a single study could have multiple codes as they were all applicable.



All but one of the programs have multiple features in terms of approaches they adopted. One quasi-experimental study [36] reported the impact of dialogical argumentation instructional strategy on Indigenous students’ science learning by comparing students’ performances in the experimental and controlled groups. This study was assigned only one code (i.e., dialogical/communicative focus). All of the other 23 studies had two or more codes as approaches in these programs were multifaceted. Figure 4 below shows the features of the programs reviewed in this study.



Two features, cultural relevance and scientific inquiry, were evident in the analysis. Of the 24 studies included in this review, 23 (96%) had Indigenous knowledge and/or ways of knowing integrated in students’ science or STEM learning, which made the programs culturally relevant to Indigenous students. In some cases, such as Pugh et al. [22] and Barajas-López and Bang [18], students learned and experienced Indigenous ways of knowing, including respect for the land, and reciprocal relationships with the environment and others. In other cases, student learning was embedded in the context of traditions and stories of Indigenous tribes, such as traditional festivals [33] and cultural activities [35]. There were also programs, such as Karagatzides et al. [23], that engaged students in investigation of issues faced by the local Indigenous communities (e.g., management of natural resources).



Two thirds of the programs (16 out of 24) emphasized scientific inquiry during the program implementation. In these programs, such as Guzey et al. [25], Cheeptham et al. [27], and Kellogg et al. [19], students were provided with opportunities to experience and practice the disciplinary norms and ways of knowing employed by scientists or engineers as they construct, evaluate, communicate, and reason with knowledge to explain, predict, and describe phenomena.



In addition to cultural relevance and scientific inquiry, there were some other features identified. Of the 24 programs, seven (29%) had a dialogical/communicative focus. In these programs, such as Ricci and Riggs [26], Karagatzides et al. [23], and Hackling et al. [32], emphasis were placed on students’ group work to facilitate students’ communication and collaboration with peers for the purpose of sense-making and problem-solving. 6 programs (25%) emphasized multimodal practice. In these programs, either the instructions and explanations were communicated multimodally to reduce the reliance on spoken words by incorporating gestural, visual, and audio elements [32], or students’ activities were multimodal as they experienced and interacted with multimodal representations, such as taking notes by writing, drawing, and taking photos while walking in outdoor environments to observe medicinal plants [21]. Five studies (21%) placed emphases on engaging Indigenous students in hands-on design and making. For instance, students in Tzou et al. [20] were encouraged to build dioramas with everyday common materials to tell stories of their Indigenous identities. In another program (Guzey et al. [25]), students designed and built devices to catch and store wind energy with the aim to solve the energy issues faced by their local community. Also, five studies (21%) focused on students’ literacy practice, such as teaching and engaging students in creative and narrative writing and storytelling [28], and assisting students in building and using science disciplinary vocabularies [32]. Involvement of technology was emphasized in four studies (17%). In these programs, students either used technology tools (e.g., Google Earth, GIS, design software programs, or coding applications) for their own projects [25,34] or participated in the program in an online learning environment [35]. Three studies (13%) were assigned with the code others because they had features which were not included in these aforementioned categories. These features were intergenerational collaboration [20], sociopolitical perspective [37], and relationship building with the mentors [34].




3.4. Reported Outcomes


All the 24 studies included in this review reported positive outcomes in terms of the influence of the designed programs on Indigenous students. Reviewing these outcomes identified eight categories, which are explained in detail in Table 3 below. The first five categories, conceptual learning in science, nature of science (NOS), interest in and attitudes towards science or STEM, postsecondary education and career options, identity as science learners, were science-related outcomes (category I as shown in Table 3); the following two, understandings of traditional Indigenous knowledge and interest and pride of Indigenous knowledge and culture, were about Indigenous knowledge and cultures (category II), and the last one was about connections and complementarity between science and Indigenous knowledge (category III). These coding categories were also not exclusive.



As shown below in Figure 5, of the 24 studies included in this review, 21 (88%) measured and reported outcomes related to Indigenous students’ relationship with science, including science learning, science-related careers, and attitudes toward science. 11 studies (46%) presented outcomes related to Indigenous students’ relationship with their own cultures and traditional knowledge, including understandings and pride of Indigenous knowledge and traditions. 6 studies (25%) reported outcomes around Indigenous students’ awareness and perceptions of the connections between Western science and Indigenous cultures.



3.4.1. Supporting Indigenous Students’ Science Learning


Many of the studies included in this review aimed to support Indigenous students’ learning and future careers in science and the broader STEM areas. In these studies, outcomes related to science were evaluated and reported, which mainly clustered around conceptual learning in science (n = 10, 42%) and science identity construction (n = 10, 42%) (see Figure 6). Some studies, such as Guzey et al. [25] and Kellogg et al. [19], reported improvements of Indigenous students’ conceptual learning in science, including development of scientific knowledge around topics such as ecosystems, energy, and plants, and procedural knowledge and skills of doing science, such as knowledge and skills of designing and performing scientific experiments by controlling variables. By improving Indigenous students’ confidence and self-efficacy of learning science and using science in their daily lives, programs such as Miller and Roehrig [35] and Dublin et al. [24] facilitated the construction of Indigenous students’ identities as ‘science learners’, ‘science users’ and ‘emerging scientists’ and expanded their agency in science and STEM. In these programs, indigenous students recognized their own and peers’ competences to do science, as well as the capitals they hold which can be accessed to support their science learning.



Five studies (21%) presented how the programs improved Indigenous students’ interests in science and fostered their positive attitudes towards science, such as Anthony-Stevens et al. [34] and Hackling et al. [32]. Four studies (17%) reported programs’ positive impact on Indigenous students’ preferences toward science or STEM careers and pursuing STEM in their future post-secondary education [27,38]. The nature of science (NOS) was also addressed in two studies (8%) [36,37]. Participating in these programs, Indigenous students realized the links between science and its social contexts, that is, the social embeddedness in science which is an important aspect of NOS [39].




3.4.2. Indigenous Students’ Understandings of and Attitudes towards Their Own Cultures and Traditions


Some programs reviewed in this study were designed and implemented with the goal of Indigenous resurgence and cultural flourishing. Five programs (21%), such as Tzou et al. [20], Eglash et al. [21], and Pugh et al. [22], supported Indigenous students’ understanding of their own cultures and traditions. Outdoor activities and cultural practice in these programs provided Indigenous students with opportunities to explore nature-culture relations and thus deepened their understandings of their own cultures. Six studies (25%), such as Lee et al. [29], Rioux et al. [30,31], and Chiang and Lee [33], reported that Indigenous students increased interest and pride in their heritage and culture knowledge. By interrelating with stories and traditional activities (e.g., festivals and ceremonies) in these programs, Indigenous youths strengthened connections to their communities, cultural inheritance, and Indigenous worldviews, and thus became prouder of their cultures and Indigenous personal identities.




3.4.3. Indigenous Students’ Appreciation of the Connection between Science and Indigenous Knowledge


Six studies (25%) reported that, by participating in these programs, Indigenous students realized the benefits of the co-existence between science and Indigenous ways of knowing. For instance, they shared that “they can live a cultural way of life and sill be scientists” [26] (p. 487). Indigenous students involved in these programs valued the Indigenous knowledge embedded science curriculum, were motivated to seek out both cultural stories and scientific information to broaden their knowledge, and enjoyed learning science from an Indigenous cultural perspective [25,26,40]. Based on the reported results, it is evident that students recognized and appreciated that these programs invited multiple perspectives, including scientific and Indigenous ways of knowing, to build a rich tapestry of understanding about natural phenomena.






4. Discussion


Indigenous students’ science and STEM learning experiences have received increasing attention. Thus, the number of relevant studies has gradually risen within last decade. This study systematically reviewed educational programs which aimed to support Indigenous students in science and STEM areas in the last ten years. These programs covered all the grade levels from elementary to high school and all had reported positive outcomes. In this section, I synthesize results of this review and discuss resulting trends and implications emerging from that synthesis, with the emphasis on relevance to researchers and practitioners who are working towards education equity for Indigenous students.



4.1. Formal and Informal Contexts


Programs reviewed in this study involved both informal and formal school contexts. Informal science and STEM education which allows for flexibility and creativity that is not always possible in a formal classroom setting has the potential to provide educational experiences that lead to further interest and enjoyment of science and a sense that science learning can be personally relevant [41]. Therefore, it is not surprising to find that around half of the programs reviewed in this study took place in informal contexts. This also echoes what was suggested in the literature—that there is a growing trend to design informal afterschool and summer programs that use traditional Indigenous knowledge to engage children and youth in science and STEM [7]. Formal education, especially formal mainstream science education, has been criticized for failing to incorporate multiple epistemologies and ways of knowing [7,42,43]. Nevertheless, around half of the studies (n = 11, 46%) included in this review reported positive outcomes of practices occurring in formal science classrooms. These findings suggest the possibilities and fruitfulness of formal schooling to supporting Indigenous students by integrating Indigenous knowledge into school science curricula.




4.2. Underrepresentation of Indigenous Teachers & Limited Support for Non-Indigenous Teachers


It is concerning to find that, of the 24 studies included in this review, very few were designed and/or implemented by Indigenous teachers. Despite researchers and Indigenous members having long argued that Indigenous teacher programs are critical to meet to need of Indigenous children and youth “who have experienced over a century of colonization, ethnocide, and linguicide perpetuated through the public schooling”, the underrepresentation of Indigenous teachers in education system is still obvious and thus requires attention [34] (p. 544). Moreover, among the studies reviewed in this study, few of them explicitly described non-Indigenous teachers had received professional support regarding culturally responsive pedagogy. (This is based on the information included in the articles. I acknowledge that it is possible that other programs also provided non-Indigenous teachers with professional support but did not describe this explicitly in the articles.) Schoolteachers have significant influential impact on Indigenous children’s learning [44]. Therefore, for the well-being of Indigenous students, it is necessary to provide their non-Indigenous teachers with opportunities to develop knowledge, skills, and perspectives that enable them to understand their students’ lives in context [45,46]. It is conjectured, based on results of this review, that non-Indigenous teachers still do not have sufficient support to prepare them for teaching Indigenous students. This echoes Ma Rhea, who have argued that it is one of the most “pressing issues” that few non-Indigenous teachers have had the opportunity to engage with sustained Indigenous studies to develop their pedagogical content knowledge [47] (p. 117).




4.3. Cultual Relevance and Scientific Inquiry: Main Feasures of the Programs


In science education, a strong emphasis has been placed on cultural assets and cultural context as important aspects of equity [48]. To support Indigenous students in science and STEM areas, scholars argue that educational efforts must value students’ cultural backgrounds and lived reality [49,50] and help them navigate between the culture of their everyday life and the culture and accepted practices of Western modern science [24,51]. Culturally responsive science education is suggested as an approach that supports Indigenous students in crossing boundaries between their Indigenous cultures, traditional knowledge, and Indigenous ways of knowing, and the practices and knowledge of science [24,51,52,53]. Results from this review echo this suggestion in the literature. Almost all the programs reviewed in this study had ‘cultural relevance’ as their main feature. Indigenous cultural aspects including traditional knowledge and ways of knowing were integrated in these programs. In the programs, students participated in traditional activities and ceremonies [33,35], experienced storytelling and creating their own stories [20,22], and explored issues that were faced by their communities [23,25]. Based on the outcomes reported in these studies, those culturally relevant practices helped connect students’ educational experiences to their own lived reality and cultural identities. Instead of putting Indigenous knowledge and Western science knowledge in opposition to one another, these culturally relevant programs extend knowledge systems and find value and new perspectives for teaching and learning from both [7]. In this way, students’ cultures are respected and valued as resources for learning. In addition, Indigenous people had broad involvement in these programs, which also helped make these programs culturally relevant to Indigenous students. This is consistent with the recommendation from Gillan et al. [10] that Indigenous people should be involved, especially in decision-making roles, to help shape and encourage support for initiatives to promote educational success for Indigenous learners.



Results of this study showed that inquiry-based science practice was widely used in these programs (16 out of 24) to engage Indigenous students, such as obtaining, evaluating, and communicating information or evidence, constructing scientific explanations and designing solutions, and developing and using models. Programs like these that focused on science inquiry reported positive outcomes. This is consistent with results from another review, in which Brown [8] identified several areas of complementarity between culturally responsive and inquiry-based science practices. These results from both this study and others in the literature have clear implications in the field that could advance Meyer and Crawfold’s [54] call to make inquiry-based science intentionally culturally responsive.




4.4. For Diversity of STEM and/or for Indigenous Resurgence


Programs reviewed in this study measured and reported different aspects of students’ developments. Three broad outcome categories were identified in this review: (1) outcomes related to Western science or STEM; (2) outcomes related to Indigenous knowledge and culture; and (3) outcomes related to the complementarity between Western science and Indigenous science. (Table 3 includes detailed explanations.) Some programs focused mainly on science- or STEM-related outcomes, such as development of scientific knowledge, increased interest in science and STEM, and enhanced identity of science learners. It is conjectured that the integration of Indigenous knowledge (e.g., Indigenous stories, examples, and contexts) in these programs is mainly to make Western science more relevant to Indigenous students and, thus, to attract more Indigenous students into STEM fields to increase the diversity of STEM areas. McKinley and her colleagues call this type of integration “bicultural science education” [55] (p. 583). Though this bicultural science education attempts to increase the self-esteem of Indigenous students by placing value on their cultures, it maintains the science programs’ Western framework as a basis for instruction and fails to establish an Indigenous framework for instruction. Therefore, it was criticized by many scholars [53,55]. Instead, Aikenhead [53] proposed a “cross-cultural” approach, one which “gave students access to Western science and technology without requiring them to adopt the worldview endemic to Western science, and without requiring them to change their own cultural identity” (p. 349). Programs which had outcomes falling in multiple categories (e.g., students developed their scientific knowledge as well as understandings of their own traditional cultures) are consistent with this approach. These programs have the potential to provide students who are interested in Western science with the foundation and encouragement for further study and career options in science and STEM areas. For other students, these programs help identify two cultures, the culture of their Indigenous community and the culture of Western science and STEM, and “help students feel at ease in both cultures and help students move back and forth between the two cultures” [53] (p. 349). In this way, these programs contribute to both the diversity of STEM and Indigenous resurgence.





5. Final Thoughts


Studies included in this review were limited to ones that were published in scholarly journals. There are many other programs which did not share their practices or outcomes by publishing scholarly articles [56]. Because unpublished reports or other grey literatures, such as theses, dissertations, and government and association reports, were excluded in this review, these programs were not included. I acknowledge this as a limitation of this review. Overwhelmingly, programs reviewed in this study reported positive outcomes. These positive outcomes warrant some caution in interpretation. It is conjectured that there is a bias in terms of studies reporting positive results, suggesting that an overrepresentation may occur as researchers are hesitant to publish negative or null findings. This study thus echoes past calls for publishing null and negative findings [14].
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Figure 1. PRISMA flow diagram. 
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Figure 2. Study characteristics of the reviewed studies. 
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Figure 3. Program characteristics of the reviewed studies. 
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Figure 4. Features of the program practice. 
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Figure 5. Outcomes reported in studies (broad categories). 
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Figure 6. Outcomes reported in studies. 
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Table 1. Article coding.
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Coding Category

	
Sub-Category

	
Examples of the Codes






	
Study characteristics

	
Publication outlet

	
Cultural Studies of Science Education, Journal of STEM Education, The Australian Journal of Indigenous Education




	
Publication year

	
2011, 2012, 2013




	
Region

	
North America, Asia, Africa




	
Research design

	
Case study of implementing a program or practice, Experiment design with controlled and experimental groups




	
Research method

	
Qualitative, Quantitative, Mixed methods




	
Program characteristics

	
Program context/setting

	
Formal school context, Informal context




	
Program implementer(s)

	
Classroom teachers; Indigenous knowledge holders, Researchers, Other




	
Recurrence

	
Yearly, Not recurring




	
Length of the program

	
2 weeks, 6 months, 1 semester, 1 academic year, 1 learning unit, no info




	
Number of students

	
26, 42, two classes, no info




	
Learning topics

	
Topics related to nature and/or environment, Other




	
Features of the educational practice (i.e., characteristics of the practice or intervention in the program)

	
Scientific inquiry, Design and making, Cultural relevance, Technology involvement, Dialogical/communicative focus, Multimodal practice, Literacy practice, Other




	
Outcomes of the program

	
Overall outcomes

	
Positive, Negative, Null




	
Outcomes reported

	
Conceptual learning in science, Nature of science (NOS), Interest in and attitudes towards science or STEM, Postsecondary education and career options, Identity as science learners, Understandings of traditional Indigenous knowledge, Interest and pride in Indigenous knowledge and cultures, Connection and complementarity between science and Indigenous knowledge
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Table 2. Features of the Program Practice.
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	Program Feature Category
	Explanation





	Scientific inquiry
	Engaging students in scientific inquiry using (Western) science methods for doing scientific investigation, such as formulating hypotheses and collecting data by designing and doing experiments



	Design and making
	Engaging students in hands-on design and making, such as building dioramas, models, and devices



	Cultural relevance
	Emphasizing Indigenous knowledge, Indigenous ways of knowing, connections to the local communities, etc.



	Technology involvement
	Providing students with opportunities to interact with digital technologies, such as using software for computer simulation, using GIS for geo-information collection and analysis, using online platforms for communication



	Dialogical/communicative focus
	Engaging students in collaborative group work with the dialogical or communicative focus, providing students with opportunities to communicate and discuss with peers



	Multimodal practice
	Either the instruction was communicated/implemented multimodally or by engaging students in multimodal practice



	Literacy practice
	Focus on literacy practice, such as (scientific) vocabulary building, narrative writing, creative writing, and students’ storytelling



	Others
	Others not included in the above categories
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Table 3. Outcomes reported in the studies.
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Outcome Category

	
Sub-Category

	
Explanation






	
I: Science-related Outcomes

	
Conceptual learning in science

	
Development of scientific knowledge and understandings, and development of procedural knowledge and skills of scientific inquiry




	
Nature of science (NOS)

	
Development of understandings of NOS




	
Interest in and attitudes towards science or STEM

	
Development of interests in and positive attitudes towards science and other STEM subjects




	
Postsecondary education and career options

	
Willingness to pursue a postsecondary education and/or a career in science or STEM areas




	
Identity as science learners

	
Construction of identity as science learners through such as building confidence in learning science




	
II: Indigenous culture-related Outcomes

	
Understandings of traditional Indigenous knowledge

	
Development of understandings of Indigenous knowledge and their own traditional cultures




	
Interest and pride in Indigenous knowledge and cultures

	
Interest in, pride of, and appreciation of their own traditional cultures




	
III: Outcomes related to the complementarity

	
Connection and complementarity between science and Indigenous knowledge

	
Awareness and appreciation of the connection and complementarity between the two knowledge systems: Western science knowledge and Indigenous knowledge
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