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Abstract

:

Intending to analyze structural relationships between measured variables and latent constructs, researchers tend to adopt structural equation modeling (SEM) through either “covariance-based SEM” (CB-SEM) or “variance-based SEM” (VB-SEM)/“partial least squares SEM” (PLS-SEM) by using numerous statistical applications. Nevertheless, the reviews on understanding the optimal choice of proprietary statistical software packages in SEM approaches are scarce despite its immense importance in sustaining education. Therefore, a systematic review would be obligated to scrutinize the empirical studies to fill this gap. By employing the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines, a total of 47 publications that met the inclusion criteria were obtained. To extract articles from August 2018 to 2022, Scopus, Web of Science (WoS), and The Education Resources Information Center (ERIC) databases were adopted. The findings imply that six types of proprietary statistical software packages emerged as an optimal choice: Lisrel, Amos, Mplus, SmartPLS, R package (plspm), and WarpPLS. Despite the widespread usage of a variety of statistical applications, SmartPLS and AMOS were rigorously utilized in VB-SEM/PLS-SEM and CB-SEM, respectively. This review is important for practitioners to discover which statistical tools are relevant to use and to identify gaps in order to sustain mathematics education for the future.
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1. Introduction


Sustainable Development Goals (SDGs) are relevant in multiple industries; however, there is no disputing that the education sector is as significant as other industries [1]. The fourth United Nations Sustainable Development Goal (SDG4) emphasized the importance of high-quality education to support the sector’s sustainability as it prepares for the year 2030 [2,3]. To accomplish that aim, research regarding structural equation modeling, or SEM for short, has gained greater traction in mathematics education. As the latest method for multivariate data analysis [4,5], SEM was pioneered by Sewall Wright in 1934. The analysis method was developed as an alternative to regression modeling through the Ordinary Least Square (OLS) method [6,7]. Since this method was found to be able to overcome the limitations found in the regression modeling analysis, it is often referred to as the Second-Generation multivariate analysis method [6,7,8] in the mathematical landscape.



Despite analyzing structural relationships among constructs and indicators, SEM permits researchers to simultaneously model and estimate complex relationships among multiple dependent and independent variables. In the mathematical area, prior researchers used SEM as their preference over the traditional multivariate method. This is because SEM provides explicit evaluation of measurement error, estimates the latent variables via observed/manifest variable, and is capable of model testing, in which a structure may be imposed and the data’s fit can be verified. In addition, most multivariate approaches, by not explicitly modeling measurement error, accidently disregard it, whereas the SEM model estimates these error variance parameters for both exogenous and endogenous variables. Another reason why previous mathematics scholars preferred SEM is that it offers the estimation of latent variables from observed variables such that the creation of composites considers measurement error. Eventually, completely developed models can be tested against data using SEM as a conceptual or theoretical framework or mathematical model, and their fit to the sample data can be evaluated. Researchers generally draw on two appropriate statistical methods to estimate SEM—CB-SEM or VB-SEM/PLS-SEM [4,8,9,10,11,12]. Looking across the literature, PLS-SEM is also referred to as PLS path modeling (PLS-PM) [13,14]. The study in [15] noted that researchers must be aware of the variations in order to implement the appropriate methodology, since each estimation is ideal for a different research circumstance. Neither method is generally preferable over the other, and neither is acceptable in every context [16] of mathematics.



This is because CB-SEM in mathematics research, in fact, is generally employed to confirm (or reject) theories and the underlying hypotheses. It tends to confirm or reject hypotheses by evaluating how closely a suggested theoretical model can replicate the covariance matrix for an observed sample dataset [8]. On the contrary, PLS has been established as a “causal-predictive” approach to SEM, which focuses on explaining the variance in the models’ dependent variables [17]. In short, CB-SEM is the prominent method for testing more established theories, while VB-SEM/PLS-SEM is a more applicable strategy that permits exploratory research in causal research, especially building and predicting new theory [11,18]. Consequently, the choice between both SEM approaches is highly considered around the globe due to the need for this methodology in sustainable mathematics education. As a result, SEM statistical software packages are expanding quickly to serve in this matter. This is because the SEM tool and its method are closely associated and have an impact on the outcomes and the analysis carried out [19,20] by mathematics scholars.



Current literature has underlined the statistical applications, such as EQS [6,7,9,21,22], Amos [4,6,7,9,21,22,23,24,25], Lisrel [4,6,7,9,21,22,25], Stata (Builder, Sem, Gsem) [9,22], STAT PROC CALIS (SAS) [6,7,9,22], Statistica (Sepath) [9,22], Simplis [6,7], Systat (Ramona) [22], ῼnyx [9,22], Prelis, and a number of R-based packages (Lavaan, Sem, OpenMx, Lava, and Systemfit) [9,22]. These are most widely used for mathematical research applying CB-SEM studies. While users who prefer open-source environments may discover the R packages appealing, there are also other commercial software packages in CB-SEM that are rapidly evolving, particularly Mplus [4,6,7,9,22,25,26]. VB-SEM/PLS-SEM, the second approach, concentrates on the analysis of variance and can be performed by applying PLS-Graph [25], SmartPLS [4,9,25,27], WarpPLS [9,25,28], Adonco [25,29], Xlstat [25], Stata [4], SAS, LVPLS, and VisualPLS. Research has brought forward several packages for the R environment such as SEMinR [25,30,31], cSEM [9,25,30,32], semPLS [33], plspm [34], and Matrixpls, the use of which has recently become more ubiquitous. It can also be carried out using the PLS module in the “R” statistical software package.



Since statistical applications have been established as a significant predictor of SEM outcomes, extensive mathematics research has been executed to elevate the SEM statistical software package features and to identify the nature and elements of it. Aligned with increasing mathematics research on SEM statistical software packages, limited literature reviews were conducted to synthesize prior studies from different circumstances. The studies included a review and comparative study on software packages for SEM [21], a review of eight software packages for SEM [35], and a review of PLS-SEM statistical programs [25]. The process of synthesis is lacking in the articles; for instance, most systematic reviews did not mention the databases that were used to retrieve the articles, which led to unreliable results. To counter these limitations, it has been recommended to use Scopus and WoS databases, as they are well known for being the complete data sources for many applications and bibliometric analysis [36]. In addition, ERIC is another choice as it offers mathematics academic scholars, educators, academicians, or the general public with a comprehensive, rich, searchable, user-friendly, internet-based bibliographic and full-text database of mathematics education research and information. Generally, those sources used high-quality systematic reviews, meta-analyses, meta-synthesis, and bibliometric studies in the context of mathematics.



Furthermore, it has been noticed that the PRISMA guidelines are not promoted in those studies, resulting in misinterpretation and inadvertent bias [37]. While these studies were carried out prior to this review and informed the direction for future studies through basic guidelines, they could not provide overall current research trends on the optimal choice of CB-SEM and VB-SEM/PLS-SEM statistical applications through comparing perspectives via a single review article in the field of mathematics, thereby leaving insufficient systematic reviews as a source of reference for the mathematics researchers. Apart from systematic reviews, previous empirical studies looked at numerous SEM statistical applications from various angles [30,38,39,40,41,42]. Those studies highlighted various SEM statistical applications used for analysis of SEM. However, given that there are not many mathematics researchers that systematically reviewed the current research patterns on the optimal choice of statistical applications in mathematics education, those studies are still inadequate.



In a case where the existing review lacks a solid synthesis in the mathematical context, a systematic review might be a useful technique [43]. This is because it gathers pertinent data about a specific subject that met the pre-established eligibility requirements and provided an accurate solution to the research questions that had been posed [44]. Therefore, a systematic review of previous mathematics research is essential to identify the current research trends by examining the optimal choices of proprietary statistical software packages in SEM approaches, respectively, for sustainable mathematics education. By detecting these gaps, this study attempts to conduct a systematic review to evaluate the latest research trends in mathematics education with the following research question:



	
RQ: What are the optimal choices of proprietary statistical software packages in SEM approaches for sustainable mathematics education?






With this purpose in mind, we started to compile the scholarly articles that used SEM statistical applications within the mathematical area. To do so, the method of systematic review was employed, targeting main articles published in Scopus, WoS, and ERIC. Since systematic literature reviews (SLRs) are deemed to be highly transparent and are seen as a rigorous search procedure, identifying the protocol or the guidelines before carrying out the review process is crucial. As such, the authors adopted the PRISMA guidelines involving four robust steps: identification, screening, eligibility, and inclusion. Every step was performed correctly, such as the keywords and the selection of articles, which are described in detail. Beginning with the identification steps, the authors identified 396 publications in total, of which the sample was reduced to 47 papers over the next three phases. This review took up the challenges to contribute to the existing body of knowledge by conducting an SLR on the optimal choice of SEM tools in mathematics research. Based on these ideas, this study aims to accommodate the gap by careful review of the past studies to acquire a better knowledge of the optimal choice of SEM tools in the context of mathematics learning.



In this regard, a few contributions were configured. First, this review serves as a guide for mathematics users to comprehend the distinctive features of each SEM statistical application and make informed decisions on the most appropriate application for future mathematics research. In addition, it may aid the upcoming mathematics researchers and educators in planning future studies by assisting them in understanding research patterns in this field. This is in line with [45], who emphasized that publishing trends are a crucial signal for identifying a field’s development. Furthermore, the stakeholders, non-government, and government parties, such as mathematics educators and experts or curriculum developers, can now understand the necessities of arranging the forum or seminar with hands-on activity dealing with SEM statistical tools, instead of conducting SEM methodological class virtually for upcoming mathematics scholars. On top of that, this study provides specific areas that should be the target of future mathematics researchers and beginners. The basic structure of this paper follows these phases: introduction, methods, results, discussion, and conclusion.




2. Methodology


An overview of the research methods used in the current study will be provided in this section. Five main sub-sections—PRISMA, resources, inclusion and exclusion criteria, systematic review process, and data abstraction and analysis—will be discussed comprehensively.



2.1. The Review Protocol (PRISMA)


PRISMA is a peer-reviewed standard approach that employs a checklist of recommendations to ensure the consistency and quality of the revision process [46]. PRISMA suits SLR in the social sciences with three main tangible benefits [47]. First, it is able to define clear research questions that permit systematic research. Second, it can identify inclusion and exclusion criteria. Lastly, PRISMA can examine a large database of scientific literature in a defined time. Since this approach is deemed suitable to identify the relevant statistical applications used in SEM approaches in mathematics coherently, it was adopted in this review. In order to produce a well-organized and transparent systematic review, a few phases of identification, screening, eligibility, and exclusion were carried out [48,49].




2.2. Resources


Acknowledged as premier journal databases amongst bibliographic databases [50] and for being the most comprehensive data sources for numerous applications and bibliometric analysis [36], Scopus and WoS were applied as the primary databases. As for journal coverage, both complemented each other in terms of impact, prestige, and influence [51]. WoS was the first comprehensive international bibliographic database. As a result, it evolved into the most significant source of bibliographic data for tasks like journal selection, research evaluation, bibliometric analysis, and others over time [52]. The WoS Core Collection comprises about 74.8 million academic data and datasets, 1.5 billion referenced references (going back to 1900), and 254 topic disciplines, according to the most recent figures from 2020 [36].



Nevertheless, Scopus has proven to be reliable and, in some ways, even better than WoS, earning its place as a comprehensive bibliographic data source [53]. The authors of [54] added it is an international database of peer-reviewed publications from all over the world. Scopus has updated its content coverage guide, which now lists 206,000 books from more than 5000 international publishers, about 120,000 conferences, and 23,452 current journal titles [36]. Because it is primarily a resource for education-related texts (80%) with the largest index of articles, Eric was included as a supporting database to determine more empirical research regarding SEM in the mathematics field. Over 250 journals are currently available in ERIC, and they were chosen for inclusion in the database based on certain standards. The database search cannot be limited to a single database [43]. Thus, employing these three databases is deemed sufficient.




2.3. Systematic Review Process


As it is less stringent [55] with a reliable, reproducible, and methodical approach, extensive applications, and explicit execution [56], SLR is known as the most reputable research method. It acts as a replicable methodology for finding, evaluating, and synthesizing information with a high level of objectivity [43]. The study in [57] emphasized that when conducting systematic reviews, adherence to a pre-established and explicitly stated protocol is crucial. Due to this, this SLR consolidates four phases as per the PRISMA 2020 guidelines as recommended by [58], reflected in Figure 1.



2.3.1. Identification


Identification is the first phase of applying several procedures to enrich major keywords so that articles from the database may be retrieved as widely as feasible. By the time of the protocol, reviewers should have determined the keywords that dictate which documents are obtained [59]. Consultations with experts might help find more keywords [43]. Since one author in this systematic review is an expert in the field, a discussion was held. A cross-reading of a few articles served to identify missing keywords for the search strings [43]. On top of that, to improve the quality of the main keywords, a list of synonyms and similar terms was garnered using the electronic dictionary Thesaurus and Oxford Lexico, dictionaries, and encyclopedia, resulting in 23 keywords.



An advanced search was employed in this review to enable extensive search queries employing field codes, Boolean, and proximity operators to limit the search. Thus, Boolean AND OR were used to broaden the scope of the search as recommended by [60]. Employing informatics phrase searching, wild cards, truncation, and mixed Boolean operators, Table 1 displays the search terms for Scopus. The identical search term was then entered utilizing the title search (TS) feature into the WoS database. However, the search term varied for ERIC due to its different features. A systematic search of “Structural equation modeling” OR “SEM” AND “Mathematics” OR “Mathematics education” was used for ERIC. The specified databases produced a total of 396 possible articles (Scopus, N = 172, WoS, N = 69 & ERIC, N = 155).




2.3.2. Screening


The process of including or excluding articles generated by databases is known as screening in the second phase. The inclusion and exclusion of studies determines the scope and validity of systematic review results [61] in order to find suitable documents [62]. Thus, multiple sets of inclusion and exclusion criteria were applied. Practically, the review must always be constrained to studies relevant to the research question [63]. Since this review attempted to gain more data on empirical documents, the journal articles that used empirical evidence were chosen. This action was the first criterion. On the contrary, systematic reviews, non-empirical articles, book series, chapters in books, and conference proceedings were excluded because they were deemed as unnecessary articles [48]. The study in [64] mentioned that conference proceedings and book chapters are less comprehensive. Second, concentrating on English-language journal articles made it possible to avoid the prospect of difficult or ambiguous translations [65] and reduce misunderstandings.



Before reviewing the articles, writers should ascertain the time period covered by the articles [66]. Thus, for the third inclusion, authors set the time range. Although a short time span could significantly reduce the number of research articles that are eligible [61], authors considered articles published within the last five years. The criterion was set because years from 2017 to 1990 produced less than ten articles each year for Scopus and Wos, respectively. This proved that many articles pertaining to SEM statistical tools in mathematics were published in numbers reaching over ten each year after 2017. The review’s scope may be restricted to a few high-quality journals or only include publications in a particular field of study [67]. Therefore, articles that were distributed globally in mathematics education/subject/discipline/literacy/Teaching and Learning (TnL) were concentrated in the final part of the inclusion and exclusion procedure. At the completion of the review procedure, 175 articles were discovered after the exclusion of 208 articles that were unrelated to the criteria/topic and 13 duplicate articles, as shown in Figure 1. Table 2 featured the summary of the included and excluded criteria.




2.3.3. Eligibility


The third step is eligibility. A total of 175 articles were verified to see if they fulfilled the requirements for inclusion and were compatible with the objectives of the current research. This was achieved by reading through the titles, abstracts, methods, results, and discussions. Only 47 potential publications were ready for further analysis after the elimination of 128 papers. Those 128 articles were not in the mathematics context, although they elaborated upon SEM statistical applications. This was also applied for Science, Technology, Engineering, and Mathematics (STEM), since it was referred to as multidisciplinary [68,69] and was not focused on just the field of mathematics, although the use of publications from other disciplines [43] leads to a broad view and provides the foundation to synthesize the research field from different perspectives [70]. Surprisingly, six studies were eligible in the targeted field; however, methodological flaws existed, as they never mentioned the SEM statistical applications [71,72,73,74,75,76]. Since those studies were deemed as useful for this systematic review, authors contacted the authors via email. By prompt reply from them, those studies were included.




2.3.4. Inclusion Criteria


The articles were retained and met the criteria for analysis during the final phase, known as the inclusion criteria. The 47 articles for this systematic review revolved around SEM statistical applications in mathematics education. Previous literature underscored that the number of articles to be included in SLRs is never more than 50 [77]. Thus, 47 articles are deemed sufficient to carry out a systematic review in line with the statement. The availability of adequate literature on the issue to support a synthesis serves as the foundation for writing an SLR [78]. Thus, it was believed that those 47 articles are sufficient to produce a holistic finding.





2.4. Data Abstraction and Analysis


Those 47 articles were evaluated, reviewed, and analyzed; the results are explained in depth in this report.





3. Results


3.1. General Findings


3.1.1. Distribution of Publications Based on Countries


Figure 2 displays the distribution of articles by country. Only the nation of the primary author can receive the maximum score of 1 for each publication. By producing 27.7% or 13 articles, Malaysia was identified as a prominent country that embraced the trend of SEM applications in mathematics education, followed by Indonesia (N = 8 and 17.0%), West Africa (N = 5 and 10.6%), and East Africa (N = 3 and 6.4%). There are three countries with two papers on SEM statistical applications: (Cyprus) Southeast Europe, Spain, and USA. United Arab Emirates, Turkey, Philippines, Taiwan, South Korea, Australia, India, Southeast and Central Finland, Israel, South Africa, Switzerland, and China, the other 12 remaining countries, published one paper each. It was discovered that the top seven nations contributed about 66.0% of all relevant publications related to the target field over the previous five years.




3.1.2. Distribution of Publications Based on Years


Based on the results from Figure 2, the authors have demonstrated the growth of SEM tool publications in the period from June 2018 to June 2022 via Figure 3. Although there have been fluctuations in the number of papers issued, the findings revealed that the interest in the area has been stable from 2018 to 2020, with eight papers written each year. At the peak of targeted research publications in 2021, Indonesia (N = 5) had more papers published than Malaysia (N = 3), Spain (N= 2), West Africa (N = 1), (Cyprus) Southeast Europe (N = 1), USA (N = 1), and Australia (N = 1). This year contributed 31.9% to the field. The number of reviewed articles increased and declined by 53.3% in the last three consecutive years (2020, 2021, 2022).




3.1.3. Distribution of Publications Based on Research Design


The relationship/correlations shown by SEM correspond to the researchers’ hypotheses. Thus, the SEM approach entails correlational or causal assumptions together with quantitative data in the model [6,7]. Parallel to the above statements, the findings of the study underscored that almost all researchers (N = 45 and 95.7%) employed quantitative design in their study, followed by qualitative (N = 0 and 0%) and mixed method (N = 2 and 4.3%). The trends in quantitative methods appear to be applied consistently throughout the last five years, even though the number of papers in this field has fluctuated, as shown in Figure 4. Years 2019 and 2021 are the only two years focused on mixed method. This shows more studies should utilize this technique in the upcoming year. However, there are no studies undertaken that use a qualitative research method.




3.1.4. Distribution of Publications Based on Samples


The distribution of papers by sample is shown in Figure 5. Articles that prioritize the students from secondary/middle/high school (N = 16) are commonly found, followed by students/undergraduate students from university (N = 15), mathematics teachers from secondary/middle/high school (N = 9), students from primary/elementary school (N = 7), prospective/pre-service/graduate mathematics teachers from university (N = 3), mathematics teachers from primary/elementary school (N = 2), principal (N = 2), and parents (N = 1). Samples from students were high (N = 28) compared to others. All eight categories of samples were fully discussed in 2019, but not in other years. Other samples might appear, such as learners, educators, pre-school students, pre-school mathematics teachers, novice/in-service mathematics teachers, lectures, professors, doctors, and so on, but this review solely covered empirical articles from 2018 to 2022.





3.2. Main Findings


Proper SEM statistical applications are considered vital for good SEM results. This notwithstanding, SEM statistical applications in mathematics are a cause for concern. The question “Which statistical application should I use for my data analysis in SEM?” is commonly asked by numerous scholars [25]. There are no trends that attempt to steer clear of direct answers to such inquiries; instead, recommendations are made that readers read papers with proper direction. By implementing the proper SEM statistical applications in SEM approaches in mathematics education, these issues could be resolved. Thus, we feel a little pressured and motivated by the requirement to offer a thorough evaluation of these applications by a systematic review in order to comply with requests, as well as to close the gap.



The study in [79] highlighted that systematic reviews are inspiring, valuable, and essential for identifying the precedence of future research and the range of human knowledge in order to reach an appropriate and authoritative conclusion. Thus, it is believed that the findings of this systematic review can aid researchers in better comprehending and choosing appropriate statistical analysis tools in the field of mathematics. Therefore, for the thematic analysis, 47 articles were reviewed over two themes, namely CB-SEM and VB-SEM/PLS-SEM statistical applications, to overcome the issues undertaken in mathematics education. The studies included are displayed in Table 3. A total of six sub-themes were found based on the two themes reviewed in this systematic review. The following sub-topics provide an overview for each of the themes and their sub-themes.



According to Table 3, the authors offer a systematic review to explore the optimal choice of SEM statistical software packages for sustainable mathematics education. The authors used the PRISMA protocol for the systematic review, which has four phases. Starting with the identification phase in three databases (Scopus, WoS, and ERIC), the authors identified 396 studies in total, from which the sample was reduced over the next three phases to a total of 47 articles. Based on the author’s findings, there are six software packages that emerged: Lisrel (N = 4), Amos (N = 11), Mplus (N = 7), SmartPLS (N = 23), the R package (plspm) (N = 1), and WarpPLS (N = 2). Nevertheless, the findings led to the identification that two packages, namely SmartPLS (VB-SEM/PLS-SEM) and Amos (CB-SEM), have been highly considered by researchers in mathematics education.



3.2.1. CB-SEM Statistical Applications


The CB-SEM statistical software applications in this systematic review were classified into three categories—Lisrel, Amos, and Mplus. For an appropriate categorization of statistical software package implementation in the context of mathematics fields based on the literature review, these subgroups were designed. Table 4 depicts the different types of categorizations together with the associated articles (N = 22) that were employed in this study. As displayed in Table 4, four articles were connected to the implementation of Lisrel in the field of mathematics. Results from Lisrel v.9.20 highlighted the significance of the attitudes and behavior of teachers, parents, and students in TIMSS scores [84]. Using Lisrel v.8.80, the factors that affect the difficulty of students learning mathematics (campus environment, family environment, community environment, and seating) significantly affected the students’ self [90]. The data analyses in [99] used descriptive statistics, confirmatory factor analysis (CFA), and SEM. Furthermore, findings illustrated that the levels of all aspects of students’ mathematics anxieties (N = 109) in online mathematics learning were at the medium level. The authors included further outcomes that showed that other than physiological and behavioral, two anxiety aspects—affective and cognitive—affected mathematics learning achievement. As such, ref. [111] noted a positive correlation between blended professional training on mathematics teachers’ creativity and their teaching effectiveness through the Lisrel program.



On top of that, also included in this review were 11 studies that demonstrated Amos as another type of proprietary statistical software package used in mathematics (Table 4). The SEM was run in Amos (v.23) to test the various hypotheses in the first four studies [80,81,82,83]. Yarhands Dissou Arthur, being a main author for these studies, emphasized that the results of the studies were positive. For instance, school-related factors and ICT training significantly enhanced the perceived ease of use and perceived usefulness of ICT by mathematics teachers [80]. Among senior high school students (N= 321) in Ghana, peer tutoring, teaching quality, and motivation had significant positive effects on mathematics achievement [83]. The path analysis by using Amos in another study exhibits that the mediating role of student learning interest partially mediated the relationships between learning motivation and mathematics performance, as well as between teaching quality and mathematics performance [82]. In [81], the additional variables, among which was airline, however, show that there is no significant effect on mathematics achievement. On the contrary, the effect of peer-assisted mathematics learning on mathematics performance was fully mediated by students’ learning interest. The Amos version 23, continued by [117] with findings, shows that learning intentions, success criteria, and peer assessments are significant predictors of teachers’ evaluating skills.



In [91], the CFA method by AMOS (v.18) software verified that the questionnaire of achievement goal was appropriate for the context of Indonesian students. The authors also mentioned that 538 Indonesian students adopted other avoidance and self-approach goals in order to determine the nature of achievement goals in mathematics education programs. Likewise, refs. [92,93] handled AMOS (v.18). A study from [92] demonstrates that while task and self-approach had a significant and positive impact on mathematical modeling competency, task avoidance goals had a significant and detrimental impact. Furthermore, the findings depicted that metacognition and mathematical modeling had a direct correlation that was statistically significant [93]. Additionally, the authors argued that the interrelationships between mathematical modeling competency and metacognitive strategies are considerably moderated by academic year level, which acts as a partial moderator. By utilizing the other version of Amos, which is v.22, the results from [109] reflect how TAM constructs significantly influence the acceptance of e-books among mathematics and statistics students at universities. A discussion in [119] was related to the interrelationships between these factors and the learning effects on advanced mathematics. The result of the study revealed that the affective support of teachers is positively correlated with students’ learning cognition and learning self-efficacy. These data were analyzed using software AMOS (v.19). Although the author used an old version of Amos, version 7.0, the outcome was stable by illustrating that effective teaching strategies and student achievement are positively and significantly impacted by principal evaluation [97].



Mplus is the other type of statistical software that is considered in this review apart from Lisrel and Amos. Most of the studies revealed a positive finding regarding the integration of the Mplus tool in SEM analysis. For instance, there is a significant connection between students’ cognitive appraisals with enjoyment and mathematics anxiety [106], and punishment sensitivity with psychological strain (motivational appraisals and task achievement) [107]. Moreover, in fourth grade, students who participate in more early numeracy activities at home are more likely to perform well in mathematics [94]. Next, authors ran an SEM mediation path analysis using MPlus software [100]. Based on this review, the output from Mplus indicated significant direct and indirect effects for all pathways (math attitude, math pre-test, math digital game use, helping affordance perception, hindering affordance perception, post-test performance) for all 187 children. In [112], the cross-lagged models were computed using Mplus v.7.3 to test the reciprocal effects between self-determined motivation (intrinsic and identified motivation) and negative emotions (anxiety, anger, and boredom) in mathematics. The authors claimed that regarding the influence of students’ emotions on their motivation, the relationship had a consistent direction for all emotions. Furthermore, the results from Mplus v.7.02 emphasized the value of parental interactions and the necessity of putting into action effective strategies for fostering parental interactions [108]. According to survey data analyzed using SEM by Mplus v.7.31, students’ perceptions of the effectiveness of teachers’ feedback delivery and perceived scaffolding positively predicted students’ use of feedback, whereas perceived monitoring adversely predicted the use of feedback [98].




3.2.2. VB-SEM/PLS-SEM Statistical Applications


The authors of 26 articles were quite enthusiastic regarding VB-SEM/PLS-SEM statistical software applications, as seen by the fact that most of them embraced it in their articles. The articles that addressed VB-SEM/PLS-SEM statistical applications in the context of mathematics are presented in Table 5. Findings indicate that most authors discussed the smartPLS as an analysis tool for SEM analysis. Based on the data gathered from the sample, each study (N = 23) using SmartPLS showed a significant and positive relationship between endogenous and exogenous variables, as illustrated in Table 6. Another type of VB-SEM/PLS-SEM statistical software application is plspm from R packages. The authors in [107] proved from their studies that the integration of the R package (plspm) in the mathematics classroom showed a significant relationship between eighth graders’ temperamental reward and punishment sensitivities and their motivational appraisals (interest, strain, effort). As illustrated in Table 5, two articles mentioned the choice of WarpPLS, especially versions 5.0 and 6.0, to analyze SEM in their studies. These two articles [86,120] have similar findings whereby the implementation of WarpPLS in mathematics education provides benefits to the research findings of SEM. For example, the individual institutional leadership model had a significant and favorable impact on scientific output [86]. The findings from [120] revealed that because teachers offer greater possibilities for content engagement, in-class computer use was indirectly related to mathematical achievement.






4. Discussion


The review’s main findings betokened the various types of proprietary statistical software packages used in analysis of CB-SEM and VB-SEM/PLS-SEM in the field of mathematics. Ultimately, the results led to the identification of numerous statistical applications: Lisrel, Amos, Mplus, SmartPLS, R package (plspm), and WarpPLS. This notwithstanding, the results of this review revealed that, when compared to the other five statistical applications, smartPLS was the most extensively used in the domain of mathematics. This demonstrates that smartPLS is increasingly commonly employed to solve the SEM analysis that mathematics researchers encountered, especially in VB-SEM/PLS-SEM. Findings indicated that 23 studies showed a significant positive correlation among the variables employed. Through a sophisticated reporting feature, a user-friendly interface, advanced reporting capabilities, and availability at no cost to academics and researchers, the software has gained popularity in mathematics. Being a freely available and graphical user interface software, it was designed in a contemporary Java-based programming environment [25]. Following the 2003 launch of the initial online version, SmartPLS 2 was released in 2005. The program was updated and extended in 2015 [27]. The software has been developed to be very applicable and user-friendly to assist experts and beginners in creating scientifically sound and state-of-the-art VB-SEM/PLS-SEM analyses [121].



To enhance modeling and analysis capabilities, regular upgrades and additions are offered. Current versions of Apple and Microsoft operating systems are also compatible with the application. In addition, many analytical functions were automated in the subsequent iteration of SmartPLS, and PLS-SEM applications in journals expanded substantially [4]. Since it is known as a scientifically grounded software, it strives to provide complete transparency on how results are computed mathematically in order to ensure the repeatability of outcomes. Results from SmartPLS are presented in neatly organized tables and, in certain cases, in illuminating results graphics [122,123]. Additionally, users can save the outcomes or reports in Excel, HTML, and R formats for subsequent use or collaboration with others [25]. If there are subgroups spanning the entire theoretical model simultaneously, the SmartPLS software has numerous methods for finding them. These methods belong to the broad category of models known as latent class methods [4]. Although smartPLS was identified as the most prevalent statistical application in the mathematical perspective, other types of proprietary statistical software packages play an important part in SEM analysis, and their contributions cannot be discounted. For instance, becoming a growing trend in mathematics next to SmartPLS, Analysis of Moment Structures, or Amos for short, revealed a significant and favorable impact on the variables that were examined in 11 studies. Amos is known by another name: IBM SPSS AMOS. This software (Amos Development Corporation, 1983–2013) is for Windows computers. The authors in [22] emphasized that Amos is composed of two primary components: Amos Graphics and a separate Program Editor for working with Amos syntax. Having a fantastic graphical user interface, Amos can be quickly accessible and has an organized output format. It incorporates special features, such as a search for specifications in the absence of theory, diverse bootstrapping options, and a restricted application of Bayesian estimation. A highly intriguing feature of AMOS has been created within the Microsoft Windows interface, enabling mathematics researchers to either directly write the equation statements via AMOS graphics, or to specify the model by drawing a path diagram illustrating the relationships between variables.



However, since AMOS graphics offer all the tools that will ever be required for developing and dealing with SEM path diagrams, researchers will always choose to leverage it to easily detect relationships between the variables [21]. This software is most suitable and practical to use for post-graduates because they can convert the research framework into IBM-SPSS-AMOS graphics for analysis [6,7]. In addition to being a module in SPSS, AMOS is one of the first SEM tools that largely relies on a graphical interface for all functions, so researchers never have to use syntactic commands or computer code [4]. Through AMOS software, mathematics researchers can test the validity and reliability of a construct measurement model built by using the CFA procedure. After completing the CFA report, the mathematics researcher can model all these constructs into a structural model for analysis. Therefore, this resource is the best and most user-friendly method for analyzing and testing a theory [6,7]. The literature has underlined that although Amos is under CB-SEM, somehow it can handle analysis of PLS-SEM [124]. Although SmartPLS and Amos dominated among other software packages in mathematics education, Lisrel, Mplus, R package (Plpsm), and WarpPLS still have different strengths, special features, areas of improvement, estimation methods, and limitations that could influence a researcher’s choice. For instance, like Amos, the other two packages, Lisrel and Mplus, allow users to estimate parameters for models with well-defined structures [35] and present a specific version of the maximum likelihood for incomplete data files that operate in the way just explained [22]. The main difference between these packages is the presence of a graphical interface for model specification and results presentation. Historically, the first commercial CB-SEM program to become widely used was LISREL [9,125,126], although it was not the first software to perform path analysis or SEM [126]. The name was derived from LInear Structural RELations [4]. LISREL is a versatile program that may be applied in a wide range of contexts (including cross-sectional, experimental, quasi-experimental, and longitudinal investigations) and at one point nearly entirely replaced SEM.



Next, a modeling program with numerous approaches, called Mplus, also includes a graphical user interface [127]. Despite the fact that there are several software packages available today, most require data that are continuous. In several types of analysis, Mplus permits the use of binary, ordinal, and censored variables. As if that were not enough, Mplus integrates some types of analysis that are difficult to access in other statistical packages (such as latent class analysis) and enables the researcher to use novel approaches that are not available elsewhere, like exploratory structural equation modeling (ESEM) [26]. Furthermore, Mplus has a very active community where mathematics researchers can get troubleshooting assistance if needed. The other VB-SEM/PLS-SEM software program that is still under active development is WarpPLS. Like SmartPLS, WarpPLS is very user-friendly with its modeling interface, and analyses may be carried out without any programming knowledge. The program has a graphical user interface for variance-based and factor-based SEM, employing classic composite-based PLS and more modern factor-based techniques [25]. Unlike SmartPLS, WarpPLS is categorized under commercial software. Hence, it was developed by Ned Kock in 2009. WarpPLS’s capacity to recognize and model non-linearity among variables in path models, whether these variables are measured as latent variables or not, is one of its key advantages. This capability results in parameters that take relevant underlying heterogeneity into consideration. However, plspm is an R package including a collection of functions for doing PLS-PM analysis on both metric and non-metric data, as well as REBUS analysis. The project began in the fall of 2005 [14]. The first R package for PLS-PM was released in 2009, almost four years later. The absence of a graphical interface for creating path diagrams is one of the primary distinctions between plspm and other PLS-PM applications [14].



In a nutshell, although the first commercial software that appeared on the market was LISREL, other statistical software programs and approaches have emerged over time [9]. SEM is a versatile approach to examining how things are related to each other in the context of mathematics. Therefore, SEM statistical applications can appear quite different [10]. Findings of a review revealed that among 47 articles, a total of 26 studies were analyzed through VB-SEM/PLS-SEM statistical applications, whereas 22 publications were examined through the CB-SEM software packages. The trends reflects that these six SEM tools were the optimal choices among researchers in mathematics education at present. To ensure inclusive and equitable quality education and create opportunities for lifelong learning in the mathematical landscape, each mathematics researcher used relevant statistical software to undertake their analysis, although their features are varied. Some statistical applications are more established and provide a wide range of mathematical analysis, whilst the rest are newer and focus on a specific sort of analysis. Thus, trying to identify which is best would be an incorrect approach, since there are several advocates and users of each application. Each package differs in terms of strengths, limitations, areas of improvement, and special features that may dictate the choice of selection in the field of mathematics, as indicated by the findings of this systematic review.




5. Conclusions


To explore the latest trends of multiple CB-SEM and VB-SEM/PLS-SEM statistical applications in mathematics education was the aim of this systematic review. This research thereby fills the gap left by the paucity of systematic reviews on SEM statistical applications in mathematics. Additionally, this research covers a knowledge gap in lifelong learning through research trends on optimal choices of proprietary statistical software packages in SEM approaches, which may be essential for achieving the SDG4. Three databases have been included to retrieve 47 potential articles in accordance with the guidelines issued by PRISMA. Dealing with those studies showed the same results according to each statistical application. No study shows significantly different results, and suspicion was not raised [128]. The main findings have sought to explain that there are six different commercial/free software packages with “stand alone”/“packages” CB-SEM and VB-SEM/PLS-SEM applications, respectively, with graphical user interfaces that were identified, namely Lisrel, Amos, Mplus, SmartPLS, WarpPLS, and R package (plspm). This indicated that those statistical applications have been the optimal choices for researchers in the field of mathematics.



Although six SEM statistical application trends emerged from this review, the results add to our understanding that SmartPLS (VB-SEM/PLS-SEM) and Amos (CB-SEM) have been highly considered by researchers in mathematics education. This result was in tandem with earlier research indicating that SmartPLS and Amos were the best software packages for SEM approaches [9]. Recently, in a bibliometric review, ref. [129] analyzed 164 documents from Brazilian journals from the EBSCO and PROQUEST database during 1996–2015. They pointed out that the nearly 50% of publications (N = 82) used Amos, followed by 30% of articles using the SmartPLS (N = 31) and Lisrel (N = 19). AMOS (part of SPSS) was the most frequently used software, with 13 papers (40.6%) found in other systematic reviews that were conducted in 2009 [130]. On the contrary, Mplus, with 23 studies (37.0%), dominated Amos and Lisrel, with 14 studies (24.0%) each in another review [131]. Furthermore, findings from other reviews portrayed SmartPLS [121] and Amos [132] as comprehensive software programs compared to others. This implies that in order to facilitate diverse analyses, SmartPLS and Amos will, in essence, be gradually developed in the coming years. By gaining notoriety, both can be predicted to have a successful future and will keep solidifying their position as premier standard statistical software solutions for research in mathematics education.



This study has several limitations. The first limitation of the study is that only six statistical applications were the subject of this paper. The other SEM statistical applications were not mentioned as a trend in this review. This limitation undoubtedly creates new possibilities in the future, particularly in terms of choosing mathematics research for other different SEM statistical applications. Second, this review was conducted only using three databases: Scopus, WoS, and Eric. Consequently, incorporating articles from additional databases could produce various outcomes; therefore, further studies can investigate the same subjects by including more articles from different databases such as Mendeley, Google Scholar, Semantic scholar, Dimension.ai, PsycInfo, Science Direct, Ebsco, Proquest, Social Science Citation Index (SSCI), and so on. The study’s exclusion of dissertations, theses, and manuscripts produced in languages other than English is its third limitation. Fourth, this review used literature from the last five years. Therefore, a longer time span should be used in literature review studies in the future. It was observed that contrasting CB-SEM and VB-SEM/PLS-SEM applications in a single review may produce a comparison between the statistical applications and their respective analytical techniques. Consequently, the future review should focus on either CB-SEM or VB-SEM/PLS-SEM applications separately in mathematics education.



Next, other statistical applications, such as R packages (sem, Lavaan and OpenMx) [21,35], EQS, PROC CALIS (SAS) [35], ADANCO [25], EQS [130], Stata, DEA Warwick, EBTs, and EQS [129], have been discussed in the respective prior reviews. Some of the articles examined in this review did not describe those statistical applications. Future studies could examine the relationships between learners, educators, academics, and context in order to further assess those statistical applications in mathematics education. Despite its limitations, this study makes a few vital contributions and implications to the body of knowledge relating to mathematics education and to practical concerns. The outcomes of this review function as a manual to help mathematics users and practitioners understand the unique characteristics of each SEM software program and decide which is best for their research, resulting in closing the gap found in the field of mathematics. Even though there are numerous statistical analysis programs in SEM approaches available on the market, when they are applied properly with the suitable research design and procedures, there is little difference between these programs in terms of their findings. Thus, it was recommended that mathematics researchers and interested parties should comprehend the most recent SEM statistical application adaptations and strategically select an appropriate application based on their research questions and design, as well as their pertinence to the system of education in the respective country for sustainable mathematics education. We hope that this systematic review will act as a springboard for understanding the various applications in SEM approaches before making the best decision in mathematics education, as well as contribute to the knowledge gap in promoting lifelong learning via SEM statistical applications, which could be valuable for achieving the fourth SDG, especially in the area of mathematics.
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Figure 1. Study flow diagram (adapted from [58]). 






Figure 1. Study flow diagram (adapted from [58]).



[image: Sustainability 15 03209 g001]







[image: Sustainability 15 03209 g002 550] 





Figure 2. Distribution of articles based on countries. 
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Figure 3. Distribution of articles based on years. 
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Figure 4. Distribution of articles based on research design. 
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Figure 5. Distribution of articles based on samples. 
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Table 1. The search string used for the systematic review process.
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	Database
	Keywords Used





	Scopus
	TITLE-ABS-KEY ([“structural equation modeling” OR “SEM”] AND [“covariance-based SEM” OR “CB-SEM” OR “variance-based SEM” OR “VB-SEM” OR “partial least square” OR “partial least square-SEM” OR “partial least square structural equation modeling” OR “PLS-SEM” OR “proprietary statistical software package*” OR “statistical application*” OR “statistical program*” OR “statistical software*” OR “SEM software*” OR “software package*” OR “software program”*] AND [“mathematic*” OR “mathematic* education” OR “mathematic* teach* and learning” OR “mathematic* literacy” OR “mathematic* subject” OR “mathematic* discipline”])
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Table 2. The exclusion and inclusion criteria.
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	Criterion (C)
	Inclusion (I)
	Exclusion (E)





	Type of article/literature
	Journal (research articles/empirical articles)
	Journals (systematic review/non-empirical articles), book series, chapter in book, and conference proceeding



	Language
	English
	Non-English



	Timeline
	Between 2018 and 2022
	<2018



	Country/region
	All
	-



	Field
	Mathematics education/subject/discipline/literacy/TnL
	Non-mathematics education/subject/discipline/literacy/TnL
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Table 3. The findings regarding the types of proprietary statistical software packages according to SEM approaches.
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No

	
Study

	
Research Design

	
Countries

	
Sample and Level

	
Types of Proprietary Statistical Software Packages According to SEM Approaches




	
CB-SEM

	
VB-SEM/PLS-SEM




	
Lisrel

	
Amos

	
Mplus

	
SmartPLS

	
R Package

	
WarpPLS






	
1

	
[71]

	
QN

	
Malaysia

	
Students (International secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
2

	
[72]

	
QN

	
Malaysia

	
Students (International secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
3

	
[73]

	
QN

	
Malaysia

	
Students (International secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
4

	
[80]

	
QN

	
West Africa

	
Core and elective mathematics teachers (Secondary school)

	
X

	
√

	
X

	
X

	
X

	
X




	
5

	
[81]

	
QN

	
West Africa

	
Undergraduate students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
6

	
[82]

	
QN

	
West Africa

	
Undergraduate students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
7

	
[83]

	
QN

	
West Africa

	
Senior students (High school)

	
X

	
√

	
X

	
X

	
X

	
X




	
8

	
[84]

	
QN

	
UEA

	
Parents, Mathematics teachers, and students (Elementary school)

	
√

	
X

	
X

	
X

	
X

	
X




	
9

	
[85]

	
QN

	
Turkey

	
Prospective mathematics teachers (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
10

	
[86]

	
QN

	
Philippines

	
Mathematics teachers (High school)

	
X

	
X

	
X

	
X

	
X

	
√




	
11

	
[87]

	
QN

	
Taiwan

	
Students (Vocational high school)

	
X

	
X

	
X

	
√

	
X

	
X




	
12

	
[88]

	
QN

	
Malaysia

	
Mathematics teachers (Secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
13

	
[89]

	
QN

	
Malaysia

	
Students (Secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
14

	
[90]

	
QN

	
Indonesia

	
Students (University)

	
√

	
X

	
X

	
X

	
X

	
X




	
15

	
[91]

	
QN

	
Indonesia

	
Students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
16

	
[92]

	
QN

	
Indonesia

	
Students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
17

	
[93]

	
QN

	
Indonesia

	
Students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
18

	
[94]

	
QN

	
South Korea

	
Students (Elementary school)

	
X

	
X

	
√

	
X

	
X

	
X




	
19

	
[95]

	
QN

	
(Cyprus) Southeast Europe

	
Students (Primary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
20

	
[74]

	
QN

	
Spain

	
Pre-service mathematics teachers (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
21

	
[96]

	
QN

	
Australia

	
Students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
22

	
[97]

	
QN

	
(Cyprus) Southeast Europe

	
Principal, Mathematics teachers, and students (Primary school)

	
X

	
√

	
X

	
X

	
X

	
X




	
23

	
[75]

	
QN

	
India

	
Undergraduate students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
24

	
[98]

	
MM

	
East Africa

	
Students (Secondary school)

	
X

	
X

	
√

	
X

	
X

	
X




	
25

	
[99]

	
QN

	
Indonesia

	
Students (University)

	
√

	
X

	
X

	
X

	
X

	
X




	
26

	
[100]

	
MM

	
USA

	
Students (Elementary school, charter school, and home-school groups)

	
X

	
X

	
√

	
X

	
X

	
X




	
27

	
[101]

	
QN

	
Indonesia

	
Mathematics teachers (Secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
28

	
[102]

	
QN

	
Malaysia

	
Undergraduate students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
29

	
[103]

	
QN

	
Malaysia

	
Graduate mathematics teachers (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
30

	
[104]

	
QN

	
Malaysia

	
Undergraduate students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
31

	
[105]

	
QN

	
Malaysia

	
Undergraduate students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
32

	
[106]

	
QN

	
East Africa

	
Students (Lower secondary school)

	
X

	
X

	
√

	
X

	
X

	
X




	
33

	
[107]

	
QN

	
Southern and central Finland

	
Students (Lower and upper secondary school)

	
X

	
X

	
√

	
X

	
√

	
X




	
34

	
[76]

	
QN

	
West Africa

	
Mathematics teachers (Secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
35

	
[108]

	
QN

	
Israel

	
Principals, mathematics teachers, and students (Middle school)

	
X

	
X

	
√

	
X

	
X

	
X




	
36

	
[109]

	
QN

	
South Africa

	
Students (Public university)

	
X

	
√

	
X

	
X

	
X

	
X




	
37

	
[110]

	
QN

	
Malaysia

	
Students (Primary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
38

	
[111]

	
QN

	
Indonesia

	
Students (Secondary school)

	
√

	
X

	
X

	
X

	
X

	
X




	
39

	
[112]

	
QN

	
Switzerland

	
Students (Primary and secondary school)

	
X

	
X

	
√

	
X

	
X

	
X




	
40

	
[113]

	
QN

	
Malaysia

	
Students (Private high school)

	
X

	
X

	
X

	
√

	
X

	
X




	
41

	
[114]

	
QN

	
Malaysia

	
Students (Private high school)

	
X

	
X

	
X

	
√

	
X

	
X




	
42

	
[115]

	
QN

	
Malaysia

	
Students (Private lower-level high school)

	
X

	
X

	
X

	
√

	
X

	
X




	
43

	
[116]

	
QN

	
Spain

	
Undergraduate students (University)

	
X

	
X

	
X

	
√

	
X

	
X




	
44

	
[117]

	
QN

	
East Africa

	
Mathematics teachers (Secondary school)

	
X

	
√

	
X

	
X

	
X

	
X




	
45

	
[118]

	
QN

	
Indonesia

	
Mathematics teachers (Secondary school)

	
X

	
X

	
X

	
√

	
X

	
X




	
46

	
[119]

	
QN

	
China

	
Students (University)

	
X

	
√

	
X

	
X

	
X

	
X




	
47

	
[120]

	
QN

	
USA

	
Mathematics teachers and students (Middle school)

	
X

	
X

	
X

	
X

	
X

	
√








QN—Quantitative; QL—Qualitative; MM—Mixed method.
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Table 4. Findings regarding CB-SEM statistical applications.
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	Study
	CB-SEM Statistical Applications





	[84,90,99,111]
	Lisrel (N = 4 studies)



	[80,81,82,83,91,92,93,97,109,117,119]
	Amos (N = 11 studies)



	[94,98,100,106,107,108,112]
	Mplus (N = 7 studies)
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Table 5. Findings regarding VB-SEM/PLS-SEM statistical applications.
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	Study
	VB-SEM/PLS-SEM Statistical Applications





	[71,72,73,74,75,76,85,87,88,89,95,96,101,102,103,104,105,110,113,114,115,116,118]
	SmartPLS (N = 23 studies)



	[107]
	R package (plspm) (N = 1 study)



	[86,120]
	WarpPLS (N = 2 studies)
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Table 6. Findings regarding SmartPLS.






Table 6. Findings regarding SmartPLS.





	Study
	Findings





	[71]
	F1: a significant relationship between performance expectancy, effort expectancy, and student attitude toward the use of an online mathematics homework tool.

F2: a significant relationship between student attitudes and their actual use of online homework.



	[72]
	F1: a significant relationship between perceived usefulness, perceived ease of use, and attitude toward the use of a web-based mathematics homework tool.

F2: a significant relationship between attitude and mathematics self-efficacy factor.



	[73]
	F1: perceived usefulness and perceived ease of use are predictors of attitude toward the use of OHW.



	[85]
	F1: direct effects of technological content knowledge (TCK), technological pedagogical knowledge (TPK21), and pedagogical content knowledge (PCK21) on TPACK-21.

F2: teachers’ content knowledge (CK), technological knowledge (TK), and pedagogical knowledge (PK21) directly affect technological content knowledge (TCK).



	[87]
	F1: perceived usefulness significantly affected attitude toward use and behavioral intention to use.

F2: attitude toward use significantly affected behavioral intention to use.

F3: attitude toward use exhibited significant mediating effects between perceived usefulness and behavioral intention to use.



	[88]
	F1: infrastructure support and system quality affect teachers’ intention to use geometer’s sketchpad.



	[89]
	F1: teacher affective support and classroom instruction predict attitude towards mathematics more than parental influences.



	[95]
	F1: the mathematical mindset of students could directly and moderately describe their mathematical knowledge.

F2: mathematical knowledge and mathematical mindset can both directly and to a significant extent be used to describe mathematical imagination.



	[74]
	F1: component relation effects of OB, ATP, and ATN of pre-service teachers toward mathematics learning and the influence of their educational background.

F2: science and technology background were positively correlated after the flipped-OCN method compared with the rest of pre-service teachers.



	[96]
	F1: a significant relationship between students’ self-efficacy, self-regulated learning strategies, and epistemological beliefs about mathematics as well as their perceptions of the learning environment.



	[75]
	F1: learning through constructivist Digital Learning Heutagogy supported academic achievement, learning engagement, and positive emotions

F2: peer relationship not supported by the intervention.



	[101]
	F1: attitude toward E-learning use and E-learning experience were the two most significant constructs in predicting E-learning use.



	[102]
	F1: a significant relationship between teaching quality and students’ academic performance.



	[103]
	F1: a significant relationship between Program Education Objectives (PEOs) and Program Learning Outcomes (PLOs).



	[104]
	F1: a significant relationship between statistical reasoning and students’ academic performance.



	[105]
	F1: students’ attitude and belief toward statistics, statistical reasoning, self-efficacy, motivation, and the relationship with academic performance are statistically important.



	[76]
	F1: a significant relationship between the will, skill, tool, and pedagogy parameters and the stages of adoption of teachers’ use of ICT.

F2: Tool strongly predicts ICT integration.



	[110]
	F1: a significant relationship between cognitive factors (symbol sense, pattern sense, number sense, and operation sense) and algebraic thinking.



	[113]
	F1: task value and critical thinking skills predicts students’ performance in mathematical reasoning.

F2: critical thinking skills fully mediated with the relationship of mastery goal orientation on the students’ abilities to solve the reasoning tasks.



	[114]
	F1: students’ formative performance predicts their summative performance.

F2: formative performance significantly mediates the relationship between self-confidence and summative performance.



	[115]
	F1: behavioral regulations (self-observation, self-judgment, and self-reaction) significantly influence student academic achievement and mathematical reasoning ability.

F2: cognition regulation significantly mediates the relationship between motivational regulation and reasoning ability.

F3: behavioral, cognition regulation, and students’ reasoning ability significantly mediates the relationship between motivational regulation and academic achievement.



	[116]
	F1: Format and depth of the video tutorials predict performance learning and promoting autonomy.



	[118]
	F1: a significant relationship between perceived ease of use and subjective norm influence (PEU and SN) with teachers’ microgame usage behaviors and intentions.







F1—Finding 1; F2—Finding 2; F3—Finding 3.
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