[image: image1]A Meta Analysis of Factors Affecting Teaching and Student Learning in Higher Education

		SYSTEMATIC REVIEW
published: 21 February 2022
doi: 10.3389/feduc.2021.824504


[image: image2]
A Meta Analysis of Factors Affecting Teaching and Student Learning in Higher Education
Priya Chaudhary* and Reetesh K. Singh
Department of Commerce, Delhi School of Economics, University of Delhi, New Delhi, India
Edited by:
Satyanarayana Parayitam, University of Massachusetts Dartmouth, United States
Reviewed by:
Alex Aruldoss, St. Joseph’s College of Arts and Science (Autonomous), India
Rajesh Elangovan, Bishop Heber College, India
* Correspondence: Priya Chaudhary, priya.chaudhary2108@gmail.com
Specialty section: This article was submitted to Higher Education, a section of the journal Frontiers in Education
Received: 29 November 2021
Accepted: 27 December 2021
Published: 21 February 2022
Citation: Chaudhary P and Singh RK (2022) A Meta Analysis of Factors Affecting Teaching and Student Learning in Higher Education. Front. Educ. 6:824504. doi: 10.3389/feduc.2021.824504

The objective of this study was to conduct a meta analysis of studies conducted in the past on effective teaching and its impact on student learning outcomes. Meta analysis is a powerful tool for synthesizing previous research and empirically validating theoretical frameworks. For this purpose, the dynamic model of educational effectiveness was used as a guiding framework to select and organize 132 studies examining the impact of teaching factors on student learning outcomes. The teaching factors of dynamic model were found to be moderately associated with learning outcomes. Various moderators like level of education and type of study were also identified. The study has various theoretical, methodological and practical implications. The study points out that when it comes to teaching, imposing non-essential and superfluous dichotomies between different teaching approaches might be impractical. The findings of this meta analysis may also provide implications for practitioners and policymakers especially in the domain of faculty development and education programs. It can give existing or prospective teachers an opportunity to practice and rehearse these factors in classroom, reflect on them and receive feedback on how their practice can be improved.
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INTRODUCTION
The educational effectiveness research (EER) seeks to investigate the factors such as teaching methods, curriculum, role of leadership and learning environment (Goldstein, 2003) that affect learning outcomes of students. The first phase in the field of EER emerged as a reaction to the studies conducted by Coleman (1966) and Jencks et al. (1972) that concluded that schools do not have any impact on students in comparison to the effect of student’s own ability and social background. This conclusion was counter-intuitive and disquieting to many educators and educational researchers. As a result, many researchers like Weber (1971), Rutter et al. (1979) and Mortimore et al. (1988) started responding almost immediately. These studies found “school effects” to be consistent and significant. The early educational effectiveness studies conducted by Brookover and Lezotte (1979), Edmonds (1979) and Rutter et al. (1979) found that some schools were more effective than others even when student background characteristics were controlled for. They also presented evidence that these effects could be attributed to a process characteristics of schooling like school climate, educational leadership, curriculum and organisational characteristics. It has also been noted that large proportion of variance in student achievement can be explained by teacher’s behaviour in the classroom—what teachers do in the classroom and their interaction with students (Creemers and Kyriakides, 2006). Deep learning cannot be achieved without effective teacher guidance. However, despite the advancement made in literature on teacher’s role in promoting student learning, more research is required to understand and unfold what exactly teachers do that promotes student learning outcomes. It is precisely the reason behind conducting this meta analysis.
Also, it is noted that school effectiveness research has been criticised for lack of theoretical integration and relatedness to other parts of education. An attempt has been made to integrate the work done in the field of educational effectiveness research and discover the teaching factors related to student learning outcomes. Several theoretical models developed in the past decades have integrated factors related to teaching-learning effectiveness (Walberg, 1984; Brophy and Good, 1986; Creemers and Reezigt, 1996). In the early 1990s, numerous attempts were made to explore why schools had their different effects. The research moved from “input-output” to “input-process-output” mode (Teddlie and Stringfield, 1993), while emphasizing classroom as the key process variable.
Various models of educational effectiveness were developed by Scheerens (1990), Creemers and Reezigt (1996) and Stringfield and Slavin (1992). The EER now moved towards a dynamic area of research that did not consider education as an inherently stable set of arrangements. Rather, multiple interactive “levels” of educational systems were considered achieving various outcomes. Scheerens and Creemers (1989) measured educational effectiveness at three levels: policy level, school level and classroom level. This model became the basis for Creemers and Reezigt (1996) comprehensive model of educational effectiveness which emphasised on the factors that describe teacher’s instructional role which affects student learning outcomes. The eight factors included in the model are: orientation, structuring, questioning, teaching-modelling, applications, management of time, teacher role in making the classroom a learning environment, and classroom assessment. These eight factors were found to be associated to student learning outcomes (e.g., Brophy and Good, 1986; Rosenshine and Stevens, 1986; Scheerens and Bosker, 1997; Darling-Hammond, 2000; Muijs and Reynolds, 2000). In contrast to previous models mentioned above, the Creemers and Reezigt (1996) model is considered to be more comprehensive because an integrated approach in defining quality of teaching is adopted. The model is a combination of different approaches to teaching: Direct and Constructivist. It does not only include skills associated with direct teaching and learning such as “structuring” and “questioning” but also “orientation” and “teaching modelling” which are in line with theories of teaching related to constructivism and promoting the development of metacognitive skills (Slavin, 1983; Slavin and Cooper, 2001). It is also noted that the model does not only focus on traditional learning but collaborative learning is also emphasised upon in the overarching factor of “contribution of teacher to the establishment of classroom learning environment”.
The dynamic model stresses on the inter-relatedness nature of the teaching factors and importance of grouping specific factors. This helps in simplifying the complex nature of teaching and also provides specific strategies for improvement in teaching practice. The model has been supported by longitudinal studies conducted by Creemers and Kyriakides (2006) and Kyriakides et al. (2000). Drawing cues from the above literature, a meta analysis exploring the impact of teaching factors on student learning outcomes has been conducted.
In this paper, the researchers have used the dynamic model of educational effectiveness (Creemers and Kyriakides, 2008) as the fundamental framework to organize and structure the sample studies related to factors affecting teaching and student learning outcomes.
This paper also tests the dynamic model of educational effectiveness for its empirical validity. The dynamic model facilitates the selection of studies and ascertain the criteria for classification of factors used within each study into different categories. This type of meta analysis also helps in revealing those aspects of theoretical models which have not been empirically tested and need to be given more consideration in future. Furthermore, it helps policy makers by giving them robust solutions and helps in channelizing and prioritizing their efforts and resources. This can be achieved by focusing on the factors having strong affinity with student learning, especially in light of fiscal constraints not allowing integration of multiple factors into intervention programs.
The next section provides a short account of the “Dynamic model of educational effectiveness” based on which this meta-analysis has been structured.
DYNAMIC MODEL OF EDUCATIONAL EFFECTIVENESS
The dynamic model given by Creemers and Reezigt (1996) is multilevel in nature encompassing four levels of factors influencing student learning, namely the context, the school, the classroom/teacher, and the student level. It is an extension of Caroll’s model of school learning (Carroll, 1989). The Carroll’s model stated that degree of mastery in a field/subject is the ratio of amount of time actually spent on learning task to total time required. According to Carroll (1989), time spent on learning should be smallest of these three: Opportunity (time allowed for learning); Perseverance (time willing to spend), and Aptitude (time needed to learn).
In Creemer’s model, time and opportunity are taken into account both at classroom and school level. The factors at school and context level have both direct and indirect effect on student’s achievement since they have potential to influence student learning directly or through having an impact on teaching and learning environment. Teaching has a central focus in the model through its classroom/teacher level. Based on findings of teacher effectiveness based studies (Rosenshine and Stevens, 1986; Frazer et al., 1987; Muijs and Reynolds, 2000) the model examines eight observable teacher’s behavior factors that have potential to influence student learning. These eight factors include orientation, structuring, questioning, teaching modeling, application, time management, classroom as a learning environment, and assessment. Since this meta-analysis is related to teaching factors, a brief description of the dynamic model at the classroom/teacher level is mentioned below:
i) Orientation: It primarily refers to teacher’s behavior in providing clear objectives of the task conducted in class. An orientation process makes tasks and lessons meaningful to students. At the same time, it encourages active participation in the classroom (De Corte, 2000; Paris and Paris, 2001).
ii) Structuring: According to Rosenshine and Stevens (1986), student achievement increases when teachers actively give content materials and structure them in the following manner:
a) Beginning with overview/defining objectives.
b) Outlining the contents to be covered and pointing the transitions between lessons.
c) highlighting main ideas.
d) Reviewing main points in the end.
Summary reviews help in integrating and reinforcing learning of major points (Brophy and Good, 1986). The aforementioned structuring elements help in memorizing of information and comprehension as an integrated whole. The student is able to recognize the inter-linkages between different parts.
iii) Questioning: This factor is defined in terms of five elements in the dynamic model. First, teachers should offer a mix of both single response questions as well as detailed explanation questions. Secondly, the length of pause should vary according to the difficulty of the question. Thirdly, question clarity can be measured by examining the extent to which student is able to understand what is required. Fourthly, teachers should expect correct answers for most of the questions and overt or incomplete/incorrect answers for others rather than no answer at all (Brophy and Good, 1986). Fifthly, correct answers by students should be rewarded or acknowledged as they motivate not only their contributors but other students as well. Teachers should try to elicit an improved response for an incorrect answer by paraphrasing or giving cues rather than ending the interaction completely (Rosenshine and Stevens, 1986).
iv) Teaching modeling: This factor addresses the role of teachers in helping students devise problem solving strategies. Effective teachers either give a clear strategy or help students in developing strategies in order to solve different problems (Gijbels et al., 2006; Grieve, 2010).
v) Application: An effective teacher gives students adequate opportunity to practice a skill or a procedure discussed in class (Borich, 1992). It also examines whether the knowledge is applied to real life problems. The application tasks in class should be used as starting points for next level of teaching and learning.
vi) Classroom as a learning environment: According to dynamic model, types of interactions in the classroom should be examined rather than student’s perception of teacher’s interpersonal behavior. Therefore, this factor consists of five components—teacher-student interaction, student-student interaction, competition between students, teacher’s treatment of students, and classroom disorder. The first two elements are crucial to measure classroom climate (Cazden, 1986; Den Broket al., 2004). The other elements reflect the teacher’s attempt to create a supportive environment for learning (Walberg, 1986).
vii) Time management: Management of time in an efficient manner is considered as an indicator of teacher’s ability to manage a classroom (Kyriakides and Tsangaridou, 2008). Effective teachers organize and manage the classroom environment as per the availability of time and maximize engagement rates (Creemers and Reezigt, 1996).
viii) Assessment: It is one of the important aspects of teaching (Stenmark, 1992). Assessment of students help in identifying student’s needs as well as evaluating the teaching practice. This factor takes into account the frequency of administering assessment, formative use of assessment and reporting to parents.
It is pointed out that eight factors of the dynamic model do not form a single teaching approach. Rather, the model consists of aspects from different teaching approaches, considering that effective teaching can be a combination of different approaches to teaching.
Research Questions
The review synthesizes research on effective teaching and student learning outcomes and addresses the following research questions:
a) Is there a correlation between teaching factors and student learning outcomes?
b) Do the effects associated with teaching factors and learning outcomes vary with level of education, country (western/non-western) and study design.
MATERIALS AND METHODS
Selection Criteria
To capture evidence relevant to the research questions, studies were considered eligible for inclusion in the meta-analysis if they met the following criteria:
a) Reported original data.
b) Assessed teaching factors as defined in the Dynamic model of educational effectiveness.
c) Measured student achievement in relation to cognitive, affective and psychomotor learning outcomes.
d) They were publicly available in online mode or in library archives.
The studies included in this meta analysis were searched from various databases like: Educational resources information centre (ERIC), SCOPUS, ProQuest, Web of Science and PsycArticles. The study included unpublished dissertations. Numerous education focused peer reviewed journals like British educational research journal, Oxford review of education, Learning and Instruction, Teaching in Higher Education, and Learning environment research were scrutinized.
Search, Retrieval and Selection of Studies
A total of 18021 records were identified through the databases between year 2000–2020. The data from last 2 decades is included because the major overhauling in the higher education sector has happened in this time frame (Capano et al., 2019). The preferred reporting items for systematic and meta analysis (PRISMA) guidelines were followed in selection of studies (See Figure 1). Some of the keywords used were: learning, teaching, learning outcome, factors influencing teaching and learning. Records were screened on the basis of titles, abstracts and keywords. Only studies that met criteria 1), 2), 3) and 4) were included in the study. The 372 articles that passed initial screening were retrieved and full text files were further evaluated. Finally, a total number of 132 studies were obtained and coded using a pre-defined coding form that elicited detailed information about the studies such as author, year, journal, type of study (longitudinal, cross-sectional, experimental), country (western/non-western), level of education (primary, secondary, college), no. of participants, reliability reporting and statistics needed for computing effect size.
[image: Figure 1]FIGURE 1 | Selection of studies.
Calculating Effect Sizes
In order to calculate effect sizes of each teaching factor, the Fisher’s Z transformation of the correlation coefficient was computed. Because, not all studies present their results in correlations, all other effect size measures were transformed into correlations using formula given by Rosenthal et al. (1994). For all small values of correlation coefficient (−0.20 < r < 0.20), Zr and r do not differ significantly (Hunter and Schimdt, 2004). Since meta analysis was based on the effect sizes as calculated by Cohen’s d, it was taken into account that when r value is too small, Cohen’s d value is approximately twice the size of r (Cohen, 1988).
The procedure suggested by Mavridis and Salanti (2013), Quintana (2015) and Lambert et al. (2002) was adopted to conduct meta-analysis using SPSS 26.0 version. The macros MEAN ES was added using the syntax “INCLUDE” in SPSS. This procedure has been used in various meta analysis studies conducted in the area of teacher effectiveness (Scheerens and Bosker, 1997; Kyriakides et al. 2000; Witziers et al., 2003). The meta analysis was conducted to generate the unbiased mean effect size, the standard error, 95% confidence interval and values for test of heterogeneity including Q, p and I-squared.
Meta analysis can be conducted using two types of model: Fixed effect and random effects model. A fixed effect model is based on the assumption that all studies included in the meta analysis share one effect size, which is the average effect size. On the other hand, a random effect model operates on the assumption that there is more than one true effect size which could vary from one study to another (Lipsey and Wilson, 2001). Taking into consideration the diversity in the ways effective teaching interventions are implemented and variability of student learning outcomes, a random effects model was regarded more accurate (Borenstein et al., 2009).
RESULTS
It is important to highlight that this meta analysis like any other analysis is dependent on the availability of existing literature. Therefore, some factors that are important for teaching and which are currently under investigation might have been omitted. Another recurring problem in meta-analyses is “publication bias” i.e. non published studies are seldom included in the analysis. To overcome this limitation, various doctoral theses and dissertations were included in the meta analysis. Not only this, the publication bias was checked using “Funnel plot”.
In the funnel plot, the x axis shows the mean result and y axis shows the index of precision or sample size (Egger et al., 1997). The basis of assessing bias is that if all studies give random assessment of the unbiased mean value, the plot should be symmetrical. Figure 2 shows that the funnel plot obtained in this analysis was symmetrical except 2 studies which gave extreme values. These studies were later removed from the study to obtain a final count of 132 studies.
[image: Figure 2]FIGURE 2 | Random effects funnel plot.
Table 1 and Table 2 showed the meta analytic results obtained in this study. The results showed a simple mean effect size of 0.37 (p < 0.05) suggesting that teaching factors have a moderate, statistically significant effect with student learning outcomes (g = 0.37, p < 0.001) with significant heterogeneity, Q (131) = 8,713.39, p < 0.001, I2 = 0.984. This showed that the findings across sample studies were highly inconsistent and heterogeneous in nature. There was unattributed variability in the individual effect size that constitute the overall result obtained. Hence, the need to conduct a moderator analysis on sample characteristics and methodological features to further determine the factors that may attribute to the variability in effect size was required.
TABLE 1 | Meta analytic results.
[image: Table 1]TABLE 2 | Homogeneity analysis.
[image: Table 2]Table 3 presented below showed the results of the meta analysis conducted in this study. Other than listing the number of studies explored per teaching factor and classifying studies as per the type of learning outcome (cognitive, affective, psychomotor) and educational level (school and college), Table 3 also reported the average effect sizes of all factors included in the study. The following observations were presented below:
TABLE 3 | Characteristics of studies investigating the effect of teacher-level factors on student achievement and types of effects identified.
[image: Table 3]First, it was observed that there were an uneven number of studies across the factors under exploration. The factor “time management” was examined in only eight studies, while “classroom environment” factor was analyzed in 38 studies. There is literature available on relation between student’s time management and learning outcome. But, there is paucity of studies on impact of teacher’s time management in classroom on student learning outcome. Second, experimental and longitudinal studies comprised a very small portion of the studies examined in this analysis. Third, among the learning outcomes examined, cognitive outcomes had the maximum share with fewer studies for affective and psychomotor outcomes. Fourth, more than 60% of the studies were conducted at primary (school) levels. Very few studies have been conducted at tertiary (college) levels. Further, most of the studies were conducted in the non-western parts of the world.
Moving on to the average effect sizes of the factors examined in the meta analysis, it was observed that four out of eight factors of the dynamic model had moderate effect sizes, in the range of 0.34–0.46. The most notable effect size was observed in the case of time management factor (0.64) even though it was a part of only eight studies. Therefore, further studies are therefore required to enable generalizability of results.
The next step in this meta analysis was to examine if the reported effect sizes were moderated by factors like country in which study was conducted (western or non western), level of education (school or university) and study design employed (cross sectional, longitudinal, experimental). The MetaF macros was used in SPSS to conduct the random effect moderator analysis. The following observations arise from Table 4. First, the countries in which studies were conducted did not moderate the relationship between teaching and student learning outcomes, since the reported effect sizes were not too high (western: 0.34; non-western: 0.41). This supports the assumption that factors included in the dynamic model are generic in nature. In other words, the teaching factors and their impact on student learning outcomes are universal. Second, the study design did have a moderating effect on the average effect sizes. Experimental studies reported larger effect size (0.57) than other types of studies (cross sectional: 0.30; longitudinal: 0.19). These findings reveal that researchers in the field of educational effectiveness should consider the possibility of conducting more experimental studies when exploring the impact of teaching on student learning outcomes. Third, the moderator analysis revealed that level of education acted as a moderator. The effect size of university level of education (0.79) was higher than school level (0.25) studies. This gives a scope of further research in university level education.
TABLE 4 | Predicting difference in effect sizes.
[image: Table 4]DISCUSSION AND IMPLICATIONS
Meta analysis is a popular tool for summarizing, integrating and interpreting quantitative empirical research studies. In this study, this tool was used not only to integrate existing work on the contribution of teaching factors to student learning, but also to provide empirical validity to theoretical dynamic model of educational effectiveness. For this purpose, the dynamic model was used as a framework to select and organize 132 studies examining the impact of teaching factors on student learning outcomes. In this part, we summarize the main findings of the meta analysis and consider their theoretical and practical implications.
One of the findings of the meta analysis is that the teaching factors that were found to have an impact on student learning outcomes (Cognitive, affective, psychomotor) were, actually, not related to either direct and active teaching approaches or constructivist approaches as bifurcated by many scholars. The analysis showed that factors, in fact, related to both direct active teaching approach (structuring, time management) and constructivist approach (orientation, modeling) contributed to student learning outcomes. From a theoretical standpoint, this finding points out that when it comes to teaching, imposing inessential and superfluous dichotomies between different teaching approaches might be impractical. Instead, by being agnostic to the approach to teaching and considering how teacher’s interact during the lesson—irrespective of the teaching approach might be more effective. Grossman and McDonald (2008) resonate with this idea, when they suggest that any attempt to develop a framework for learning and teaching should not prioritise one approach over another, instead be more inclusive in nature. They even contended that research on teaching suffers from a sort of historical amnesia where the past is forgotten in a rush to invent something new. On similar lines, this meta analysis has highlighted the importance of focusing on teaching factors rather than teaching approach. Good teaching may not be necessarily related to a particular teaching approach, rather its quality resides in making judicious choice and using components of different approaches to benefit student learning (Creemers and Kyriakides, 2006).
From a theoretical perspective, the findings of this meta analysis reveal weak moderators on the factors examined in this meta analysis across different countries. From this respect, it can be considered that teaching factors transcend different educational contexts and have a generic character. However, this argument can be further examined in future studies incorporating results across a greater range of countries. Further studies could also investigate into the moderating effect of level of education. This meta analysis showed greater effect in university education. The impact of teaching factor on learning outcomes can be explored at primary level in future studies.
The findings of this study offer implications for further research. First, the study gives an additional purpose for conducting meta analyses. Meta analyses are usually done for two main reasons. First, when researchers are interested in appraising and synthesizing accumulated knowledge in a particular field, with the aim of giving answers to what factors may contribute to other variables. Meta analyses are also used in capitalizing on the existing results to design future studies or build a new theory. The approach used in this study highlights the importance of using a theory driven approach in selecting, organizing and integrating existing literature. The dynamic model of educational effectiveness used in this study offered a framework that guided selecting, classification and structuring of factors included in the analysis. This helped in empirically validating the model and offered insights in which model can be extended. Therefore, it can be implied that theory driven meta analysis not only helps in synthesizing the findings across studies, but also contributes towards new theory building and modification (Creemers and Kyriakides, 2006).
The next methodological implication of this meta analysis pertains to a strong need of conducting more experimental and longitudinal studies. Such studies help in tracing the impact of teaching factors over a period of time. The third methodological implication derived from this study is that future studies should move beyond cognitive outcomes, which had a major chunk in this meta analysis. Not only this, future works should focus more on tertiary education that appeared to be ignored in comparison to other educational levels.
The findings of this meta analysis may also provide implications for practitioners and policymakers especially in the domain of faculty development and education programs. Researchers are increasingly focusing on “high leverage” or “core teaching practices” which can be emulated irrespective of the curricula or instructional approach and have the potential to improve student learning. This meta analysis provides empirical evidence of the factors identified across different studies, that influence student learning outcomes. It can give existing or prospective teachers an opportunity to practice and rehearse these factors in classroom, reflect on them and receive feedback on how their practices can be improved. But at the same time, attention should be given to the extent to which these factors have been successful at different educational levels. Something, that this meta analysis could not completely answer, and which definitely gives a scope of further research.
Various researchers like Grossman et al. (2009) argued that the main obstacle in redefining and improving teacher preparation and ongoing education programs lies in reaching consensus among educators regarding set of core practices around which these programs should be built. Findings from this meta analysis can help these stakeholders in making informed decisions which are both evidence based and theory driven.
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