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Abstract

The meta-analysis focuses on examining the effects of context-based learning on students' academic achievement and learning
retention. A comprehensive search of the available research literature identified a total of 42 studies addressing academic
achievement and 10 studies investigating learning retention. The findings of the analysis indicated that context-based learning
had a statistically significant positive impact on both academic achievement (g=0.970) and learning retention (g=0.791) when
compared to teacher-led instruction. These results were obtained using the random-effects model. To ensure the robustness of
the findings, an assessment for publication bias was conducted. The analysis suggested that the observed effects were not
influenced by publication bias. However, it is important to note that there was a notable variability in effect sizes across the
included studies. To explore potential factors contributing to this heterogeneity, moderator analysis was performed on five
possible moderator variables. The results of moderator analysis revealed that the impact of context-based learning on academic
achievement was only moderated by group size. Specifically, studies with fewer than 50 participants demonstrated a strong
effect (g=1.116), as did studies with 50-100 participants (g=1.096). On the other hand, studies with more than 100 participants
exhibited a modest effect (g=0.498). These findings suggest that group size plays a role in moderating the effects of context-
based learning on academic achievement. It implies that smaller groups may provide a more conducive environment for
implementing context-based learning approaches, resulting in stronger effects compared to larger groups.
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1. Introduction

In recent years, educational researchers and practitioners have shown a growing interest in exploring innovative approaches
to enhance students' academic achievement and promote long-term learning retention. One such approach that has gained
considerable attention is context-based learning (CBL). CBL is an instructional approach that recognizes the importance of
both the social context within the learning environment and the practical, real-world context in the acquisition and
comprehension of knowledge. This methodology is rooted in the strong belief that learning is inherently a social activity, and
traditional classroom settings often fail to adequately support the natural processes of knowledge acquisition, processing, and
production. Learning is a collaborative endeavor that thrives on meaningful interactions among individuals who share common
interests, and conventional classroom structures that overlook this crucial aspect may hinder the effectiveness of the learning
process (Rose, 2012).

Students often find themselves questioning the relevance and practicality of the subjects covered in their lessons, wondering
why they should learn them and how they can apply the acquired knowledge in real-life situations. CBL addresses these
concerns effectively by establishing a meaningful connection between everyday experiences and educational content, enabling
students to discover the answers they seek. This approach leverages various real-life situations and challenges students
encounter, allowing them to transfer course material in a practical context (Gilbert, 2006; Glynn & Winter, 2004; Tekbiyik,
2010).

CBL is an educational approach that promotes students' active engagement in their own learning process. It emphasizes the
use of context as a powerful tool for constructing and understanding concepts (De Putter-Smits et al., 2016). The contexts that
are the foundation for idea development should be relevant and relatable to students' lives, drawing from real-life experiences,
social events, or scientifically valid situations (Bennett et al., 2007; Gilbert, 2006; Wieringa et al., 2011). By linking learning
to everyday realities and issues in society or the economy, contexts bring coherence, connection, meaning, and relevance to the
learning experience (Schwartz et al., 2004). They assume a central role in the learning process, acting as integrators that
facilitate long-term comprehension and application of knowledge (Finkelstein, 2001). Contexts in CBL are closely connected
to students' daily lives and address complex issues, fostering a deeper understanding of concepts (Di Fuccia & Ralle, 2016).
Furthermore, learning occurs within the context and is derived from it, while transfer to other contexts is often facilitated in
CBL environments through the use of examples and situations from diverse contexts (Taconis et al., 2016). This approach
enables a "drip-feed" or "spiral curriculum" method, where ideas introduced in one context can be further developed and
reinforced in other contexts, enhancing overall understanding (Bennett, 2016). By incorporating context throughout the learning
process, CBL provides students with meaningful and interconnected learning experiences, allowing for deeper comprehension
and application of concepts in various contexts.

Within the CBL approach, knowledge construction is stimulated through the recognition of the "need-to-know" within the
given context and context-related tasks (Pilot & Bulte, 2006). CBL environments encourage students to ask questions and
reward them for finding answers, drawing upon their existing knowledge (Bennett & Holman, 2003; Bennett et al., 2007). As
such, CBL aligns with a constructivist view of learning, which emphasizes the active construction of knowledge (De Putter-
Smits et al., 2016). From a constructivist perspective, Labudde (2008) identifies different dimensions. The first dimension
pertains to individual learning, where knowledge is constructed by each learner. Consequently, what an individual learns is not
a direct replica of reality or the content being taught but is influenced by the learner's pre-existing knowledge, beliefs, and
interpretations. The second dimension highlights social interactions, emphasizing that knowledge construction occurs through
exchanges with others. This process can be facilitated to foster the co-construction of knowledge, wherein students, either in
interactions with peers or through discussions with their teachers, collaboratively build a knowledge base.

The third dimension focuses on the content itself. Labudde (2008, p. 141) states that "if learning is an active process of
constructing new knowledge based on existing knowledge [...], then the contents to be learned must be within the horizon of
the learner.” This perspective differs from traditional education, where concepts are typically presented first and then followed
by applications. In contrast, CBL situates the content within the learner's horizon and allows for the exploration and application
of concepts in relevant contexts from the outset. By embracing a constructivist view, CBL emphasizes the active role of the
learner in constructing knowledge, the importance of social interactions, and the alignment of content with the learner's existing
knowledge and experiences. This approach fosters a deeper understanding and meaningful engagement with the subject matter.

CBL has been found to have several benefits on learning outcomes. It facilitates the internalization of knowledge and facts
by establishing connections to the learners' real-life experiences. By integrating learning with their lived realities, learners
engage in a tyro researcher role where they actively participate in the production of knowledge. This hands-on experience
transforms learning into a dynamic process of doing rather than a passive occurrence (Rose, 2012). Learning in context
enhances students' ability to encode and retrieve information by creating meaningful associations. By placing knowledge within
a relevant context, students can better comprehend complex ideas and retain them in long-term memory (Bransford et al., 2000).
This approach also helps students transfer their knowledge to new situations, encouraging them to analyze problems, think
critically, and apply their understanding in practical settings. By engaging in context-based problem-solving activities, students
develop a deeper understanding of concepts and acquire essential problem-solving skills (Kolodner, 2002).

Moreover, learning within a meaningful context has been found to increase students' motivation and engagement in the
learning process. When students see the relevance of what they are learning to their own lives, they become more interested
and invested in their education. Learners are motivated to acquire knowledge as they perceive it to be valuable in solving
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specific problems or engaging with distinct realities. The learning process is driven by intrinsic motivation and genuine interest
rather than external factors or punitive measures. (Rose, 2012). The work of Hidi and Renninger (2006) highlights the
importance of situational interest, where students are motivated to learn because the context is personally meaningful to them.
Besides, CBL facilitates the transfer of knowledge by explicitly linking theoretical concepts to practical contexts. It assists
students in recognizing the connections between theoretical concepts and their everyday lives (Bennett, 2003). A study by
Hattie (2009) showed that learning in context enhances students' ability to transfer their knowledge and skills beyond the
classroom, enabling them to solve problems and make connections in various real-life scenarios.

Previous research has explored the impact of context-based learning on student outcomes, but there is a need for a meta-
analysis to synthesize the existing evidence and provide a more comprehensive understanding of its effects. Meta-analytic
studies are valuable as they enable researchers to examine the overall impact across multiple studies, thus enhancing the
generalizability of the findings and providing a more robust assessment of the effectiveness of context-based learning. The
present meta-analysis offers a comprehensive synthesis of the existing literature, allowing for a more reliable and robust
estimation of the overall effect size (ES). By aggregating a large sample of studies, this meta-analysis can provide a more
accurate assessment of the impact of CBL on students' academic achievement and learning retention. Furthermore, the meta-
analysis enables the examination of potential sources of heterogeneity across studies. By identifying moderators, such as
publication type, course type, educational level, experimental duration, and group size, this it can explore the conditions under
which CBL is most effective. Also, this meta-analysis will contribute to the existing body of knowledge by synthesizing and
analyzing the findings from previous studies on the effect of context-based learning on students' academic achievement and
retention of learning. By examining a wide range of disciplines and educational settings, this research aims to provide educators
and policymakers with valuable insights into the potential benefits and challenges associated with context-based learning.
Ultimately, the findings from this meta-analysis will inform evidence-based instructional practices and guide future research
in the field of education.

The primary objective of this meta-analysis is to assess the overall impact of CBL on students' academic achievement and
retention of learning. By systematically reviewing and synthesizing the existing empirical evidence, this study seeks to provide
a comprehensive understanding of the effectiveness of CBL across different publication types, course types, educational levels,
experimental durations, and group sizes. Furthermore, this meta-analysis aims to identify potential moderators that may
influence the relationship between CBL and student outcomes. To this end, the following questions were addressed in the
present study:

(1) What is the effect of CBL on students’ academic achievement?

(2) What factors moderate the effect of CBL (if any) on students’ academic achievement?

(3) What is the effect of CBL on learning retention?

2. Methods

In the review, meta-analysis was utilized to designate the overall effect of CBL on academic achievement and retention.
Meta-analysis is a research methodology that combines the results of multiple studies by applying systematic and standardized
methods of analysis. It allows for the exploration of patterns, trends, and differences across studies, enhancing the statistical
power and generalizability of the findings (Cooper et al., 2019). The statistical analysis of a collection of analysis results from
primary studies for the purpose of integrating the findings.

2.1. Literature Search

A search was carried out in September 2022 through the Turkish Council of Higher Education Thesis Centre, which is the
largest academic database integrating masters’ and doctoral theses in Turkey, to identify the primary studies. The keywords
“context-based” and its equivalents in Turkish “baglam temelli” and “yasam temelli” were used for the literature search. In the
initial search, 176 studies were found, and they were then reviewed by titles and abstracts by the author and a second researcher.
After removing 77 duplicates and 34 irrelevant records, the remaining 65 studies were closely reviewed with inclusion criteria,
and 42 studies (54 ESs) for academic achievement and 10 studies (12 ESs) for learning retention were finally identified as
eligible for the meta-analysis. The identification, screening, eligibility, and inclusion stages of 176 studies listed as a result of
the literature search and the number of studies investigated at each stage are presented in Figure 1.

Records identified through database
search (n = 176)

Records after duplicates removed
(n = 99) \
Records excluded (n = 34)

Identification

Screening

l

Full-text articles assessed for
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Full-text articles excluded
(n=23)

Eligibilty

Insufficient detail (n = 10)
Different dependent variable (n = 8)
MNo control group (n = 5)

Studies included in meta-analysis

/\
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(n = 42) (n=10)*
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* Ten studies reported both academic achievement and learning retention.
Figure 1. Flow Diagram for the Literature Search Process
2.2. Inclusion Criteria

The studies obtained through the database search were subjected to specific inclusion criteria, which encompassed the

following parameters:

The study should investigate the impact of CBL on academic achievement or retention.

The study should have an experimental or quasi-experimental design with a pretest-posttest control group model.
The study should be a thesis or dissertation.

The study should be written in either English or Turkish.

The study should have been published before September 2022.

The study should have been conducted in Turkey.

The study should include the necessary statistical information for calculating ESs.

The study should be available in full text.

2.3. Coding Process

Primary studies were coded according to (a) author information, (b) publication type, (c) publication year, (d) course type,
(e) educational level, (f) group size, (g) duration of experiment, (h) sample size, mean and standard deviation values of the
groups. The author, together with another researcher, double-reviewed and independently coded all the required information.
The interrater agreement rate (Miles & Huberman, 1994) was estimated as 99.6%, and disagreements were resolved until a
consensus was reached after the double examination of the primary studies.

2.4. Model Choice and Heterogeneity Analysis

The selection of an appropriate model during the execution of a meta-analysis is a pivotal and consequential decision
(Srinivasjois, 2021). Researchers must make a careful decision regarding the most appropriate statistical model to employ for
their meta-analysis, considering the specific context and objectives (Slaney et al., 2018). When there is a lack of heterogeneity
among primary studies within the meta-analysis and a valid assumption of a constant true effect, the fixed effects model is
favored (Harrer et al., 2022). Conversely, if the goal is to generalize to a population with varying effects and characteristics
across studies, the random effects model is utilized, acknowledging the potential variability of the actual effect (Hanji, 2017).
The selection of an appropriate model holds significant importance in a meta-analysis, as it should align with the researcher's
beliefs concerning the data's nature and the desired inferences (Konstantopoulos & Hedges, 2019; Rothstein et al., 2013). To
ensure a well-informed decision, researchers are advised to consider the study scope, variables, and design prior to the analysis
(Basol, 2016). Given the heterogeneous structure of the primary studies included in this meta-analysis, characterized by
variations in course content, measurement tools, participant education levels, and age groups, it was determined that they did
not share the same population parameters. Consequently, the random effects model was selected to estimate the overall ES
before conducting the analysis.

To ensure accurate findings, it is advisable to account for data heterogeneity and inter-study variability when conducting
meta-analyses (Khan, 2020). Assessing heterogeneity is a fundamental objective of meta-analysis, as it is an underlying
assumption of the random-effects model (Huedo-Medina et al., 2006). The identification and evaluation of heterogeneity play
a crucial role in understanding the variability observed among the included studies. In this particular meta-analysis, a thorough
examination of heterogeneity was carried out to assess the variation among ESs from the primary studies included (Table 1).
The analysis revealed that the Q values surpassed the critical values of the chi-square distribution (X?), indicating significant
heterogeneity among the ESs of the studies (Dinger, 2014). Furthermore, high 1? values of 85% and 61% indicated substantial
levels of heterogeneity (Deeks et al., 2008).

Table 1. Results of Heterogeneity Analyses, by the Outcome

df Q X2 p 1
Academic achievement 53 362.626 73.311 0.000 85.384
Learning retention 11 28.632 19.675 0.003 61.581

2.5. Publication Bias Analyses

The current review employed various techniques to identify the existence of publication bias. Initially, a thorough visual
examination was conducted by employing the funnel plot. Subsequently, multiple methodologies were employed, including
the classical fail-safe N number (Rosenthal, 1979), Orwin's fail-safe N number (Orwin, 1983), and the trim and fill methods
(Duval & Tweedie, 2000a, 2000b). These diverse approaches allowed for a comprehensive analysis of potential bias in the
published literature.
2.6. Estimation of Effect Sizes
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Given that the primary studies incorporated in the scope of this meta-analysis involved the average scores of both
experimental and control groups, the review employed the "process effectiveness” method, as proposed by Durlak and Lipsey
(1991). This particular method falls under the category of group comparison meta-analysis, enabling a comprehensive
assessment of the data. Furthermore, due to the utilization of diverse scales to measure the academic achievement and retention
levels across the primary studies, standardization of ESs was imperative. To achieve this, the coefficient developed by Hedges
(1982) was employed, which estimates individual ESs using the formula:

"Hedges' g = (M1 - M2) / SDpooled" Q)

To interpret the ESs accurately, the classification suggested by Cohen et al. (2018) was adopted. According to this
classification, ESs are considered weak if they fall within the range of 0-0.20, modest if they range from 0.21 to 0.50, moderate
if they fall between 0.51 and 1, and strong if they surpass 1, indicating a substantial impact.

3. Results

3.1. Results for Academic Achievement

Within the scope of this meta-analysis, a total of 42 primary studies (encompassing 3938 students) successfully met the
established inclusion criteria for the academic achievement variable. These studies, published between 2008 and 2022, yielded
a total of 54 ESs. Table 2 provides an overview of the characteristics of the reviewed studies. It reveals that a majority of the
included studies were published as master's theses (57.4%), conducted within the field of science courses (90.7%), focused on
middle school students (44.4%), had an experimental duration ranging from 5 to 8 weeks (62.9%), and involved participant
counts between 50 and 100 (51.8%).

Table 2. Categories and Results of the Moderator Analyses of Academic Achievement

Moderator k ES 95% ClI Qb p
(9) Lower L.  Upper L.

Publication type 54 3.510 0.061
Master’s thesis 31 1.120 0.844 1.396
Doctoral dissertation 23 0.788 0.578 0.998

Course type 54 2.313 0.128
Science 49 0.914 0.738 1.090
Other courses 5 1.633 0.724 2.542

Educational level 54 4.383 0.223
Elementary school 5 1.592 0.544 2.640
Middle school 24 0.939 0.651 1.227
High school 18 0.807 0.545 1.069
Tertiary 7 1.166 0.852 1.480

Experimental duration 519 2.123 0.145
1-4 weeks 17 1.255 0.780 1.729
5-8 weeks 34 0.875 0.684 1.065

Group size 54 15.421  0.000*
<50 16 1.116 0.705 1.528
>50.< 100 28 1.096 0.840 1.352
>100 10 0.498 0.290 0.707

Note. Random effects model, *p < .05.

@ The 9-12 weeks experimental duration had one study and two studies were not specified thus they were extracted from the
analysis.

3.1.1. Overall Effect Size

The ESs derived from the primary studies investigating the impact of CBL on academic achievement exhibited a range from
-0.474 to 4.798, as depicted in Figure 2. Among the 54 ESs analyzed, two displayed negative effects, while the remaining 52
demonstrated positive effects. Using the classification framework established by Cohen et al. (2018), it was observed that three
of the positive studies yielded weak effects, seven exhibited modest effects, 23 displayed moderate effects, and 19 showed
strong effects.
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Meta Analysis
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Figure 2. Forest Plot of Academic Achievement

Incorporating all the studies included in the analysis, the overall ES was estimated to be 0.970, with a standard error of
0.090, employing the random-effects model (p=0.000). The 95% confidence interval for the overall effect ranged from 0.793
(lower limit) to 1.146 (upper limit). According to the classification system suggested by Cohen et al. (2018), the overall ES fell
within the moderate range. This indicates that CBL has a statistically significant and meaningful impact on student’s academic
achievement when compared to traditional lecture-based instruction. The positive overall ES of 0.970 underscores the
effectiveness of CBL in enhancing academic achievement.

3.1.2. Publication Bias

As depicted in Figure 3, the ESs observed in the primary studies did not exhibit significant asymmetry. This finding suggests
that the data displayed satisfactory symmetry and distribution. Consequently, in addition to the visual analysis, alternative
methods were employed to identify the presence of publication bias within the meta-analysis.



JPSE 4 (5):1-16 Tutal, ©

Funnel Plot of Standard Error by Hedges's g

0,0
0,1
o of §
0.2 @ [ =3
5 o )o (=]
o o
5 0.3 oo > O
=
B o0
5 o
=
] 0.4 o
o
0,5
o
0.6 ===
- - -3 2 el o 1 2 3 a s
Hedges's g

Figure 3. Funnel Plot of Academic Achievement

Based on the classic fail-safe N analysis (Rosenthal, 1979), a total of 9,501 missing studies with null effects would be
required to overturn the observed findings. Similarly, Orwin's fail-safe N analysis (Orwin, 1983), suggested that a staggering
4,467,254 missing studies would be needed to reverse the results. The substantial number of missing studies indicated by both
analyses exceeds the commonly applied '5k+10' threshold (Rosenthal, 1979). Furthermore, the trim-and-fill method (Duval &
Tweedie, 2000a, 2000b) did not impute any additional ESs to the left or right of the funnel plot, suggesting that no studies
needed to be trimmed or adjusted (Table 3). Taken together, the results of these statistical procedures collectively indicate that
publication bias did not significantly influence the overall findings of the meta-analysis in a reliable manner.

Table 3. Findings of Publication Bias Tests

Test Results
Z value for observed studies 26.071
p value for observed studies 0.000
Alpha 0.05
Classic Fail-Safe N Tajls 2
Z for alpha 1.959
Number of observed studies 54
Number of missing studies that would bring the p-value to >alpha 9501
Hedges' g in observed studies (fixed effect) 0.827
Orwin's Eail-Safe N Criterion for a 'trivial' Hedges' g 0.00001
Mean Hedges' g in missing studies 0.0000
Number of missing studies needed to bring Hedge's g to under 0.001 4467254
Observed values 0.970
Trim and Fill Adjusted values 0.970
Studies trimmed 0

3.1.3. Moderators

As presented in Table 1, the Q statistic value of 362.626 was found to be statistically significant (p < 0.001). With 53 degrees
of freedom and a significance level of 95%, the X? value was determined to be 73.311. Given that the Q statistic surpassed the
X2 value, it indicated the presence of heterogeneity among the included studies. Furthermore, the 12 value suggested that
approximately 85% of the variance observed in the meta-analysis results could be attributed to between-study factors. In light
of these findings, five moderator analyses were conducted to explore potential factors that could account for the observed
heterogeneity. The objective was to provide plausible explanations for the variations found among the primary studies, as
outlined in Table 2.

The results of the moderator analysis revealed that the summary ES of master's theses was associated with a strong effect
(9=1.120). On the other hand, the summary ES of doctoral dissertations showed a moderate effect (g=0.788). Moreover, the
between-group heterogeneity statistic for publication type was not found to be statistically significant (Q,=3.510, p>0.05).

Upon comparing the ESs of the studies based on course types, it was found that science courses exhibited a moderate effect
(g=0.914). Conversely, other courses showed a strong effect (g=1.633), suggesting a more pronounced positive impact on
academic achievement. Additionally, the statistical analysis revealed that the difference between the ESs of the courses was
not statistically significant (Q,=2.313, p>0.05).

In the moderator analysis comparing educational levels, it was found that CBL had a moderate effect on academic
achievement in both high school (g=0.807) and middle school (g=0.939) students. On the other hand, CBL had a strong effect
on academic achievement in elementary school (g=1.592) and tertiary (g=1.166) students, indicating a significant positive
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impact in these groups. Furthermore, the between-group heterogeneity analysis results revealed that the difference between the
ESs of the educational level groups was not statistically significant (Q,=4.383, p>0.05).

In the moderator analysis examining the experimental duration of the studies, it was found that studies with an experimental
duration of 1-4 weeks exhibited a strong effect (g=1.255) on academic achievement through CBL. Conversely, studies with an
experimental duration of 5-8 weeks demonstrated a moderate effect (g=0.875). Furthermore, the Qy statistics indicated that
there was no statistically significant difference between the summary ESs of the groups formed based on the experimental
duration (Qy,=2.123, p>0.05). These findings suggest that the publication type, course type, education level, and experimental
duration did not significantly contribute to the observed heterogeneity in the meta-analysis results.

Within the moderator analysis, group size (total number of students in the experimental and control groups) emerged as
another factor potentially contributing to heterogeneity. The findings revealed that studies with fewer than 50 participants
exhibited a strong effect (g=1.116), as did studies with 50-100 participants (g=1.096). In contrast, studies with more than 100
participants showed a modest effect (g=0.498). Additionally, the heterogeneity analysis indicated that there was a statistically
significant difference among the ESs of the groups based on group size (Q,=15.421, p<0.05). This indicates that the variation
in ESs observed across different group sizes significantly contributed to the overall heterogeneity observed in the meta-analysis
results.

3.2. Results for Learning Retention

For the learning retention variable, a total of 10 primary studies (encompassing 662 students) met the inclusion criteria for
this meta-analysis. These studies were published between 2013 and 2021 and yielded a total of 12 ESs. Detailed information
on the characteristics of the included studies is presented in Table 4. Based on the data provided, it can be observed that the
majority of the reviewed studies were published as master's theses (75%). Furthermore, the studies primarily focused on science
courses (91.6%), middle school students (41.6%), and had an experimental duration of 1-4 weeks (50%). Additionally, a
significant proportion of the studies involved fewer than 50 participants (58.3%).

Table 4. Characteristics of the Included Studies for Learning Retention

Moderator k ES 95% ClI Qb p
(9) Lower L.  Upper L.

Publication type 12 1.619 0.203
Master thesis 9 0.866 0.503 1.228
Doctoral dissertation 3 0.579 0.328 0.831

Course type 12 0.201 0.654
Social sciences 1 0.664 0.118 1.210
Science 11 0.805 0.519 1.092

Educational level 12 4.357 0.225
Elementary school 4 0.765 0.044 1.487
Middle school 5 0.978 0.635 1.321
High school 2 0.511 0.235 0.787
Tertiary 1 0.690 0.092 1.288

Experimental duration 112 0.118 0.943
1-4 weeks 6 0.795 0.373 1.217
5-8 weeks 5 0.816 0.384 1.247

Group size 12 2.920 0.232
<50 7 0.644 0.406 0.883
>50.< 100 4 1.138 0.491 1.785
>100 1 0.508 0.184 0.832

Note. Random effects model
2 A study was not specified and thus were extracted from the analysis.

3.2.1. Overall Effect Size

The ESs of the primary studies examining the effectiveness of CBL on learning retention varied between 0.111 and 1.881,
as illustrated in Figure 4. It is worth noting that all 12 ESs were positive, indicating a positive impact of CBL on learning
retention. According to the classification proposed by Cohen et al. (2018), one of the positive ESs was categorized as weak,
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eight were categorized as moderate, and three were categorized as strong. This classification system provides insights into the
magnitude and interpretation of the ESs, suggesting that CBL has a notable and favorable influence on learning retention.

Meta Analysis
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Figure 4. Forest Plot of Learning Retention

The overall ES for the impact of CBL on learning retention was estimated to be 0.791, with a 95% confidence interval
ranging from 0.529 to 1.052. The positive overall ES (g=0.791) indicates a statistically significant improvement in learning
retention through the implementation of CBL, compared to traditional lecture-based instruction (p=0.000). In line with the
classification proposed by Cohen et al. (2018), this ES falls into the moderate range.

3.2.2. Publication Bias

To assess the potential presence of publication bias, several procedures were implemented. Firstly, a visual examination of
the distribution in the funnel plot revealed no substantial asymmetry, as depicted in Figure 5.
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Figure 5. Funnel Plot of Learning Retention

Furthermore, the classic fail-safe N analysis (Rosenthal, 1979) indicated that a considerable number of 269 missing studies
with null effects would be required to overturn the findings. Similarly, Orwin's fail-safe N analysis (Orwin, 1983) suggested
that an enormous number of 880,684 missing studies would be needed to reverse the observed effect. These results surpass the
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established criterion of the '5k+10" limit (Rosenthal, 1979), indicating that the number of potentially missing studies is
considerably larger than what could reasonably alter the conclusions. Additionally, the trim-and-fill method (Duval & Tweedie,
2000a, 2000b) did not impute any ESs to the left or right of the funnel plot, suggesting that no studies needed to be trimmed to
achieve a more symmetrical distribution of results. This further supports the notion that publication bias is unlikely to have
substantially impacted the findings. Taken together, considering the results obtained from the statistical procedures conducted,
it can be concluded that publication bias did not appear to significantly affect the results of this meta-analysis.

Table 5. Findings of Publication Bias Tests

Test Results
Z value for observed studies 9.471
p value for observed studies 0.000
Alpha 0.05
Classic Fail-Safe N Tails 2
Z for alpha 1.959
Number of observed studies 12
Number of missing studies that would bring the p-value to >alpha 269
Hedges' g in observed studies (fixed effect) 0.733
Orwin's Eail-Safe N Criterion for a ‘trivial' Hedges' g 0.0001
Mean Hedges' g in missing studies 0.0000
Number of missing studies needed to bring Hedge's g to under 0.001 880684
Observed values 0.790
Trim and Fill Adjusted values 0.790
Studies trimmed 0

4. Conclusion, Discussion and Recommendations

To investigate the impact of CBL on academic achievement, a comprehensive meta-analysis was conducted. The analysis
incorporated data from 42 primary studies, encompassing a total of 3938 students. Within these studies, a total of 54 ESs were
obtained, capturing a broad range of academic outcomes. Among the 54 ESs, only two studies reported negative effects, while
the remaining studies demonstrated positive effects. The range of the ESs varied from -0.474 to 4.798, indicating substantial
heterogeneity in the observed outcomes across the primary studies. Based on the classification proposed by Cohen et al. (2018),
the ESs were further categorized. Three studies exhibited a weak effect, seven studies had a modest effect, 23 studies
demonstrated a moderate effect, and 19 studies showed a strong effect of CBL on academic achievement. Considering the
heterogeneity and variations across the primary studies in terms of course types, participants' education levels, age groups, and
measurement tools employed, a random effects model was employed to estimate the overall ES. The random effects model
takes into account the diversity among studies and provides a more conservative estimate. The results of the meta-analysis
revealed an overall ES of 0.970 under the random effects model, indicating a significant positive impact of CBL on academic
achievement. This finding suggests that CBL is associated with improved academic outcomes across a diverse range of study
contexts.

The results of the moderator analysis indicated that the impact of CBL on academic achievement was influenced by group
size. Specifically, the summary ESs of studies with smaller group sizes (fewer than 50 students and 50 to 100 students) were
larger compared to studies with larger group sizes (more than 100 students). The observed differences in ESs based on group
size suggest that smaller groups may provide certain advantages in implementing CBL approaches, leading to stronger effects
on academic achievement. However, it is important to note that this finding should not be interpreted as CBL being ineffective
for academic achievement in larger groups.

As part of the meta-analysis, an investigation was conducted on the effect of CBL specifically on learning retention. A total
of 10 studies, comprising 12 ESs, were included in this analysis. The data used in these studies encompassed 662 students, with
330 students in the experimental group and 332 students in the control group. The ESs obtained from the primary studies
exhibited a wide range, spanning from 0.111 to 1.881. Notably, all 12 ESs demonstrated positive effects, indicating the
favorable impact of CBL on learning retention. Based on the classification proposed by Cohen et al. (2018), one of the studies
displayed a weak effect, eight studies exhibited a moderate effect, and three studies revealed a strong effect in terms of learning
retention resulting from CBL interventions. The overall ES, calculated as 0.791, was determined to assess the collective impact
of CBL on learning retention. This finding suggests that CBL is more effective than traditional lecture-based instruction in
enhancing students' ability to retain learned information over time. The results indicate a statistically significant advantage of
CBL in promoting long-term retention of knowledge.

The overall ESs obtained for both academic achievement and retention variables in this review were categorized as moderate
according to the classification proposed by Cohen et al. (2018). It is important to note that these categories are not universally
applicable across all research fields and should be interpreted within the context of the specific research area (Grissom & Kim,
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2011). In educational research, alternative benchmarks and criteria may be considered to assess the practical and pedagogical
significance of ESs. For instance, Hattie (2009) suggests that an ES of 0.40 can serve as a benchmark for evaluating effects in
the field of education, representing the typical ES encompassing various educational interventions. Additionally, Gall et al.
(2003) propose that an ES of at least 0.33 is considered sufficient for practical significance in educational studies, while Slavin
(1996) suggests that ESs of 0.20 or 0.25 are pedagogically important. Given these perspectives, the moderate ESs obtained in
this meta-analysis can be considered quite remarkable for educational research. They indicate that CBL has a meaningful and
significant impact on increasing academic achievement and learning retention compared to traditional educational approaches.
However, it is essential to consider the specific context and characteristics of the studies included in the meta-analysis, as well
as the factors influencing ESs in the field of education. These findings provide valuable insights into the effectiveness of CBL
in educational settings and highlight its potential to enhance student outcomes.

Academic achievement is a fundamental goal of education systems worldwide. In recent years, there has been growing
recognition of the significance of CBL as a pedagogical approach that can positively impact students' academic performance.
CBL engages students by connecting abstract concepts to real-life scenarios, making learning more meaningful and relevant.
Research has shown that when students perceive the content as personally relevant and applicable, their motivation and
engagement increase (Pintrich & De Groot, 1990). This heightened motivation leads to sustained effort and improved academic
achievement. By presenting knowledge in authentic contexts, CBL promotes deep learning and conceptual understanding.
When students can see the connections between what they learn and real-world applications, they are more likely to engage in
critical thinking, problem-solving, and higher-order cognitive processes (Hmelo-Silver, 2004). These processes enhance
comprehension, retention, and transfer of knowledge, ultimately leading to improved academic achievement.

Another reason why CBL can increase academic achievement is that it fosters the development of transferable skills. These
transferable skills are essential for academic success and future career readiness, enabling students to apply their knowledge
across disciplines and solve complex problems. Also, CBL often involves active and experiential learning approaches, such as
hands-on experiments, field trips, and simulations. These methods provide students with opportunities to explore and interact
with the subject matter directly, fostering deeper understanding and long-term retention (Furtak et al., 2012). Active learning
promotes student engagement, enhances critical thinking skills, and improves academic achievement.

Moreover, CBL often incorporates collaborative learning and social interaction, encouraging students to work together to
solve problems or complete projects. Collaborative learning enhances academic achievement through peer support, collective
knowledge construction, and the development of interpersonal skills (Johnson & Johnson, 1989). Engaging in meaningful
interactions with peers fosters deeper understanding and promotes higher levels of achievement.

Learning retention, on the other hand, the ability to recall and apply learned information over time is a critical aspect of
education. CBL provides students with meaningful and relatable learning experiences, linking abstract concepts to real-world
contexts. Research has shown that when students can relate new information to their existing knowledge and experiences, they
are more likely to retain and recall that information over time (Bruner, 1996). By connecting learning to practical applications,
CBL enhances the relevance and personal significance of the content, leading to improved retention.

Besides, CBL supports the development of schemas, mental frameworks that help organize and store knowledge. When
students encounter information in authentic contexts, they are more likely to form rich, interconnected networks of knowledge
(Bransford et al., 2000). These schemas enable students to encode information more effectively, enhancing retention and
facilitating retrieval when needed. One key aspect of CBL is the application of knowledge and skills to real-world situations.
Research suggests that when learners can transfer their learning to different contexts, it enhances retention (Detterman, 1993).
By engaging in CBL, students acquire a deeper understanding of concepts, allowing them to apply their knowledge flexibly
and retain it in a more robust manner.

Another reason why CBL increases learning retention is that it often involves multiple modalities and sensory engagement,
such as hands-on experiments, simulations, and multimedia resources. Research has shown that engaging multiple senses
during learning enhances memory and retention (Mayer, 2009). By incorporating various modalities, CBL optimizes sensory
experiences, increasing the likelihood of long-term retention. Also, it encourages spaced practice and retrieval practice, both
of which have been found to improve retention. Spaced practice involves distributing learning sessions over time, allowing for
better consolidation and retention of information (Cepeda et al., 2006). Retrieval practice involves actively recalling
information from memory, strengthening memory traces, and promoting long-term retention (Roediger & Karpicke, 2006).
CBL often provides opportunities for repeated retrieval practice in realistic settings, enhancing learning retention.

The present review acknowledges several limitations that should be considered when interpreting the findings. One
limitation is the presence of heterogeneity among the ESs of the primary studies, as indicated by the results of the heterogeneity
analysis. To explore the potential sources of heterogeneity, moderator analyses based on subgroup comparisons are
recommended (Song et al., 2001). However, it is important to note that for moderator analyses to yield robust results, each
subgroup should ideally contain at least 10 studies, as suggested by Borenstein et al. (2009) and Hedges and Olkin (1985). In
this review, moderator analyses were conducted for the academic achievement variable, allowing for a better understanding of
the factors contributing to the observed heterogeneity. However, due to the limited number of studies available for the learning
retention variable, it was not possible to perform moderator analyses for this variable. This limitation highlights the need for
more primary studies examining the effect of CBL on learning retention in order to conduct more comprehensive meta-analyses
in the future.

11



JPSE 4 (5):1-16 Tutal, ©

Indeed, the limited scope of the meta-analysis focusing solely on the impact of CBL on academic achievement and learning
retention is a notable limitation. It is important to recognize that CBL can potentially influence various other variables that are
relevant to educational outcomes. Therefore, future meta-analyses should aim to include a broader range of variables, such as
attitudes toward the course, problem-solving skills, scientific reasoning abilities, creativity, critical thinking skills, motivation,
and self-efficacy. By considering a wider array of outcomes, a more comprehensive understanding of the effects of CBL can
be obtained. Another limitation of the present review is the inclusion of studies conducted exclusively in Turkey. This
geographic restriction may limit the generalizability of the findings to other cultural and educational contexts. It is advisable
for future meta-analyses to include studies conducted in different countries to enhance the external validity of the results and
provide a more diverse perspective on the effects of CBL.

Additionally, the meta-analysis focused solely on master's theses and doctoral dissertations, omitting relevant studies
published as articles or conference proceedings. By incorporating a wider range of sources, including peer-reviewed articles
and conference presentations, future meta-analyses can capture a more comprehensive pool of research findings and increase
the robustness of the synthesized evidence. Finally, based on the findings of the meta-analysis, educators are advised to consider
incorporating CBL strategies into their instructional practices to support student’s academic achievement, optimize learning
outcomes, and promote sustained retention.
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