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Abstract
Given the increasing prevalence of web technology, web-based mathematics en-
vironments have been increasingly widely used in mathematics education for the 
past two decades. The COVID-19 pandemic has led to an urgent transition from 
traditional mathematics instruction (TMI) to web-based mathematics instruction 
(WBMI) at all levels of mathematics education. At this point, it is crucial to scruti-
nize the effects of WBMI on K-16 students’ mathematics learning comprehensively. 
This meta-analysis research contained a total of 63 studies with 115 effect sizes, 
which aimed to investigate the effectiveness of WBMI on K-16 students’ math-
ematics learning by incorporating potential moderators, namely mathematics top-
ics, mathematical content standards, feedback status, type of instructional features, 
age (i.e., grade level), and assessment methods. Based on findings, WBMI has a 
significantly strong effect on K-16 students’ mathematics learning (g = 1.10, p = 
0.01, 95% CI [0.95, 1.27]). Moderator analyses reveal that the effect sizes of WBMI 
on K-16 students’ mathematics learning varied significantly depending on all these 
potential moderators. Additionally, higher-level mathematical concepts, statistics 
and probability, WBMI with providing feedback, tutorial systems, undergraduate 
students, and traditional paper-pencil assessment are the strongest moderators in 
their context. The most notable results of this research are that WBMI is signifi-
cantly more effective on students’ mathematics learning than TMI, while even in the 
context of WBMI, traditional paper-pencil assessment is significantly more effective 
than online assessment. This meta-analytic research provides a comprehensive and 
up-to-date perspective on the effectiveness of WBMI on K-16 students’ mathemat-
ics learning.
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1 Introduction

Web-based mathematics instruction (WBMI) plays a crucial role in mathematics edu-
cation as technological advancements have changed the way of learning and teaching 
mathematics (Cao et al., 2021). Although WBMI has been initially seen only as a pre-
ferred teaching option in graduate and undergraduate education, it has been widely 
used at all levels of K-16 education in recent years. The most important reason why 
WBMI has gained that popularity is the COVID-19 pandemic. This pandemic has 
led to an urgent transition from traditional mathematics instruction to WBMI at all 
levels of mathematics education. Thanks to today’s advanced internet and technol-
ogy, WBMI has helped to overcome educational and instructional challenges in the 
pandemic, as it provides the flexibility to learn and teach mathematics at anytime and 
anywhere (Misirli & Ergulec, 2021).

A well-planned WBMI is not a simple process; however, is considered a complex 
process that requires elaborated teaching design, practice, and evaluation to create a 
productive learning environment (Misirli & Ergulec, 2021; Palloff & Pratt, 2013). 
Many studies emphasize that WBMI provides many learning opportunities such as 
communicating with large individual groups involving students, teachers, parents, 
and school principals (Martindale et al., 2005), implementing various instructional 
features (i.e., drill-and-practice programs, simulations, tutorial, and ITS), applying 
different educational features (i.e., pacing, feedback, and guided task), and empower-
ing individuals to access many digital resources associated with mathematics topics 
(Hillmayr et al., 2020; Lin, 2009; MacGregor & Lou, 2004). By providing students 
with a personalized learning resource, WBMI allows students to dynamically adjust 
the learning process based on their skills and previous knowledge, considering the 
level and type of teaching (Hillmayr et al., 2020). Moreover, WBMI can increase stu-
dents’ mathematics performance due to providing feedback to students in this envi-
ronment (e.g., Guzeller & Akin, 2012; Nguyen & Kulm, 2005). Since WBMI gives 
individuals the opportunity to access the learning resource at any time, individuals 
can advance the learning process at any desired pace, cease their learning at any time, 
and repeat parts of the learning section (Aberson et al., 2000).

In the literature, it is emphasized that WBMI offers many learning opportunities 
to students, as well as many difficulties are encountered in this learning environment 
(Gu & Lee, 2019). Recent studies indicate that individuals usually give preference 
to face-to-face instruction over WBMI, and WBMI has a fairly high drop-out rate 
compared to other web-based courses due to the difficult and complex structure of 
mathematics (e.g., Jaggers, 2014; Smith & Ferguson, 2005). WBMI is problematic 
in terms of mathematics learning as students experience a sense of isolation and lack 
of social support due to the nature of this learning environment (Jaggers, 2014; Gu 
& Lee, 2019). Moreover, interesting sites on the web such as social media, games, 
advertisements are another factor that negatively affects mathematics learning in 
WBMI (Tsai & Shen, 2009). Although the COVID-19 pandemic has led to an auto-
matic transition to WBMI, it is not possible to infer that students and mathematics 
teachers have adapted to WBMI (Baran, Correia, & Thompson, 2011). Face-to-face 
mathematics instruction has been the first preferred type of instruction by students 
and mathematics teachers for centuries, making it difficult for mathematics teachers 
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and students to switch to WBMI (Cao et al., 2021). This leads students and math-
ematics teachers to have the belief that face-to-face mathematics instruction is more 
effective than WBMI.

More research papers have been published in the context of WBMI in the past 
few years due to the COVID-19 pandemic (e.g., Misirli & Ergulec, 2021; Sun et 
al., 2021; Ulum, 2022). It has been revealed that there were many disparities among 
students due to socio-economic reasons, and many students had difficulty in learning 
mathematics within the context of WBMI during this pandemic (Agasisti et al., 2020; 
Dorn et al., 2020). This has made the need for strengthening mathematics education 
to be more acute (Sun et al., 2021). As WBMI has an increasingly key role in the 
post-pandemic world, it is necessary to provide clear findings on the effectiveness 
of WBMI to all stakeholders such as mathematics educators, mathematics teachers, 
students, and parents (Sun et al., 2021).

Numerous studies are investigating the effect of WBMI on mathematics achieve-
ment (e.g., Aberson et al., 2000; Baki & Guveli, 2008; Gu & Lee, 2019; Guzeller & 
Akin, 2012; Nguyen & Kulm, 2005). The results of many of these studies indicate 
that WBMI has been significantly more effective in mathematics learning compared 
to traditional mathematics instruction (TMI) (e.g., Gu & Lee, 2019; Guzeller & Akin, 
2012; Lin, 2009; Nguyen & Kulm, 2005). On the contrary, the results of several stud-
ies reveal that no significant difference was obtained between mathematics scores 
of students in WBMI and TMI (e.g., Baki & Guveli, 2008; Martindale et al., 2005; 
Mman & Tudunkaya, 2019). Since there are ambiguous findings on the effect of 
WBMI on mathematics learning in the literature, previous research has not provided 
much insight into the effect of WBMI on mathematics learning.

This inconsistency is evident when we scrutinize research papers that examine 
the effectiveness of web-based instruction in experimental and quasi-experimental 
research. Unfortunately, even in the context of meta-analysis, the effectiveness of 
web-based instruction on academic or mathematics learning remains unclear, as 
many research papers vary in their results (Fang et al., 2019; Hillmayr et al., 2020; 
Sitzmann, Kraiger, Stewart, & Wisher, 2006; Sun et al., 2021; Ulum, 2022). One of 
the largest sources of variation is likely to be highly heterogeneous meta-analysis 
research conducted with the inclusion of all studies related to web-based instruction 
that focuses not only on mathematics but also on biology, English, ICT, science, and 
social science (e.g., Hillmayr et al., 2020; Ulum, 2022). Probably, another reason 
for this variability is that only research papers related to Assessment and Learning 
in Knowledge Spaces (ALEKS) in the context of online intelligent tutoring systems 
(ITS) are included in previous meta-analysis studies (Fang et al., 2019; Sun et al., 
2021).

In order to obtain comprehensive and consistent findings related to the effective-
ness of WBMI on mathematics learning, it is necessary to include research papers 
associated with the implementation of various instructional features such as drill-
and-practice programs other than ALEKS in the future meta-analysis research. How-
ever, as far as we know, the effect of web-based instruction on mathematics topics, 
mathematical content standards, feedback status, and assessment methods have not 
been examined independently and investigated as potential moderators in any previ-
ous meta-analysis studies (Fang et al., 2019; Hillmayr et al., 2020; Sitzmann et al., 
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2006; Sun et al., 2021; Ulum, 2022). Additionally, due to the impact of the COVID-
19 pandemic, new research papers have been published in the context of WBMI. 
Therefore, even the most recent meta-analysis studies are limited in terms of research 
intensity (Hillmayr et al., 2020; Sun et al., 2021; Ulum, 2022). It is also found that 
unpublished dissertations have not been included in the most recent meta-analysis in 
the context of WBMI (e.g., Hillmayr et al., 2020; Ulum, 2022). Consequently, previ-
ous meta-analysis studies on web-based instruction have not provided comprehen-
sive and detailed findings about mathematics learning and assessment. Given all the 
above, it is crucial to scrutinize the effects of WBMI on K-16 students’ mathematics 
learning comprehensively by conducting a new meta-analysis study. In conclusion, 
a study that the effectiveness of WBMI on mathematics learning while incorporating 
potential moderators may provide comprehensive, updated, and valuable findings on 
this topic.

2 Potential moderators of the effectiveness of WBMI on mathematics 
learning

Based on the literature review, potential moderators of the effectiveness of WBMI 
on mathematics learning can be listed as mathematics topics, mathematical content 
standards, feedback status, type of instructional features, age (i.e., grade level), and 
assessment methods.

2.1 Mathematics topics

School mathematics topics are a set of different components consisting of founda-
tional concepts, higher-level mathematical concepts, and mathematical skills (Jitendra 
et al., 2018; Lin, 2011). Foundational concepts are associated with the basic content 
of mathematics such as numbers and operations, fractions, and decimals whereas 
higher-level mathematical concepts are associated with several complex mathematics 
topics such as trigonometry, functions, and equations (Jitendra et al., 2018). More-
over, mathematical skills are related to several skills such as spatial skills, mental 
rotation, visualization, and logical reasoning (Lin, 2011). Many studies indicate that 
WBMI helps students not only acquire foundational concepts but also assist them 
to comprehend higher-level mathematical concepts and master mathematical skills 
(e.g., Gu & Lee, 2019; Guzeller & Akin, 2012; Lin, 2009; Rafi et al., 2005). How-
ever, researchers (e.g., Moos & Azevedo, 2006; Smith & Ferguson, 2005) emphasize 
that when learning complex and difficult mathematics topics in WBMI, most students 
lose interest and barely adapt to this environment due to their inadequate previous 
knowledge in mathematics. It is also stated that poorly adapted web-based mathemat-
ics learning environments are problematic in learning high-level mathematical con-
cepts (Gu & Lee, 2019; Smith & Ferguson, 2005). Therefore, the effects of WBMI on 
mathematics learning may differ depending on the components of school mathemat-
ics topics. Moreover, it remains unclear whether the effects of WBMI on mathematics 
learning vary depending on the components of school mathematics topics.
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2.2 Mathematical content standards

In the literature, the mathematics performance of students is measured by mathemat-
ics tasks that span the domain of numbers & operations, algebra, geometry, statistics 
& probability, or mixed (i.e., all components of the content standards) in the context 
of WBMI. It is seen that the initial studies related to WBMI focused on students’ 
mathematics learning in the domain of statistics and probability in the context of 
distance and remote learning technologies (Couch, 1997; Hurlburt, 2001). Addition-
ally, many highly adaptive web-based learning environments have been created in 
the domain of statistics and probability (e.g., Hurlburt, 2001; Ozyurt et al., 2014; 
Muhanna & Abu-Al-Sha’r, 2010). It can be asserted that the effect of WBMI on 
students’ mathematics learning is greater in the domain of statistics and probability 
compared to other content standards. Since the effects of WBMI on mathematics 
learning may differ depending on the components of content standards, more studies 
are needed to investigate this assertion.

2.3 Feedback status

One of the most crucial assets is feedback in the context of WBMI. Feedback not only 
allows students to check if their solution is correct but also provides guidance to stu-
dents, helps students examine their own mistakes, and supports students to develop 
productive ways of thinking (Nguyen & Kulm, 2005). Many studies (e.g., Gu & 
Lee, 2019; Guzeller & Akin, 2012; Lin, 2009; Nguyen & Kulm, 2005) have been 
conducted to provide feedback to students in the web-based mathematics learning 
environment, whereas there are several studies (e.g., Babbitt et al., 2015; Kurtulus 
& Kilic, 2009; Taylor, 2008) that don’t provide feedback to students in this environ-
ment. Therefore, examining the potential role of feedback in the effect of WBMI on 
learning mathematics may reveal crucial findings in this issue.

2.4 Instructional features

Research in the literature has examined the effectiveness of WBMI on mathematics 
learning by including the implementation of various instructional features namely 
drill-and-practice programs, simulations, tutorial systems, and intelligent tutoring 
systems (ITS) (Hillmayr et al., 2020; Lin, 2009). Accordingly, the type of instruc-
tional features may moderate the effects of WBMI on mathematics learning. Since 
the effects of WBMI on mathematics learning may differ depending on the types of 
instructional features, more studies are needed to handle this assertion.

2.5 Grade level

Before the COVID-19 pandemic, WBMI was widely used in distance education at 
the undergraduate level (Cao et al., 2021). There have only been a few research that 
examined the nature of the web-based mathematics learning environment (Cady & 
Rearden, 2009; Cao et al., 2021). The effectiveness of WBMI is not easy to interpret, 
as WBMI has not been widely used at the elementary, middle, and high school levels 
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compared to the undergraduate level until the post-pandemic world. It is emphasized 
that the web-based mathematics learning environments impede younger students’ 
mathematics learning due to the overuse of unaided, uncontrolled, and undirected 
mathematical activities (Berger et al., 1994; Muhanna & Abu-Al-Sha’r, 2010). Since 
it is more difficult for younger children to maintain self-control compared to older 
children in the internet environment, an assisted and guided web-based mathematics 
learning environment needs to be designed, especially for elementary and middle 
school students. Due to the influence of grade level on web-based mathematics envi-
ronments, more research exploring the effect sizes of WBMI across different age 
categories may be beneficial.

2.6 Assessment methods

It is seen that two different types of assessment methods are used in the context of 
WBMI. One of them is a traditional paper-pencil assessment and the other is an 
online assessment. In the traditional paper-pencil assessment under the scope of 
WBMI, the experimental and control groups take a paper-and-pencil test associated 
with a mathematical concept or topic. On the other hand, the control group students 
take a pre and post-test in paper-pencil form while the experimental group students 
take a pre and post-test on the web in online assessment under the scope of WBMI.

Online assessment has been increasingly widely used in STEM since the 2000 s 
(e.g., Brouwer et al., 2009; Engelbrecht & Harding, 2004; Escudier et al., 2011; 
Jones & Long, 2013). In the internet age, it is asserted that traditional assessment is 
not the best way to evaluate students’ learning outputs (Rane & MacKenzie, 2020). 
Moreover, many researchers argue that online assessment is more useful than tradi-
tional paper-pencil assessments since individuals may take their exams whenever 
and wherever they want using online assessments which give them more flexibility 
(e.g., Engelbrecht & Harding, 2004; Rane & MacKenzie, 2020). The most important 
reasons why students prefer online assessment can be listed as the absence of exam 
anxiety, providing immediate feedback on exam results, eligibility for formative 
assessment, the flexibility of the online setting, and access to the latest technology 
(Engelbrecht & Harding, 2004). In contrast, the biggest challenge with online assess-
ment is that cheating, and plagiarism are high in online exams (Rane & MacKenzie, 
2020). Therefore, Kennedy et al. (2000) have emphasized that as online assessment 
becomes more prevalent, academic dishonesty would rise. Although online assess-
ment has been popular in recent years, it seems that most of the students prefer tra-
ditional paper-pencil assessment (e.g., Dandurand, Shultz, Onishi, 2008; Escudier et 
al., 2011; Rane & MacKenzie, 2020). The most crucial reasons why students prefer 
traditional paper-pencil assessment can be listed as marking online exams is a very 
time-consuming task, and the difficulty of adjusting to an unfamiliar way of testing 
(Engelbrecht & Harding, 2004).

Many studies compare students’ academic achievements who were evaluated using 
traditional paper-pencil assessment with students’ academic achievements evaluated 
with online assessment (e.g., Escudier et al., 2011; Jones & Long, 2013; Pennebaker, 
Gosling, Ferrell, 2013; Rane & MacKenzie, 2020; Stephens, 2001). Based on the lit-
erature, traditional paper-pencil assessment methods have shown to be more effective 
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than online assessment (e.g., Dandurand et al., 2008; Escudier et al., 2011; Jones & 
Long, 2013; Still & Still, 2015). In contrast, the results of several studies indicate that 
online assessment is more effective than traditional paper-pencil assessment methods 
in the context of mathematics (Ricketts & Wilks, 2002; Rane & MacKenzie, 2020; 
Pennebaker et al., 2013). However, it has numerous claims for the benefits of online 
assessment and determined many advantages, there is no evidence to indicate that if 
this approach would be as effective and strong as traditional paper-pencil assessment 
regarding students’ achievement (Escudier et al., 2011). Therefore, more comprehen-
sive research is needed to confirm or reject this claim.

3 The research question

The research problem of whether and to what extent WBMI is effective in K-16 stu-
dents’ mathematics learning has not been addressed in the literature. It has become 
clear that there is an increasing need for meta-analytic research that provides a com-
prehensive and up-to-date perspective on the effectiveness of WBMI on K-16 stu-
dents’ mathematics learning since educational stakeholders need to know to which 
extent the effects of WBMI on mathematics learning in the post-pandemic world 
(Sun et al., 2021). Therefore, this meta-analytic research scrutinizes the effectiveness 
of WBMI on K-16 students’ mathematics learning by incorporating potential mod-
erators, namely mathematics topics, mathematical content standards, feedback status, 
type of instructional features, age (i.e., grade level), and assessment methods. For this 
reason, the research questions of this research are:

i) What is the overall effect of WBMI on K-16 students’ mathematics learning?
ii) Do the effect sizes of WBMI on K-16 students’ mathematics learning vary 

depending on potential moderators?

4 Method

The present research is an appropriate context for the use of a meta-analysis since it 
makes it possible for a quantitative assessment of previous studies and provides more 
rigorous results due to a greater statistical power (Román-Caballero, Vadillo, Trainor, 
& Lupiáñez, 2021). Meta-analysis is an analysis of the analyses, allowing research-
ers to make statistically more accurate estimates of their research problem (Boren-
stein et al., 2009). Moreover, the meta-analysis design provides researchers with the 
opportunity to investigate the research problem in a comprehensive, in-depth, and 
systematic way (Guzeller & Celiker, 2019). The most important features of meta-
analytical studies are that they provide numerical estimators of summary effect and 
between-research consistency, which makes it possible to evaluate the relevance of 
interventions/instruction (not just their statistical significance) and identify potential 
moderator variables (Román-Caballero et al., 2021).

Hence, the method of this study has been considered in the context of the meta-
analytic design owing to the in-depth study of the effectiveness of WBMI on K-16 
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students’ mathematics learning. Additionally, the present research is conducted in 
accordance with the meta-analysis design based on the research problem.

4.1 Literature search and research identification

The literature search was carried out in six databases that are most commonly used by 
researchers including Web of Science, Scopus, Google Scholar, ERIC, EBSCOhost 
online, and ProQuest Dissertations & Theses. The combination of keywords “web-
based mathematics instruction”, “WBMI”, “WMT”, “web-based learning”, “online 
learning”, “online mathematics”, web-based course”, web-based” and “online” were 
used in this literature search that confined to the research published between January 
2000 and December 2020. It was necessary to fulfill the following six criteria for any 
research to be included in the meta-analytic research. As presented in Figs. 1 and 63 
research studies that met the following criteria were deemed eligible for this meta-
analytic research based on the PRISMA flow-chart (Moher et al., 2009).

 ● The research had to be published between 2000 and 2020.
 ● The research had to be the nature of an experimental or quasi-experimental design.
 ● For the calculation of the WBMI effect size, the research had to provide adequate 

information for meta-data.
 ● Research had to focus on K-16 students’ mathematics learning in the context of 

WBMI.
 ● K-16 students’ mathematics performance had to be one of the outcome variables 

in the research.

Fig. 1 The PRISMA flow-chart 
used in this meta-analytic 
research
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 ● TMI or alternative teaching had to be considered for the control condition in the 
research.

4.2 Coding plan

To elucidate the effectiveness of WBMI on K-16 students’ mathematics learning, 
potential moderators emphasized in the literature were handled in this meta-analysis. 
A detailed coding plan was developed for coding procedures. Codes were gener-
ated to characterize the research studies involved in this meta-analytic research (see 
Fig. 2).

The coding form included the study identification tag, the categories of mathemat-
ics topics (i.e., foundational concepts, higher-level mathematical concepts, and math-
ematical skills), the components of mathematical content standards (i.e., numbers & 
operations, geometry, algebra, statistics and probability, and mixed), feedback status 
(i.e., WBMI with or without providing feedback), the types of instructional features 
(i.e., drill-and-practice programs, simulations, tutorial systems, and ITS), grade level 
(i.e., elementary, middle, high school, and undergraduate level), assessment methods 
(i.e., traditional paper-pencil assessment, and online assessment), and quantitative 
information to calculate the effect size of each study regarding the effectiveness of 
WBMI on K-16 students’ mathematics learning (e.g., n, M, and SD). Additionally, 
it is considered that each category of moderator variables is independent research 
when research contains multiple categories of moderator variables. Consequently, 
the present study carried out a meta-analysis of 63 research, with 115 effect sizes to 
examine the effectiveness of WBMI on K-16 students’ mathematics learning. As seen 
in Table 1, general features of these 63 studies with 115 effect sizes regarding poten-

Fig. 2 Codes for this meta-ana-
lytic research features. (adapted 
from Hu, Chen, Li, & Huang, 
2021)
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tial moderators are characterized in this meta-analytic research. Moreover, eligible 
studies were independently coded by two researchers, obtained Cohen’s Kappa was 
0.95 revealing a nearly perfect agreement (Landis & Koch, 1977).

4.3 Data analysis

Hedges’s g was considered as an effect size measure for each study to demonstrate 
the effectiveness of WBMI on K-16 students’ mathematics learning regarding this 
meta-analysis. The effect size is determined by dividing the mean difference between 
groups by the standard deviation of the control group in independent group designs 
(Sun et al., 2021). Since the nature of this study was within the scope of pretest-
post-test-control groups design, the effect size was determined by subtracting the 
mean of the pre-post change in the experimental group from the mean of the pre-post 
change in the control group and dividing it into the pooled pre-test standard deviation 
(Borenstein et al., 2014).

The effect sizes for the experimental and control groups were computed utilizing 
the pre-and post-test dataset. The effect sizes were computed using the means and 
standard deviations reported by the majority of the research studies for outcomes 
based on students’ mathematics learning. Several of the research studies simply 

Potential moderators f %
Mathematics topics
Foundational concepts 39 33.9
Higher-level mathematical concepts 64 55.7
Mathematical skills 12 10.4
Mathematical content standards
Numbers and operations 35 30.5
Geometry 12 10.4
Algebra 30 26.1
Statistics and probability 19 16.5
Mixed 19 16.5
Feedback status
WBMI with providing feedback 80 69.5
WBMI without providing feedback 35 30.5
Instructional features
Drill-and-practice programs 32 27.8
Simulations 4 3.5
Tutorial 55 47.8
ITS 24 20.9
Grade level
Elementary 11 9.6
Middle 43 37.4
High 29 25.2
Undergraduate 32 27.8
Assessment methods
Traditional paper-pencil assessment 97 84.3
Online assessment 18 15.7

Table 1 General features 
regarding potential moderators 
in the meta-analysis

Note.f frequency
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reported mean changes and p values for the change. In accordance with the thumb 
rule suggested by Thalheimer and Cook (2002), the effect size was characterized as 
follows. −0.15 to 0.15 as negligible, 0.15 to 0.40 as low, 0.40 to 0.75 as moderate, 
0.75 to 1.10 as large, 1.10 to 1.45 as very large and above 1.45 as a huge effect size. 
Additionally, the negative sign before the effect sizes imply that the effect favors the 
control group, while the positive sign implies that the effect favors the experimental 
group (Koydemir, Sokmez, & Schutz, 2021).

The test for homogeneity was performed by computing Q, I2, and p to determine 
whether a fixed or random-effects model best fit the meta-data (Borenstein et al., 
2014; Hillmayr et al., 2020). The statistical criteria provided by Higgins et al. (2003), 
I2 value was clarified as follows 25–50% as low, 50–75% as moderate, above 75% 
as a highly heterogeneous distribution of effect sizes. Additionally, a random effect 
model is used if the p-value for Q-statistics is below 0.05 and the I2 value above 60% 
(Warrier, 2018). Mixed-effects models were also performed to investigate whether 
moderator variables were responsible for the diversity of effect sizes in this meta-
analysis (Sun et al., 2021). Moreover, the difference between related subgroups/
moderators was analyzed using the Q-between-groups test (QB) that represented het-
erogeneity between groups and was equal to the F value in the analysis of variance 
(Hillmayr et al., 2020). To further assess the effects of multi-covariates on overall 
effect size, a meta-regression was performed.

In this meta-analysis, publication bias was examined using a funnel plot, a fail-
safe N test (FSN), Orwin’s fail-safe N (FSN) test, and Duval and Tweedie’s trim-
and-fill (DTEK) test (Borenstein et al., 2014; Duval & Tweedie, 2000; Rosenthal, 
1979). Many researchers emphasize that the research is resistant to publication bias 
if the effect size of any research displays a symmetrical distribution along the verti-
cal line using the funnel plot analysis (e.g., Juandi et al., 2021; Tang & Liu, 2000). If 
the funnel plot analysis indicates a reasonable symmetrical distribution, it is recom-
mended to use FSN and Orwin’s FSN test to investigate publication bias (Borenstein 
et al., 2009). For the research to be considered resistant to publication bias, the FSN 
value is expected to be above 1 (Mullen et al., 2001). The analysis of Orwin’s FSN 
test reveals how many missing studies with a zero-effect size would be required to 
minimize the overall effect size to a trivial level (Koydemir et al., 2021). Accord-
ing to the DTEK test, if there is no difference between the observed values and the 
adjusted values, it is argued that the research is resistant to publication bias (Celiker, 
Ustunel, & Guzeller, 2019). All analyses were performed using the Comprehensive 
Meta-analysis (CMA) and JASP (Borenstein et al., 2014; JASP, 2021).

5 Results

5.1 The overall effect size of WBMI on students’ mathematics learning

The sample of this meta-analysis research contained 115 individual effect sizes 
obtained from 30,207 students who took part in 63 research which examined the 
effectiveness of WBMI on K-16 students’ mathematics learning. The number of stu-
dents in each research ranged from 17 to 2499. Since the first research question of the 
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meta-analytic research was related to the overall effect of WBMI on K-16 students’ 
mathematics learning, the findings of the first research question were clarified by 
considering the random-effects model. The Q statistic (Q = 4137.22, df = 114, p < 
.01) was statistically significant in the meta-analysis research, using the test of homo-
geneity (Sun et al., 2021). Additionally, there were actual variations in effect sizes 
across research studies reflecting 97.25% of the observed variance, according to the 
criteria of Higgins et al. (2003) associated with the I2 value (see Table 2). The overall 
effect of WBMI on K-16 students’ mathematics learning was large and statistically 
significant (g = 1.10, SE = 0.08, p = .01, 95% CI [0.95, 1.27]) based on Thalheimer 
and Cook’s (2002) criteria. Consequently, the findings of the meta-analytic research 
indicated that there was a statistically significant difference in mathematics achieve-
ment between participants who used WBMI and participants who used TMI or alter-
native teaching. Moreover, a significant and strong effect size for WBMI allowed us 
to infer that WBMI was more effective on students’ mathematics learning than TMI.

5.2 Moderator analyses

For moderator analysis, it is emphasized that a statistically significant heterogeneous 
distribution of effect sizes is necessary (Lipsey & Wilson, 2001). Moderator analyses 
were performed for the six moderator variables (mathematics topics, mathematical 
content standards, feedback status, instructional features, grade level, and assessment 
methods) in this research since this criterion was provided. First, the effect sizes of 
WBMI on K-16 students’ mathematics learning varied significantly depending on 
the categories of mathematical skills (Qb(2) = 6.49, p < .05). Mean effect sizes for all 
categories of mathematics topics were significantly positive. A list of all mean effect 
sizes is given in Table 3. Higher-level mathematical concepts had the greatest mean 
effect size (g =1.28, 95% CI [1.07, 1.50], p < .01), pursued by mathematical skills 
(g = 1.20, 95% CI [0.70, 1.70] p < .01), and foundational concepts (g = 0.83 95% 
CI [0.55, 1.11], p < .01). Meta-regression analyses revealed that the mean effect size 
for foundational concepts was significantly lower than for higher-level mathematical 
concepts (β = 0.43, z = 2.51, p < .05), and that for mathematical skills (β = 0.31, z = 
2.29, p < .01). Moreover, mean effect sizes for higher-level mathematical concepts 
and mathematical skills were comparable and large based on Thalheimer and Cook’s 
(2002) criteria.

Second, effect sizes differed significantly by the components of mathematical con-
tent standards (Qb(4) = 92.65, p < .01). The findings indicated that statistics and 
probability yielded the greatest and significant effect size (g = 2.86, 95% CI [2.47, 
3.27], p < .01) followed by numbers and operations (g = 1.00, 95% CI [0.71, 1.29], p 
< .01), and algebra (g = 0.73, 95% CI [0.43, 1.03], p < .01), indicating a large effect 

Table 2 The overall effect of WBMI on K-16 students’ mathematics learning
% 95 CI ToH

k n g LL UP p Q p I2

Overall effect of WBMI 115 30,207 1.10** 0.95 1.27 0.00 4137.22** 0.00 97.25
Note. CI confidence interval; ToH test of homogeneity **p < .01
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size, whereas geometry (g = 0.55, 95% CI [0.07, 1.04], p < .05) and mixed (g = 0.67, 
95% CI [0.29, 1.04], p < .01) yielded a moderate and significant effect size. Addition-
ally, meta-regression analyses demonstrated that the mean effect size for statistics 
and probability was significantly larger than numbers and operations (β = −2.26, z 
= −4.35, p < .01), geometry (β = −2.74, z = −4.09, p < .01), algebra (β = −2.58, z = 
−4.84, p < .01), and mixed (β = −2.64, z = −4.48, p < .01).

Third, the findings revealed that the mean effect sizes differed significantly depend-
ing on the feedback status (Qb(1) = 15.40, p < .05). The mean effect size for studies 
within the context of WBMI with providing feedback (g = 1.33, 95% CI [1.14, 1.52], 
p < .01) was significantly greater than studies within the context of WBMI without 
providing feedback (g = 0.64, 95% CI [0.35, 0.93], p < .01) based on meta-regression 
analysis (β = −0.82, z = −2.03, p < .05). Fourth, a significant between-level variance 
was observed as a result of the type of instructional features (Qb(3) = 19.32, p < .01). 
The findings indicated that tutorial systems (g = 1.45, 95% CI [1.22, 1.68], p < .01), 
and ITS (g = 1.10, 95% CI [0.76, 1.44], p < .01) produced a large and comparable 
mean effect size, while drill-and-practice programs (g = 0.64, 95% CI [0.34, 0.93], p 
< .01), and simulations (g = 0.62, 95% CI [−0.25, 1.49], p > .05) yielded a moderate 
and comparable mean effect size. Moreover, meta-regression analyses revealed the 
mean effect size for the tutorial systems was significantly larger than for drill-and-
practice programs (β = −0.48, z = −2.17, p < .05), and that for simulations (β = −0.52, 
z = −5.90, p < .05). Although ITS produced a large mean effect size, there were no 
significant differences in the mean effect size of ITS between drill-and-practice pro-
grams (β = −0.46, z = −0.87, p > .05), and simulations (β = −0.36, z = −1.56, p > .05), 
individually.

Fifth, WBMI showed a significantly positive effect on mathematics learning 
across all grade levels (Qb(3) = 37.99, p < .01), including elementary students (g = 
0.59, 95% CI [0.07, 1.11], p < .01), middle school students (g = 0.98, 95% CI [0.72, 
1.24], p < .01), high school students (g = 0.69, 95% CI [0.37, 1.00], p < .01), and 
undergraduate students (g = 1.91, 95% CI [1.61, 2.22], p < .01). Studies including 
elementary and high school students both yielded a moderate and comparable mean 
effect size, whereas studies including middle school students produced a large effect 
size, and studies including undergraduate students yielded a huge effect size based 
on Thalheimer and Cook’s (2002) criteria. Additionally, meta-regression analyses 
revealed that the mean effect size for studies including undergraduate students was 
significantly larger than for studies including elementary (β = −0.90, z = −7.5, p < 
.01), middle (β = −0.58, z = −6.21, p < .01), and high school students (β = −0.76, z = 
−6.33, p < .01).

Sixth, the results indicated that the mean effect sizes differed significantly depend-
ing on the assessment methods (Qb(1) = 5.76, p < .01). Within the scope of WBMI, 
the mean effect size for traditional paper-pencil assessment (g = 1.20, 95% CI [1.03, 
1.37], p < .01) was significantly greater than online assessment (g = 0.68, 95% CI 
[0.28, 1.07], p < .01) based on meta-regression analysis (β = −0.65, z = −6.26, p < 
.05). Studies including traditional paper-pencil assessment yielded a very large mean 
effect size, whereas studies including online assessment produced a moderate effect 
size based on Thalheimer and Cook’s (2002) criteria.
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5.3 Publication bias

For this meta-analysis research, publication bias analyses were performed to evaluate 
if the research data was affected by publication bias or not. Figure 3 showed a funnel 
plot analysis that revealed a relatively symmetrical distribution. Consequently, the 
FSN and Orwin’s FSN tests were considered to evaluate the likelihood of publica-
tion. To eliminate the significant effect at p >.05, 11.87 studies were required accord-
ing to the findings of the FSN test (Mullen et al., 2001). Depending on Orwin’s FSN 
analysis with a trivial g dataset at 0.01 level, 548 missing studies with a trivial effect 
size would be necessary to reduce the overall effect size to an almost zero (i.e., trivial) 
effect. Based on Duval and Tweedie’s trim-and-fill test, findings demonstrated no 
difference between the observed value of the random effects model (g = 1.10) and 
the adjusted value of the random effects model (g = 1.10). Koydemir, Sokmez, and 

Potential moderators k g g (95% CI) Qb (df)
Mathematics topics 6.49*(2)
Foundational concepts 39 0.83** [0.55, 1.11]
Higher-level mathematical 
concepts

64 1.28** [1.07, 1.50]

Mathematical skills 12 1.20** [0.70, 1.70]
Mathematical content 
standards

92.65**(4)

Numbers and operations 35 1.00** [0.71, 1.29]
Geometry 12 0.55* [0.07, 1.04]
Algebra 30 0.73** [0.43, 1.03]
Statistics and probability 19 2.86** [2.47, 3.27]
Mixed 19 0.67** [0.29, 1.04]
Feedback status 15.40**(1)
WBMI with providing 
feedback

80 1.33** [1.14, 1.52]

WBMI without providing 
feedback

35 0.64** [0.35, 0.93]

Instructional features 19.32** 
(3)

Drill-and-practice 
programs

32 0.64** [0.34, 0.93]

Simulations 4 0.62 [−0.25, 1.49]
Tutorial 55 1.45** [1.22, 1.68]
ITS 24 1.10** [0.76, 1.44]
Grade level 37.99**(3)
Elementary 11 0.59** [0.57, 0.72]
Middle 43 0.98** [0.72, 1.24]
High 29 0.69** [0.37, 1.00]
Undergraduate 32 1.91** [1.61, 2.22]
Assessment methods 5.76**(1)
Traditional paper-pencil 
assessment

97 1.20** [1.03, 1.37]

Online assessment 18 0.68** [0.28, 1.07]

Table 3 The effect sizes of 
WBMI on K-16 students’ 
mathematics learning based on 
moderator analyses

*p < 0.05; **p < 0.01
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Schutz (2021) emphasize that the nature of publication bias can be subjectively inter-
preted, but this meta-analysis research appears to be immune and resistant to publica-
tion bias based on these estimates of publication bias analyses.

6 Discussion

6.1 Summary of the overall effect size of WBMI on K-16 students’ mathematics 
learning

This meta-analytic research contained a total of 63 studies with 115 effect sizes, 
which aimed to investigate the effectiveness of WBMI on K-16 students’ mathe-
matics learning by incorporating potential moderators, namely mathematics topics, 
mathematical content standards, feedback status, type of instructional features, age 
(i.e., grade level), and assessment methods. The findings of this research reveal that 
WBMI yields a statistically significant and large effect size on K-16 students’ math-
ematics learning (g = 1.10) based on Thalheimer and Cook’s (2002) criteria. This 
effect size value of 1.10 implies that nearly 86% of the individuals in the experimen-
tal group performed above the mean of the individuals in the control group (Coe, 
2002).

6.2 Comparison of findings regarding the overall effect size of WBMI on K-16 
students’ mathematics learning with previous research

The result of the overall positive effect size of WBMI on K-16 students’ mathematics 
learning is largely in accordance with studies of the effectiveness of mobile learning 
(Guler et al., 2021), Assessment and Learning in Knowledge Spaces (ALEKS) (Fang 
et al., 2019; Sun et al., 2021), and learning with digital tools (Hillmayr et al., 2020) 
on students’ mathematics achievement. It reveals that the overall effect size of this 

Fig. 3 Funnel chart according to the studies analyzed in this research
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research is quite larger than compared to the effect sizes of previous meta-analysis 
studies such as Sun et al. (2021) with g = 0.05, Guler et al. (2021) with g = 0.48, 
and Hillmayr et al. (2020) with g = 0.65. Moreover, it is seen that these previous 
meta-analysis studies produced small to negligible, small to moderate, or moderate 
effect sizes. Therefore, this result of the present research is distinguishable from the 
results of past meta-analyses. The reason for this difference can be explained by the 
focus only on learning mathematics in this meta-analytic study, and the rapid growth 
of web-based tools and digital learning in the last few years (Hillmayr et al., 2020).

Based on the results of this meta-analytic research, WBMI has a significantly 
stronger effect on K-16 students’ mathematics learning than TMI. The result is con-
sistent with many previous studies (e.g., Gu & Lee, 2019; Guzeller & Akin, 2012; 
Lin, 2009; Nguyen & Kulm, 2005) indicating that the mean mathematics achieve-
ment of WBMI students is significantly higher than the mean mathematics achieve-
ment of TMI students. In contrast, the result is inconsistent with several studies (e.g., 
Baki & Guveli, 2008; Martindale et al., 2005; Mman & Tudunkaya, 2019) indicat-
ing no significant difference between WBMI students and TMI students regarding 
mathematics learning. This study reveals that WBMI is more effective on students’ 
mathematics learning than TMI in terms of meta-analysis findings. The reason for 
this finding may be related to the fact that the use of high-quality and well-planned 
web-based math learning environments leads to higher mathematical performance 
(Misirli & Ergulec, 2021; Palloff & Pratt, 2013). Therefore, it can be argued that most 
of the previous studies included in this meta-analysis have high-quality web-based 
mathematics learning environments.

Although this study indicates that WBMI is more effective on students’ mathemat-
ics learning than TMI, other studies in the literature have reported that compared to 
online classes, students’ mathematics performance in face-to-face classes is better 
(e.g., Amro, Mundy, Kupczynski, 2015; Flanagan, 2012; Heppen et al., 2017; Li, 
Uvah, Amin, & Hemasinha, 2009). This situation can be explained by several pos-
sible explanations. Since most of the online mathematics classes are still in their tech-
nological infancy, they do not meet the needs of students and fail to adapt to advanced 
technology (Flanagan, 2012). The experience of participating in online courses also 
affects the mathematics performance of the students (Amro et al., 2015). A previous 
study revealed that students who had previously taken and passed online courses had 
a higher achievement score in subsequent online courses (Beyrer, 2010). Addition-
ally, many students are still unfamiliar with online courses due to learning habits 
related to face-to-face courses (Cao et al., 2021). It has been revealed in many studies 
that the rate of dropout and satisfaction from online mathematics courses is higher 
than face-to-face courses. (e.g., Jaggers, 2014; Smith & Ferguson, 2005; Summers, 
Waigandt; Whittaker, 2005; Zavarella & Ignash, 2009). On the other hand, recent 
studies have indicated that students have significantly higher academic performance 
in STEM-related online courses compared to face-to-face courses (AbdelSalam, 
Pilotti, & El-Moussa, 2021; Gonzalez et al., 2020; Iglesias-Pradas et al., 2021). The 
reason for this situation is that the COVID-19 pandemic has improved students’ digi-
tal skills and changed their learning strategies from discontinuous habits to continu-
ous habits (Gonzalez et al., 2020). The COVID 19 pandemic has also ensured that 
students do not become unfamiliar with online courses and can easily adapt to these 
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courses. Therefore, it is argued that online learning environments can be used as 
a crucial tool to improve STEM-related performance in the post-pandemic world 
(AbdelSalam et al., 2021).

6.3 Summary of findings regarding potential moderators

Six types of potential moderators namely mathematics topics, mathematical con-
tent standards, feedback status, type of instructional features, age (i.e., grade level), 
and assessment methods were investigated in this meta-analysis. The findings of the 
research clarified that the effect sizes of WBMI on K-16 students’ mathematics learn-
ing varied significantly depending on all these potential moderators.

6.4 Comparison of findings regarding potential moderators with previous 
research

6.4.1 Moderating effect of mathematics topics

Regarding mathematics topics, the effect sizes found for higher-level mathematical 
concepts and mathematical skills were significantly larger than for foundational con-
cepts. This result can be explained by the complicated nature of school mathemat-
ics topics. Previous studies emphasize that WBMI assists students to comprehend 
higher-level mathematical concepts such as function and trigonometry, which are 
viewed as difficult to learn in TMI (e.g., Gu & Lee, 2019; Guler et al., 2021; Guzeller 
& Akin, 2012; Lin, 2009). Moreover, web-based mathematics learning environments 
are beneficial for allowing individuals to master complicated skills such as spatial 
skills through visualization (Rafi et al., 2005). On the other hand, poorly adapted 
web-based mathematics learning environments are problematic, especially in the 
learning of higher-level mathematical concepts, and it is not easy for students to 
adapt and maintain their interest in this environment (Gu & Lee, 2019; Moos & Aze-
vedo, 2006; Smith & Ferguson, 2005). At this point, the overall effect size of WBMI 
on K-16 students’ mathematics learning may be influenced by the quality of the web-
based mathematics learning environment. Therefore, it can be argued that the use of 
well-planned web-based mathematics learning environments in the context of high-
level mathematical concepts and mathematical skills leads to higher mathematical 
performance, hence producing larger effect sizes in this meta-analysis research.

6.4.2 Moderating effect of mathematical content standards

With respect to mathematical content standards, all components of mathematical con-
tent standards were significantly positive moderators. The findings indicated that the 
effect size found for statistics and probability was significantly larger than for other 
components of mathematical content standards, which was in accordance with the 
research hypothesis. The findings of a recent meta-analysis study have revealed that 
the domain of statistics and probability produced the greatest effect size compared to 
other mathematical content standards in the context of the mobile learning environ-
ment (Guler et al., 2021). One possible reason for this result is the fact that many 
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highly adaptive web-based learning environments have been created in the domain 
of statistics and probability (e.g., Hurlburt, 2001; Ozyurt et al., 2014; Muhanna & 
Abu-Al-Sha’r, 2010). Moreover, the initial research associated with WBMI focused 
on students’ mathematics learning in the domain of statistics and probability in the 
context of distance and remote learning technologies (Couch, 1997; Hurlburt, 2001). 
Thanks to the flexibility and freedom provided by web-based mathematics learning 
environments, it can be stated that both the moderator of mathematics topics and 
mathematical content standards produced significantly positive effect sizes in this 
meta-analysis study (Misirli & Ergulec, 2021).

6.4.3 Moderating effect of feedback status

Regarding feedback status, the effect size found for studies in the context of WBMI 
with providing feedback was significantly larger than for studies in the context of 
WBMI without providing feedback. Previous studies highlight the benefits of feed-
back even in TMI but emphasize that feedback plays a much more key role in WBMI, 
as it is one of the most valuable assets of the WBMI (Nguyen & Kulm, 2005). Con-
sequently, this is not a surprising finding given that the use of feedback in WBMI 
provides numerous benefits, such as helping students develop productive ways of 
thinking, and contributing to self-regulation skills (Gu & Lee, 2019; Nguyen & 
Kulm, 2005).

6.4.4 Moderating effect of instructional features

Concerning various types of instructional features, this research revealed that tutorial 
systems and ITS yielded significantly large effect sizes, whereas drill-and-practice 
programs and simulations produced significantly moderate effect sizes. This finding 
conforms with the findings of previous studies that indicating the effect sizes of ITS 
and tutorial systems are significantly larger than for drill-and-practice programs (e.g., 
Bayraktar, 2001, Hillmayr et al., 2020), and revealing simulations in the context of 
virtual reality yield moderate effect sizes (Hillmayr et al., 2020). The synergistic 
characteristics of ITS and tutorial systems, including feedback, engagement of neces-
sary knowledge, and adjustment of learning mathematics topics to prerequisite skills 
and concepts, might account for the greater effect sizes of ITS and tutorial systems 
(Hillmayr et al., 2020). The reason why drill-and-practice programs produce a mod-
erate effect size could be related to the negative features inherent. These are the fact 
that drill-and-practice programs have difficulty in adapting to the previous knowl-
edge, do not allow the construction of new knowledge, only aim to strengthen previ-
ously learned knowledge and concepts (e.g., Bayraktar, 2001, Hillmayr et al., 2020).

6.4.5 Moderating effect of grade level

The findings of the meta-analytic research indicated that WBMI was positively effec-
tive at all levels of schooling. The studies conducted at elementary and high school 
levels showed moderate effect sizes, whereas studies conducted middle school level 
produced a large effect size, and studies conducted at the undergraduate level demon-
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strated a huge effect size. Moreover, the effect size of studies conducted at the under-
graduate level was significantly greater than the studies conducted at the elementary, 
middle, and high school levels. This result conforms with the results of Hillmayr et al. 
(2020) and the hypothesis of Steenbergen-Hu and Cooper (2014) that WBMI could 
be more useful for adults who have better self-control abilities, digital skills, previous 
mathematical knowledge, and motivational beliefs than younger children. One of the 
reasons for the smallest effect size concerning studies conducted at the elementary 
level might be that WBMI hinders younger students’ mathematics learning owing to 
the overuse of unaided, uncontrolled, and undirected mathematical activities (Berger 
et al., 1994; Muhanna & Abu-Al-Sha’r, 2010). Consequently, it can be referred that 
this result is not surprising based on previous studies.

6.4.6 Moderating effect of assessment methods

Concerning assessment methods, the effect size found for studies regarding WBMI 
using traditional paper-pencil assessment was significantly larger than for the studies 
regarding WBMI using online assessment. The results of this meta-analytic research 
imply that students who are assessed via traditional paper-pencil methods earn higher 
mathematics achievement test scores than the students who are assessed via the online 
testing modules/methods. Due to the nature of mathematics, it requires students to 
use cognitive skills such as reasoning, problem-solving, and calculation. From the 
earliest ages, it has been seen that students use paper and pencil to solve mathemati-
cal problems. Thus, with the help of paper and pencil, students can reveal their men-
tal processes and strategies related to a mathematical problem. On the other hand, 
solving mathematical problems and performing calculations in online exams are the 
biggest challenges addressed by students due to the inadequacy of the online system 
in terms of recording mathematical calculations and ease of use of the calculator 
(Ilgaz & Afacan-Adanir, 2020; Laine et al., 2016). It is also emphasized that most of 
the students have difficulty in time management in online mathematics exams, which 
negatively affects their mathematics performance (Ilgaz & Afacan-Adanir, 2020).

The result is consistent with many previous studies (e.g., Dandurand et al., 2008; 
Escudier et al., 2011; Jones & Long, 2013; Still & Still, 2015) indicating that tradi-
tional paper-pencil assessment methods have shown to be more effective than online 
assessment. In contrast, the result is inconsistent with several studies (Ricketts & 
Wilks, 2002; Rane & MacKenzie, 2020; Pennebaker et al., 2013) indicating online 
assessment is more effective than traditional paper-pencil assessment in the context of 
mathematics. Although it has numerous claims for the benefits of online assessment 
and determined many advantages, online assessment is not as effective and strong 
as traditional paper-pencil assessment regarding students’ mathematics achievement 
based on the results of this study. Additionally, this result does not conform with the 
hypothesis of Charman and Elmes (1998) that online assessment can increase stu-
dents’ academic achievement and thus, students’ learning.

The present study carried out a meta-analysis of 63 research with 115 effect sizes 
in the context of WBMI, but only 18 of the 115 effect sizes were used in online 
assessment. This finding can be explained by one possible explanation that designing 
effective online exams is not an easy task. It is difficult to implement formative assess-
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ment procedures in online courses because of the large number of students they serve 
concurrently (Ilgaz & Afacan-Adanir, 2020). Moreover, it is revealed that it is more 
tiring for individuals to read the text on the computer screen than to read the same 
text in print (Mourant, Lakshmanan, & Chantadisai, 1981). Specifically, in online 
mathematics examinations that require computational skills, it is also observed that 
students use paper-pen and computer simultaneously to solve mathematical problems 
(Ilgaz & Afacan-Adanir, 2020). Additionally, marking online exams is a very time-
consuming task (Engelbrecht & Harding, 2004). Therefore, students have difficulty 
in terms of time management, especially in online exams (Ilgaz & Afacan-Adanir, 
2020). For many reasons mentioned above, it is thought that traditional paper-pencil 
assessment is preferred more than online assessment even in the context of WBMI 
based on previous studies.

7 Limitations and directions for further studies

The present meta-analytic research includes some limitations. The most important 
of these limitations may be due to the search strategy. The combination of key-
words “web-based mathematics instruction”, “WBMI”, “WMT”, “web-based learn-
ing”, “online learning”, “online mathematics”, web-based course”, web-based” and 
“online” were considered in this research. However, in some publications, authors 
have used proper or special names such as WbVE and UZWEBMAT (Ozyurt et al., 
2014; Rafi et al., 2005) instead of a web-based mathematics learning environment or 
WBMI. It has also been noted that some publications focused on specific skills such 
as spatial rotation rather than mathematical concepts. Therefore, such situations might 
weaken the power of search strategy in the context of this meta-analysis research. 
Another limitation is that a limited number of effect sizes for simulations makes esti-
mations regarding the moderator effect of simulations in terms of the effectiveness of 
WBMI on K-16 students’ mathematics learning less certain. As a result, more effect 
sizes for simulations might be beneficial for further studies to elucidate this modera-
tor effect. Additionally, various types of feedback could not be included as a poten-
tial moderator variable since many publications did not include the necessary data 
for this meta-analysis research. Further limitations of this research are that potential 
moderator variables such as gender, the type of publication, learning approaches, 
learning materials, duration of implementation, and year were not included in this 
meta-analysis. Therefore, future meta-analysis studies that include adequate data for 
moderators such as the type of feedback, learning approaches, learning materials, and 
duration of implementation are required to shed light on the effectiveness of WBMI 
on K-16 students’ mathematics learning by integrating other moderators. In further 
meta-analysis studies, it may be illuminating to investigate whether the effectiveness 
of WBMI varies by socioeconomic characteristics to understand the equitable use of 
web technology for all students.
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8 Conclusions

In this post-pandemic world, the usage of WBMI and online assessment raises many 
questions that have not been completely investigated yet. This meta-analytic research 
can shed light on the impact of WBMI on students’ mathematics learning comprehen-
sively. The findings of this meta-analytic research suggest that WBMI is promising 
and has the potential to improve mathematics learning and instruction across all lev-
els of education since its efficiency is proven to be superior to TMI. Mathematics top-
ics, mathematical content standards, feedback status, type of instructional features, 
age, and assessment methods significantly moderate the effects of WBMI on math-
ematics learning. Moderation analyses demonstrate that higher-level mathematical 
concepts, statistics and probability, WBMI with providing feedback, tutorial systems, 
undergraduate students, and traditional paper-pencil assessment are the strongest 
moderators in their context. In contrast, foundational concepts, geometry, WBMI 
without providing feedback, drill-and-practice programs, elementary students, and 
online assessment are the weakest moderators in their context compared to all these 
potential moderators. The most notable results of this study are that WBMI is more 
effective on students’ mathematics learning than TMI, while even in the context of 
WBMI, traditional paper-pencil assessment is more effective than online assessment. 
At this point, this study can shed light on the effects of WBMI and online assessment 
on students’ mathematics learning in a comprehensive and detailed way.

The results of the present research have crucial educational implications. Although 
this meta-analysis research shows that WBMI is superior and more effective than 
TMI, the reason for the large effect size of this study may be associated with the 
quality of the web-based mathematics learning environments. Because WBMI is not 
a simple process, but rather a complicated process that needs detailed instructional 
design cycles, practice, and assessment to create a fruitful learning environment 
within the context of a well-planned WBMI (Misirli & Ergulec, 2021; Palloff & Pratt, 
2013). Therefore, it can be argued that the use of well-planned web-based mathemat-
ics learning environments leads to higher mathematical performance, hence produc-
ing larger effect sizes in this meta-analysis research. Given the fact that web-based 
mathematics learning environments will be used more frequently and widely in the 
post-pandemic world, it would be useful for educational policymakers and math-
ematics educators to offer mathematics teachers opportunities for well-planned learn-
ing environments in terms of WBMI, rather than simply encouraging mathematics 
teachers to use the WBMI (Hillmayr et al., 2020).

The results of this meta-analytic research shed light on what kind of assessment 
methods are more useful and stronger than others in the context of WBMI. The cur-
rent research indicates that online mathematics assessment is not as effective and 
strong as traditional paper-pencil assessment. The reason for this finding may be 
related to difficulties encountered in online assessment. These are factors such as stu-
dents having difficulty in time management, and the inadequacy of the online system 
in terms of recording mathematical calculations, and ease of use of the calculator 
(Ilgaz & Afacan-Adanir, 2020; Laine et al., 2016). At this point, it is necessary to 
develop online systems that allow students to overcome the difficulties experienced 
in online mathematics exams. If such online systems are developed in the context of 



Education and Information Technologies (2022) 27:8015–80408036

1 3

online mathematics assessment, it can be claimed that online assessment will be as 
effective and strong as traditional paper-pencil assessment in future meta-analytic 
studies. Consequently, this meta-analytic research provides a comprehensive and up-
to-date perspective on the effectiveness of WBMI and assessment methods on K-16 
students’ mathematics learning since educational stakeholders need to know to which 
extent the effects of WBMI on mathematics learning in the post-pandemic world 
(Sun et al., 2021).
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