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Abstract 
The significance of scaffolding in education has received considerable attention. Many studies have 
examined the effects of scaffolding with diverse groups of participants, purposes, learning outcomes, 
and learning environments. The purpose of this research was to conduct a meta-analysis of the effects 
of scaffolding on learning outcomes in an online learning environment in higher education. This meta-
analysis included studies with 64 effect sizes from 18 journal articles published in English, in eight 
countries, from 2010 to 2019. The meta-analysis revealed that scaffolding in an online learning 
environment has a large and statistically significant effect on learning outcomes. The meta-cognitive 
domain yielded a larger effect size than did the affective and cognitive domains. In terms of types of 
scaffolding activities, meta-cognitive scaffolding outnumbered other types of scaffolding. Computers as 
a scaffolding source in an online learning environment were also more prevalent than were human 
instructors. In addition, scholars in the United States have produced a large portion of the scaffolding 
research. Finally, the academic area of language and literature has adopted scaffolding most widely. 
Given that effective scaffolding can improve the quality of learning in an online environment, the 
current research is expected to contribute to online learning outcomes and learning experiences.  
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Introduction 
Online learning has become prevalent in higher education with increasing numbers of students taking 
online courses (Seaman, Allen, & Seaman, 2018). Despite the rapid growth of online learning, 
approximately 23% of students were concerned about the “quality of instruction and academic support” 
for online courses in higher education (BestColleges, 2019, p. 9). A MOOC instructor survey (Doo, Tang, 
Bonk, & Zhu, 2020) indicated the significance of appropriate academic support and the need to 
implement effective instructional strategies, such as scaffolding, to enhance the quality of learning in 
an online learning environment.  

Wood, Bruner, and Ross (1976) defined scaffolding as a “process that enables a child or novice to solve 
a problem, carry out a task or achieve a goal which would be beyond his unassisted efforts” (p. 90). The 
first author’s favorite metaphor for scaffolding is that of teaching a child how to ride a bike. At first, 
when a learner starts pedalling, an assistant needs to hold onto the bike seat firmly because the child 
may lose control. Next, while the learner is learning how to balance on the bike, the assistant needs to 
alternate between holding on to and releasing the bike seat as learning progresses. Finally, once the 
learner has a sense of balance, the assistant should let go of the bike, a step known as fading. This 
process is similar to teaching using small steps, called scaffolding.  

Scaffolding has received considerable attention as an effective instructional strategy because it helps 
students engage in learning and enhances learning outcomes (Belland, Walker, Kim, & Lefler, 2017). 
Due to increasing interest in scaffolding as an instructional strategy, many scholars have researched 
this process; however, the research findings, to date, have been inconsistent and even conflicting. For 
example, Gašević, Adesope, Joksimović, and Kovanović (2015) found that conceptual scaffolding has 
positive effects in asynchronous online discussions, whereas Barzilai and Blau (2014) reported that 
conceptual scaffolding had little or no significant effect on learning. One way to synthesize these 
inconsistent research findings is to conduct a meta-analysis of the literature. Glass (1976) first 
introduced this approach and defined it as “the statistical analysis of a large collection of analysis results 
from individual studies for the purpose of integrating the findings” (p. 3). The purpose of a meta-
analysis is to combine data from several individual studies to summarize or identify the common effects 
and to assess the dispersion among the findings (Borenstein, Hedges, Higgins, & Rothstein, 2009; 
Glass, 1976).  

Numerous scholarly studies have investigated the effects of scaffolding on learning outcomes including 
meta-analysis studies to examine the effects of scaffolding (e.g., Belland et al., 2017; Kim, Belland, & 
Walker, 2018). However, previous studies have only focused on a particular subject matter (i.e., STEM) 
or specific scaffolding sources, such as computer-based scaffolding. In addition, few studies have 
examined the influence of scaffolding on undergraduate and graduate students (i.e., higher education) 
in online learning environments. According to Brown et al. (2020), recent trends in higher education 
include (a) increased student diversity, (b) alternative pathways to education, and (c) the sustainable 
growth of online education. These three trends are not mutually exclusive; rather, they are 
interconnected. As student populations become more diverse and require alternative ways to learn, 
there is an increasing need for online learning in higher education. Despite the proliferation of online 
learning in higher education and the significance of scaffolding on learning, there is a lack of scaffolding 
research exclusively focused on higher education contexts. In response, this study examined the effects 
of scaffolding on learning outcomes in online courses in higher education by conducting a meta-analysis 
of the existing research.  
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Literature Review 

Definition and Characteristics of Scaffolding  
Based on the definition of scaffolding by Wood et al. (1976), the three distinctive features of scaffolding 
include (a) contingency, (b) intersubjectivity, and (c) transfer of responsibility (Belland, 2017; Pea, 
2004). Contingency refers to the need for an ongoing assessment of students’ abilities with specific tasks 
so the teacher can provide scaffolding activities. It also requires instructors to provide scaffolding 
activities at appropriate times. Belland (2014) viewed these scaffolding activities as providing 
temporary support for learners. 

Intersubjectivity often refers to a temporary shared collective understanding or common framework 
among learners or problem-solving participants. As teams or groups of learners find common ground 
(Rogoff, 1995) or experience episodes of shared thoughts (Levine & Moreland, 1991), they can more 
easily exchange their evolving ideas, build or augment new knowledge, and negotiate meaning (Bonk & 
Cunningham, 1998). Explicit displays of shared knowledge such as that found in discussion forms, 
wikis, social media, and collaborative technologies should foster participant intersubjectivity and 
perspective taking (Bonk & Cunningham, 1998). Teams and groups of learners with enhanced levels of 
intersubjectivity should be able to identify solutions to problems for successful learning. Finally, 
transfer of responsibility means that scaffolding must encourage learners to take responsibility for or 
ownership of learning from those who provide scaffolding (i.e., instructors or peers). To satisfy the 
purpose of scaffolding, learners should eventually be able to perform tasks independently. Thus, 
transfer of responsibility emphasizes the importance of reducing scaffolding activities (i.e., withdrawing 
support) over time.  

Critical questions to ask when designing scaffolding activities as an instructional strategy include “what 
to scaffold, when to scaffold, how to scaffold and when to fade scaffolding” (Lajoie, 2005, p. 542). In 
terms of what to scaffold, Hannafin, Land, and Oliver (1999) divided the types of scaffolding into four 
categories: (a) conceptual scaffolding helps learner identify essential themes and related knowledge; (b) 
meta-cognitive scaffolding helps learners monitor and reflect on the learning process; (c) strategic 
scaffolding provides alternative ways to work on a task; and (d) procedural scaffolding helps learners 
use resources and tools for learning, such as providing an orientation to system functions and features. 
The reported effect sizes of the four types of scaffolding have varied widely. Kim et al. (2018) found 
small-to-moderate effect sizes for meta-cognitive (g = 0.384) and strategic scaffolding (g = 0.345) on 
students’ learning outcomes in science, technology, engineering, and math (STEM) learning. However, 
unlike meta-cognitive and strategic scaffolding, the effect size of conceptual scaffolding (g = 0.126) was 
small. They explained that the different effect sizes of the three types of scaffolding may result from 
greater requirements, in problem solving, for meta-cognitive and strategic types of scaffolding than for 
conceptual scaffolding. These results imply that instructors need to consider the influential factors 
affecting learning outcomes when providing scaffolding activities, such as the types of learning and 
characteristics of learners.  

The type of scaffolding also depends on who provides scaffolding (e.g., instructors, tutors, or peers) and 
the technology used, such as intelligent tutoring systems including computers or artificial intelligence 
(Belland, 2014; Kim & Hannafin, 2011). In the past, teachers and tutors have been the primary designers 
of scaffolding activities, but technologies such as computers have recently grown in popularity as 
alternative sources to assist with learning (Devolder, van Braak, & Tondeur, 2012). Recent emerging 
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technologies, such as artificial intelligence and learning analytics using big data, have made a quantum 
leap in computer-based scaffolding. Jill Watson, the world’s first artificially intelligent (AI) teaching 
assistant developed at Georgia Tech University, is a cutting-edge example of computer-based 
scaffolding (Maderer, 2017). Jill Watson was a popular teaching assistant because of her kind and 
prompt replies to students’ inquiries throughout the semester. At the end of the semester, students were 
surprised to learn that she was a chatbot invented by their instructor Professor Goel (McFarland, 2016). 
Like Jill Watson, AI-based teaching assistants are expected to be more widely adopted in higher 
education to facilitate learning as an alternative to human instructors or teaching assistants (Maderer, 
2017).  

By considering the core characteristics of scaffolding (i.e., learning diagnosis, fading, and contingent 
supports to learners) educators come to understand when to scaffold and when to fade scaffolding. In 
principle, all scaffolds are gradually removed depending on the learners’ level of development. 
Diagnoses such as dynamic assessment and monitoring learners’ understanding while conducting tasks 
or solving problems can capture relevant data (Lajoie, 2005), and provide basic information to 
determine the needs for the scaffolding. However, dynamic assessment of learning processes and the 
consequences of faded scaffolding has not been explored sufficiently in the context of online learning; 
so far, research has indicated mixed effects on learning outcomes (Ge, Law, & Huang, 2012). For 
example, Wu and Pedersen (2011) found that students who received faded computer-based procedural 
scaffolds did not perform well in science inquires. Belland, Walker, Olsen, and Leary (2015) reported 
larger effects of scaffolding with no fading. 

Scaffolding strategies have been more rigorously designed and implemented in the cognitive learning 
domain than in other domains, and many researchers have reported on its learning effectiveness 
(Proske, Narciss, & McNamara, 2012; van Merriënboer & Kirschner, 2012). In particular, Belland et al. 
(2017) analyzed 144 experimental studies examining the effects of computer-based scaffolding on STEM 
learners’ cognitive learning and reported a small-to-moderate effect size (g = 0.46). Although the effect 
size was shown to be just small to moderate, the effects of scaffolding on cognitive learning were 
statistically significant.  

Scaffolding in Online Learning  
It is predicted that online learning will continue to rapidly increase in higher education in the coming 
decade (Blumenstyk, 2018), particularly because online learning environments typically provide access 
to learning resources, tools, and communication media wherever students live and travel. Importantly, 
providing a sufficient infrastructure that enables easy and convenient access to these tools for learning 
across a university or institution can promote flexible and self-directed learning. For example, the rapid 
growth of MOOCs has accelerated the growth of online learning options and educational opportunities 
to satisfy learners’ motivation and needs (Milligan & Littlejohn, 2017). Students have been provided 
more learning opportunities without restrictions, thanks to technology advancements. However, recent 
surveys and research findings have identified concerns about online learners including low learning 
engagement and low-quality instruction (Doo et al., 2020). To enhance online learning outcomes, 
learners need appropriate instructional support such as timely and appropriate scaffolding that 
encourages learners to construct their own knowledge in the online learning environment (Oliver & 
Herrington, 2003) which, in turn, makes learning more meaningful and engaging. 

Several recent studies have explored the effects of scaffolding in online learning in different countries. 
Ak (2016) examined the effects of computer-based scaffolding in problem-based online asynchronous 
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discussions in Turkey. The findings indicated that students in scaffolding groups were qualitatively and 
quantitatively more productive in message posting and in communication than the non-scaffolding 
group. Ak’s study also reported that simple types of scaffolding, such as message labels and sentence 
openers in asynchronous discussions, facilitated students’ task-related interaction. Ak concluded that 
technology-based scaffolding in a problem-based online asynchronous discussion enhances students’ 
task orientation and facilitates task-related learning activities.  

More recently, Kim and Lim (2019) compared the effects of supportive (i.e., conceptual) and reflective 
(i.e., meta-cognitive) scaffolding on problem-solving performance and learning outcomes in online ill-
structured problem solving in Korea. The results indicated that the reflective scaffolding group 
outperformed the supportive scaffolding group in problem-solving performance and learning 
outcomes. The authors also found that there was a significant interaction between the type of scaffolding 
employed and the meta-cognitive effects in an online learning environment.  

Yilmaz and Yilmaz (2019) also examined the effects of meta-cognitive support using a pedagogical agent 
on task and group awareness in computer-supported collaborative learning. Their findings indicated 
that meta-cognitive support using a pedagogic agent positively influenced the learners’ motivation, 
meta-cognitive awareness, and group processing. Given the pervasive and ubiquitous global influence 
of online learning today across every educational sector in every region of the world (Bonk, 2009), it is 
necessary to examine the effects of scaffolding as an instructional strategy to enhance learning outcomes 
in online learning.  

The current research aimed to synthesize the effects of scaffolding strategies on learning in online 
learning in higher education using a meta-analysis approach. The specific research questions explored 
here are as follows:  

1. What is the effect of scaffolding on learning outcomes in an online learning environment? 

2. To what extent do the effects of scaffolding influence learning outcomes based on the 
scaffolding purposes and sources?  

 

Method 
Borenstein et al. (2009) explained that the primary purpose of conducting a meta-analysis is “to 
synthesize evidence on the effects of intervention or to support evidence-based policy or practice” (p. 
xxiii). The strength of a meta-analysis is the generalizability of the topics and themes of interest as a 
result of synthesizing the findings across numerous research studies. 

Search Process  
To conduct this meta-analysis, we selected studies that explored the effects of scaffolding on learning in 
an online learning environment in higher education. To address our two primary research questions, 
we established inclusion criteria for the literature search to identify eligible studies. The inclusion 
criteria reflected the overriding purpose of the research and associated research questions (Lipsey & 
Wilson, 2001). We set the inclusion criteria in terms of the main theme and outcome variables of the 
research, publication period, publication language, and eligibility of the meta-analysis (Berkeljon & 
Baldwin, 2009).The specific inclusion criteria for the studies were as follows: (a) examined the effects 
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of scaffolding; (b) written in English; (c) published since the start of 2010; (d) confined to an online 
learning environment; (e) implemented in a higher education setting; (f) employed rigorous research 
designs; (g) focused on undergraduate or graduate students in higher education; (h) measured learning 
outcomes quantitatively with test results, student self-reports, activities, or observation; and (i) 
included sufficient information for effect-size calculations (e.g., means, standard deviations, F values, 
t-test results, or correlations).  

The literature search was conducted using a combination of a computer-based database search and 
manual search of major relevant journals. The following scholarly electronic databases specializing in 
the education field were searched using keywords: Academic Search Complete, Education Source 
(EBSCOhost), ERIC (ProQuest), PsycINFO, JSTOR (ProQuest Dissertation & Theses), and Google 
Scholar. In addition, we conducted a manual literature search of top-tier journals for studies on online 
learning and distance education, educational technology, educational psychology, and higher education 
to reduce the possibility of missing eligible studies in the database search. A combination of the 
following keywords was used to search the various sources: (a) scaffolding; (b) scaffolds or prompt; (c) 
online learning or distance education; (d) undergraduates, graduates, or higher education; and (e) 
learning outcomes or learning achievement. We limited the literature search to the years 2010 through 
2019 to reflect more contemporary research trends on scaffolding and online learning. The literature 
search yielded 64 eligible examples of effect size studies from 18 relevant articles published between 
2010 and 2019. The search and exclusion process is illustrated in Figure 1. 

 

Figure 1. Search and exclusion process. 

Coding Scheme  
From the 18 articles, we extracted information on four types of variables: (a) independent, (b) 
moderating, (c) dependent, and (d) other variables (see Table 1). 

https://access.ewha.ac.kr/link.n2s?url=https://search.ebscohost.com/login.aspx?profile=ehost&defaultdb=eue
https://access.ewha.ac.kr/link.n2s?url=https://search.ebscohost.com/login.aspx?profile=ehost&defaultdb=eue
https://access.ewha.ac.kr/link.n2s?url=http://search.proquest.com/eric
https://access.ewha.ac.kr/link.n2s?url=http://www.jstor.org/action/showAdvancedSearch
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Table 1 

Coding Information for Meta-Analysis 

Type of variable Variable category Sub-Category coding 

Independent variable Scaffolding Control group or treatment group 

Moderating variables Scaffolding purposes 
 
Scaffolding sources 

Conceptual, meta-cognitive, strategic, 
or procedural 
Computers, instructors, or peers 

Dependent variable Learning outcomes Effect sizes (sample size, mean, 
correlation, p-value, and F- or t-values) 
Types of learning outcomes (cognitive, 
meta-cognitive, or affective) 

Other variables Publication 
Research design 
 
Learning disciplines 

Title, author, year, and name of journal 
Experimental, quasi-experimental, pre-
experimental,  or non-experimental 
Language and literature, science, 
education, communication, computing, 
and others 

 

Each category of variable was coded using sub-categories (Table 1). First, the learning outcomes variable 
was coded using the three types of learning outcomes, namely cognitive, meta-cognitive, or affective 
(van de Pol, Volman, & Beishuizen, 2010). The cognitive domain of learning includes context knowledge 
and the development of intellectual skills (Anderson & Krathwohl, 2000). The meta-cognitive domain 
of learning refers to knowledge about one’s own cognitive processes of monitoring and controlling 
thoughts (Flavell, 1979; Gagné, Briggs, & Wager,1988). The meta-cognitive domain includes self-
regulation, referring to “a learner’s cognitive, behavioral, and emotional mechanisms for sustaining 
goal-directed behavior” (Richey, 2013, p. 278). Finally, the affective domain of learning refers to 
students’ feelings or psychological states during the learning process, such as emotions, motivations, 
values, satisfaction, and attitudes (Anderson & Krathwohl, 2000). 

The scaffolding purposes in this research were coded following the four types of scaffolding outlined by 
Hannafin et al. (1999), namely (a) conceptual scaffolding, (b) meta-cognitive scaffolding, (c) strategic 
scaffolding, and (d) procedural scaffolding. If there were more than two scaffolding purposes (e.g., 
meta-cognitive and procedural scaffolding) in one study, rather than count both purposes, the more 
frequently used purpose was coded. We classified the research designs of the studies into four groups: 
(a) experimental design (e.g., pre-test/post-test control group design or post-test-only control group); 
(b) quasi-experimental research design (e.g., multiple time-series design, non-equivalent control group 
design); (c) pre-experimental (e.g., one-group pre-test/post-test design); and (d) non-experimental 
design or correlational studies (Campbell & Stanley, 1963). 

Publication data. The 64 effect size studies came from 18 peer-reviewed scholarly articles 
published in English; the predominant number of studies were published in 2014 (25.0%) and 2010 
(15.6%). From 2010 to 2019, scholarly articles that met our inclusion criteria were published annually 
except in 2011 (see Table 2). 
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Table 2 

Number of Effect Size Studies and Associated Journals 

Journal name # of studies (% of total) 

Instructional Science 11 (17.2%) 

Interdisciplinary Journal of Problem-Based Learning 10 (15.6%) 

Computers & Education 9 (141.1%) 

Educational Technology Research and Development 6 (9.4%) 

Journal of Adolescent & Adult Literacy  5 (7.8%) 

Journal of Research in Reading 5 (7.8%) 

Educational Technology & Society 4 (6.3%) 

Internet & Higher Education 4 (6.3%) 

Journal of College Science Teaching 3 (4.7%) 

British Journal of Educational Technology 2 (3.1%) 

Journal of Moral Education 2 (3.1%) 

Journal of Online Learning and Teaching 2 (3.1%) 

Australasian Journal of Educational Technology  1 (1.6%) 

Studies using an experimental design (67.2%) far outnumbered those using a quasi-experimental design 
(26.6%). The types of research design included randomized post-test control group design (54.7%), pre-
test and post-test design (25.0%), and repeated measure design (3.1%).  

Participants and settings. Overall, the sample studies involved 4,852 participants with 
71.82 participants ranging from 31 to 158. The ages of the participants ranged from 18 to 33.2 years with 
a mean age of 21.57 (SD: 3.45). Highlighting the popularity of scaffolding research around the world, 
the sample studies were conducted in eight different countries, including the US (42.2%), Canada 
(14.1%), Turkey (12.5%), Taiwan (10.9%), Germany (7.8%), Greece (6.25%), the Netherlands (3.13%), 
and South Korea (3.13%). The studies were set in a diverse range of disciplines across several learning 
domains, including language and literature (e.g., vocabulary, writing, language; 25.0%), science (e.g., 
physics, biology, energy; 17.2%), education (e.g., instructional design, educational psychology; 18.8%), 
clinical communications (15.6%), computing (12.5%), health and medical (7.8%), and economics (3.1%).  

Scaffolding. In terms of scaffolding purposes, meta-cognitive scaffolding (60.9%) was the 
primary reason for providing scaffolding, followed by procedural scaffolding (23.5%), conceptual 
scaffolding (7.8%), and strategic scaffolding (7.8%). As a scaffolding source, computers or embedded 
systems (68.8%), outnumbered instructors (23.4%), and peers (7.8%). The range of scaffolding periods 
also varied widely in these studies from 80 minutes to 10 weeks. Some studies in the sample came from 
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independent courses, contributing to the individual differences in the periods. Learning outcomes were 
classified into three domains: affective domain (14.1%), cognitive domain (64.0%), and meta-cognitive 
domain (21.9%). Notably, more than 60% of these studies measured cognitive learning outcomes.  

Once the coding scheme was confirmed by all the authors of this research, only the first author did the 
actual coding. To compensate for the weakness of a single coder, coding was completed twice with a 
time lapse interval (i.e., five months) to ensure coding reliability. In the second round of coding, four 
wrongly coded items were found and corrected. 

We followed the random effects model because a fixed effect model has two key assumptions and 
associated limitations (Borenstein et al., 2009). First, the purpose of using a fixed-effects model is to 
calculate the effect size of the given samples, so it does not generalize to multiple populations. Second, 
a fixed-effects model assumes that the true effect size of each sample is the same if it is error-free. Given 
the limitations of these assumptions, the random effects model was better suited for this research since 
the sample studies were not identical in the number of participants and their mean ages; academic 
disciplines, countries, and research design varied as well.  

As a result, to calculate the effect sizes, we used Hedges’s g, an estimator of the effect size (Hedges & 
Oklin, 1985). The standardized mean difference among the groups, Cohen’s d, was obtained to 
determine the outcome measures in each study. We converted the effect size estimates in Cohen’s d to 
Hedges’s g to minimize potential bias in the effect size (Hedges & Olkin, 1985). To estimate the potential 
influence of publication bias on the results, a funnel plot was created, as shown in Figure 2 (Harbord, 
Egger, & Sterne, 2006). The funnel plot for the effects of scaffolding on learning outcomes showed that 
more samples had large effect sizes, but the plot was moderately symmetrical, indicating that the 
research findings were not greatly influenced by publication bias. All analyses were conducted using 
Comprehensive Meta-Analysis 3.0 for Windows (Borenstein et al., 2009). 

 

Figure 2. Funnel plot for the effects of scaffolding on learning outcomes. 
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Results 

Overall Effect Size of Scaffolding 
Using the random-effects model, among the 64 studies in the sample, the overall effect size for the 
effects of scaffolding on learning outcomes was calculated, g = .866 (95% CI: [.660, 1.072], p < .001, N 
= 64). This indicates a large effect size based on Cohen’s (1988) criteria in which .2 is a small effect size, 
.5 is a medium effect size, and larger than .8 is a large effect size.  

The overall effect size of the effects of scaffolding on learning outcomes, which is greater than 0 at a 
statistically significant level, z = 8.242, p < .001, indicates that scaffolding produced better learning 
outcomes than those without scaffolding. The heterogeneity test results (Q = 699.991, I2 = 91.0%, p < 
.001) showed a considerable difference between effect size estimates in the meta-analysis, which 
validated our decision to use the random-effects model (Borenstein et al., 2009; Higgins & Green, 2008) 
in which I2 index below 25% is small, 50% is moderate, and beyond 75% is a large amount of 
heterogeneity. Thus, it was necessary to conduct a sub-group analysis to systematically examine the 
effects of scaffolding on learning outcomes.  

Sub-Group Analysis 
To estimate the overall effects of scaffolding on different types of learning outcomes, we calculated the 
effect sizes for each learning outcome using a sub-group analysis with the random-effects model: meta-
cognitive, cognitive, and affective. The effects of scaffolding on the meta-cognitive domain (g = 1.600) 
were larger than the affective learning outcomes (g = 0.672) and cognitive learning outcomes (g = 
0.652) (Q(df = 2)= 16.493, p < .001). See Table 3 for the summary of results.  

Table 3 

Effects of Scaffolding by Learning Outcome 

Type of outcome k n ES(g) SE 95% CI z p 
Affective 9 975 .672 .258 [.166, 1.179] 2.601 .009 
Cognitive 41 2693 .652 .121 [.415, .890] 5.37  .000 
Meta-Cognitive 14 1184 1.600 .042 [1.198, 2.001] 7.87  .000 

Note. k (number of effect sizes); n (number of cumulative participants); ES (effect sizes, Hedges’s g value); SE 
(standard error), 95% CI (95% confidence interval); z (Fisher’s z transformation results); p (significance level).  

We analyzed the effects of scaffolding on learning outcomes for different purposes (i.e., meta-cognitive, 
procedural, conceptual, and strategic). Meta-cognitive scaffolding (g = 1.104) and conceptual 
scaffolding (g = 0.964) had stronger effects on learning outcomes than did procedural scaffolding (g = 
0.393) and strategic scaffolding (g = .440). According to the Q-test results, the differences of effect sizes 
among scaffolding purposes were statistically significant (Q(3) = 11.584, p < .05; see Table 4). 
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Table 4 

Effect Sizes and Confidence Interval for Scaffolding Purposes 

Purpose k n ES(g) SE 95% CI z p 

Meta-Cognitive 39 2788 1.104 .122 [.864, 1.344] 9.108  .000 

Procedural 15 884 .393 .190 [.021, .766] 2.069  .039 

Conceptual 5 338 .964 .345 [.287, 1.640] 2.792 .005 

Strategic  5 210 .440 .344 [-.235, 1.115] 1.277 .202 

 

To examine the effects of scaffolding sources on learning outcomes, we calculated the effect sizes of 
scaffolding from computers, instructors, and peer students. The effect sizes of scaffolding from peers 
was larger (g = 1.813) than from instructors (g = .837) and from computers (g = .764). In addition, we 
found that each scaffolding source had a statistically different effect (Q(2) = 7.979, p < .05; see Table 5). 

Table 5 

Effect Sizes of Scaffolding Sources on Learning Outcomes  

Source k n ES(g) SE 95% CI z p 
Computers 44 3063 .764 .121 [.526, 1.01] 6.304  .000 
Instructors 15 677 .837 .206 [.433, 1.242] 4.223  .000 
Peers 5 480 1.813 .352 [1.124, 2.503] 5.152  .000 

Other Variables 
As Table 6 shows, we also examined the effects of other variables on learning outcomes, including 
research design, country where the study took place, and learning discipline. In terms of research 
design, the studies using an experimental design (g = 1.045) yielded stronger effects than those with a 
quasi-experimental (g = 0.422) or non-experimental design (g = 0.702) (Q(2) = 7.057, p < .05). The 64 
studies were published in eight countries; however, about 42% of the samples were published in the US, 
while some countries had only a small number of studies published (e.g., 3.13% in both South Korea 
and the Netherlands). Thus, we combined seven countries into a non-US category for comparison. The 
effect size of the scaffolding studies published in the US (g = 1.162) was statistically larger than those 
published outside the US (g = 0.641) (zDiff = 2.515, p < .05). 

The effect sizes of learning disciplines were also compared, which revealed that scaffolding in 
communications-related courses (g = 1.905) had a large effect size, followed by scaffolding in computing 
courses (g = 1.135) and those in the field of education (g = 0.846). The results showed a statistically 
significant difference in effect sizes among learning disciplines (Q(5) = 32.995, p < .001). 
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Table 6 

Effect Sizes of Learning Outcomes: Research Design, Location, and Learning Discipline 

Variable k n ES(g) SE 95% CI z p 

Research design        

Experimental 43 3511 1.045 .123 [.804, 1.286] 8.492 .000 

Quasi-Experimental 17 709 .422 .023 [.023, .820] 2.072 .000 

Non-Experimental 4 632 .702 .390 [-.062, 1.467] 1.800 .072 

Location        

US 27 2341 1.162 .156 [.856, 1.468] 7.443  .000 

Non-US 37 2511 .641 .136 [.374, .908] 4.711  .000 

Learning discipline   

Language and literature 16 950 .478 .184 [.118, .838] 2.605 .009 

Science 11 919 .485 .208 [.076, .893] 2.326 .020 

Education 12 1150 .846 .200 [.454, 1.238] 4.229 .000 

Communications 10 960 1.905 .220 [1.475, 2.336] 8.672 .000 

Computing 8 488 1.135 .256 [.634, 1.635] 4.440 .000 

Other 7 385 .516 .269 [-.011, 1.043] 1.918 .000 

 

Discussion 
Since Wood et al. (1976) first defined scaffolding as support from experts enabling learners to 
accomplish what is beyond their current ability, scaffolding has been widely implemented as an effective 
instructional strategy (Balland, 2017; Kim & Hannafin, 2011). This current research was a meta-analysis 
of the effects of scaffolding in online learning in higher education in terms of learning outcomes. The 
results indicated that scaffolding in an online learning environment has a large and statistically 
significant effect on learning outcomes, confirmed the effectiveness of scaffolding as an instructional 
strategy, and supported previous meta-analysis studies on scaffolding. It is also notable that the current 
research yielded a large effect size (g = 0.866) compared to previous meta-analyses. For example, in 
their meta-analysis, Belland et al. (2017) reported a medium effect size of computer-based scaffolding 
in STEM education (g = 0.46). Steenbergen-Hu and Cooper (2014) also reported a moderate effect size 
of scaffolding of intelligent tutoring systems (g = 0.32 to .037) for college students. Kim et al. (2018) 
conducted a Bayesian meta-analysis to examine the effects of computer-based scaffolding in problem-
based learning for STEM and reported a small-to-moderate effect size (g = 0.385). 

The reason for the large effect size of our research may be explained by the population’s characteristics. 
For instance, a key inclusion criterion was that the study be conducted in higher education. Belland et 
al. (2017) compared the effect size of scaffolding on cognitive learning outcomes of diverse participants 
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who ranged from primary schoolers to adult learners and reported similar research findings to this 
current study. Interestingly, they reported that the effect sizes for scaffolded instruction with graduate 
students and adult learners were greater than those with young learner populations, lending credence 
to our findings regarding scaffolded learning in higher education. Belland et al. (2017) also mentioned 
that “scaffolding’s strongest effects are in populations the furthest from the target learner population in 
the original scaffolding definition” (pp. 331–332), in which expert assistants enable children to extend 
their problem solving or strategic performance beyond what they could accomplish independently 
(Wood et al., 1976). 

Other good examples of the influence of age groups are that of Steenbergen-Hu and Cooper’s (2013, 
2014) two meta-analyses for different age groups. They investigated the effects of intelligent tutoring 
systems (ITS) for K–12 students’ mathematical learning in 2013 and the effects for college students in 
2014. They found the overall effect size of ITS for K–12 students’ mathematical learning ranged from 
0.1 to 0.9, whereas the effect size for college students was moderate (i.e., g = .32 to .37). They attributed 
the different effect sizes to (a) the types of intervention and methodologies; (b) the degree of 
intervention implementation (i.e., laboratory environments vs. real environments); and (c) learners’ 
age or educational level. They explained that  

it is likely that ITS may function better for more mature students who have sufficient prior 
knowledge, self-regulation skills, learning motivation, and experiences with computers than for 
younger students who may still need to develop the above characteristics and need more human 
inputs to learn. (Steenbergen-Hu & Cooper, 2014, p. 342) 

The large effect size in our research may be related to the research designs of individual scaffolding 
studies. More studies used experimental designs (k = 43, g = 1.045) than quasi-experimental designs (k 
= 17, g = 0.422) or non-experimental designs (k = 4, g = 0.702). Steenbergen-Hu and Cooper (2014) 
also explained that educational interventions in laboratory environments usually produce larger effects 
than those in real environments. By including substantially more experimental design studies in our 
meta-analysis, this research could attain high internal validity and a large effect size. 

In terms of the types of learning outcomes, few studies in our sample (9 out of 64) examined an affective 
domain. Affective domains include important learning outcomes, such as learning satisfaction and 
learning engagement. Given that satisfaction and engagement are strong predictors of students’ 
learning achievements (Coates, 2005; Kuh, 2003), more scaffolding opportunities should be provided 
to students within affective learning domains. The meta-cognitive domain yielded a larger effect size 
than did the affective and cognitive domains. Since students in higher education settings are likely 
engaged in more activities requiring higher-order thinking skills and self-regulation compared to K–12 
students, scaffolded instruction is expected to play an important role in the meta-cognitive learning 
domain.  

The findings in this research also indicated that peers are a strong source of scaffolding; however, this 
finding should be interpreted with caution because of the small number of studies focusing on peers (g 
= 1.813, k = 5). The findings also indicated that the effects of scaffolding by instructors (g = 0.837) were 
larger than the effects obtained by computers (g = 0.764). More studies in this analysis used computers 
(k = 44) as a scaffolding source in an online learning environment than human instructors (k = 15). 
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This result is promising because scaffolding by computer is expected to improve the quality of online 
learning. For example, MOOCs, which typically have large class sizes with heterogenous participants 
compared to traditional classrooms, are expanding rapidly (Shah, 2019). Doo et al., (2020) revealed 
that key frustrations commonly found among MOOC instructors were a lack of interaction with students 
and difficulty providing feedback in a timely manner. If the effects of scaffolding by computers in an 
online learning environment are equivalent to human instructors, more social interaction and 
scaffolding leading to learning outcomes will be available to online learners. AI-based scaffolding 
opportunities are expected to be extensively implemented in higher education in the near future, given 
the considerable progress in research on artificial intelligence and learning analytics (e.g., Adams 
Becker et al., 2018; Metz & Satariano, 2018).   

Another key finding is that scaffolding studies have more often employed experimental designs 
compared to quasi-experimental designs. Experimental designs have also shown large effect sizes (g = 
1.045) compared to quasi-experimental designs and non-experimental designs with their small-to-
moderate effect sizes (g = 0.396 to 0.702). The strength of an experimental design is in obtaining high 
internal validity (Vogt, 1999), which involves measuring the effects of scaffolding as a treatment by 
controlling extraneous variables.  

Among the eight countries included in this analysis, the US has been the most productive in terms of 
the quantity of scaffolding research in online learning environments (42.19%). Studies in the US also 
had larger sample sizes and larger effect sizes compared to the non-US studies. Future qualitative and 
quantitative studies might examine the differences in scaffolding implementation by country from both 
instructor and student perspectives.  

Among learning disciplines, scaffolding has been the most widely adopted in the language and literature 
academic area. However, the effect sizes in this area were small to moderate. By comparison, the effects 
of scaffolding in computing, communications, and education were larger than in language and 
literature. Further investigation is needed into how scaffolding is implemented in each learning 
discipline in online learning environments in higher education, and to explore the development of 
guidelines for effective scaffolding strategies and features in different disciplines.  

Given the importance of scaffolded support in online learning environments displayed across the 
studies reviewed in this meta-analysis, combined with the proliferation of the forms and types 
technological supports, it is now time to carry out more fine-tuned and pointed research on this topic. 
Researchers need to begin to explore issues that yield more practical and strategic results for instructors 
and instructional designers such as the timing of scaffolding, including decisions related to the fading 
and elimination of that scaffolding altogether. 

Limitations and Future Directions 
It is important to explain the limitations of this meta-analysis study for future researchers. A limited 
number of studies were included in this meta-analysis due to the fact that only quantitative studies with 
sufficient information to calculate the effect sizes were eligible. Setting the literature search to the years 
2010 through 2019 to reflect more contemporary research trends on scaffolding and online learning 
also limited the pool of relevant studies. In addition, many studies from the search process were 
eliminated because they did not meet our inclusion criteria. In terms of publication bias, more studies 
with large effect sizes were included in the meta-analysis. Because of the difficulties in searching for 
eligible studies, missing studies that could have corrected the asymmetry of the funnel plot likely were 
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not included. Further limiting the generalizability of our finding, our search was limited to scholarly 
works published in English.  

To strengthen the external validity and obtain more robust research findings, we recommend that future 
research include scaffolding studies published in local languages. Additional exploration could further 
identify specific instructional approaches that have been effective in online environments. Given the 
millions of learners who are enrolled in online learning in the US alone, the impact of such 
investigations would be substantial (Seaman et al., 2018). Another limitation of this research is that 
coding was completed by a single coder. Therefore, inter-coder reliability analyses were not possible. 
This limitation remains despite efforts to overcome this weakness by coding that data twice with a time 
lapse interval. Future researchers could use multiple coders to estimate inter-coder reliability.  

 

Conclusion 
Given that online learning has become a common and acceptable learning environment over the past 
two decades (Bonk, 2009), the significance of the quality of online learning cannot be overemphasized. 
In particular, scaffolding can improve the quality of learning, including learning outcomes. This 
research confirmed the large effects of scaffolding on learning outcomes in an online learning, higher 
education environment. By providing additional analyses of scaffolded instruction research in the 
discussion, this research has implications for online instructors, online learners, and administrators in 
higher education who manage online learning programs and degree options. 

Vygotsky (1978) emphasized the importance of social interaction and critical support for learning. From 
this perspective, scaffolding is expected to substantially improve online learners’ outcomes and learning 
experiences (Bonk & Cunningham, 1998). Clearly, this research provides significant support for this 
hypothesis. The variety of studies included in this review indicate that educators are commonly 
embedding scaffolded support for learners across a wide spectrum of age groups and content areas. This 
meta-analysis adds to the support for these practices. Simply put, scaffolded instruction is beneficial, 
and the benefits seem to increase as learners age. 
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Forest Plot for Meta-Analysis 

 
 

 

 

 


