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ABSTRACT 
 
 

Estimating the Effects of Forms of Computer-based Scaffolding in Problem-Centered  
 

STEM Instruction 
 
 

by 
 
 

Mason Lefler, Doctor of Philosophy 
 

Utah State University, 2022 
 
 

Major Professor: Andy Walker, Ph.D. 
Department: Instructional Technology & Learning Sciences 
 
 

This multiple paper dissertation addressed several issues revolving around the 

estimation of effect sizes for computer-based scaffolding in problem-centered STEM 

education. STEM jobs are outpacing all other jobs and STEM workers are expected to 

solve complex problems. However, students often struggle with complex problem 

activities. Research on computer-based scaffolding has been shown to produce large 

learning gains in STEM fields. Yet, previous meta-analyses have not been able to 

pinpoint which scaffolding characteristics impact learning gains the most. This lack of 

insight impedes researchers and learning designers from developing more effective 

computer-based scaffolds.  

This dissertation (a) provides insights on the gaps in computer-based scaffolding 

syntheses, (b) reveals the conflation of terminology that has been used to characterize 

scaffolding, (c) details a taxonomy for the various forms of computer-based scaffolding, 
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and (d) conducts a meta-analysis to estimate which scaffolding forms and combinations 

of computer-based scaffolding forms produce the largest learning gains in collegiate 

engineering education. 

(168 pages) 
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PUBLIC ABSTRACT 
 
 

Estimating the Effects of Forms of Computer-based Scaffolding in Problem-Centered 
 

STEM Instruction 
 
 

Mason Lefler 
 
 

Much like Post-Sputnik 1950s era there is a lot of interest in making sure that 

United States does not fall behind in Science, Technology, Engineering, and Mathematics 

(STEM) education. STEM learners are often presented with complex problems to solve 

both as part of their education and their work. Engineering education suffers from student 

dropout often due to how difficult it is to support students through solving problems. This 

dissertation is a close look at computer-based scaffolding, a method of supporting 

learners during problem solving through computer software. The first paper in this 

dissertation examines and resolves some of the debate about key terms in scaffolding. 

The second paper looks across all of the collegiate engineering education research to date 

and measures the unique and combined contributions of scaffolding forms on learning 

using a technique called meta-analysis. 
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CHAPTER 1 

INTRODUCTION 

 
Wood et al. (1976) conducted a project with a sample of 30 toddler boys and girls 

to gain a better idea of the tutorial process. Specifically, these researchers wanted to 

characterize the ways in which an expert (in this case a parent) could help a novice (3- to 

5-year-old child) acquire the knowledge and skills required to complete the task of 

constructing a 6-tiered tower of 21 interlocking blocks. Wood et al. saw that more 

capable human tutors could transfer their expertise to their students by supplying the 

student with targeted contingent help. These temporary supports allowed the children to 

have success that would have been otherwise impossible if the child had been left 

unaided. The researchers labeled this tutorial process scaffolding – a term that provides a 

powerful metaphor for how learning happens. 

In the nearly 40 years since that landmark article, the scaffolding construct has 

expanded beyond its original specific context of children building block towers to include 

new types of tutorial relationships, age groups, and content areas (Pea, 2004; Sherin et 

al., 2004). In particular, especially since the mid-1990s, there has been a large amount of 

primary research investigating whether scaffolding could be effectively delivered by 

computers thus allowing many students to receive tutorial help at scale (Belland, Walker, 

Kim, & Lefler, 2017).  

The purpose of this multiple paper dissertation is to offer further insight into 

which computer-based scaffolding interventions produce the largest learning gains in 

collegiate engineering education. Before outlining the research questions and 
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methodologies followed in this dissertation, I will briefly (a) define scaffolding, (b) 

describe theoretical origins of the scaffolding construct, (c) enumerate the critical features 

that constitute scaffolding, (d) explain the rise of computer-based scaffolding, (e) explain 

the connection between scaffolding and problem-centered instruction in STEM (Science, 

Technology, Engineering, and Mathematics) content areas, and lastly (f) review the prior 

meta-analytical outcomes of computer-based scaffolding on STEM learning outcomes. 

 
Theoretical Origins of Scaffolding 

 
At its inception scaffolding was decidedly a social, constructivist, and situated 

construct (Stone, 1998). As a reaction to behaviorism, researchers in the 1970s and 1980s 

began to develop a different theoretical approach to describe learning. Rather than the 

traditional behaviorist/instructionist paradigm of children memorizing decontextualized 

facts in a teacher-centered classroom, theorists such as Jerome Bruner, Barbara Rogoff, 

Jean Lave, Etienne Wenger, John Seely Brown, Allan Collins, and Paul Duguid (Collins 

et al., 1989; Lave & Wenger, 1991; Rogoff et al., 1995; Wood et al., 1976) started 

describing alternative theories of instruction which viewed learners as active participants 

and learning as a sociocultural phenomenon.  

In constructivism, the goal of education is to create independent, self-directed, 

problem solvers (Y. S. Chen et al., 2003). Instead of a cognitivist/instructivist perspective 

where knowledge exists outside of the learner, constructivism begins at the interpersonal 

level and then proceeds to the intrapersonal level (Pea, 2004). At the interpersonal level, 

learning happens as students both mediate and are mediated by their environment. 
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Learners engage with more knowledgeable others and appropriate that knowledge while 

simultaneously moving into full participation with a community of practice (Lave, 1991). 

Brown et al. (1989) likewise criticized the artificial disconnection between 

knowing and doing in regular instructivist classrooms as inherently flawed and 

underproductive. The authors argued against the tacit underlying assumption of 

traditional instruction which viewed learning as some abstract substance that was to be 

poured out of the teacher and into a passive receptacle: the student. Instead, Brown et al. 

argued that learning was inseparable from both activity and context. Powerful learning 

experiences arose when learners reconnected the know-how with the know-what.  

From this socio-constructivist perspective, teachers who deliver scaffolding cease 

being the main player on center stage and shift that main role to students so that the 

students can engage in the play of learning, fundamentally engaged, and fundamentally 

situated in context. No longer the focus, teachers shift into a supportive role (van de Pol 

et al., 2010; Wood et al., 1976) where they apprentice students into full knowledge and 

community participation through active enculturation. In this sense, when talking about 

scaffolding, the focus of learning is on the learner, their meaning making, and their full 

participation in the community. Consequently, a teacher’s role from the constructivist 

perspective is one of supportive facilitation as the student discovers their own learning 

(C. C. Liu & Chen, 2010, p.65).  

Perhaps it is this guide on the side view of teaching, as well as their similar 

powers of descriptive utility, scaffolding, and the zone of proximal development (ZPD) 

have often connected in literature (Palincsar, 1998; Stone, 1998; van de Pol et al., 2011). 
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Despite being developed independently of one another (Stone, 1998), Vygotsky’s ZPD 

and scaffolding similarly posit that learning happens in a space between what the student 

has previously mastered and what they cannot accomplish independently without help 

(Lantolf, 2000). In this developmental zone, students are assisted by a more expert 

“other” to successfully accomplish what would have been impossible if attempted 

without assistance. With success students gain proficiency, and their individual ZPD then 

expands outward to encompass their newly developed knowledge, skills, or abilities. 

Since its original description and connection to Vygotsky’s ZPD, scaffolding has been 

reinterpreted by many scholars in order to emphasize various aspects of the construct. 

Regardless of interpretation, the scaffolding relationship between a tutor and tutee has 

been guided by a few key features.  

 
Critical Features of Scaffolding 

 
It is important to consider the theoretical roots of the scaffolding metaphor 

because, as I will describe further, it is in the absence of this foundational knowledge that 

gives rise to many of the misconceptions and alternative ways scaffolding has been used 

over the past 40 years. These alternative uses of scaffolding dropped critical principles 

and characteristics of the scaffolding framework such as contingency, fading, and gradual 

release of responsibility. I will explain these critical features of scaffolding before 

introducing the rise of computer-based scaffolding.  

Contingency is the idea that the scaffolding must be continually tailored to the 

student and the task (Belland, 2014). Providing just-in-time support, within a student’s 
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zone of proximal development, necessitates that the tutor can accurately estimate the 

student’s capacity to solve the current problem as well as identify where that student is at 

in the problem-solving process. Without a clear model of the student’s current 

knowledge, skill, and ability, the teacher runs the risk of providing too much help, too 

little help, or help that is misaligned to the task at hand. Too much scaffolding support 

may rob the student of their chance to engage with the task and grow in knowledge and/ 

or self-efficacy. Too little scaffolding support may leave the student without the requisite 

help to successfully complete the task which may lead to frustration and a lack of self-

efficacy. In addition to moderating how much scaffolding is extended to the student, 

contingency also moderates when scaffolding is extended to the student. While there is 

not an established term for the delivery of scaffolding there is one for the removal of 

scaffolding.  

Fading is the term most commonly used in scaffolding literature to describe the 

expectation that a tutor should remove their scaffolding from the tutee over time. The 

gradual removal of the scaffold ensures that the student is both gaining in knowledge and 

skill while also simultaneously avoiding becoming dependent upon the scaffold for 

continued success. In other words, fading ensures that scaffolds are temporary helps and 

not long-term crutches. While fading has been the most popular term describing this 

removal of support, there have been other terms, such as gradual release of responsibility, 

which further explains this concept.  

Gradual release of responsibility, also referred to as transfer of responsibility, was 

first introduced by Pearson and Gallagher (1983). Transfer of responsibility more fully 
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conceptualizes what is actually being “faded” in a scaffolding intervention. Rather than 

just a simple removal of the scaffold, transfer of responsibility clarifies that fading is a 

shift of responsibility or ownership over the task from the teacher to the student. Pearson 

and Gallagher included a diagram in their 1983 article that demonstrates instruction as 

beginning with teachers “owning” the majority of the responsibility over a particular 

knowledge base or skill and then relinquishing more and more responsibility to the 

student as the instruction progresses. Figure 1.1 illustrates a key characteristic of transfer 

of responsibility (fading); that fading happens over successive problem-solving exercises 

in which a proportion of task responsibility shifts from teacher to student. For example, to 

start the scaffolding process, a math tutor may begin with a model/worked example of 

how to multiply fractions. At this stage the teacher is completely responsible over the 

learning space as they deliver a scaffold (worked example) to the student (see Figure 1.1 - 

“All Teacher”). The next step in the scaffolding process may include the removal of the 

full model and an introduction of a partially worked example where the teacher 

completes a few steps of the algorithm but expects the student to take ownership of other 

steps (see Figure 1.1 - “Joint Responsibility”). The student and teacher continue to 

engage in guided practice. As the student demonstrates increased knowledge and skill, 

the teacher may replace the partially worked examples with hints or question prompts. 

During this last phase, at some point the student has taken ownership over the task (see 

Figure 1.1 - “All Student”).  

Another simple example of transfer of responsibility of scaffolding is found in the 

aid offered by a parent to a child as they learn to ride a bike. Learning to ride a bike 
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Figure 1.1 

Model of Gradual Release of Responsibility  

 
Note. From “The instruction of reading comprehension” by P. Pearson & M. Gallagher, 
1983. Contemporary Educational Psychology, 8(3), p. 317–344. 

 
 

requires a child to learn how to pedal, balance, and steer among other skills. For a novice, 

mastering all of these skills simultaneously is unreasonable, and as such, various types of 

scaffolds have been developed as part of the bike itself to help a child learn to ride a bike. 

For example, there are starter bikes which include not only training wheels but also 

include a parent push bar which gives the parent the ability to manage the speed and the 

steering (all parent). Once a student has learned to pedal and steer, the push bar is 

removed, which allows the child to take more ownership over steering and speed of the 

bike without becoming totally responsible for the balancing of the bike. The child 

continues to gain expertise until they are ready to remove the training wheels. However, 
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at this stage the parent steps back in to help the child balance, often running alongside the 

child. Ultimately the parent lets go and the child begins to take full responsibility over all 

aspects of riding the bike. Figure 1.2 illustrates how a parent delivers scaffolds through 

the three major phases of transfer of responsibility.  

 
Figure 1.2 

Gradual Release of Responsibility and Scaffolding when Learning to Ride a Bike 

 
 

Looking at scaffolding from the context of transfer of responsibility reiterates a 

few key concepts from this prescriptive instructional theory. First, the goal of scaffolding 

is the shift of ownership of a task from tutor to tutee. Second, the form of the scaffolding 

is contingent on an ever-shifting capability of the learner. Third, scaffolding can take the 

form of a support that is added to the learning environment, but it can also take the form 

of a task structuring (i.e., riding a tricycle before riding a bicycle). Finally, depending on 

where the student lies on the continuum of novice to mastery, the form of scaffolding will 

differ. For example, novices (left frame and lower ownership) may benefit from more 

directive guidance, whereas learners who are approaching mastery (i.e., right frame and 
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higher ownership) will benefit from scaffolding that supports self-regulation 

(Chernikova, Heitzmann, Fink, et al., 2020).  

Another apt example of scaffolding from nature is shared by Kirschner and 

Hendrik (2020) in their book “Seminal Works in Educational Psychology and What They 

Mean in Practice.” In the book the authors share how a meerkat parent delivers 

contingent scaffolding support as they teach a young meerkat to kill scorpions. This 

process begins as the adult meerkat supplies the child meerkat with a dead scorpion with 

the stinger attached. Next the young meerkat is presented a live scorpion but with its 

stinger removed. Once the parent deems the child meerkat is ready, the parent meerkat 

introduces a live scorpion with the stinger attached. Similar to the bicycling example 

above, meerkat parents create scaffolds that gently transfer responsibility from the parent 

to the child as the young meerkat increases in mastery. 

While a child learning to ride a bike or a meerkat learning to hunt and kill 

scorpions are easily accessible analogies for understanding scaffolding, transfer of 

responsibility, and fading, much of the original research using gradual release of 

responsibility and scaffolding arose out of person-to-person tutorial relationships in the 

language arts (S. Li, 2001; Stone, 1998). Palincsar and Brown (1984) developed 

conceptualizations of fading/gradual release of responsibility through their work on 

reciprocal reading groups and human teachers. These researchers were interested in 

developing scaffolding that assisted novice readers in developing strategies that were 

present in expert readers such as making connections, summarizing, generating questions, 

clarifying concepts, and making predictions. Over time, the scaffolding construct 



10 
 

 

expanded into other subjects (e.g., STEM), learning contexts, and sources (e.g., peer-

based scaffolding, paper-based scaffolding, computer-based scaffolding, etc.). However, 

as a conception of fading, gradual release of responsibility did not become widely used 

outside of reciprocal reading groups and the language arts.  

Contingency, fading, and gradual release of responsibility are all related and 

essential components of what makes scaffolding unique from regular instruction. 

Scaffolding must be focused on the capacity of the student and employ just the right 

amount of temporary support as the student engages in problem solving. Otherwise, it is 

not scaffolding. However, critiques about the absence of fading and contingency have 

been omnipresent as the scaffolding construct has spread (Belland, 2014; Pea, 2004; 

Stone, 1998). These critiques have been especially potent as scaffolding began being 

delivered by computer tutors in STEM contexts (Quintana et al., 2004). 

 
Rise of Computer-Based Scaffolding 

 
One-to-one tutoring has been considered one of the most effective instructional 

strategies ever since Bloom’s famous article “2 Sigma Problem” was published over 35 

years ago. In the article, Bloom (1984) detailed how one-to-one human tutoring resulted 

in a 2.0 effect size growth in cognitive outcomes over traditional classroom instruction. 

Researchers have defined tutoring as instructional activities between a teacher and a 

student characterized by a process that includes iterative cycles of student-centered 

activity, formative assessment, and robust targeted feedback (Bloom, 1984; Chi et al., 

2001). However, in regular classrooms where teacher-to-student ratios approach 30:1, it 
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is impossible for a single teacher to monitor and offer targeted contingent one-to-one 

tutoring to every student in their class simultaneously (Sharma & Hannafin, 2007). When 

20-30 students are all engaged in solving problems, teachers are physically incapable of 

simultaneously delivering feedback to each student to help them self-correct or “repair 

misconceptions” (VanLehn, 2011, p. 211). Scaffolding, as described by its originators 

and other researchers (Chi et al., 2001; Wood et al., 1976), is a formalized way of 

replicating the tutorial process.  

Researchers have since turned to computer-based scaffolding within computer 

learning environments to approximate one-to-one tutoring at scale (Ross, 2020; VanLehn, 

2011). Computer-based scaffolding, like one-to-one human tutoring, is still the process 

by which a tutor diagnoses need and delivers contingent help to a struggling learner with 

one large difference; there is both a physical and temporal distance between the human 

tutor and the student. However, just because the needs assessment and subsequent 

scaffolding are delivered by a computer should not obscure the presence of a human tutor 

in the design and delivery of the tutorial assistance. A human not only designed the 

scaffolding but also designed the system of delivery.  

Tutorial help, in the form of scaffolding, has been delivered through these 

computerized learning environments. Over the years, these environments have taken on 

many different forms and labels such as technology-enhanced learning environments 

(TELEs; Sharma & Hannafin, 2007), computer aided-instruction (CAI; VanLehn, 2011), 

computer-supported intentional learning environments (CSILE; A. Cohen & Scardamalia, 

1998), computer-based learning environments (CBLEs; Winters et al., 2008), computer-
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supported collaborative learning (CSCL), hypertext (Puntambekar et al., 2003), 

hypermedia (Lajoie, 2005), guided learner-adaptable scaffolding (GLAS; Jackson et al., 

1998), open learning environments (OLEs; Hannafin et al., 1999), software-realized 

scaffolding (Guzdial, 1994), and intelligent tutoring systems (VanLehn, 2011) among 

others. This work will consistently use the term computer-based learning environments 

(CBLEs) to refer to an environment in which learning is supported and in which 

computer-based scaffolds can be employed.  

CBLEs allow for the possibility of all students to be engaged in a learner-centered 

curriculum within their respective ability levels, skills, and backgrounds (Jackson et al., 

1998). While a single teacher cannot create an individualized lesson plan along with 

individualized scaffolding simultaneously for each learner in their classroom, it is 

possible to automate this process with a CBLE. CBLEs, such as intelligent tutoring 

systems, have consistently been shown to produce statistically significant learning 

outcomes (VanLehn, 2011). A meta-analysis by Kulik and Fletcher (2015) found that 

intelligent tutoring systems raised test scores 0.66 standard deviations over regular 

instruction. Those outcomes might not rival Bloom’s 2 Sigma Problem (1984) overall 

effect size for one-to-one tutoring but are considered large using Kraft’s (2020) updated 

effect size benchmarks for educational interventions. Beyond the usage of CBLEs to 

enhance one-to-one tutoring, they have also been utilized in complex learning scenarios. 

In these instances, CBLEs deliver computer-based scaffolding to help students develop 

complex problem-solving skills (Belland, Walker, Kim, & Lefler, 2017; N. J. Kim et al., 

2018). 
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Problem-Centered Instruction and STEM Education 

 
There has been an expressed need for the educational system to place greater 

emphasis on complex problem solving (National Governors Association Center for Best 

Practices, & Council of Chief State School Officers, 2010). This is especially true when it 

comes to problem-centered instruction solving in STEM occupations which are expected 

to grow two to three times the rate of non-STEM occupations (Fayer et al., 2017). 

Furthermore, policy makers and researchers have been anxious to resolve the lagging 

STEM learning outcomes of U.S. K-12 students as well as overhauling STEM education 

in higher education (National Academies of Sciences & Medicine, 2022). However, 

problem-centered curriculum and STEM educational coursework, which often centers 

around problem-centered instruction (Jonassen et al., 2006), can be both intimidating as 

well as frustrating for students (Q. Li et al., 2009).  

Curricular theories that focus on rigorous problem-solving scenarios, like 

problem-based learning, have been criticized for throwing students into complex 

situations without the requisite assistance to help them succeed (Kirschner et al., 2006). 

Many learning scientists have looked to computer-based scaffolding (Hmelo-Silver, 

2004) as a way to provide students with the help they need to have success amidst the 

rigor of problem-centered curricular activities (Chinn & Duncan, 2021; N. J. Kim et al., 

2018; Reiser, 2004). In problem-centered pedagogies, computer-based scaffolding can 

provide structure, guidance, and feedback to students so that they are able to accomplish 

tasks that would have been impossible had the student been left unaided.  

 



14 
 

 

Review of Previous Meta-Analytical Research 

 
For several decades, researchers and practitioners have engaged in many studies 

investigating whether computer-based scaffolding is effective at increasing learning 

gains. Several meta-analyses have sought to estimate the effects of computer-based 

scaffolding on problem-solving learning outcomes in STEM fields. Table 1.1 illustrates 

the mean effect size estimates from prior meta-analyses on computer-based scaffolding 

along with the number of included studies and outcomes.  

 
Table 1.1 

Effect Size Estimates of Previous Meta-Analyses on Computer-Based Scaffolding  

Short citation Content focus Analysis type Context of use 
# of studies/ 

outcomes 
Mean effect size 

estimate 

(Cai et al., 2022)  Learning Outcomes in 
All Content Areas 

Meta-analysis Digital Game-
Based Learning 

49/154 (g = 0.43) 

(Chernikova, 
Heitzmann, Fink, 
et al., 2020)  

Learning Outcomes 
Medical & Teacher 
Education 

Meta-analysis Problem Solving 145/409 (g = 0.88) 

(N. J. Kim et al., 
2020)  

STEM Learning 
Outcomes 

Meta-analysis Group Problem 
Solving in CBLEs 

145/333 (g = 0.46) 

(Doo et al., 2020)  Learning Outcomes in 
All Content Areas 

Meta-analysis Online Learning 18/64 (g = 0.87) 

(N. J. Kim et al., 
2018)  

STEM Learning 
Outcomes 

Bayesian Network 
Meta-analysis 

PBL Various 21/47 (g = 0.39) 

(Chernikova, 
Heitzmann, 
Stadler, et al., 
2020)  

Learning Outcomes 
Medical & Teacher 
Education 

Meta-analysis Problem Solving 29/35 (g = 0.39) 

(Belland, Walker, 
Kim,& Lefler, 
2017)  

STEM Learning 
Outcomes 

Meta-analysis Problem Solving 
in CBLEs 

144/333 (g = 0.46) 

(Belland, Walker, 
& Kim, 2017) 

STEM Learning 
Outcomes 

Bayesian Network Problem Solving 
in CBLEs 

56/218 (g = 0.74) 

(Belland et al., 
2015)  

STEM Learning 
Outcomes 

Meta-analysis Problem Solving 
in CBLEs 

7/17 (g = 0.53) 

Note. Kim et al., 2018 and Belland et al., 2017 are Bayesian network meta-analyses and model population statistics rather than employ 
inferential statistics. They are also based on mean differences within groups (pre-post gains) rather than between groups (treatment vs 
control conditions).  
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A review of these meta-analyses reveals a few themes. First and foremost is the 

size and relative consistency among the mean effect size estimates across the meta-

analyses. Scaffolding consistently produces medium effect size according to Cohen’s 

benchmarks (J. Cohen, 1988). However, even Cohen suggested that this benchmark 

should only be used in the absence of a better contextualized benchmark (J. Cohen, 

1988). Kraft posits that Cohen’s benchmarks are high when compared to effect size 

estimates in education (Kraft, 2020). Kraft’s sets lower benchmarks (< 0.05 = Small;  

< 0.20 = Medium; and > 0.20 = Large) the places computer-based scaffolding 

interventions between the 90-99th percentile of all effect size estimations found in the K-

12 education (Kraft, 2020).  

Beyond the large overall effects, Table 1.1 also shows the relative consistency 

between effect size estimations. Consistency between meta-analyses could potentially 

come from an overlap in data sets. However, there is very little overlap outside of two 

traditional meta-analyses generated by one research group (Belland, Walker, Kim, & 

Lefler, 2017; N. J. Kim et al., 2020). The remaining meta-analyses look at scaffolding 

from the context of different technologies, content areas, group size, and age groups. Or 

because they examine within group (pre-post) gains, they contain a non-union set of 

studies and outcomes. (Belland et al., 2017; N. J. Kim et al., 2018).  

A second theme is that despite scaffolding’s origins and popularity in the 

language arts, there has been a significant interest from practitioners and researchers to 

investigate the ability of computers to increase learning outcomes by delivering 

computer-based scaffolding to students who are engaged in STEM problem solving 
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activities. Only two of the meta-analyses included content areas outside of STEM fields. 

There were no syntheses found looking at reciprocal reading groups or the language arts.  

Third, there is inconsistency across moderator analyses performed in each of the 

meta-analyses. This inconsistency shows up both in terms of which moderators were 

included under each meta-analysis (i.e., very little overlap) and the terminology 

employed to refer to each moderator (especially in reference to characteristics of the 

intervention). Each meta-analysis in Table 1.1 included moderator analyses to research 

the contexts and variations in which scaffolding is most effective. However, despite 

considerable efforts, very few moderator analyses have produced statistically significant 

results. Table 1.2 displays the moderator analyses from each study organized by those 

moderators that were statistically significant and those that were not.  

 
Prior Moderator Analyses 

 
Moderators can be broken into types such as study characteristics (region/location 

of study, type of community, type of school, study quality), participant characteristics 

(age, prior knowledge, socioeconomic status, grade level, sex, gender, etc.), outcome 

characteristics (type of assessment, assessment level, content area, etc.), and intervention 

characteristics (form of scaffold, function of scaffold, duration, group size, etc.). A closer 

look at the results of each of these types of moderators is discussed below. 

 
Study Characteristics Moderators 

Study region was employed in one study (Cai et al., 2022) and found 

nonstatistically significant. Publication type was studied in one study and found to be  
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Table 1.2 

Moderator Analyses Outcomes of Previous Meta-Analyses on Computer-Based 
Scaffolding 
 

Short citation Statistically significant moderators Nonsignificant moderators 

Cai et al., 2022  Grade Level, Game Type Subject Domain, Study Region, Intervention 
Time, Publication Type, Publication Year, 
Scaffolding Form 

Chernikova, 
Heitzmann, Fink, et 
al., 2020  

None Reported Year of Publication, Publication Type, Study 
Design, Type of Control, Domain, 
Scaffold+Simulation, Education Level 

N. J. Kim et al., 2020  Collaboration Scaffolding, Group size 
(pairs vs small group)  

Scaffolding Function, Group Size 

Doo et al., 2020  Scaffolding Function, Scaffolding 
Source, Publication Location, Subject 
Domain 

None Reported 

N. J. Kim et al., 2018  Scaffolding Form (Question Prompts, 
Modeling, Feedback), Scaffolding 
Functions (Metacognitive, Strategic) 

Subject Domain, Scaffolding Types/ Functions, 
Scaffolding Customization, Intended Outcome, 
Scaffolding Strategies/Forms, Higher-order 
Thinking Skills 

Chernikova, 
Heitzmann, Stadler, et 
al., 2020  

Scaffolding Forms (Problem-solving 
Instructions, Role Taking, 
Reflection), Participant Prior 
Knowledge 

Scaffolding Forms (Examples), Group Size 

Belland, Walker, & 
Kim, 2017 

Education Population (Prior 
Knowledge) 

Grade Level, Instructional Approach, STEM 
Discipline, Assessment Level 

Belland, Walker, Kim, 
& Lefler, 2017  

Participant Prior Knowledge, Validity 
Reporting, Fading/Adding 

Scaffolding Logic, Scaffolding Function, 
Assessment Level, Type of Problem Solving, 
Study Design, Assessment Reliability Reporting 

Belland et al., 2015  Validity Reporting, Fading/Adding Generic vs Context Specific Scaffolding, Skills 
vs Knowledge, Scaffolding Function, Type of 
Problem Solving, Study Design, Assessment 
Level  

Note.  Kim et al. (2018) and Belland et al. (2017) are Bayesian network meta-analyses and model population statistics 
rather than employ inferential statistics. They are also based on mean differences within groups (pre-post gains) rather 
than between groups (treatment vs control conditions). 
 
  
statistically significant. The design of the study was analyzed in two meta-analyses 

(Belland et al., 2015; Belland, Walker, Kim, & Lefler, 2017) and found to be 

nonsignificant. Publication year was also analyzed and found to be non-significant. 

Reliability reporting, an evaluation of an article’s ability to report the reliability of the 
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evaluation assessment, was only measured by one article and not found to be statistically 

significant. However, validity reporting was included in two articles as a moderator and 

found to be statistically significant in each study. The articles with less validity evidence, 

perhaps because they lacked alignment with the construct being measured, were 

associated with lower effect sizes. 

 
Participant Characteristics Moderators 

Participant characteristics such as participant prior knowledge and education level 

were included in moderator analyses. Education level (e.g., elementary, secondary, 

collegiate, and graduate) was included in two studies (Belland, Walker, Kim, & Lefler, 

2017; Chernikova, Heitzmann, Fink, et al., 2020). While differences were found among 

the different levels, they were not statistically significant. However, the differences 

between students’ prior knowledge were investigated in two studies and found to be 

significant. Both meta-analyses found that students with less prior knowledge benefited 

more from scaffolding than students with high prior knowledge. These meta-analytic 

results are in line with other studies that reference the expertise reversal effect which has 

shown that support/scaffolding that works well with novices has the inverse effect on 

students with more prior knowledge/expertise (Kalyuga, 2007; van Merriënboer & 

Sweller, 2005). 

 
Intervention Characteristics Moderators 

Characteristics of the intervention were the most inconsistent of the moderator 

analyses. Intervention moderators included the impact of scaffolding change (i.e., 
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Adding, Fading, Fading/Adding, and None), scaffolding logic (i.e., Performance-adapted, 

Self-selected, Fixed, and None), and scaffolding intervention (i.e., Conceptual, 

Metacognitive, Motivation, and Strategic). Despite coding for various moderators, there 

was a lack of results detecting systematic differences across interventions that would 

point to which scaffolding interventions work best. However, missing from many of the 

meta-analyses was a moderator analysis of how the various forms of the scaffolds 

moderated STEM learning outcomes. 

 
Missing Moderator: The Form of Scaffolding 

The form of the scaffold (or type of tutor action) could potentially account for the 

distribution of effect size estimates. The authors of these previous computer-based 

scaffolding meta-analyses acknowledged the difficulty of coding computer-based 

scaffolding interventions found in the literature (Belland, Walker, Kim, & Lefler, 2017; 

N. J. Kim et al., 2018). This difficulty is due in part to the complexity of the scaffolds 

delivered by CBLEs but also due to the language surrounding scaffolding. More 

specifically stated, several obstacles must be resolved in order to estimate the effects of 

various forms (and combinations of forms) of tutorial interactions of computer-based 

scaffolds in the literature. 

First, the original taxonomy of scaffolds enumerated by Wood et al. (1976) 

inadequately distinguish between the action of the tutor and the intended effect of the 

scaffolding intervention on the student. Second, due to the popularity of the theoretical 

construct, scaffolding has become laden with jargon and lacks consensus especially with 

respect to descriptions of scaffolding forms. Third, neither the original taxonomy of 
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scaffolding (Wood et al., 1976) nor subsequent versions account for the technology 

enhanced forms of scaffolding found in recent literature. Fourth, the complexity of 

computer-based scaffolding interventions has been resistant to meta-analytic coding. In 

most cases, CBLEs support students through a conglomeration of tutorial interactions 

called “distributed scaffolds” (Tabak, 2004) with varying frequencies of scaffolding 

deliveries and various fading schedules.  

 These obstacles surrounding scaffolding language account for the lack of a 

comprehensive taxonomy of computer-based scaffolds. Without a common language, 

meta-analytic researchers have been impeded from investigating which computer-based 

scaffolds (or combination of scaffolds) lead to the greatest learning gains in students 

(Belland, Walker, Kim, & Lefler, 2017; Lajoie, 2005). Without these results, practitioners 

and CBLE designers lack the information needed to design the most effective 

interventions for STEM problem solvers. As mentioned by Kim, Belland, and Walker, “a 

more nuanced study with more specific categorization of scaffolding forms may be 

beneficial” (Kim et al., 2018, p. 419). 

 
Multiple Paper Dissertation Outline 

 
The overarching goal of this multiple paper dissertation is to offer insight into 

scaffolding forms and which ones produce the largest learning gains in STEM education. 

This will be accomplished through a sequenced investigation through two research 

papers. Each paper seeks to help overcome the aforementioned research gaps which have 

previously impeded researchers from estimating the effects of the various forms or 
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combinations of computer-based scaffolding interventions.  

The first research paper (Chapter 2) consists of a systematic literature review to 

resolve language issues plaguing the scaffolding construct. In particular, I will address 

the following research questions. 

1. What terms have researchers used to describe the tutorial actions and the 
intended effects in prior syntheses and seminal works on scaffolding since 
1976? Is there consistency among the terms employed? 
 

2. What are the forms of computer-based scaffolding in extant experimental 
computer-based scaffolding literature in STEM fields? 

 
After proposing a comprehensive list of computer-based scaffolding forms in 

STEM education, in the second paper (Chapter 3), I will apply the new coding framework 

for scaffolding forms to collegiate engineering computer-based scaffolding interventions. 

Through a traditional meta-analysis of computer-based scaffolding interventions 

comparing between group (treatment vs control) mean differences, I will address the 

following questions:  

1. What is the overall contribution of computer-based scaffolding on engineering 
learning gains and how much variability is present in the findings?  

2. To what extent do single computer-based scaffolding forms make individual 
contributions to collegiate student engineering learning gains?  

3. Which combinations of computer-based scaffolding forms, as observed in 
individual studies, make contributions to collegiate student engineering 
learning gains?  

Table 1.3 defines the data sources and analyses preformed for each research 

question.  

 
  



22 
 

 

Table 1.3 

Research Questions, Data Sources, and Analyses by Chapter 

Research question Data source Analysis 

Chapter 2 RQ1 109 Articles (9 Literature Reviews, 26 Seminal 
Papers, and 74 Empirical STEM Papers on 
Scaffolding) 

Systematic Coding in NVivo 

Chapter 2 RQ2 236 Empirical Articles on Computer-based 
Scaffolding  

Systematic Coding in NVivo 

Chapter 3 RQ1 
 

13 Empirical Articles on Computer-based 
Scaffolding in Collegiate Engineering Education 

Meta-analysis in Stata 
 

Chapter 3 RQ2 
 

 13 Empirical Articles on Computer-based 
Scaffolding in Collegiate Engineering Education 

Meta-analysis in Stata 
 

Chapter 3 RQ3 
 

 13 Empirical Articles on Computer-based 
Scaffolding in Collegiate Engineering Education 

Meta-analysis in Stata 
 

 
 

Definition of Terms 
 

The following terms are defined for this study. 

Tutoring: An umbrella term used to describe the instructional activities between a 

teacher and a student characterized by a process that includes iterative cycles of student-

centered activity, formative assessment, and robust targeted feedback (Bloom, 1984; Chi 

et al., 2001). 

Scaffolding: A socioconstructivist prescriptive learning theory which describes 

the parameters under which tutoring should happen (i.e., with contingency, fading, and 

transfer of responsibility; Pea, 2004). In short scaffolding has been defined as temporary 

tutorial assistance offered to a student which enables the student to successfully complete 

task(s) beyond their unassisted capability (Wood et al., 1976). 

Computer-based scaffolding: Temporary tutorial assistance (scaffolding) that is 
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delivered to a student by/through a computer (Belland, Walker, Kim, & Lefler, 2017). 

Computer-based learning environments (CBLE): An instructional environment 

where the majority of the content and tutorial support is offered by the computer 

environment. Computer-based learning environments often include various 

representational formats such as animations, video, and graphics (Devolder et al., 2012). 

Scaffolding form: A descriptor for the type of temporary tutorial assistance 

offered to the student from the tutor. A term that defines in what package the scaffold is 

delivered to the student (i.e., prompt, modeling, etc.). 

Scaffolding Function: A descriptor for the intended effect of the temporary 

tutorial assistance on the student. Scaffolding function describes the nature of the student 

support (i.e., metacognitive, conceptual, strategic, procedural, motivational, etc.).  

Problem-centered instruction (PCI): In contrast to lecture, problem-centered 

instruction is a student-centered approach that prioritize problem-solving when delivering 

content to students (e.g., problem-based learning, case-based reasoning, modeling, etc.) 

(Rico & Ertmer, 2015). 

Effect size: An effect size has been defined as “the degree to which the sample 

results diverge from the null hypothesis” (L. Cohen et al., 2011, p. 617). In other words, 

an effect size is the extent to which two populations differ (Cooper, 2015).  

  



24 
 

 

CHAPTER 2 

THE FORMS OF COMPUTER-BASED SCAFFOLDING IN STEM 

EDUCATION: A SYSTEMATIC REVIEW 

 
Abstract 

 
Computer-based scaffolding assists students as they develop solutions to complex 

problems. Several meta-analyses have shown that computer-based scaffolding is effective 

at increasing the cognitive outcomes of STEM problem solvers. However, very few 

moderator analyses have provided insight into which aspect of scaffolding interventions 

produce the largest effects. This lack of moderator analyses on scaffolding forms has 

been due to a) conflicting language around the form versus intent of scaffolding and b) 

the lack of a taxonomy for scaffolding forms which can account for the variations and 

combinations of computer-based scaffolding interventions found in experimental 

literature. Through a systematic review of scaffolding literature, this study clarifies 

language between the form and function of scaffolding. Additionally, the paper proposes 

a new taxonomy of scaffolding forms grounded in a review of the past 40 years of 

empirical research of computer-based scaffolding interventions in STEM education. 

 
Keywords: scaffolding, systematic literature review, problem-centered instruction 

 
Introduction 

 

The term scaffolding was coined in an article by Wood et al. (1976). These 

authors defined scaffolding as a temporary assistance which would allow a student to 
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accomplish tasks beyond their unassisted capabilities (Wood et al., 1976). Scaffolding 

was guided by several core principles: contingency, fading, and transfer of responsibility. 

Contingency is the idea that the scaffolding must be continually tailored to the student as 

well as the task (Belland, 2014). Fading is the term most commonly used in scaffolding 

literature to describe the expectation that a tutor should remove their scaffolding from the 

tutee over time so that scaffolding never becomes a crutch. Transfer of responsibility 

more fully conceptualizes what is actually being “faded” to include a shift of ownership 

over the task from the teacher to the student.  

The guiding principles of contingency, fading, and transfer of responsibility 

clarified that students should only receive help when necessary. Once a student was able 

to operate independently of the tutorial help, the support would be “faded” just as 

scaffolding is removed once a construction project is completed (Wood et al., 1976). In 

addition to these guiding principles, Wood et al. identified six different ways a tutor 

could scaffold a learner.  

Wood et al. (1976) listed six types of tutor actions/moves (Chi et al., 2001) as 

recruitment, reduction in degrees of freedom, direction maintenance, marking critical 

features, frustration control, and demonstration (Wood et al., 1976, p. 89). Each of these 

tutorial interactions assisted the tutee in different ways. Recruitment enlisted the attention 

of the student. Reduction in degrees of freedom offloaded unreasonably demanding 

portions of the task onto the teacher. Direction maintenance helped students continually 

move towards the problem solution. Marking critical features pointed students' attention 

towards salient features of the task while frustration control moderated the rigor of the 
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problem to the optimal level of the student's current capability. Lastly, demonstration was 

the tutor’s tool for providing the learner with an expert model to follow.  

 
Expansion and Effectiveness of Scaffolding 

Scaffolding originated with parent-child relationships but then quickly moved to 

the language arts (Cho & Schunn, 2007; Stone, 1998). However, since those early days, 

scaffolding has been applied to different age groups and from everything from business 

management (Winkler et al., 2019), midwifery (Austin et al., 2020), and even (Lin et al., 

2021) billiards. Similar to the expansion of scaffolding to many different content areas, 

scaffolding has also been applied with various types of delivery methods such as paper-

based scaffolds (Ruzhitskaya, 2011; Yoon et al., 2012) and peer-delivered scaffolding 

(Lai & Law, 2006; Pifarre & Cobos, 2010). However, for the past few decades, 

researchers have increasingly delivered scaffolding through computer applications.  

Computer-based scaffolding has been researched in various forms of computer-

based learning environments (CBLE; Belland, 2014; Quintana et al., 2004; Saye & 

Brush, 2002). Computer-based scaffolding happens as a software delivers a temporary 

help to a student as they are engaged in a learning activity. Frequently computer-based 

scaffolding interventions take the form of an expert model, a prompt, or a visualization 

that is offered to the student during the problem-centered activity. For example, if 

collegiate engineering students built electrical circuits incorrectly inside a CBLE, the 

software would provide corrective feedback (Parchman et al., 2000). If they continued to 

incorrectly build circuits, the program would then provide the students with a step-by-

step annotated solution to follow until the student correctly builds the electrical circuit 
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(Parchman et al., 2000). In this example, the corrective feedback and step-by-step expert 

modeling provided the students with a temporary scaffold (contingent upon their 

capacity) to build the circuit on their own. This example is typical of the types of 

computer-based scaffolding intervention that have been developed in STEM fields for the 

past four decades.  

Because of the large body of computer-based scaffolding research, there have 

been several literature reviews that have further developed the construct and revealed 

large positive effects of scaffolding on self-regulation (Zheng, 2016), argumentation 

(Haro et al., 2019), and cognitive learning outcomes in STEM subject areas (Belland, 

Walker, Kim, & Lefler, 2017). However, some very central aspects of this theoretical 

construct have continued to evade synthesis.  

Perhaps because of the large amount of primary experimental research or the 

proliferation and complexity of computer-based learning environments, researchers have 

struggled to communicate efficiently with regards to scaffolding. Researchers have not 

yet united around a simple list of terms to describe the differing actions a tutor can make 

in order to scaffold a student. There have been many new labels used to characterize the 

categorizations of computer-based scaffolds such as distributed (Puntambekar & 

Kolodner, 2005; Tabak, 2004); fixed or dynamic (Azevedo & Jacobson, 2008); soft or 

hard (Saye & Brush, 2002; Sharma & Hannafin, 2007); first order and second order 

(Haro et al., 2019); explicit and implicit (Hadwin & Winne, 2001); domain-general and 

domain-specific (Bulu & Pedersen, 2010); problematizing and structuring (Reiser, 2004); 

and conceptual, metacognitive, procedural, and strategic (Hill & Hannafin, 2001).  
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While these frameworks and labels have legitimized the value of the scaffolding 

construct, they have also collectively made it increasingly difficult to concisely define the 

theory and effectively communicate across theoretical perspectives. Continuous 

expansion of usage and terminology has brought the scaffolding construct to a place 

where the same terms are often used to describe different aspects of the theory. In 

addition to the confusing terminology, researchers have criticized how essential 

characteristics of the original scaffolding theory, such as dynamic assessment and fading, 

have been altogether left out of subsequent variations (Belland, 2014; Puntambekar & 

Kolodner, 2005). It is no wonder then that for roughly the past twenty years researchers 

have been noting this theoretical drift and calling for a more common, concise language, 

and a comprehensive theoretical model for scaffolding (Chernikova, Heitzmann, Fink, et 

al., 2020; Pea, 2004).  

Without a simple list of types of computer-based scaffolds, researchers have 

lacked a common mechanism to classify the various forms of scaffolding in computerized 

learning environments. Without a common language, meta-analytic researchers have 

been impeded from investigating which computer-based scaffolds (or combinations of 

scaffolds) lead to the greatest learning gains in students (Belland, Walker, Kim, & Lefler, 

2017; Lajoie, 2005).  

Scaffolding’s overgrowth of language and theoretical drift is not unlike other 

educational theories. Over time, theories (especially popular ones) need a good hedging 

so that researchers avoid “ambiguous terms, obfuscated constructs, atheoretical research, 

and inaccurate or invalid claims” (Loughlin & Alexander, 2012, p. 274). When usage and 
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terminology surrounding a theoretical construct, such as scaffolding, is used haphazardly, 

the rise of new terminology can lead to serious consequences for a theory (Alexander et 

al., 1991). Systematic literature reviews have been used by researchers as a mechanism to 

both realign theories to their original constructs as well as to coalesce language into 

succinct frameworks (Dinsmore, 2017; Dinsmore et al., 2008; Grossnickle, 2016; 

Loughlin & Alexander, 2012).  

The purpose of this systematic literature review is to take the first step towards 

simplifying and clarifying the language used to characterize computer-based scaffolds in 

computer-based learning environments. Through a review of theoretical, review, and 

experimental research literature on computer-based scaffolding over the past few 

decades, I will provide a succinct taxonomy of computer-based scaffolds. However, 

before explaining the methodology of this review, I will first define the extent of the 

confusion surrounding scaffolding terminology.  

 
Inconsistent Scaffolding Language 

One of the major criticisms of computer-based scaffolding is that the expansive 

proliferation of usage and terminology has led the scaffolding construct to become 

inconsistent, confusing, and potentially meaningless (Pea, 2004; Puntambekar & 

Hubscher, 2005; Quintana, 2021; Quintana et al., 2004). There is a considerable 

inconsistency surrounding the terminology theorists, researchers, and practitioners have 

used to label computer-based scaffolds. At its core, this lack of agreement is due to 

inconsistencies in the original taxonomy offered by Wood et al. (1976).  
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Scaffolding Function: Tutor Action or  
Intended Effect?  

Wood et al. (1976) originally enumerated the six functions of scaffolding as 

recruitment, reduction in degrees of freedom, direction maintenance, marking critical 

features, frustration control, and demonstration. These scaffolds were described as the 

“tutorial interactions'' that were delivered to the tutee by the tutor (Wood et al., 1976, p. 

98). However, a closer look at the six titles reveals that some of these terms describe the 

actions taken by the tutor as part of the intervention while the other terms seem to be 

describing the intended effect of the scaffold on the tutee (see Table 2.1).  

 
Table 2.1 
 
Original Scaffolding Labels, Revised Classification, and Corresponding Definitions 

Original scaffold label 
(revised classification) Definition 

Reduction in degrees of 
freedom (tutor action) 

“simplifying the task by reducing the number of constituent acts required 
to reach solution . . . tutor fills in the rest and lets the learner perfect the 
component sub-routines that he can manage.” (p. 98) 

Marking critical features 
(tutor action) 

“A tutor . . . marks or accentuates certain features of the task that are 
relevant. His marking provides information about the discrepancy between 
what the child has produced and what he would recognize as a correct 
production.” (p.98) 

Demonstration  
(tutor action) 

“Demonstrating or "modelling" solutions to a task. . . ‘idealization’ of the 
act to be performed and it may involve completion or even explication of 
a solution already partially executed by the tutee himself.” (p.98) 

Recruitment (intended 
effect) 

.” . . enlist the problem solver’s interest in and adherence to the 
requirements of the task” (p.98) 

Direction maintenance  
(intended effect) 

“The tutor has the role of keeping them in pursuit of a particular objective. 
. . tutor also maintains direction by making it worthwhile for the learner to 
risk a next step.” (p.98) 

Frustration control  
(intended effect) 

"Problem solving should be less dangerous or stressful with a tutor than 
without.” Whether this is accomplished by "face saving" for errors or by 
exploiting the learner's " wish to please" or by other means, is of only 
minor importance. (p.98) 
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As seen in Table 2.1, three of the original scaffold functions describe what 

assistance was delivered to the student. Constraining a problem space (i.e., reduction in 

degrees of freedom) is something that a tutor/teacher does to the student. Marking a 

critical feature in a problem is also an act of the tutor to help the student attend to what is 

necessary for the solution. Modeling effective problem-solving strategies (i.e., 

demonstration) is also a description of the help that the tutor is providing to the student. 

These three scaffolds are all descriptions of the tutor’s actions.  

However, the remaining three scaffolds from this initial taxonomy describe the 

intended impact of the scaffold on the student rather than describing the tutor’s action. 

For example, recruitment describes the impact of the scaffold on the student (i.e., 

student’s attention is now enlisted). Similarly, direction maintenance describes the state 

of the student after having received the scaffold. The scaffold frustration control places 

more emphasis on the impact of the scaffold on the state of the student (i.e., a reduction 

in stress) and places less importance on which mechanisms are used to achieve that state.  

In some cases, there also seems to be a conflation between describing a tutor’s 

action describing the intended effect on the tutee. For example, a tutor reducing degrees 

of freedom, offering demonstrations, and marking critical features, will be helping with 

the frustration control of their student. As originally defined, the terms comprising the 

original taxonomy of scaffolding straddled both the tutor’s action as well as intended 

effects of the scaffold. Furthermore, commonly accepted scaffolds (such as prompts or 

hints) can simultaneously fit within each of these original scaffolding labels. For 

example, a prompt offered to a student which suggests next steps will fit into the 
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categories of reducing degrees of freedom, direction maintenance, and frustration 

control.  

This conflation has not only decreased the ability of researchers to discuss these 

constructs, but it has also impeded meta-analytic researchers from accurately estimating 

the effects of scaffolding on learning. Without a taxonomy that distinguishes between the 

tutors' action and the intended effect of the scaffold, meta-analytic researchers are neither 

able to accurately code the forms of the scaffolding nor estimate their impact on learning.  

Despite the popularity of scaffolding, little attention has been paid to this 

problem. One of the only direct attempts to bring light to this issue was by van de Pol et 

al. (2010) in their 10-year synthesis of scaffolding. These researchers suggested using the 

terms means (tutor action) and intentions (intended effect) to disambiguate between the 

original scaffolding functions enumerated by Wood et al. (1976). However, the 

scaffolding research community has not coalesced around the means and intentions 

terminology since it was introduced (van de Pol et al., 2010). Rather, there have been 

even more terms employed to describe the various types of tutor actions and intended 

effects of scaffolding. Despite the influx of conflicting terminology, some aspects of the 

scaffolding construct (i.e., intended effects) have experienced more research progress 

than others (i.e., types of tutor actions).  

 
Syntheses of Intended Effects of Scaffolding 

 Of the meta-analyses that have been conducted on computer-based scaffolding, 

there has been progress estimating the intended effects of scaffolding interventions. 

Hannafin et al. (1999) that categorized the intended effects of scaffolding as procedural, 
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conceptual, metacognitive, and strategic. The labels and definitions are included in Table 

2.2.  

 
Table 2.2  

Categories of Intended Effects and Corresponding Definitions 
 

Label for intended effect Definition 

Procedural scaffolds “guide the student in addressing operational aspects of the learning 
environment rather than investing cognitive resources in negotiating routine 
procedures and navigation” (M. C. Kim & Hannafin, 2011, p. 408)  

Metacognitive scaffolds Target a student’s ability to assess their own “state of understanding, reflect 
on their thinking, and monitor their problem-solving processes” (M. C. Kim 
& Hannafin, 2011, p. 408) 

Conceptual scaffolds Target a student’s ability to “identify essential knowledge gaps between 
what they already know and what they need to know. They guide students' 
understanding about the problem content, provide support to enhance 
students’ understanding of the problem and related knowledge.” (M. C. Kim 
& Hannafin, 2011, p. 408)  

Strategic scaffolds Target a student’s ability “to consider alternative approaches to addressing 
problems. Based on preliminary or tentative solutions, strategic scaffolds 
prompt students to consider alternatives to framing, addressing and resolving 
problems, and often involve different stakeholder perspectives and cultural 
interpretations.” (M. C. Kim & Hannafin, 2011, p. 408)  

Motivational scaffolds Target a student's “desire and willingness to deploy effort toward and persist 
in the learning task.” (Belland et al., 2013, p. 244)  

 
 

In addition to Hannafin et al. (1999), there have been other breakdowns of the 

intended effects of scaffolding interventions such as supportive scaffolding, reflective 

scaffolding, and intrinsic scaffolding (Jackson et al., 1998). However, over time, it seems 

that the list of terms coined by Hannafin et al. has remained more constant (M. C. Kim & 

Hannafin, 2011) and been more broadly applied in subsequent meta-analyses (e.g., 

Belland et al., 2017; N. J. Kim et al., 2018).  

For example, in recent meta-analyses on computer-based scaffolding, researchers 



34 
 

 

employed a modified version of Hannifin’s (M. C. Kim & Hannafin, 2011) list where 

procedural scaffolds were excluded from the analysis and replaced with motivational 

scaffolds (N. J. Kim et al., 2018, 2018). There were no statistically significant differences 

found between the intended effects of scaffolding (Belland, Walker, Kim, & Lefler, 

2017). Despite the lack of statistically significant differences between the various types 

of intended outcomes, these efforts are an important step to characterize not just effective 

contexts for scaffolding but to explore the differential effects of key parts of the 

scaffolding process, made possible by a generally accepted definitional framework from 

Hannafin et al. (1999).  

 
Syntheses of the Tutorial Actions of Scaffolding 

As mentioned previously, several of the initial scaffolding “functions” defined the 

action taken by the tutor (e.g., demonstration, marking critical features, and reduction in 

degrees of freedom). Over the past 40 years of scaffolding research on CBLEs and their 

computer-based scaffolding interventions, the effects of these early labels have not been 

estimated. Nor has there been a parallel attempt to Hannafin et al. (1999) with a focus on 

synthesizing the broad range of computer-based scaffolding interventions that have been 

developed since the original work of Wood et al. (1976) and further expand on 

scaffolding forms.  

This is most likely due to the lack of a taxonomy which obfuscates the tutor’s 

actions and their intended effects. Additionally, a taxonomy of scaffolding must also 

account for the complexity of computer-based scaffolding interventions. Some CBLEs 

computer-based scaffolding interventions offer single supports. However, in most cases 
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CBLEs offer what researchers (Puntambekar & Kolodner, 2005; Tabak, 2004) have 

referred to as distributed scaffolding systems. Distributed scaffolding interventions are 

comprised of multiple supports (Tabak, 2004). Yet, whether one or many, the estimated 

impacts of these scaffolding interventions are not available. There is no synthesis 

providing guidance as to which tutor actions or combinations of tutorial actions produce 

the largest learning outcomes nor can there be while the field lacks a definitional 

framework of tutor actions.  

In summary, the confusion surrounding terminology has led to a gap in 

scaffolding literature. These language issues have led some researchers to argue that 

scaffolding has become too broad (Pea, 2004; Puntambekar & Hubscher, 2005) and to 

call for a common theoretical framework from which scaffolding can be understood and 

evaluated (Quintana et al., 2004). Due to confusion brought about by the first taxonomy 

of scaffolding functions (tutor actions vs intended effects) as well as the tremendous 

expansion of computer-based scaffolding, no framework or conglomeration of multiple 

frameworks exist to accurately and succinctly describe the types of computer-based 

scaffolding interventions present in existing empirical research. This lack of a taxonomy 

around the types of tutor actions that make up scaffolding interventions has impeded 

researchers from both communicating efficiently with one another as well as estimating 

the effects of computer-based scaffolds.  

 
Objectives 

The overall purpose of this systematic literature review is to resolve some of the 

language issues that have impaired consensus surrounding the theory of scaffolding. 
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First, I disambiguate between the tutorial actions and the intended effects of scaffolding. 

Then I provide a taxonomy of the types of tutorial actions (scaffolding forms) of 

computer-based scaffolding found in extant empirical literature. Lastly, I discuss how this 

new taxonomy aligns or deviates from the original terms of the scaffolding construct.  

As evidenced in the computer-based scaffolding empirical STEM literature, the 

following research questions are addressed. 

RQ 1: What terms have researchers used to describe the tutorial actions and the 
intended effects in prior syntheses and seminal works on scaffolding? Is there 
consistency among the terms employed? 

RQ 2: What are the forms of computer-based scaffolding in extant experimental 
computer-based scaffolding literature in STEM fields? 

 

Methods 
 
 

This literature review followed a modified version of Cooper’s (2015) steps of a 

systematic literature review. These revised steps include (a) formulating the problem, (b) 

searching the literature, (c) gathering the information from studies, (d) analyzing and 

integrating scaffolding forms, (e) interpreting the evidence, and (f) presenting the results.  

A review of all scaffolding literature is beyond the scope of this paper. Following 

the suggestion of Collins and Fauser (2005), this systematic review avoids tackling all 

aspects of scaffolding and focuses on targeted questions surrounding the language that 

has been used to describe the forms of the scaffolding construct. To make this work 

feasible, this review was also constrained by including only those articles which used 

computer-based scaffolding to produce cognitive outcomes in Science, Technology, 

Engineering, and Mathematics (STEM) disciplines under the assumptions that several 
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STEM pedagogies are well suited to scaffolding and STEM workforce preparation is a 

pressing educational need. 

The future world economy will be dominated by jobs in STEM (National 

Academies of Sciences, Engineering, and Medicine, 2016). From 2009 to 2015, STEM 

jobs (10.5%) grew at twice the pace of non-STEM jobs (5.2%) in the U.S. (Fayer et al., 

2017). This rate looks to continue as the U.S. Bureau of Labor Statistics projects that 

between 2019 and 2029 STEM occupations will grow by 8% as compared to 3.7% in 

non-STEM occupations (Zilberman & Ice, 2021). Not only are STEM jobs growing 

faster, but they also pay more than non-STEM occupations. In the United States, 97% of 

STEM jobs pay above the national average (Fayer et al., 2017). These statistics 

substantiate the claim that the competitiveness of a nation in the future global economy 

will be contingent upon that nation’s capacity to create and retain enough highly qualified 

STEM workers (National Science Board, 2010). However, despite STEM occupations 

experiencing ever-growing demand and producing better outcomes for students, the 

United States has consistently struggled to produce either strong learning outcomes or a 

sufficient amount of STEM workers. 

 
Literature Search/Data Collection 

In order to answer the research questions, the literature search included several 

phases and two different inclusion criteria. RQ1 required finding prior syntheses, seminal 

works, and experimental research on scaffolding theory. RQ2 required finding 

experimental literature on computer-based scaffolding. The literature search for prior 

syntheses, seminal papers, and experimental literature was iterative but did include the 



38 
 

 

following four main phases. Table 2.3 details the phases of the literature search, the focus 

of each phase, and the corresponding research question.  

 
Table 2.3 

Literature Search by Phase, Focus, and Research Question 

Phase Focus  Research question 

Phase 1 Database search for experimental literature. RQ1 & RQ2 

Phase 2 Ancestor search for more experimental literature, seminal works, and 
syntheses. 

RQ1 

Phase 3 Search of prior syntheses (literature reviews, meta-analyses) on 
scaffolding. 

RQ1 
 

Phase 4 
 

Descendent search of Wood et al., 1976 for highest cited works in 
scaffolding. 

RQ1 
 

 
 

Phase 1 

The literature search was designed to find each empirical study of the 

effectiveness of computer-based scaffolding in STEM content areas. The search for 

articles focused first on database searches using the Boolean phrase: “(scaffold OR 

scaffolding OR scaffolds) AND (intelligent tutoring systems OR computer OR 

computers).” The search date was constrained to any research published before 8/20/2022 

which defaulted to 1993 in all searches. These searches were conducted in Education 

Source, ERIC, PsycINFO, Academic Search Ultimate, Scopus, and ProQuest Dissertation 

and Theses Global databases. The initial database search produced 4,803 search results. 

After a pre-pass screening of article abstracts and methods sections most were removed 

for not using a scaffolded intervention, using scaffolds but not in a computer-based 

setting, or not being empirical research. The remaining 1,401 articles were added to a 
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spreadsheet which tracked the article, its focus, its status in the coding process (e.g., 

uncoded, included, excluded), and the reason for exclusion (if that was the case). 

 
Phase 2 

While reading articles found in phase 1, an ancestor search for articles was 

conducted. When prior experimental literature was found in the literature review sections, 

these studies were added to the study tracker for future review. If meta-analyses or 

seminal works were cited, these were added directly into separate folders in NVivo for 

subsequent systematic coding. 

 
Phase 3 

A search for prior meta-analyses was conducted in Education Source using the 

Boolean phrase (Scaffold* AND (review of literature or literature review or meta-

analysis or systematic review or scoping review or synthesis)).” This search yielded 192 

results of which 70 were added to a tracker for closer review after a pre-pass screening 

that checked for a focus on scaffolding intervention and cognitive learning outcomes. 

 
Phase 4 

To ensure that all seminal works were found during the aforementioned ancestor 

search, a decedent search was conducted in Google Scholar. Using the “Cited by” link, a 

search was made of the first 900 articles that included the (Wood et al., 1976) as a 

citation in the article. One hundred nineteen articles were added to the tracker along with 

how many times the article has been cited. This list was sorted by highest citations and 

compared against the seminal articles already found during the decedent search. 
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Scaffolding articles with over 750 citations that were not already included were added to 

the study.  

 
Evaluating Study Quality and Inclusion/ 
Exclusion Criteria 

The four-phase search produced experimental STEM literature focused on 

computer-based scaffolding, meta-analyses on computer-based scaffolding, and seminal 

works on scaffolding in general. The inclusion criteria varied for each type of literature 

included. 

 
Experimental Literature Inclusion Criteria  

The included studies had to meet the following criteria: (a) be published prior to 

8/20/2022, (b) possess a control condition, (c) possess an experimental condition, (d) 

measure cognitive outcomes in STEM subjects, (e) engage learners in problem-solving, 

(f) deliver a computer-based scaffold as the independent variable, and (g) give 

considerable detail when explaining forms of the computer-based scaffolding 

intervention. After final exclusions, 236 empirical articles were included in the analysis. 

 
Prior Syntheses Inclusion Criteria 

Included meta-analyses needed to (a) be published prior to 8/20/2022, (b) require 

computer-based scaffolding as the coded intervention, (c) include verbiage for 

moderators estimating the form or functions of scaffolding, and (d) include problem-

centered STEM education. After final exclusions, nine meta-analyses were included in 

the analysis. 
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Seminal Works Inclusion Criteria 

Seminal works were defined as studies that referenced the Wood et al. (1976) 

foundational article, were cited over 1,000 times, and included scaffolding as the major 

focus of the article. While the number of citations is impacted by how long an article has 

been published, it does capture which articles are most cited by researchers referencing 

the scaffolding theory. After final exclusions, 26 articles were added into NVivo and 

included in the analysis. 

 
Coding of Study Information/  
Technological Review Tools 

In order for new terms for scaffolding forms to arise from the studies, I took an 

inductive approach when coding each of the articles. I used the qualitative data analysis 

software (QDAS), NVivo, to ensure that the codes preserved the terminology and 

descriptions for tutor actions/scaffolding forms that were used by the original author(s). 

QDAS, and NVivo in particular, is becoming a popular tool for literature reviews since it 

allows researchers to manage large amounts of data (in this case, quotations from 

empirical studies) and create linkages across studies (Bandara et al., 2011; Beekhuyzen, 

2007; Di Gregorio, 2000). 

The NVivo QDAS software is well fitted for the task of collecting the 

descriptions of tutor actions (scaffolding forms) found in the empirical papers. Rather 

than copying scaffolding from descriptions and adding them to a spreadsheet cell, NVivo 

allowed me to highlight many terms and phrases used by the authors regardless of 

whether they were in the text, tables, and/or images throughout the paper. This method 
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kept my codes tied to the verbatim quotations (i.e., “in-vivo” code) of the original authors 

(Saldaña, 2012) and avoided prematurely affixing my own labels. 

 
Coding Process 

Each article was coded systematically following a modified form of Saldana’s 

cycles of coding for grounded theory coding methods (Saldaña, 2012, p. 213). Grounded 

theory usually includes six coding methodologies: “In-vivo, Process, Initial, Focused, 

Axial, and Theoretical Coding” (Saldana, 2012, p. 51). The purposes of this study were to 

describe and synthesize the language of computer-based scaffolding researchers and not 

to define a process or develop a new theory. As such, the process coding step and 

theoretical coding step was excluded. The rest of the grounded theory steps were 

followed along with its guiding principles of staying nested in the language of the 

participants and employing constant comparative analysis when generating new codes 

(Charmaz, 2014). Table 2.4 provides an overview of the coding cycles, steps, and 

objective at each stage organized by research question.  

The objective of RQ1 was to describe how researchers have referred to both the 

type and intent of computer-based scaffolds. For RQ1, the coding process included just 

two steps: in-vivo coding and descriptive coding. In-vivo coding is the process of 

capturing the terminology of the participant. In the case of this study, in-vivo codes were 

sections of text in empirical papers where scaffolding theorists enumerated the types of 

scaffolds. The length of in-vivo codes varied from sentences to multiple paragraphs. 

These sections of text were captured in the NVivo software and “preserve(d) the 

meaning” or language employed by the theorists themselves (Charmaz, 2014). Note that  
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Table 2.4 

Explanation of Systematic Coding Process Organized by Research Question 

Coding process RQ Cycle Coding step Objective 

RQ1 1st In-vivo coding Capture and catalog terms employed by 
researchers for scaffolding forms and functions. 

 1st Descriptive coding Describe and categorize terms based upon the 
nouns used in author’s descriptions of scaffolding 
types. 

RQ2 1st  In-vivo coding Capture and catalog terms employed by 
researchers for scaffolding forms and functions. 

 1st  Descriptive coding Describe and categorize terms based upon the 
nouns used in author’s descriptions of scaffolding 
types. 

 2nd  Focus coding Compare and collapse previously generated codes 
into a simplified list of distinct forms of scaffolds 

 2nd  Axial coding Within each distinct form of computer-based 
scaffold, generate sub-categories. 

 
 

throughout the rest of this manuscript in-vivo is used to refer to a specific type of code in 

the coding process and NVivo refers to the qualitative analysis software, which was used 

to capture in-vivo codes.  

In-vivo coding was followed by descriptive coding. During this step a descriptive 

code was developed for each of the in-vivo sections of captured text. These descriptive 

codes were based upon the nouns used by the researchers (Saldaña, 2012). To answer 

RQ1, these descriptive codes were then analyzed to define what terms researchers have 

used to describe the tutorial actions and the intended effects in prior syntheses and 

seminal works on scaffolding.  

For RQ2 the coding process included four steps through two cycles of coding: (1) 

in-vivo, (2) descriptive, (3) initial, and (4) axial. Similar to RQ1, the first cycle of coding 
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began with in-vivo coding of the experimental literature. The author’s description of the 

scaffold form was captured using the NVivo software and then assigned to a group based 

upon the noun utilized by the author (i.e., descriptive coding). For example, the following 

quote was captured as an in-vivo code. When describing their intelligent tutoring system 

agent that scaffolded the Academically Productive Talk (APT) of students, Adamson and 

Rosé (2013) wrote:  

If the other students do not respond with either an evaluation or a contentful 
follow-up, the agent prompts them to comment on the candidate statement - for 
example, ‘What do you think about Billy’s idea? Do you agree or disagree?’ (p. 
54).  
 
Using NVivo, I highlighted this section and created the code “prompt.” This 

descriptive coding process was followed for each NVivo code of each paper. As other 

researchers described tutor action (scaffolding form) using the term prompt, I highlighted 

the source and added it to the previous “prompt” code as well. Over time, these codes 

began to create themes or what NVivo refers to as nodes. Nodes are essentially buckets 

holding similar quotations/codes. Following this process, I highlighted 424 references 

across 236 research papers. 

The second cycle of coding included two steps: focus coding and axial coding. 

Focus coding “follows first cycle grounded theory coding methods” (Saldaña, 2012, p. 

213) and is defined as the process of selecting the most significant and most frequently 

used descriptive code that was generated in the first cycle of coding (Charmaz, 2014). At 

this stage, descriptive codes were sifted, sorted, rearranged, and relabeled depending on 

their similarity or differences with other descriptive codes. During the focus coding stage, 

the myriad descriptive codes were summarized into the “most salient categories”/codes 
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(Saldaña, 2012, p. 213).  

The relationship of “hints” and “prompts” is a good example of the focus coding 

stage. When looking at the original in-vivo codes of “hints,” it became apparent the hints 

did not differ substantially from the “prompts” code examples regarding the scaffold’s 

form or function (i.e., guidance). While prompts and hints did not differ in their 

appearance or intent. Instead, the two descriptive codes differed in terms of how they 

were administered. Hints were often associated with self-selected scaffolds where 

students clicked a hint button when they felt they were lost. Prompts, on the other hand, 

were usually delivered by the CBLE program either based upon the student’s need or a 

certain difficult stage of the problem-solving process. Because of this similarity, I made 

“hints” a subcategory of prompts. 

The final coding step, axial coding, started after the major groups (focus codes) of 

scaffolding forms had been generated. During this last step, focus codes were further 

refined into sub-categories within each of the major nodes. For example, the “prompt” 

node had two subcategories: (a) question prompts and (b) command prompts. When 

subcategories began to solidify, I then continued to further develop the similarities and 

differences between the nodes. Some of the coding nodes, while using different author 

terms, were indistinguishable from other nodes (e.g., modeling and worked examples). 

Table 2.5 shows an early hierarchy of scaffolding nodes (on the left) and the final 

hierarchy (on the right) after node comparisons. 
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Table 2.5 

Comparison of 1st Cycle vs 2nd Cycle Scaffolding Forms (Tutor Actions) 

1st cycle descriptive codes 2nd cycle focus codes 

Structuring, model progression Structuring 

Modeling, worked examples Modeling 

Hints, command prompts, question prompts Command prompts 
Question prompts 

Cues, highlights Cues 

Visualization, simulation, role play Visualization 

Feedback (elaborated, immediate, delayed, correct/incorrect, 
knowledge of correct response, knowledge of results, uninterpreted) 

Feedback 

 
 
 

Results 

 
RQ 1: What terms have researchers used to describe the tutorial actions and the 
intended effects in prior syntheses and seminal works on scaffolding since 1976? 
Is there consistency among the terms employed? 
 
There were 109 distinct articles found that employed terms for the tutorial actions 

and/or the intended effects of scaffolding (see Table 2.6). Scaffolding researchers have 

used nine different terms to refer to the action of the tutor (see left column of Table 2.6) 

and seven terms to refer to the intended effects of those actions on the learner (see right 

column of Table 2.6). There were four terms (i.e., functions, types, strategies, and 

mechanisms) that have been used to describe both tutor actions and intended effects of 

scaffolding. As mentioned previously, the terms means and intentions terms have not 

been widely adopted by researchers after being proposed by Van de Pol, Volman et al. 

(2010). This lack of adoption is clearly seen in Table 2.6 as subsequent studies continued 

to use other terms.  
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Table 2.6  
 
Most Frequently Used Terms for Tutor Actions and Intended 
Effects of Scaffolding 
 

Term for tutor actions 
(n unique articles/n total uses) 

Term for intended effects 
(n unique articles/n total uses) 

Form(s) (52/75) Function(s) (23/26) 

Strategies (28/45) Types (9/9) 

Features (13/14) Strategies (5/6) 

Functions (11/16) Mechanisms (2/2) 

Types (10/12) Intervention (2/2) 

Mechanisms (10/11) Intentions (1/3) 

Techniques (7/9) Meta Principles (1/2) 

Elements (6/6)  

Means (2/6)  
 
 

The systematic review of these terms reveals a few key insights. First, there exists 

a need to simplify the terminology employed by researchers in order reduce confusion. 

When four terms have been used to define two different constructs communication 

between researchers is frustrated. The lack of consistency of terminology has decreased 

the ability of researchers to discuss these constructs. Second, the majority of the papers 

did use two different terms for the tutor actions and intended effects of scaffolding thus 

giving credence to the fact that these aspects of the scaffolding construct are perceived as 

separate and distinct from one another by scaffolding researchers (see Table 2.6). 

However, Table 2.6 also displays terms (i.e., functions, types, and mechanisms) that have 

been used to describe both actions taken by the tutor as well as the intended effect of the 

scaffolding intervention.  
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Is there Consistency Among the Terms  
Employed? Form and Function 

Of the terms employed by scaffolding researchers (see Table 2.6), unsurprisingly 

functions show up as most frequently applied to define both the tutor’s actions as well as 

the intended effect of the scaffold. If we use frequency as the best determinant for 

consensus among researchers, then form is the logical term to use to describe the tutor’s 

action (appearance of the tutorial help) and function could be employed to describe the 

intended effect of the scaffold. Type was also used to describe both terms; however, it 

was less popular than form and/or function. Type also lacks the descriptive utility of form 

and function. When speaking about the tutor’s action we are describing the form or its 

appearance, so scaffolding form is an apt term to utilize for the tutorial interactions. The 

descriptive utility of form has been the preferred term by researchers. When describing 

the intended effect of the scaffold, function has been far and wide the favorite term 

employed. Furthermore, there seems to be trending momentum behind using the 

combination of form and function based upon the most recent publications (Quintana, 

2021; Suwastini et al., 2021). For example, Figure 2.1 shows the original scaffolding 

taxonomy from Wood et al. (1976) reinterpreted as scaffolding forms and scaffolding 

functions.  

Box A of Figure 2.1 lists the original six scaffolding terms employed by Wood et 

al. (1976). Three of the original scaffolds describe in what “package” the assistance was 

delivered to the student (see Figure 2.1 Box B). Constraining a problem space (i.e., 

reduction in degrees of freedom) is something that a tutor/teacher does to the student. The 

label “marking a critical feature” is also a description of the tutor’s act of helping the  
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Figure 2.1  
 
Original Taxonomy Reinterpreted as Scaffolding Forms and Scaffolding Functions 

 

 

student attend to what is necessary for the solution. Modeling effective problem-solving 

strategies (i.e., demonstration) is again a description of the help that the tutor provides to 

the student. These three scaffolds all describe the tutor’s actions or in other words the 

form of the scaffold (see Figure 2.1, Box B).  

However, the remaining three original scaffolds in Box A of Figure 2.1 (direction 

maintenance, frustration control, and recruitment) describe the intended impact of the 

scaffold on the student rather than describing the form of the scaffold. For example, 

recruitment and direction maintenance both describe what the scaffold is targeting to 

support “in the student.” Or said differently, these scaffolds were labeled based upon the 

scaffold's intended effect on the student (i.e., students' attention is now enlisted or 

maintained in the desired direction). The scaffold frustration control describes the impact 

of the scaffold on the state of the student (i.e., their frustration level was managed or 



50 
 

 

alleviated). However, each of these labels places less emphasis on what form the support 

took when it was offered to the student (e.g., a description of the actions from the tutor or 

design of the curriculum that leads to a reduction in frustration). 

In alignment with recent syntheses (Quintana, 2021; Suwastini et al., 2021), I 

suggest that researchers and practitioners employ the terms of form and function to 

describe the scaffolding interventions more accurately. Scaffolding form will be used for 

the remainder of this article to describe the tutor’s action, the intervention, or the 

“package” in which the tutorial assistance was delivered to the student. When referring to 

how the student was affected by the scaffold (intended effect), the term function will be 

employed. 

Research Question 2: What are the forms of computer-based scaffolding in extant 
experimental computer-based scaffolding literature in STEM fields? 
 
Across the empirical literature, I found six distinct forms of computer-based 

scaffolds. These were structuring, modeling, prompts, cues, simulation/visualization, and 

feedback. Each of these six forms of computer-based scaffolding will be explained 

individually in the following sections. 

 
Structuring 

The intention of structuring scaffolds is to alleviate the cognitive load of the 

learner and/or guide the learner through the problem space. In contrast to other scaffolds 

where something is offered to the student (prompt, feedback, cues/highlights), structuring 

scaffolds manipulate the problem space in one of three ways: (a) constraining the 

problem space, (b) sequencing problem rigor in an incremental stepwise fashion, and/or 
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(c) walking the student lockstep through the problem-solving scenario.  

Butz et al. (2006) offer a great example of structuring scaffolding that aids 

students by constraining the problem space. In their Interactive Multimedia Intelligent 

Tutoring System (IMITS), based upon the students’ proficiency, the IMITS CBLE 

modified both the sequence of the problems as well as how much information the student 

received while problem solving (Butz et al., 2006). In this way, the students were not 

cognitively overburdened by extraneous information.  

The scaffolding intervention from authors de Jong et al. (1996) offers a good 

example of structuring scaffolds that focused on ensuring that the rigor of sequential 

problems progressed in a stepwise fashion. In this paper, the authors aptly describe the 

benefits of their intervention as an environment that “gradually unfolds the properties of 

the domain to the learner” in a gentle sequence of increasing complexity (de Jong et al., 

1996, p. 12). This incremental progression ensures that students do not finish one task 

only to be subsequently confronted by a task that is too far beyond their respective zones 

of proximal development (ZPD; Vygotsky, 1978). With the aid of structuring scaffolds, 

each problem is moderated to be within the ZPD of the student.  

Last, in addition to constraining the problem space and ensuring that series of 

problems increased rigor in a stepwise fashion, structuring scaffolding also came 

frequently in the form of CBLEs which walked the students lockstep through a particular 

problem-solving process (Linn & Eylon, 2000; M. Liu, 2004; Zhang et al., 2004). In the 

study by Linn and Eylon, students were directed through a particular sequence of 

problem-solving activities such as writing explanations for their predictions, summarizing 
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their experiments, and reconciling their predictions with actual results as they learned 

about liquid displacement. Similarly, the Alien Rescue (M. Liu, 2004) CBLE structured 

the learning space around a storyline which constrained the students to solve the given 

problem using a specific prescribed process. This ensured that the students experienced 

the expert problem-solving methodology and began to acquire proven problem-solving 

skills and strategies. 

 
Modeling 

Students confronted with unfamiliar or ill-structured problems can quickly 

become lost and frustrated. Modeling scaffolds alleviate this complexity for students in 

two ways: (a) full/partial worked example of the problem-solving process or (b) a visual 

of the expert model of the final solution.  

Liu (2004) offered both varieties of modeling scaffolds. In addition to providing 

the case logs (final product), the CBLE also provided expert demonstrations of how to 

use interface tools and problem-solving models. In some cases, rather than providing a 

full expert model, studies provided students with a partial model (K. Chang et al., 2001; 

Laru et al., 2012). In one study, seventh-grade science students were tasked to produce 

various concept maps of biology topics such as cell division, sexual reproduction, and the 

endocrine system (K. Chang et al., 2001). Students in the experimental condition were 

provided with a partially completed concept map whereas students in the control 

condition received a blank concept map (K. Chang et al., 2001). The partially completed 

concept map helped reduce the complexity of the task in addition to providing a model of 

how concepts should look when completed.  



53 
 

 

In another case of a partial concept map (MacGregor & Lou, 2004), students were 

provided with a template which “provided a framework that specified how the learner 

was to make connections from the information they acquired with their study guide to the 

major relevant concepts” (MacGregor & Lou, 2004, p. 168). In addition to demonstrating 

what the final product should look like, students were also guided in their search and 

presentation design. 

While the two types of modeling scaffolds differ in the extent to which they 

reveal the expert example, they both provide direction to the student. The difference 

between the variations of modeling scaffolds was due to the completeness of the model 

and when the model was delivered. Some scaffolding interventions started with a partial 

model and then moved to a full model if the student was unable to successfully complete 

the task (Butz et al., 2006). There were examples of the inverse as well. In one such 

study, students received a full model at the beginning of the intervention and then were 

weaned off a full model (faded) in subsequent exercises (Renkl, 2002).  

There were instances where students did not receive a modeling scaffold until 

after they had submitted the assignment. In these situations, they were often expected to 

juxtapose their solution to that of an expert (Y. S. Chen et al., 2003). However, when an 

expert model was offered after a student submission, this was coded as feedback. 

 
Prompts 

More than any of the scaffolding forms enumerated here, prompts varied widely 

in how they appeared in the included empirical scaffolding literature. In some cases, 

prompts came in the form of imperatives/commands (Mayer et al., 2002), questions 
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(Roscoe et al., 2013), and hints or suggestions (Bulu & Pedersen, 2010). Regardless of 

whether the prompt came in the form of a command, question, or hint, the overall goal of 

prompts was to offer strategic guidance to the student as they navigated the problem-

solving process.  

 Command prompts came in the form of firm directives to the student which 

guided them to take specific actions. A multimedia simulation game for geology, directed 

students to “Check all that apply: trench, ridge, basin, island seamount...” (Mayer et al., 

2002, p. 172). This command prompt was not a suggestion. Students were not expected to 

own any part of the decision of what to do next. The command prompt firmly directed the 

students to take an action and students had only the choice between complying with the 

command or not.  

Command prompts sometimes came from pedagogical agents. In one such case, 

the students engaged in problem-solving activities where the student interacted with a 

faux peer pedagogical agent as well as a faux teacher pedagogical agent (Roscoe et al., 

2013). As the student submitted hypotheses to the peer pedagogical agent, the peer agent 

prompted the student to “explain that again'' if the theory lacked satisfactory explanation 

(Roscoe et al., 2013, p. 287). Thus, the forceful command prompt led students to engage 

in more reflection and generate more substantial explanations for their solutions. 

Command prompts were similar in goal to other prompt types (i.e., question prompts and 

hints) but different in tone, force, and the amount of ownership the student had at that 

point of the problem-solving process. 

Question prompts showed up frequently in computer-based scaffolding 
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interventions. Similar to Roscoe et al., (2013), one experiment prompted real students to 

evaluate the work of a fictitious peer named Mary, such as “How well did Mary answer 

her question? Should Mary run another experiment to answer her question? Why or why 

not? ... How can Mary improve her experiment” (H. Y. Chang & Linn, 2013, p. 864). In 

contrast, to command prompts, question prompts were softer in tone, power, and less 

directive. Like command prompts, question prompts offered strategic guidance, but they 

expected the student to take more ownership in deciding what the next step to take in the 

problem-solving process.  

Hints were even less forceful than command or question prompts. In contrast to 

command and question prompts, which were delivered by the CBLE to the student after 

an incorrect submission, hints were frequently initiated by the student through a hint 

button (Butz et al., 2006; K. Chang et al., 2001; Graesser et al., 2007; Mendicino et al., 

2009; VanLehn, 2011). Rather than the scaffold contingently arising from a student 

evaluation, these hint buttons were often offered right before or after a submission by the 

student with the intent to guide the student towards a satisfactory response. During a 

study where students were tasked with building a concept map in a biology course, if the 

student was becoming frustrated, they were able to click the hint button and receive the 

message “partial proposition type, such as [Meiosis results in???]” (K. Chang et al., 2001, 

p. 23). This hint, in the form of a short sentence frame, gently directed the student toward 

what was missing while also jumpstarting the student towards the required information 

connected to meiosis.  

As mentioned previously, CBLEs frequently offered more than one type of 
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prompt to students (Bulu & Pedersen, 2010; Graesser et al., 2007). In a CBLE program 

called SEEK, a computer tutor helped students develop the ability to evaluate web 

evidence when exploring the causes of volcanic eruptions (Graesser et al., 2007). SEEK 

started with a hint button at the top of the search page, which when pressed by the 

student, would provide a prompt that suggested a possible next step or reminded the 

student of the initial task goal. After the first prompt was offered, the CBLE would begin 

a countdown. If the student was found to be directionless or unable to respond for more 

than 20 seconds, a window would pop up and reveal the correct answer to the student. 

These CBLEs which offered multiple forms of prompts often began with less powerful 

prompts first and then followed with stronger scaffolds when the student was unable to 

successfully complete the task with the lesser level of support (Graesser et al., 2007). 

 
Cues 

Similar to prompts, cues offered students guidance. However, cues differed with 

respect to the medium of that guidance. Cues came in the form of multisensory (i.e., sight 

and sound) messages embedded into the instruction that directed students’ attention to 

salient features. In this manner, cues assisted students to avoid being inundated and 

overwhelmed by too much information while also helping students weigh which features 

were essential for solving the problem. Cue scaffolds showed up in the literature as a) 

animations and b) directive highlights. 

In an engineering study of current and voltage (Finkelstein et al., 2005), cues 

came in the form of animation which signaled the student to the direction of the electron 

flow as well as the conservation of the current. In another paper by Nathan et al. (1992) 
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that measured the effectiveness of computer-based scaffolding on algebraic word 

problems, the experimental condition received cues that focused students on the salient 

features of the materials. Through cues, CBLEs ensure that students would pay attention 

to critical aspects of the word problem through animations and highlights. 

Cues can also be seen as a type of modeling where a novice is given an example 

of what an expert would lend their attention to if given the same opportunity. For 

example, in one study graduate-level medical students in Finland were tasked with 

diagnosing diseases by investigating tissue samples (Nivala et al., 2012). In this study, 

both conditions received the same digitized slides of the tissue samples, but the 

experimental condition also received visual cues in their CBLE that directed the students 

to a general area on the slide without revealing what the abnormality in the tissue actually 

signified. The visual cue served as a model of what features an expert would attend to 

when given the task of diagnosing tissue samples. 

 
Visualization 

Both visualization (and simulation) scaffolds allowed students to move past the 

constraints of their senses and time, to see and experience complex phenomena. Through 

visualizations, infinitesimally small objects were enhanced and made accessible (H. Y. 

Chang & Linn, 2013; Magana, 2014). For example, scientific phenomena that would 

normally take extraordinary lengths of time such as stellar parallax could be observed in 

seconds through simulations (Ruzhitskaya, 2011). Ultimately, simulation and 

visualization scaffolds were collapsed into one group since they were very infrequently 

found separate from one another.  
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For example, Yoon et al. (2012) used augmented reality to project visual 

representations of electrons on the participants' bodies when they worked as a group to 

create a human circuit. When the group of participants broke the circuit the visually 

projected cues disappeared. This scaffold provided the participants with a large-scale 

visualization of a sub-atomic activity. However, in addition to making the normally 

invisible phenomenon visible, this scaffold also simulated a complex phenomenon in a 

very simple and interactive way.  

In addition to making the inaccessible accessible, visualizations scaffolds 

provided students with engaging interactive opportunities to see how concepts interact 

with one another through a simulation (Nichols et al., 2013). Simulations often required 

students to control a number of the variables in a simulation (Swaak et al., 1998). Rather 

than have a teacher model the process/experiment and tell the students what to attend to 

at each step, simulation enlisted the attention of the students as they modified variables 

and saw direct changes to the outcomes of the simulations (Sharma & Hannafin, 2007). 

 
Feedback 

 Feedback was a regular feature in scaffolding interventions with CBLEs. There 

was both immediate feedback and delayed feedback. Besides feedback timing, the factor 

that most distinguished one instance of feedback from the other was the robustness of 

feedback supplied to the student. Two levels of feedback emerged as the studies were 

coded: (a) correct or incorrect messages with interpretation, and (b) correct or incorrect 

messages without interpretations. 

The most extensive cases of feedback were those when after submitting their 
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solution a student was supplied with not only a response of whether they were correct or 

incorrect but also a full explanation of how their response deviated from the solution. For 

example, in the ChemProV CBLE, students were provided with what they called 

“dynamic feedback” (Hundhausen et al., 2011, p. 581). Students were not only alerted to 

their errors, but they were also provided with hints on how to fix their errors.  

In contrast, other studies included interventions which supplied students with 

knowledge about whether their submitted work was correct or incorrect, but that was the 

extent of the feedback. Beyond a message of correct or incorrect, there was no further 

help offered. In one such example (Hundhausen et al., 2011), students were tasked with 

creating computer-aided design (CAD) engineering drawings. Once a CAD drawing was 

submitted, the CBLE would compare the student’s drawing against an expert version of 

the same drawing and then deliver a message that notified the student of their errors and 

then allowed them to attempt the exercise again. However, there were instances when the 

CBLE would pair the “correct/incorrect” response with a message such as “try again and 

think carefully” (Ulicsak, 2004). In these instances, students were provided with the level 

of correctness of the response but also given motivational messages. 

 
Discussion 

 
 The overall purpose of this systematic literature review was to resolve some of the 

language issues that have frustrated communication and consensus surrounding the 

theory of scaffolding. In particular, the intent was to disambiguate the form and function 

of scaffolding and enumerate the forms of computer-based scaffolding found in extant 
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empirical literature. The implication of these results is discussed in the following 

sections. 

 
Form and Function 

First, aligning with the work of van de Pol et al. (2010), scaffolding researchers 

should avoid conflating the appearance of the scaffold with its intended outcome. While 

van de Pol et al. offered up two new terms (i.e., means and intentions) to distinguish 

between scaffolding interventions and their outcomes, these terms have not been adopted 

by the scaffolding research community.  

A review of seminal works in scaffolding revealed that most researchers have 

similarly avoided using Wood et al.’s (1976) term “functions” to refer to both aspects of 

scaffolding interventions. However, rather than rallying around specific terms, 

researchers have introduced new terms for both form and function. Some consensus 

seems to be forming around using the term function to refer to only the intended effect or 

impact of the intervention on the student (Belland, 2014; Quintana, 2021; Rosenshine & 

Meister, 1992). While there is less consensus around which term(s) should be used to 

refer to the various types of tutor actions in scaffolding interventions, two of the most 

recent reviews of scaffolding have put forth the term form.  

I align with Quintana (2021), that moving forward researchers will reduce the 

confusion surrounding scaffolding jargon by utilizing the terms form and function to refer 

to the appearance of the scaffolding intervention and its intended outcome, respectively. 

Disambiguating between the form and function of scaffolding is a strong step towards 

providing a framework of terminology that will allow for researchers to communicate 



61 
 

 

scaffolding interventions more precisely and succinctly (Quintana, 2021). Beyond the 

confusion of form and function, there are other language issues exacerbating researchers’ 

ability to communicate efficiently and effectively about scaffolding interventions. One 

such issue is the lack of a common lexicon for the forms of computer-based scaffolds 

present in the literature, including those that have arisen as computers have become more 

and more capable of delivering one-to-one tutoring. 

 
Six Forms of Computer-Based Scaffolding  
and Their Alignment 

Through this analysis, I also labeled six scaffolding forms found consistently 

throughout the body of computer-based scaffolding literature in STEM education. These 

forms include: (a) structuring, (b) modeling, (c) prompts, (d) cues, (e) visualizations, and 

(f) feedback. A retrospective and prospective discussion of these forms of scaffolding is 

included below.  

 
Retrospective: Contextualizing with Wood,  
Bruner, and Ross 

There is both alignment and deviation between the six forms of new computer-

based scaffold offered up in this article and the six original scaffolding types enumerated 

by Wood et al. (1976). The original six types of scaffolding were recruitment, reduction 

in degrees of freedom, direction maintenance, marking critical features, frustration 

control, and demonstration (Wood et al., 1976). As described earlier, I along with other 

researchers (van de Pol et al., 2010) argue that these original six scaffolding “functions” 

actually represent both the form (tutor action) and function (intended effect) of 
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scaffolding. As such, three of the Wood et al. (1976) scaffolding functions (Reductions in 

Degrees of Freedom, Demonstration, and Marking Critical Features) align directly with 

four forms of computer-based scaffolding (Structuring, Modeling, Prompts, and Cues) 

put forth in this paper (see Figure 2.2).  

 
Figure 2.2 

Alignment of Six Scaffolding Forms with Original Scaffolding Taxonomy 
 

 
 

The remaining three original functions of scaffolding (direction maintenance, 

frustration control, and recruitment) do not align with these new forms of scaffolding. 

Rather, the original scaffolding types of direction maintenance, frustration control, and 
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recruitment are better described as functions, or the intended outcomes of the new 

scaffolding forms proposed in this paper (see Figure 2.2).  

Reduction in degrees of freedom, demonstration, and marking critical features are 

almost a one-to-one match with new scaffolding forms other than slight modifications of 

the terminology (e.g., demonstration to modeling). Structuring scaffolds most closely 

align with the Wood et al. (1976, p. 98) “Reduction in degrees of Freedom.” Reduction in 

degrees of freedom sought to simplify “the task by reducing the number of constituent 

acts required to reach a solution...tutor fills in the rest and lets the learner perfect the 

component sub-routines that he can manage” (Wood et al., 1976, p. 98).  

Modeling scaffolds align with the Wood et al. (1976) “demonstration.” Modeling 

is more than a demonstration. It is an “idealization” representing the act of an expert 

delivering an idealized version of the problem solution (Belland, 2014). A substantial 

amount of research has been devoted to modeling especially with respect to cognitive 

load theory (CLT) researchers.  

Computer-based scaffolding prompts and cues overlap with marking critical 

features and direction maintenance from the original scaffolding types listed in Wood et 

al., (1976). Marking critical features were originally defined as marking or accentuating 

“certain features of the task” to guide the student through the learning activity and 

provide information to the student, which highlights the discrepancy between the 

student's attempt and expert level work (Wood et al., 1976, p. 98). 

Two forms of computer-based scaffolding included in this systematic review did 

not map well to the original scaffolding forms listed by Wood et al. (1976): Visualization 
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and Feedback. Both Visualization and Feedback rely on technology that did not exist 

when scaffolding was first conceived. This underscores the need to review computer-

based scaffolding research published after the labeling of the original forms of 

scaffolding.  

Last, a connection between scaffolding forms proposed here and the three original 

scaffolds are now relabeled as scaffolding functions (i.e., recruitment, direction 

maintenance, and frustration control). Over time it became clear that many of the 

scaffolding forms proposed by this systematic review all served the functions of 

recruitment, direction maintenance, and frustration control (see Figure 2.2). To a greater 

or lesser extent, the overall goal or intended effect of each of the scaffolding forms is to 

help moderate frustration and keep students on the right path toward the problem 

solutions. This is potentially why there has been so much confusion in the scaffolding 

community. This is also why these original labels have resisted consensus and meta-

analysis. Disambiguating the form of scaffolding from its intended function is a 

necessary step toward consensus and clearer communication between researchers. 

 
 Prospective: Contextualizing with Contemporaries 

 Since Wood et al. (1976) first coined the scaffolding term, there have been several 

reviews of the scaffolding construct which included lists of the forms of scaffolding. 

Table 2.7 shows how the forms of scaffolding enumerated in this systematic review map 

to the reviews offered by other researchers.  

 While authors used different labels and terms, Table 2.7 shows that there is clear 

consensus in perceiving modeling (worked examples, demonstration) and prompts  
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Table 2.7 
 
Matrix of Terms for Scaffolding Forms Across Research Articles 

Article Structuring Modeling Prompts Cues 
Simulation/ 
visualization Feedback 

Wood et al., 1976 X X X X   

Rosenshine & Meister, 1992 X X X X   

S. Li, 2001 X X X X  X 

Quintana et al., 2004  X X X X X X 

Ge & Land, 2003   X X    

Yelland & Masters, 2007   X X  X  

Kali & Linn, 2008    X X X  

van de Pol et al., 2010  X X   X 

Belland, 2014  X X X X  X 

Chernikova, Heitzmann, Fink, et al., 
2020  

 X X X X  

 
 

(prompts, question prompts, and hints) as forms of scaffolding. There is some consensus 

that cues and structuring are also forms of scaffolding among contemporary researchers. 

Feedback and Visualization show the least consensus across these articles. A larger 

discussion of these two features and why they should be included in the list of scaffolding 

forms is detailed below. 

  
Two New Forms 

Visualization (e.g., simulation) is the form of computer-based scaffolding least 

aligned to the original six scaffolding types enumerated by Wood et al. (1976). This is 

most likely due to the advancement in technologies that were not available in the 1970s. 

Take for example the parents and toddlers in the Wood et al. study. Parents were able to 
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provide feedback, hints, direction maintenance, and motivation as well as constrain how 

many blocks their child was handling at a given time. However, parents were not able to 

virtually modify the pyramidal structure. They could not decrease task rigor in the face of 

failure by quickly restructuring the number of blocks, the overall form, their size, or how 

they interlocked. They could not aid the emerging motor skills of a toddler by 

instantaneously modifying the block’s weight, size, or texture. However, through 

advancements in technology, CBLEs are now able to assist students in all these ways and 

more.  

Kali and Linn (2008) enumerated various technological strategies to support 

inquiry. The authors encouraged technology that supported students by enabling “three-

dimensional manipulation” and “manipulation of factors in models and simulations” 

(Kali & Linn, 2008, pp. 153-155). The computer-based scaffolding examples coded 

under the form of visualization and simulation in empirical literature are very much in 

alignment with Kali and Linn’s guidance. Visualization scaffolds assisted students 

primarily by making the inaccessible accessible (Nichols et al., 2013) either conceptually 

(e.g., visualization) or procedurally, (e.g., simulation). 

Feedback has long been seen as having one of the largest effects on learning 

(Hattie & Timperley, 2007; Wisniewski et al., 2020). Feedback is sometimes included as 

a form of scaffolding (Belland, 2014; van de Pol et al., 2010) and in other cases seen as 

distinct from scaffolding (VanLehn, 2011). I align with the perspective of Shute (2008) 

which characterizes feedback both as a form of scaffolding as well as a part of the 

scaffolding process. Feedback, as a scaffolding form, comes after a student action and 
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serves to “reduce the distance between the current outcome and the intended learning 

outcome” (Hattie & Timperley, 2007, p. 87). Feedback, as a part of the scaffolding 

process, shows up after each successive approximation of the intended behavior.  

In addition to signaling how close the student was to success, feedback also often 

carries with it the next prompt, cue, etc. (Van der Kleij et al., 2015). Shute (2008) called 

this type of feedback, formative feedback and explained that it not only verified the 

correctness of the answer but also elaborated upon the correctness of the answer. By so 

doing, elaborated feedback or formative feedback serves to carry the next contingent 

scaffold to the student and essentially begin the instructional process anew (Van der Kleij 

et al., 2015).  

 
Succinct and Descriptive 

Using these terms will reduce the confusion that has arisen in the scaffolding 

literature and begin to create a consensus of language that researchers can rally around. 

Additionally, labels for scaffolding forms and functions can be combined to describe 

computer-based scaffolding interventions succinctly and accurately. For example, a 

CBLE titled Alien Rescue (M. Liu, 2004) tasked students with an ill-structured problem 

of relocating six different alien species to suitable new planets based upon their disparate 

needs before they die. This CBLE offered various scaffolds to the students as they acted 

like scientists while they engaged in a variety of problem-solving activities. Due to the 

number of various scaffolding supports, it is difficult to distinguish the various scaffolds 

from one another. However, using the language suggested in this paper can ease the 

burden of effectively and efficiently communicating how the students are being assisted. 
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The Alien Rescue CBLE program also assisted students by providing strategic modeling 

scaffolds on the problem-solving process through expert models. Additionally, the Alien 

Rescue CBLE provided procedural structuring scaffolds as it guided students through the 

problem-solving process and constrained them to complete specific problem-solving 

skills. By listing both the form and function of the scaffold, researchers can ensure that 

their peers and teacher practitioner can understand what the scaffold is and how it is 

assisting students. Scaffolding interventions, which describe both form and function 

elements of their intervention, will also aid researchers in efficiently coding articles for 

meta-analyses or in replication, either for scholars or practitioners. 

 
Limitations and Recommendations for Future Research 

 
To make this work feasible, large constraints had to be placed on the literature 

search. There were many studies excluded where the scaffolding was delivered through 

other sources such as teachers, peers, or paper-based textual supports. Likewise, studies 

outside of STEM content areas were excluded. This meant that non-STEM content areas 

such as language arts with their rich histories of scaffolding research were omitted. 

However, it is important to note that even within STEM content areas there were further 

exclusions. Only cognitive outcomes in STEM content areas were included. As such, 

studies that focused on generalizable skills (i.e., language acquisition, argumentation, 

search strategies, etc. or affective outcomes like satisfaction) were excluded from the 

review. This constrained lens of computer-based scaffolding effects on cognitive learning 

outcomes within STEM content areas does not provide comprehensive coverage of all 
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computer-based scaffolding literature. Additional reviews should be conducted which 

include content areas outside of science, technology, engineering, and mathematics. 

Additionally, there is a need to review computer-based scaffolding research investigating 

non-cognitive outcomes such as meta-cognition and motivation.  

Furthermore, one of the other major criticisms of scaffolding, in addition to the 

obfuscation of terminology, is the theoretical drift from foundational principles of 

scaffolding such as fading, contingency, and transfer of responsibility (Pea, 2004; 

Puntambekar & Hubscher, 2005). A critical evaluation of whether the forms of computer-

based scaffolding offered up in this article align or deviate from foundational principles 

of scaffolding is the next logical step for review. For example, are each of these forms of 

computer-based scaffolding contingently added or faded in CBLEs? Is there a 

relationship between the forms of scaffolding and transfer of responsibility? Meta-

analyses on scaffolding should seek to code how these forms of scaffolding fade their 

support(s). These efforts, and their subsequent insights, would provide powerful 

recommendations for the design of future computer-based scaffolding interventions. 

Lastly, there is also a substantive amount of research measuring the effects of 

computer-based scaffolds on student learning outcomes (Belland, Walker, Kim, & Lefler, 

2017; N. J. Kim et al., 2018). Many of these studies include interventions with multiple 

forms of computer-based scaffolds each intending to help the student in a different way. 

In agreement with Quintana (2021) a full meta-analysis should be conducted to attempt to 

quantify which forms of computer-based scaffolds (or combinations of forms) produce 

the greatest effects on student learning. 
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Conclusion 

 
Over 40 years have passed since the scaffolding term was first introduced. Since 

then, the scaffolding construct has expanded beyond its original specific context of 

children building block towers to include new types of tutorial relationships, age groups, 

and content areas. Computer-based scaffolding first emulated what parents and teachers 

were doing to support children. But since then, the scaffolding construct has gone beyond 

the constraints of human delivered scaffolding (Soloway et al., 1994) to include other 

sources of scaffolding such as visualizations and simulations.  

Advances in computing have allowed for the rise of computer-based scaffolding 

which can both do more and less than human tutors. While the definition of scaffolding, 

to temporarily assist students to help them succeed at a task beyond their unassisted 

capability, has remained the same over time, other aspects of scaffolding have become 

muddled and sometimes left out. There has been no consensus of terminology about how 

to characterize the various forms of scaffolds nor how new computer-based scaffolds 

abide by the constraints of the original theory. In the absence of consensus, scholars 

contend the scaffolding construct has been at a crucial precipice between preservation or 

death by dilution (Puntambekar & Hubscher, 2005).  

This call for a common language is not unique (Bostwick et al., 2014) and 

frustrates progress in scaffolding research. The lack of consistent and comprehensive 

language impedes researchers from comparing the effects of different types of scaffolds 

as well as making it difficult for researchers to communicate effectively. The application 

of scaffolding in each of these paradigmatic silos is on one hand very valuable as it leads 
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to a robustness of literature that would otherwise be lost. However, on the other hand, 

consistently expanding without consensus or synthesis of the terminology, will only lead 

to further ambiguities. A lack of universally accepted theory and terminology could very 

well lead to inefficiency as researchers talk past each other and even possibly duplicate 

the same work.  

The goal of this research was to preserve the scaffolding construct by creating an 

initial set of concise terms to describe the various forms of scaffolds and discuss how 

computer-based scaffolding has aligned or deviated from the original six labels for 

scaffolds by Wood et al. (1976). First, I recommend that researchers begin using the term 

form to describe the tutor’s actions or “package of delivery” and to use the term function 

to describe the “intended effect” of the scaffold. Second, after synthesizing empirical 

research in computer-based scaffolding, I listed six forms of scaffolding: (a) structuring, 

(b) modeling, (c) prompts, (d) cues, (e) visualizations/simulations, and (f) feedback. 

Using these terms will reduce the confusion that has arisen in the scaffolding literature 

and begin to create a consensus of language that researchers and practitioners can rally 

around. Subsequent design, practitioner usage, research, and review work, and their 

subsequent insights, may provide powerful recommendations for the use of computer-

based scaffolding interventions.  
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CHAPTER 3 
 
 

ESTIMATING THE EFFECTS OF COMPUTER-BASED SCAFFOLDING  
 

FORMS IN ENGINEERING EDUCATION: A META-ANALYSIS 
 
 

Abstract 
 
 

Computer-based scaffolding assists students as they develop solutions to complex 

problems. Several meta-analyses have shown that computer-based scaffolding is effective 

at increasing the cognitive outcomes of STEM problem solvers. However, very few 

moderator analyses have provided insight into which aspect of scaffolding interventions 

produce systematically larger effects. More specifically, there is a dearth of literature 

focused on estimating the effects of the various forms of computer-based scaffolding 

interventions in order to prescribe which combinations of computer-based scaffolding 

forms produce the highest learning gains in engineering students. This review synthesizes 

twenty-seven outcomes from thirteen experimental engineering education research 

studies. This random effect meta-analysis demonstrates that computer-based scaffolding 

in engineering education has a positive effect (g = 0.53) on cognitive outcomes.  

Keywords: engineering education, scaffolding, meta-analysis, problem-centered 

instruction 

 
Introduction 

 
 

Scaffolding is the temporary aid offered to students which enables them to 

complete tasks that would have otherwise been outside of their capabilities (Wood et al., 
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1976). From its origin in the study of children building block towers in 1976, the 

theoretical construct of scaffolding has expanded to other content areas, age groups, and 

sources (Belland, Walker, & Kim, 2017; van de Pol et al., 2010). For the past few 

decades, there have been hundreds of studies investigating the capacity of computer-

based scaffolding to produce learning gains in students engaged in problem-centered 

STEM education (Belland, Walker, & Kim, 2017; Belland, Walker, Kim, & Lefler 2017).  

Several meta-analyses have estimated the overall impact of computer-based 

scaffolding on STEM learning gains (Belland et al., 2015; Belland, Walker, & Kim, 

2017; Belland, Walker, Kim, & Lefler, 2017; Cai et al., 2022; Chernikova, Heitzmann, 

Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 2020; Doo et al., 2020; N. J. 

Kim et al., 2018, 2020). All meta-analyses conducted on computer-based scaffolding 

have shown scaffolding to have a positive effect on STEM learning outcomes. However, 

these studies have found few statistically significant moderators to explain the range of 

effect size estimation of STEM learning outcomes. In addition to overall effect size 

estimations, these meta-analyses also conducted additional analyses to investigate 

whether specific characteristics (i.e., variables) can help explain the range of included 

outcomes.  

Typically, moderator analyses investigate the impact of various study, participant, 

and intervention characteristics on observed outcomes. However, the form of the scaffold 

itself has been almost entirely absent from meta-analyses investigating the effects of 

computer-based scaffolding on learning (Belland et al., 2015; Belland, Walker, Kim, & 

Lefler, 2017; Doo et al., 2020). In part, that absence is due to a lack of common 
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vocabulary for scaffolding (Quintana et al., 2004), which would enable the coding of 

scaffolding forms. Through this meta-analysis, we address this research gap by 

estimating the impact of computer-based scaffolding forms on collegiate engineering 

learning outcomes.  

 
Background and Context 

The future world economy will be dominated by jobs in Science, Technology, 

Engineering, and Mathematics (STEM; National Academies of Sciences, Engineering, 

and Medicine, 2016). From 2009 to 2015, STEM jobs grew at twice the pace (10.5%) of 

non-STEM jobs (5.2%) in the U.S. (Fayer et al., 2017). These statistics substantiate the 

claim that the competitiveness of a nation in the future global economy will be contingent 

upon that nation’s capacity to create and retain enough highly qualified STEM workers 

(National Science Board, 2010). However, some STEM programs in academia recruit 

many students but retain few, putting both the student’s and the nation's economic 

prosperity at risk.  

Engineering programs are among the most popular declared majors in college 

(Snyder et al., 2019) but many undergraduate engineering students do not make it to 

graduation. Dropout across all years of engineering programs is estimated to be as high as 

40-70% depending on the program (Hartman & Hartman, 2006). Increasing engineering 

student retention rates has been a major focus of college engineering administrators and 

educational researchers (Hartman & Hartman, 2006; Q. Li et al., 2009). While many 

factors have been found to contribute to engineering dropout, some researchers have 

suggested that cognitive factors may have the greatest impact on reducing dropout since 
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academic success has been shown to not only boost retention but to also impact affective 

outcomes positively in students (Q. Li et al., 2009). 

 
Wicked Problems and Poor Support  

Many first- and second-year engineering students struggle with the rigorous 

demands of the engineering program curriculum and courses that are often overcrowded, 

competitive, and low on student-teacher interaction (Geisinger & Raman, 2013; National 

Academies of Sciences, Engineering, and Medicine, 2016). Engineering dropout research 

has shown that one-to-one tutoring and strong teacher-student relationships help students 

find early success in courses (Besterfield-Sacre et al., 1997). However, in early 

engineering gateway courses student-teacher interaction and remediation are often hard to 

find (Hundhausen et al., 2011). To make matters worse, engineering programs are 

purposefully designed to include ill-structured problem-solving tasks (Jonassen et al., 

2006). Ill-structured problems are open-ended, authentic, and simulate real-world 

complex problems which often lack a single right answer/solution (Eris et al., 2010; Ge & 

Land, 2003).  

In order to prepare prospective engineers for their future work life, engineering 

students need to be prepared to use new technologies to solve complex problems with 

interdisciplinary teams composed of individuals from around the world (Johri & Olds, 

2011). Over time engineering curricula has shifted from well-structured problems (i.e., 

single solution) solved by individual students applying rote algorithms, towards problem-

based learning (PBL) models that center around groups of students solving complex, ill-

structured problems (Jonassen et al., 2006; Savery, 2015). These so-called “wicked 



76 
 

 

problems” often cause frustration if engineering students aren’t sufficiently supported 

(Lönngren et al., 2019).  

A 4-year longitudinal study revealed that engineering students begin their college 

experience confident in their ability to tackle open-ended problem-solving tasks but then 

steadily decline until their junior and senior years where they regain their confidence 

(Eris et al., 2010). Poor grades and self-confidence are interrelated and contribute to 

dropout during this dip. It has been found that engineering students require almost 

constant attention and tutoring from instructors in order to successfully solve rigorous 

complex-problem solving exercises (J. Chen et al., 2021). However, increasing one-to-

one tutoring or mentoring is difficult when faced with the unbalanced teacher student 

ratios that plague large introductory gateway courses (Besterfield-Sacre et al., 1997). If 

complex-problem solving is imperative to engineering student preparation, engineering 

programs need ways to increase support and guidance during open-ended problem-

solving tasks at scale.  

 
Computer-Based Scaffolding 

Scaffolding has been effectively implemented with engineering students to aid 

them in successfully confronting complex, problem solving tasks (Hmelo-Silver et al., 

2007; Jonassen et al., 2006; Lönngren et al., 2019; Lönngren & van Poeck, 2021). 

Scaffolding was originally researched among human tutors (Pea, 2004; Stone, 1998; 

Wood et al., 1976) but for the past few decades researchers have begun to examine 

whether scaffolding could be delivered effectively by computers and thus provide 

customized support to large numbers of learners (Belland, Walker, Kim, & Lefler, 2017; 
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N. J. Kim et al., 2018). 

Computer-based scaffolding has the potential to ensure engineering curriculum is 

within reach of each student as well as substantially boost teacher-student interaction. 

Often these scaffolds are delivered to engineering students through computer-based 

learning environments (CBLEs) which provide students with more engaging, interactive, 

and supportive learning (Parchman et al., 2000). In these CBLEs, students are able to 

engage in problem-solving tasks and use engineering tools such as simulations while also 

receiving computer-based scaffolding support (Chernikova, Heitzmann, Fink, et al., 

2020; Johri & Olds, 2011). Computer-based scaffolding has been shown to have a strong 

effect on helping students successfully engage in complex-problem solving environments 

in STEM fields (Belland, Walker, Kim, & Lefler, 2017).  

Over the past few decades, engineering research has measured the impact of new 

forms of computer-based scaffolds such as structuring scaffolds (Adair & Jaeger, 2014; 

Aydin & Cagiltay, 2012), modeling scaffolds (Butz et al., 2006; Parchman et al., 2000), 

prompts (Kumar et al., 2007), cues (Hundhausen et al., 2011), and visualizations/ 

simulations (Finkelstein et al., 2005; Philpot et al., 2005). Among this research of new 

computer-based scaffolding interventions, there is considerable variation between both 

the quantity and type of supports offered by these CBLEs. For example, some research 

investigates the impact of computer-based learning environments that offer one form of 

scaffold (MacGregor & Lou, 2004; Mayer et al., 2002) where other interventions offer 

many (Aydin & Cagiltay, 2012; Finkelstein et al., 2005). These interventions which offer 

many supports have been referred to as distributed scaffolding (Puntambekar & 
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Kolodner, 2005; Quintana, 2021; Tabak, 2004).  

 
Gap in the Research 

As illustrated in Chapter 1, there have been at least nine meta-analyses estimating 

the effects of computer-based scaffolding on learning outcomes (Belland et al., 2015; 

Belland, Walker, & Kim, 2017; Belland, Walker, & Kim, & 2017; Belland, Walker, Kim, 

& Lefler, 2017; Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020; Chernikova, 

Heitzmann, Stadler, et al., 2020; Doo et al., 2020; N. J. Kim et al., 2018, 2020). The 

mean effect size estimations of computer-based scaffolding were all found to be positive 

ranging from (g = 0.39; Chernikova, Heitzmann, Stadler, et al., 2020) to (g = 0.88; 

Chernikova, Heitzmann, Fink, et al., 2020) (see Table 3.1). Effect size estimates of this 

size are considered medium to high within the context of educational (Kraft, 2020).  

These meta-analytic researchers also analyzed which moderators (e.g., study 

characteristics, population characteristics, and intervention characteristics) have a 

statistically significant impact on learning outcomes. Prior knowledge, fading/adding 

schedules and validity reporting have been found to have a statistically significant impact 

on learning outcomes (Belland et al., 2015; Belland, Walker, & Kim, 2017; Cai et al., 

2022; Chernikova, Heitzmann, Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 

2020; Doo et al., 2020; N. J. Kim et al., 2020). Other moderators such as publication 

region, discipline, scaffolding function, assessment level, and publication year, despite 

being included in multiple meta-analyses, have largely been shown to not impact effect 

size estimates of computer-based scaffolding interventions (Belland et al., 2015; Belland, 

Walker, & Kim, 2017; Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020;  
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Table 3.1 

Effect Size Estimates of Previous Meta-Analyses on Computer-Based Scaffolding 

Short citation Content focus Analysis type Context of use 
# of studies/ 

outcomes 
Mean effect size 

estimate 

Cai et al., 2022  Learning 
outcomes in all 
content areas 

Meta-analysis Digital game-
based learning 

49/154 (g = 0.43) 

Chernikova, 
Heitzmann, Fink, 
et al., 2020  

Learning 
outcomes medical 
& teacher 
education 

Meta-analysis Problem solving 145/409 (g = 0.88) 

N. J. Kim et al., 
2020  

STEM learning 
outcomes 

Meta-analysis Group problem 
solving in CBLEs 

145/333 (g = 0.46) 

Doo et al., 2020  Learning 
Outcomes In All 
Content Areas 

Meta-analysis Online learning 18/64 (g = 0.87) 

N. J. Kim et al., 
2018 

STEM learning 
outcomes 

Bayesian network 
meta-analysis 

PBL various 21/47 (g = 0.39) 

Chernikova, 
Heitzmann, 
Stadler, et al., 
2020  

Learning 
Outcomes Medical 
& Teacher 
Education 

Meta-analysis Problem solving 29/35 (g = 0.39) 

Belland, Walker, 
Kim, & Lefler, 
2017  

STEM learning 
outcomes 

Meta-analysis Problem solving in 
CBLEs 

144/333 (g = 0.46) 

Belland, Walker, 
& Kim, 2017 

STEM learning 
outcomes 

Bayesian network Problem solving in 
CBLEs 

56/218 (g = .74) 

Belland et al., 
2015  

STEM learning 
outcomes 

Meta-analysis Problem solving in 
CBLEs 

7/17 (g = 0.53) 

Note.  Kim et. Al. (2018) and Belland et al. (2017) are Bayesian network meta-analyses and model population statistics rather than 
employ inferential statistics. They are also based on mean differences within groups (pre-post gains) rather than between groups 
(treatment vs control conditions).  
 

Chernikova, Heitzmann, Stadler, et al., 2020; Doo et al., 2020; N. J. Kim et al., 2020).  

Despite having primary research that shows a positive effect of various types of 

scaffolding (i.e., modeling, prompts, highlights, and simulations) there has been very few 

meta-analyses which have investigated how single forms of scaffolding or combinations 

of computer-based scaffolding forms (distributed scaffolding interventions) moderate 

cognitive learning gains. Scaffolding forms showed up in only two of the seven 

traditional meta-analyses on computer-based scaffolding (see Table 3.2). In some 



80 
 

 

instances, it was shown to be significant and in others, non-significant. For example, 

Table 3.2 outlines which of the seven prior meta-analyses have investigated (a) single 

forms of computer-based scaffolding, (b) multiple forms of computer-based scaffolding, 

and (c) whether the forms/combinations of form produced statistically significant 

outcomes.  

 
Table 3.2 

Results of Computer-based Scaffolding Moderator Analyses from Previous Meta-
Analyses 
 

Short citation 

Investigated 
single forms? 

(Y/N) 

Significant 
differences for 
forms? (Y/N) 

Investigated 
multiple 

forms? (Y/N) 

Multiple forms 
differences? 

(Y/N) 

Cai et al., 2022 Yes Yes Yes Yes 

Chernikova, Heitzmann, Fink, et 
al., 2020 

Yes Yes Yes Yes 

N. J. Kim et al., 2020 No No No No 

Doo et al., 2020 No No No No 

Chernikova, Heitzmann, Stadler, 
et al., 2020 

Yes Yes No No 

Belland, Walker, Kim, & Lefler, 
2017 

No No No No 

Belland et al., 2015 No No No No 

Note. Previously included Bayesian network meta-analyses (Kim et. al., 2018 and Belland, Walker, & Kim, 
2017) were excluded from this review 

 

Table 3.2 illustrates that of the seven prior meta-analysis on computer-based 

scaffolding, only three of the studies investigated single forms of scaffolding. 

Additionally, only two of the seven meta-analyses addressed combinations of scaffolding 

forms into moderator analyses. Furthermore, Table 3.2 also shows that of the few 

instances where the form of the scaffold was included, statistically significant differences 
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were found. However, in the three instances where scaffolding forms were included, 

these studies did not include all forms of computer-based scaffolds, nor did they include 

all potential combinations of scaffolding forms in their analyses.  

While Cai et al. (2022) included scaffolding form(s) as a moderator and found 

significance, there were limitations to these findings. First, the authors included 

reflection, feedback, hints, exposition, collaboration, mixed, and others as the scaffolding 

type moderators. This list did not include single scaffolding forms such as question 

prompts, modeling, and structuring that have always been considered essential types of 

scaffolds (van de Pol et al., 2010; Wood et al., 1976). In addition to not coding for widely 

accepted forms of scaffolding, the researchers (Cai et al., 2022) fell short of providing 

details into which combinations were statistically significant. Both the “mixed” and 

“others” scaffolding form moderators were “catch all” coding groups. If a combination 

was found between scaffolding forms included in the study, it was coded as mixed. For 

instances “when scaffolding could not be classified into any of the above categories, it 

was coded as ‘others’” (Cai et al., 2022, p. 542). Despite finding statistical significance 

for the “mixed” and “others” scaffolding type moderators the coding scheme is not 

orthogonal. As a result, we are left without guidance as two which scaffolding 

combinations might provide the largest impact on learning.  

 Similar to Cai et al. (2022) study above, the meta-analysis on simulation and 

scaffolding based interventions (Chernikova, Heitzmann, Stadler, et al., 2020) only 

included three types of scaffolding forms (i.e., expert examples, refection, and prompts). 

Broadly accepted scaffolding forms such as visualizations, explanatory feedback, and 
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structuring were excluded from the analysis. Because of this constrained coding 

framework, it calls into question whether the statistically significant difference, found 

between the included scaffolding forms, represents the full breadth of interventions.  

The remaining meta-analysis (Chernikova, Heitzmann, Fink, et al., 2020) 

similarly included a short list of scaffolding forms. These were role-taking, prompts, and 

reflection phases and were all found to be statistically significant forms of scaffolding. In 

addition to representing a reduced set of scaffolding forms, this coding scheme 

intermingles scaffolding processes (reflection phases) with scaffolding forms (role-taking 

and prompts). 

A broad look at prior meta-analyses reveals their important contributions to the 

literature, including preliminary evidence for the important role of scaffolding forms. 

They also reveal the need for additional work to meet the needs of researchers and 

instructional designers who would like to develop the most efficacious scaffolding 

interventions in CBLEs. First, few meta-analyses include scaffolding forms as 

moderators. Second, the few studies that do include scaffolding forms as moderators 

include substantially reduced, and at times, non-orthogonal sets of forms. Third, the 

moderator analyses applied across studies are coding for different forms of scaffolding 

which impedes researchers from gaining insights through meta-analyses. Last, important 

moderators such as rich descriptions of the control population and study quality have also 

been largely absent from these meta-analyses. 

Hearkening attention to these gaps in the literature, many researchers have called 

for future meta-analyses to more precisely measure contributions of individual forms of 
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scaffolds, as well as combinations of scaffolding forms found in distributed scaffolding 

interventions (Azevedo & Hadwin, 2005; Belland, 2014; Doo et al., 2020; Kermani, 

2017; Kern & Crippen, 2017; N. J. Kim et al., 2018; Pea, 2004; Quintana, 2021; Quintana 

et al., 2004; Shin et al., 2020; Thomas, 2011; van de Pol et al., 2010). Gaining insight 

into which forms of scaffolding produce the largest learning outcomes is critical for 

practitioners and researchers, especially with regard to problem solving in engineering. 

  
Research Questions 

The goal of this meta-analysis is to take the first steps toward estimating the 

extent to which the full range of individual scaffolding forms, as well as a separate 

analysis of orthogonal combinations of scaffolding forms, moderate learning outcomes. 

This analysis will be directly targeted where it can most advance STEM education by 

examining collegiate level engineering studies through the following research questions. 

1. What is the overall contribution of computer-based scaffolding on engineering 
learning gains and how much variability is present in the findings?  

2. To what extent do single computer-based scaffolding forms make individual 
contributions to collegiate student engineering learning gains?  

3. Which combinations of computer-based scaffolding forms, as observed in 
individual studies, make contributions to collegiate student engineering 
learning gains? 

 

Methods 

 
Table 3.3 details each research question and the analysis used to answer each 

included research question.  
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Table 3.3 

Research Questions and Corresponding Analyses 

Research question Analysis 

Supporting Analyses (publication bias, outlier 
detection, test assumption of outcome/study 
independence, quality analysis) 

Funnel plot, Egger’s test, Z score for outlier 
detection, Robust Variance Estimation, 
examination of internal/external threats via meta-
regression and funnel plot 

RQ1 - What is the overall contribution of 
computer-based scaffolding on engineering 
learning gains and how much variability is present 
in the findings? 

Random effects meta-analysis and forest plot of 
outcomes 
 

RQ2 - To what extent do single computer-based 
scaffolding forms make individual contributions to 
collegiate student engineering learning gains? 

Random effects meta-analysis of scaffolding forms 
(present/absent) Pairwise Z tests between 
scaffolding forms 
 

RQ3 - Which combinations of computer-based 
scaffolding forms, as observed in individual 
studies, make contributions to collegiate student 
engineering learning gains? 

Random effects meta-analysis and forest plot of 
outcomes grouped by scaffolding form 
combinations; Pairwise Z tests between 
scaffolding form combinations 

Note. All analyses were conducted on the same 27 outcomes. 
 

Literature Search Procedure 

The literature search process included three phases: database searches, hand 

searches, and referral searches. First, we used various combinations of the search terms: 

scaffold*, computer*, tutor*, intelligent tutoring system*, cognitive tutor* to search the 

following databases: Education Source, PsychINFO, Eric, CiteSeer, Proquest, PubMed, 

Academic Search Premier, IEEE, and Google Scholar between 1/01/1993 and 8/22/2022. 

Next, we conducted hand searches of individual engineering journals: Computer 

Applications in Engineering Education and the Journal of Professional Issues in 

Engineering Education and Practice. Finally, during the coding process we searched the 

literature reviews of included studies for additional relevant studies (Belland, Walker, & 
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Kim, 2017; Belland, Walker, Kim, & Lefler, 2017; Botelho et al., 2016; Devolder et al., 

2012; Jumaat & Tasir, 2014; Yasin & Yunus, 2014). 

 
Inclusion Criteria 

Included studies were required to possess the following: (a) an experimental 

condition with ample description of a scaffolding intervention, (b) a control condition, (c) 

cognitive learning outcome(s) as the dependent variable, (d) sufficient details for 

calculating effect size(s), and (e) a population of college level engineering students.  

 
Literature Search Results 

The database search resulted in 4,809 potential articles. During initial screening of 

article abstracts and methodology sections, 3,430 articles were excluded from literature 

search due to qualitative study design, content area outside of engineering education, 

absence of learning outcomes, and no scaffolding. The remaining articles were read more 

deeply in order to ensure that they met all inclusion criteria (see Figure 3.1). After 

exclusions, 14 articles were included in the study and subsequently coded.  

 
Coding Process 

Using a Coding Guide 

Each article was first coded independently by two researchers with expertise in 

scaffolding and meta-analysis. After each article was coded independently, the two 

researchers met to synthesize the independent codes into a single consensus row for each 

outcome.  

  



86 
 

 

Figure 3.1 
 
Literature Search Stages and Outcomes 
 

 
 

Coding 

Included studies were coded with regards to both study characteristics (Control 

Condition, Internal Threats, and External Threats to Validity) and intervention 

characteristics (Scaffolding Forms, Feedback Type, and Effect Size).  

 
Study Feature Coding  

 Control condition description. There were three distinct types of control 

conditions included in the studies. All the intervention conditions included scaffolding 

from a CBLE while students engaged in STEM problem solving. The control conditions 

all received lecture and then varied with respect to lab activity and engagement with 

CBLE technology. Some (n = 8) outcomes were comparisons of scaffolding interventions 

in a CBLE vs a true lecture only control. The majority (n = 12) included control 

conditions engaged in lecture and lab activities outside of a CBLE (lecture+lab). Last, 
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there were some instances (n = 8) where the control population did experience the CBLE 

but without the scaffolding (lecture+lab+technology). Including each variation of control 

condition,  allowed us to look at whether the proximity of the control and intervention 

conditions played a systematic role in effect size estimates.  

Threats to validity. Each outcome was coded on a 4-point Likert scale for threats 

to validity. A “0” meant that the researcher felt there was no threat to the study’s validity. 

A “1” signified that the researcher felt there was a presence of a minor threat to validity. 

If a threat was coded as “2” that meant that the researcher deemed this threat to be a 

plausible alternative explanation for the observed results. Last, a “3” signified that the 

researcher felt that the threat could explain most, if not all, of the differences between 

treatment and control groups. The following table includes the internal and external 

threats, their definition, and the coding framework (see Table 3.4). 

 
Intervention Characteristics Coding 

  Structuring. Progression scaffolds alleviate the cognitive load of the problem 

solver by structuring the problem-solving space for the student. This can be done by (a) 

sequencing the consecutive problems incrementally in terms of rigor, (b) constraining the 

problem space (Butz et al., 2006), and (c) lock stepping the students through the problem-

solving process.  

 Modeling. Modeling scaffolds assist students by demonstrating the product or 

process of an expert (Belland, 2014). This support aligns with “demonstration” from 

Wood et al. (1976). Modeling can come in the form of a full or partial expert model in  
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Table 3.4 

Definitions for Internal and External Threats to Validity 

Type Definition 

Internal threats  

History An event outside of the research study (such as COVID-19) was 
experienced differentially by the treatment and control groups. 

Maturation Physiological changes of participants during the time of the study or 
differences between the development of treatment and control groups led 
to performance differences. 

Testing Participants scores were improved by frequent exposure to test items 
(i.e., identical pre-posttest taken in close proximity) 

Instrumentation Participant performance could be explained by a variation in the 
assessment. 

Statistical regression Differences in performance can be partially explained not as a true gain 
but as a regression in prior performance to the overall mean.  

Experimental mortality Differential attrition between the control and treatment groups.  

Differential selection  The samples of the treatment and control group were systematically 
different (such as use of intact classrooms with the treatment as an early 
morning class).  

External threats  

limited description The description of the experiment is poor and lacks full study 
characteristic details.  

multiple treatment Participants are exposed to alternative treatments (e.g., experimental 
condition receives more instructional time than control condition) that 
could explain the change in performance. 

experimenter effect The change in performance could be explained by the vested interest of 
the experimenter, especially in a way that would be challenging to 
replicate.  

 

 
order to offer the right amount of scaffolding support for the individual student (K. 

Chang et al., 2001; Laru et al., 2012).  

 Prompts/hints. Prompts scaffold student learning by marking critical features or 

providing just in time strategic guidance to struggling students. Prompts come in a range 
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of directness. At one extreme, learners are told what steps to follow. On the other end of 

the spectrum, are recommendations such as suggesting content knowledge for novice 

learners to consider during a problem-solving task (Bulu & Pedersen, 2010).  

Question prompts. Similar to prompts/hints, question prompts sometimes come 

in the form of assistive messages phrased as questions and are often meta-cognitive in 

nature (Ge & Land, 2003). For example, in Roscoe (2013) students are asked if they can 

explain a principle again so that they can “reflect on their knowledge and produce better 

explanations” (p. 287). 

 Cues/highlights. Cue scaffolds align with “marking critical features” and 

“direction maintenance” from Wood et al. (1976). Similar to question prompts and 

prompts/hints the intention is to guide the student. Whereas prompts/hints and question 

prompts are verbal, cues/highlights are visual or auditory messages that both reduce 

complexity and guide the student’s attention to salient features necessary for problem 

solving success. 

 Visualization. Simulation and visualization scaffolds make the inaccessible 

accessible (Nichols et al., 2013). These scaffolds assist students to move past the 

constraints of their senses. Small representations like electrons can be enhanced and 

made accessible to the students so that they are able to interact and experience them at 

scale (Yoon et al., 2012). These scaffolds also help students move beyond the constraints 

of time. Scientific phenomena that usually take long lengths of time transpire in seconds 

and give students the opportunity to simulate the impact of different variable setups.  

Effect size calculations. Effect sizes for each included study were calculated 



90 
 

 

using an open online tool linked to the Campbell Collaboration called the “Practical 

Meta-Analysis Effect Size Calculator” (Wilson, 2022). Included studies had to include 

enough information to calculate a mean difference between a treatment and control 

group. The preferred and most common statistic was a pooled estimate of the population 

standard deviation to arrive at Cohen’s d. If additional information was available, such as 

pre-test scores to account for pre-existing differences we included it. Where less 

information was available, we used t or F statistic and sample size. In a single case we 

derived the effect size from a specific p value and sample size (Lipsey & Wilson, 2000) 

rather the exclude important data. Table 3.5 details the coding of the key variables for all 

included articles. A full coding guide is included in the Appendix.   

 
Meta-Analytic Procedures/Statistical Analyses 

STATA 14 software was utilized for the analyses. Due to the wide range of 

scaffolding intervention forms, analyses were conducted using a random effects model 

(Borenstein et al., 2021). Prior to conducting the meta-analysis, we also conducted 

several supporting analyses to test assumptions, and look for systematic explanations 

(such as publication bias, study quality, and outliers) that could potentially explain effect 

size differences. 

 
Outlier Detection 

To detect potential outliers, we z scored the Hedges’ g point estimates and found 

a single outcome at 3.57. This suggests a single positive outlier warranting closer  

examination and potential removal. After determining there were no systematic patterns
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Table 3.5 

Key Variable 

Study 
Outcome 

names 
Control 

condition Structuring Modeling 
Prompts/ 

hints 
Question 
prompts 

Cues/ 
highlights 

Visualization/ 
stimulation 

Feedback 
type 

Internal 
threats 

combined 

External 
threats 

combined ES 

Hundhausen et al., 
2011 

solution acc lecture + lab Y Y Y N N Y EF 0 0 -0.21 

Parchman et al., 
2000 

game vs /app lecture Y N N N N Y NIF 0 3 0.00 

Parchman et al., 
2000 

game vs /con lecture Y N N N N Y NIF 0 3 0.04 

Adair & Jaeger, 
2014 

principles 
(3&4) 

lecture + lab Y N N Y N Y SR 1 2 0.13 

Parchman et al., 
2000 

CBPD vs /app lecture Y N Y Y N N EF 0 3 0.13 

Chen & Levinson, 
2006 

exam lecture + lab N Y N Y Y N SR 3 1 0.17 

Finkelstein et al., 
2010 

Lab lecture + lab N N N N N Y SR 3 0 0.24 

Parchman et al., 
2000 

ECBI vs /con lecture Y Y N N N Y EF 0 3 0.27 

Parchman et al., 
2000 

ECBI vs /app lecture Y Y N N N Y EF 0 3 0.30 

Finkelstein et al., 
201 

exam lecture + lab N Y N Y Y N SR 3 0 0.43 

Parchman et al., 
2000 

CBPD vs /con lecture Y Y N N N Y EF 0 3 0.48 

Westerfield et al., 
2015 

errors lecture + lab + 
technology 

Y Y Y N Y Y EF 2 2 0.51 

(table continues) 
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Study 
Outcome 

names 
Control 

condition Structuring Modeling 
Prompts/ 

hints 
Question 
prompts 

Cues/ 
highlights 

Visualization/ 
stimulation 

Feedback 
type 

Internal 
threats 

combined 

External 
threats 

combined ES 

Gokhale, 1996 drill & 
practice 

lecture + lab N N N N N Y KR 2 3 0.53 

Weusijana et al., 
2004 

posttest gains lecture + lab + 
technology 

N Y Y Y N Y KR 3 1 0.54 

Kumar et al., 2007 conceptual 
test 

lecture + lab + 
technology 

Y N N N N N KCR 3 1 0.59 

Rodriguez et al., 
2006 

Y.3 simple lecture + lab + 
technology 

Y N N N N Y SR 6 3 0.61 

Philpot et al., 2005 centroid quiz lecture Y N N N N Y EF 2 1 0.63 

Adair & Jaeger, 
2014 

concept (J.2) lecture + lab Y N Y N Y Y SR 1 2 0.67 

Philpot et al., 2005 inertia quiz lecture Y N N N N Y EF 2 1 0.79 

Rodriguez et al., 
2006 

Y.4 complex lecture + lab + 
technology 

Y Y Y N Y Y SR 6 3 0.84 

Butz et al., 2006 lab lecture + lab Y Y N Y Y Y EF 4 3 0.95 

Gokhale, 1996 test problems lecture + lab Y Y Y N N Y KR 2 3 1.00 

Rodriguez et al., 
2006 

Y.2
knowledge 

lecture + lab + 
technology 

Y N N N N Y SR 6 3 1.00 

Westerfield et al., 
2015 

gain lecture + lab + 
technology 

Y Y Y N Y Y EF 2 2 1.04 

Butz et al., 2006 IMITS lecture + lab Y Y N Y Y Y EF 4 3 1.28 

Westerfield et al., 
2015 

time lecture + lab + 
technology 

N Y Y Y N Y EF 2 2 1.37 

Aydin & Cagiltay, 
2012 

lab lecture + lab Y N N Y N Y KR 1 1 1.42 

AlNajdi et al., 
2018 

exam (outlier) lecture + lab Y N Y N Y Y SR 1 1 2.88 
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with this outcome and other outcomes, we decided to remove this outlier (AlNajdi et al., 

2020) and its single outcome to avoid over-estimates of the contribution of scaffolding to 

learning. Thus, all subsequent analyses used a slightly lower final number of studies (k = 

13) and outcomes (n = 27).

Publication Bias 

The tendency of a journal to publish a study based upon the studies’ positive and 

statistically significant results, as opposed to the overall quality, is called publication 

bias. In meta-analyses, publication bias may lead to an inflation of effect size estimates of 

a particular intervention since it increases the likelihood of including studies with positive 

results (Egger et al., 1997; Peters et al., 2006). In order to test whether our analyses were 

at risk of publication bias, we conducted an Egger’s Regression and a visual inspection of 

a funnel plot. The Egger's test found no relationship between standard error and effect 

size t(26) = 1.14, p = 0.27, which suggests there was no publication bias among the 

included articles in this meta-analysis (see Table 3.6). Importantly, there was no 

statistically significant publication bias without the outlier as shown below or with the 

outlier kept in. We also visually inspected funnel plots which showed important variables 

such as the control condition, feedback type, and threats to validity. The latter is 

described in more detail below. 

Visual inspection of the funnel plot (see Figure 3.2), with Egger’s regression line 

(shown in yellow), clearly shows a lack of publication bias which aligns with the 

regression-based significance test above. Note that in Figure 3.2 the single outlier has 

already been removed.  
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Table 3.6 

Results of Egger’s Regression Analysis for Publication Bias 

 95% CI 
──────────── 

Coefficient Standard error n t p Lower Upper 

0.77 0.68 27 1.14 .798 -0.62 2.16 

 Note: n refers to the number of included outcomes; CI = confidence interval. 
 

 
Figure 3.2  
 
Funnel Plot with Pseudo 95% Confidence Limits 
 

 
 
 
Effect Size Dependency 

After the exclusion of one study/outcome outlier (AlNajdi et al., 2020), twenty-

seven outcomes from thirteen studies were included in this meta-analysis. Five of the 

included studies had a single outcome (Aydin & Cagiltay, 2012; W. Chen & Levinson, 
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2006; Hundhausen et al., 2011; Kumar et al., 2007; Weusijana et al., 2004) and the other 

eight studies had more than one included outcome. Of the eight studies with multiple 

outcomes, five contributed two outcomes (Adair & Jaeger, 2014; Butz et al., 2006; 

Finkelstein et al., 2005; Gokhale, 1996; Philpot et al., 2005), two studies had three 

outcomes (Rodriguez et al., 2006; Westerfield et al., 2015), and one study had six 

outcomes (Parchman et al., 2000). All five studies with multiple included outcomes 

violate the independence assumptions of the subsequent analyses. Rather than drop all or 

some of this data, especially given the interest in individual and combinations of 

scaffolding forms, we decided to check for effect size interdependence through robust 

variance estimation (RVE). Using RVE, we simulated results to test a range of 

assumptions for intra-class correlation between studies and outcomes. They range from 

outcomes having a strong relationship (Rho = 0.99) to the study of origin or outcomes as 

completely independent of the study of origin (Rho = 0.00). We found that there was no 

difference to four significant digits in simulated effect sizes, suggesting the nesting of the 

data can be ignored (Hedges et al., 2010). As a result, all outcomes were included in the 

analyses. 

 
Study Quality 

To determine if study quality contributed to effect size differences, we ran a meta-

regression of two combined predictors (internal threats and external threats to validity) on 

Hedges’ g. The model accounts for relatively little variation (R2 = .047) in effect size 

estimates and is not statistically significant F(2, 24) = 2.26, p = 0.13. As a result, a 

determination was made to keep all of the outcomes in the study.  
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Results 

 
RQ1 - What is the overall contribution of computer-based scaffolding on 
engineering learning gains and how much variability is present in the findings?  
 
Figure 3.3 includes individual point estimates for each outcome, the overall effect 

size estimate, and 95% confidence intervals across all estimations. There is a 

considerable range among the effect size estimates. The mean effect size for all outcomes 

was g = 0.54 which would be considered a medium effect size according to Cohen  

 
Figure 3.3 

Forrest Plot of All Outcomes 
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(1988). To offer some perspective, an effect of this size would mean that roughly 33% of 

the experimental condition population distribution would exceed the control condition on 

the same measured outcomes. As suggested by Fritz et al. (2012), it is imperative that 

effect sizes are interpreted within the context of the field of research in which they are 

found. For example, in the medical field where life is on the line, very small effect sizes 

are of considerable value (Fritz et al., 2012). Within the context of educational research, 

an effect size of 0.54 is on the larger side according to Kraft (2020). This effect size is in 

alignment with effect size estimates from previous meta-analyses (Belland, Walker, Kim, 

& Lefler, 2017; Doo et al., 2020; N. J. Kim et al., 2018; Kulik & Fletcher, 2015) on 

computer-based scaffolding which ranges from (g = .39) (N. J. Kim et al., 2018) to (g = 

.89) (Chernikova, Heitzmann, Fink, et al., 2020) and further supports the idea that 

computer-based scaffolding is an effective intervention for boosting the learning 

outcomes. This overall effect size has further substantiated the value of computer-based 

scaffolding. More importantly, the variability (I2 = 49.5%) in both effect size estimates 

and precisions of those estimates across outcomes suggests additional factors are at play 

which warrant subsequent analysis. Gaining insights into which computer-based 

scaffolding forms or combinations of scaffolding forms produce the largest learning gains 

is clearly warranted.  

RQ2 - To what extent do single computer-based scaffolding forms make 
individual contributions to collegiate student engineering learning gains?  
 
We ran a series of pairwise comparisons for each of the scaffolding forms to 

determine if their presence or absence was associated with variations in student learning 

outcomes (see Table 3.7). Whether present or not, computer-based scaffolding is 
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consistently associated with improvements in student learning when compared to regular 

classroom instruction and laboratory experiences. None of the scaffolding forms showed 

significant differences (𝛼𝛼 = 0.05) when a single form was present or not in an outcome. 

Pairwise comparison results between the presence of any two scaffolding forms also did 

not contain any statistically significant differences.  

 
Table 3.7 

Presence/Absence of Scaffolding Forms 

Scaffolding Feature (n = yes) Yes g(se) No g(se) 

Cues Highlights (8) 0.37(0.13) 0.53(0.06) 

Question Prompts (10) 0.44(0.10) 0.54(0.06) 

Modeling (14) 0.54(0.09) 0.49(0.06) 

Visualizations (23) 0.51(0.06) 0.47(0.15) 

Prompts/Hints (9) 0.60(0.11) 0.48(0.06) 

Structuring (21) 0.56(0.07) 0.42(0.08) 
Note. No statistically significant difference between presence (yes) and 
absence (no) of the scaffolding feature.  
 

It is important to note that among included studies, control groups were in the 

same courses as the experimental scaffolding conditions. None of the included outcomes 

were from experiments with control populations that did not receive instruction or 

participate in instructional tasks. Despite the fact that the control students participated in 

the same courses, received the same lectures, and in almost a third of the cases (n = 8) 

conducted similar labs while using the same technology but without scaffolds (Adair & 

Jaeger, 2014), further accentuates the power of scaffolding to produce statistically 

significant learning outcomes in engineering tasks. It also potentially explains why there 
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was a lack of differentiation between individual scaffolding feature outcomes (see Table 

3.7). Another likely explanation for the lack of significant pairwise comparisons between 

computer-based scaffolding forms is that the forms were rarely used in isolation.  

RQ3 - Which combinations of computer-based scaffolding forms, as observed in 
individual studies, make contributions to collegiate student engineering learning 
gains?  

  
Across the thirteen included studies, we observed 12 different combinations of 

scaffolding forms (see Figure 3.4). There was almost a one-to-one match between the 

number of included studies and the number of different scaffolding combinations. Out of 

the 12 different scaffolding combinations, visualization (9/12) and structuring (7/12) 

were the most frequently present forms. Prompts/hints (4/12) and cues/highlights (3/12) 

were least frequent forms included in scaffolding combinations. The only scaffolding 

feature combinations that showed up across more than one study was “structuring+ 

visualizations,” which showed up in four included studies (Aydin & Cagiltay, 2012; W. 

Chen & Levinson, 2006; Gokhale, 1996; Philpot et al., 2005). 

We conducted pairwise comparisons between the various combinations of 

computer-based scaffolding interventions. The Hedge’s ḡ estimates from the different 

scaffolding feature combinations ranged from ḡ = -0.21 to ḡ = 1.11 (see Table 3.8). All 

scaffolding combinations were positively correlated with engineering student learning 

outcomes except for one condition “structuring+prompts/hints+cues/highlights+ 

visualization” (Hundhausen et al., 2011). The largest effect size (ḡ = 1.11, p = .01) 

resulted from experimental conditions with “modeling+prompts/hints+question 

prompts+visualization” (Butz et al., 2006). 
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Figure 3.4 

Graphic Summaries for Overall Effects of Computer-Based Scaffolding Combinations 
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Table 3.8 

Results for Scaffolding Feature Combinations 

Scaffolding feature (number of significantly different forms) n g SE 

visualization, structuring, prompts/hints, cues/highlights* (3 higher) 1 -0.21 0.43 

visualization, structuring, question prompts* (4 higher) 2 0.02 0.21 

visualization, structuring, modeling, cues/highlights, question prompts* 
(2 higher) 

2 0.28 0.21 

modeling cues/highlights, question prompts* (1 higher) 2 0.31 0.24 

visualization* (3 higher) 2 0.34 0.09 

visualization, structuring, modeling, prompts/hints* (2 higher) 2 0.39 0.16 

structuring, question prompts 1 0.54 0.28 

structuring, prompts/hints, question prompts 1 0.59 0.27 

visualization, structuring, modeling** (1 lower)  3 0.81 0.35 

visualization, structuring** (5 lower) 6 0.87 0.11 

visualization, structuring, modeling, prompts/hints, cues/highlights** (3 
lower) 

3 0.94 0.30 

visualization, modeling, prompts/hints, question prompts** (6 lower) 2 1.11 0.24 
*Significantly lower (p < .05) learning than (n higher) other combinations of scaffolding forms.  
**Significantly higher (p < .05) learning than (n lower) other combinations of scaffolding forms.  
 

 
Only two outcomes, both coming from the same article (Finkelstein et al., 2005), 

used a single feature (visualization). While one combination “structuring+prompts/hints, 

cues/highlights+visualization” had a negative effect size estimate. None of the 

combinations were worse than no scaffolding at a statistically significant level. Starting 

with visualization alone (g = 0.34) the rest of the scaffolding combinations were a 

significant improvement over control groups that completed alternative educational 

experiences and problem-solving tasks without scaffolding support.  

The two most frequently occurring scaffolding forms: structuring (n = 21) and  
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visualization (n = 23) had among the highest effect sizes when analyzed in isolation (see 

Table 3.7) but are paired with the full range of scaffolding feature combinations (see 

Table 3.8). These complex relationships underscore the need to examine not just isolated 

forms, but the combinations of forms as they exist in the literature.  

With a total of 66 unique pairwise comparisons, reporting is challenging. The 

range of learning outcomes between the various computer-based scaffolding 

interventions is quite large (g = -0.21 to g = 1.11) suggesting that the combination of 

scaffolding forms may play a large role in outcomes. Table 3.8 shows the six scaffolding 

feature combinations from “visualization+structuring+prompts/hints+cues/ highlights” (g 

= -0.21) to “visualization+structuring+modeling+prompts/hints” (g = 0.39) with 

significantly lower learning gains over control when compared to at least one other 

combination of scaffolding forms. By contrast the top four combinations from 

“visualization+structuring+modeling” (g = 0.81) to “visualization+modeling+prompts/ 

hints+question prompts” (g = 1.11) exhibited better learning gains than at least one other 

combination of scaffolding forms. Though there are several detectable differences, there 

are three single outcome combinations and only three combinations that have three or 

more outcomes, suggesting a need for additional research. 

 
Limitations 

 
 

Hedges et al. (2010) suggest that RVE is a reliable tool for measuring effect size 

dependency in meta-analyses that included as few as 20-40 studies and possibly less. 

However, this study only included thirteen studies. We suggest that a larger meta-analysis 
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should be conducted to see if the RVE matches these results. Of note, we did consider 

alternative approaches such as combining outcomes or dropping multiple outcomes 

(Cooper et al., 2009) and did not want to omit data, especially given the risk of obscuring 

or skewing results. 

One of the major limitations of meta-analyses is that they neither include all 

relevant empirical research nor do they account for (code) all relevant intervention forms 

(Cooper et al., 2009). This study only included computer-based scaffolding interventions 

at the collegiate level. Results showed that computer-based scaffolding interventions 

were consistently statistically positive and effective at raising cognitive learning 

outcomes. However, the intent of this study was to cast light on which types of scaffolds 

(as well as combinations of scaffolds) led to the greatest cognitive gains. Computer-based 

scaffolding has been used as an intervention in collegiate engineering courses. 

Researchers have evaluated the effects of scaffolding supports such as prompts/hints, 

modeling, structuring, cues/highlights as well as visualizations, on engineering cognitive 

outcomes. The results of this meta-analysis indicate that computer-based scaffolding 

interventions are highly effective (g = .53) at raising cognitive outcomes in collegiate 

level engineering courses. 

 
Discussion 

 
 

The overall effect size estimate from this study (g = .53) is consistent from other 

meta-analyses on computer-based scaffolding and cognitive outcomes. This effect size 

estimate is slightly higher than a random effects meta-analysis (g = .46) on computer-
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based scaffolding impact on cognitive outcomes in STEM education broadly (Belland, 

Walker, Kim, & Lefler, 2017). These results are also higher than a Bayesian meta-

analysis on computer-based scaffolding interventions (g = .39) during complex problem 

solving in STEM content areas (N. J. Kim et al., 2018). However, other meta-analyses of 

intelligent tutoring systems (g = .66) (Kulik & Fletcher, 2015) and scaffolding 

interventions with higher education online learners have shown higher effect sizes (g = 

.89) (Chernikova, Heitzmann, Fink, et al., 2020). It is becoming increasingly clear that 

computer-based scaffolding interventions create large learning gains in even the most 

difficult problem-solving tasks.  

Where this study departs from other recent analyses is its attempt to tease out the 

effects of single forms and combinations of scaffolding forms. While previous computer-

based scaffolding meta-analyses (Belland et al., 2015; Belland, Walker, & Kim, 2017; 

Belland, Walker, Kim, & Lefler, 2017; Cai et al., 2022; Chernikova, Heitzmann, Fink, et 

al., 2020; Chernikova, Heitzmann, Stadler, et al., 2020; Doo et al., 2020; N. J. Kim et al., 

2018, 2020) have shown computer-based scaffolding to be effective at producing positive 

learning gains, these studies mostly treated interventions globally rather than attempting 

to look at how individual scaffolds, or combinations of scaffolds, contributed to learning 

outcomes. 

Results indicate that visualization and structuring scaffolds are frequently used in 

collegiate engineering programs. These results are substantiated by several recent meta-

analyses that have investigated the intersection of visualization (sometimes referred to as 

simulation or modeling), CBLEs, and scaffolding (Chernikova, Heitzmann, Fink, et al., 
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2020; Lei et al., 2016). As an isolated inclusion criterion, these prior meta-analyses 

resulted in large effect size estimates associated with STEM learning (g = .82; g = 1.45). 

It is also clear that including a wider range of scaffolding forms with a narrow focus on 

engineering education dramatically changes that picture. In this study, visualization and 

structuring are part of a scaffolding form combination that actually favors control 

students (g = -0.21) and a combination that favors scaffolded students at a level that is so 

large (g = 1.11) that it is significantly greater than six other scaffolding combinations of 

scaffolding forms.  

Our results, finding no statistically significant gains for the individual presence of 

any one scaffolding form, departs from other meta-analyses of scaffolded STEM 

learning. This prior research found significant improvements in learning associated with 

modeling, visualizations (Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020) and 

prompts/hints (Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020; Chernikova, 

Heitzmann, Stadler, et al., 2020). Across all of these meta-analyses only a single non-

significant test was reported for modeling (Chernikova, Heitzmann, Stadler, et al., 2020) 

which may well reflect a similar publication bias as that of primary research. Additional 

research is needed to further explore these differences in findings.  

Research across engineering research, as well as scaffolding research, points to 

the student's current expertise as the moderator of whether a scaffolding feature is a 

benefit or detriment to the learning process. For example, post-graduate students have 

been shown to benefit more from modeling scaffolds (i.e., worked examples) than 

undergraduates and graduate students when engaging simulation problem solving 
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exercises (Chernikova, Heitzmann, Fink, et al., 2020) . Likewise, prompts have been 

found to be more beneficial for low education level students than those with higher levels 

of education (Chernikova, Heitzmann, Fink, et al., 2020). These varied results depend 

upon student competency and point towards the original principles of scaffolding (i.e., 

contingency and fading) as well as to cognitive load theory principles such as the 

expertise reversal effect (van Merriënboer & Sweller, 2005). Research on the expertise 

reversal effect has shown that instructional methods may work well for novices but not 

for experts and vice versa (Kalyuga & Singh, 2016; Renkl, 2002; Yeh et al., 2010). 

 
Conclusion 

 

These results suggest that combinations of scaffolding forms impact learning 

outcomes. We found 12 different combinations across thirteen studies. While it is clear 

that more work needs to be done it is noteworthy that researchers in this field are already 

gravitating, based on the number of outcomes, towards feature combinations associated 

with the highest learning gains. This natural trend towards what seems to work best for 

students, suggest that researchers may have additional insights about the complex 

relationships among scaffolding forms and how the interact with learner needs. 

Structuring and visualization showed up most frequently in the distributed scaffolding 

interventions. However, more research is needed to elucidate why specific scaffolding 

forms are present in scaffolding combinations that produced both the highest and lowest 

effect sizes. Further research is warranted to discover what nuances in these scaffolding 

interventions produce such dramatically different cognitive outcomes for engineering 



107 
 

 

students. While additional research progresses, these results are a clear call for primary 

research and practice that intentionally engages in multiple scaffolding interventions 

(Quintana, 2021; Tabak, 2004). 
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CHAPTER 4 

COMPUTER-BASED SCAFFOLDING: WHAT WE HAVE LEARNED AND 

WHAT WORK REMAINS 

 
Purpose of Multiple Paper Dissertation 

 
 

For over four decades, researchers, instructional designers, and practitioners have 

developed computer-based scaffolding interventions in order to help students achieve 

learning gains in problem-centered STEM activities. Various meta-analyses have 

estimated the effects of computer-based scaffolding interventions on raising learning 

outcomes in STEM subjects (Belland et al., 2015; Belland, Walker, & Kim, 2017; 

Belland, Walker, Kim, & Lefler 2017; Chernikova, Heitzmann, Fink, et al., 2020; 

Chernikova, Heitzmann, Stadler, et al., 2020; Doo et al., 2020; N. J. Kim et al., 2018, 

2020). These meta-analyses have consistently reported the positive effects of computer-

based scaffolding on learning outcomes. Effect size estimations have ranged from g = 

0.39 (Chernikova, Heitzmann, Stadler, et al., 2020; N. J. Kim et al., 2018) to g = 0.88 

(Chernikova, Heitzmann, Fink, et al., 2020; Doo et al., 2020).  

Moderator analyses of study characteristics, participant characteristics, and 

intervention characteristics have been included in these same studies in an attempt to 

explain the wide distribution of effect sizes (Belland et al., 2015; Belland, Walker, & 

Kim, 2017; Belland, Walker, Kim, & Lefler, 2017; Cai et al., 2022; Chernikova, 

Heitzmann, Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 2020; Doo et al., 

2020; N. J. Kim et al., 2018, 2020). Some study characteristics (i.e., validity reporting) 
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and participant characteristics (i.e., prior knowledge) were consistently statistically 

significant moderators across meta-analyses (Belland et al., 2015; Belland, Walker, & 

Kim, 2017; Belland, Walker, Kim, & Lefler, 2017; Chernikova, Heitzmann, Stadler, et 

al., 2020). Among intervention characteristics, meta-analytic results found statistically 

significant results for fading (Belland et al., 2015; Belland, Walker, Kim, et al., 2017) 

and consistently nonstatistically significant results for functions of scaffolding (Belland et 

al., 2015; Belland, Walker, Kim, & Lefler, 2017; N. J. Kim et al., 2018, 2020).  

Among the statistically significant moderators from intervention characteristics, 

individual forms of scaffolding have also shown promise (Cai et al., 2022; Chernikova, 

Heitzmann, Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 2020). However, 

despite showing statistical significance, only three meta-analyses have begun 

investigating and coding for scaffolding forms (Cai et al., 2022; Chernikova, Heitzmann, 

Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 2020). Only two meta-analyses 

have attempted to estimate the effects of combinations of scaffolding forms on learning 

outcomes (Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020). Without 

knowledge of which individual scaffolds or combinations of computer-based scaffolding 

forms produce the largest learning gains, researchers, instructional designers, and 

practitioners do not have the information they need to design and implement the most 

effective computer-based scaffolding interventions in STEM education. 

One of the major reasons for this literature gap has been the language used to 

describe scaffolding. The popularity of the theory, the influx of scaffolding research, the 

expansion of scaffolding to new content areas/age groups, and the development of new 
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computer-based scaffolds have brought the theoretical construct to a place where its 

overgrowth of jargon is impeding progress (Pea, 2004). In particular, researchers have 

criticized the initial six functions of scaffolding claiming that they represent both the 

form of the scaffold as well as its intended impact on the learner (van de Pol et al., 2010). 

Consequently, there have been calls for a simple taxonomy of scaffolding forms 

descriptive enough to account for the types of scaffolding found in current literature 

(Belland, Walker, & Kim, 2017; Lajoie, 2005; Quintana, 2021; Tabak, 2004).  

The overall purpose of this research was to take a few steps toward discovering 

which individual scaffolds, or combinations of scaffolding forms, produce the largest 

learning gains in STEM education. This was accomplished through two papers. The first 

paper illustrated the language issues that have thwarted previous moderator analyses. 

Through a systematic review of extant research literature, a new lexicon of scaffolding 

forms was generated. The second paper applied this new lexicon as a moderator in a 

meta-analysis of computer-based scaffolding intervention effects on collegiate 

engineering learning. The results, key insights, and limitations of these two studies will 

be discussed in the following sections.  

 
Discussion 

 

The first paper sought to answer (a) What terms have researchers used to describe 

the tutorial actions and the intended effects in prior syntheses and seminal works on 

scaffolding, (b) Is there consistency among the terms employed, and (c) What are the 

forms of computer-based scaffolding in extant experimental computer-based scaffolding 
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literature in STEM fields? 

Similar to other educational theories that have experienced dramatic expansion 

and overgrowth of theory jargon, these research questions were answered through a 

systematic review of scaffolding literature (Alexander et al., 1991; Dinsmore, 2017, 

2017; Dinsmore et al., 2008; Loughlin & Alexander, 2012). 

 
Systematic Review to Disambiguate Scaffolding  
Form and Scaffolding Function 

The vocabulary employed by researchers to characterize the tutorial actions 

(appearance of the scaffold) and intended outcome of computer-based scaffolds were 

analyzed through a two-step coding process (Charmaz, 2014; Saldaña, 2012). Paying 

close attention to nouns, sixteen terms were found, categorized by what they defined 

(tutorial action or intended effect), and then sorted in terms of frequency.  

This systematic review of scaffolding terminology for Chapter 2 - RQ1 resulted in 

three key insights. First, scaffolding researchers perceive the form and function of 

scaffolding as two separate constructs as evidenced by researchers frequently employing 

separate terms within the same articles (Quintana, 2021; Sharma & Hannafin, 2007; 

Zheng, 2016). Second, there is a lack of consistency among this terminology usage. 

Polysemy, the use of a single term to have multiple meanings, exists with respect to the 

terms researchers have used for the form (tutorial assistance) and function (intended 

effect) of scaffolding. For example, four terms (functions, types, strategies, and 

mechanisms) were used by researchers to refer to both the tutorial action as well as to its 

intended outcome. Last, a ranking of term frequency showed that researchers are 
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coalescing around two terms for the scaffolding characteristics: scaffolding form and 

scaffolding function. Scaffolding form describes the tutorial action of the teacher. In 

other words, the form is the appearance (or package) that the tutorial assistance takes as it 

is delivered to the students. Scaffolding function was the term most used by researchers 

to refer to the intent of the scaffolding support (e.g., metacognitive, motivational, 

strategic, etc.) on the student.  

This polysemy has been criticized by researchers for decades and likely began 

with the Wood et al. (1976) original list of “functions,” which did not distinguish 

between the appearance of the tutorial help and the scaffold’s intended outcome on the 

student. Researchers have used the terms interchangeably to describe both the form and 

function of a scaffold. This has caused confusion and inhibited the ability of researchers 

to communicate clearly with one another. 

  
Systematic Review of Scaffolding Forms– 
Building a Taxonomy 

 With the form and function disambiguated, the next objective of this research was 

to develop a simple taxonomy of scaffolding forms that was powerful enough to 

characterize the forms of computer-based scaffolding found in extant STEM literature. 

Despite calls from scaffolding theorists (Belland, 2014; Chernikova, Heitzmann, Fink, et 

al., 2020; Tabak, 2004; van de Pol et al., 2010; Zheng, 2016), the majority of previous 

meta-analyses have not included the form of the scaffold as a moderator (Belland et al., 

2015; Belland, Walker, Kim, & Lefler, 2017). The few meta-analyses that have included 

scaffolding form as a moderator (Cai et al., 2022), struggled to distinguish between the 
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various forms found in included empirical literature. Instead of coding each form of 

scaffold separately, researchers employed catch-all coding categories for anything outside 

their coding framework (i.e., “mixed” and “others”; Cai et al., 2022, p. 556).  

Specifically, Chapter 2 – RQ2 sought to answer, “What are the forms of 

computer-based scaffolding in extant experimental computer-based scaffolding literature 

in STEM fields”? To answer this research question, a taxonomy of scaffolding forms was 

generated through a systematic literature review of empirical STEM research. Rather than 

add even more language to the construct, the intent of this analysis was to have 

experimental literature in STEM education reveal the forms of computer-based 

scaffolding that have been evaluated for the past four decades. Through a four-stage 

systematic coding process that started with in-vivo coding and ended with axial coding, 

six forms of computer-based scaffolding were identified (Charmaz, 2014; Saldaña, 2012). 

These were (a) structuring, (b) modeling, (c) prompts, (d) cues/highlights, visualization, 

and (e) formative feedback. 

 
Structuring 

 Of the scaffolds found through this systematic review, structuring might be one of 

the most distinct forms of scaffolding. The other scaffolding forms are added to the 

problem space in the form of a hint, prompt, cue, model, etc. However, instead of being 

offered to the student as a help, structuring scaffolds manipulate the problem itself by 

narrowing the focus of the problem (Linn & Eylon, 2000; M. Liu, 2004; Zhang et al., 

2004), offloading tasks from the student (Butz et al., 2006), or strategically increasing the 

complexity of problems over time in order to ensure success (de Jong et al., 1996).    
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Modeling 

Another form of scaffolding found in literature was modeling. Whether it was a 

full expert solution of the final product (de Jong et al., 1996; Devolder et al., 2012) or a 

partially worked example (Laru et al., 2012), modeling guided STEM learners toward the 

solution. Modeling is highly aligned to one of the original scaffolds enumerated by Wood 

et al. (1976) titled “demonstration” (p. 98). A potential issue facing the term modeling, is 

that it refers to two different activities within the realm of education. For language arts 

researchers, modeling refers to the activity of a teacher providing an example (Palincsar 

& Brown, 1984). However, for certain content areas such as STEM subjects, modeling is 

a student activity where systems are simulated (Dori et al., 2003; Finkelstein et al., 2005; 

Gijlers & Jong, 2013). For the sake of simplicity, it may behoove researchers to substitute 

expert examples or worked examples as the chosen term for modeling in order to avoid 

future confusion. 

 
Prompts 

 Prompts are verbal messages, often delivered via text, that provide directional and 

supportive guidance to students. In this systematic review, prompts were the most 

frequently coded type of scaffolding form in extant research. Prompts varied in tone and 

delivery, ranging from directive command prompts (Mayer et al., 2002; Roscoe et al., 

2013), to question prompts (H. Y. Chang & Linn, 2013), to the most open-ended type of 

prompts known as hints which were also usually self-selected by the students (Butz et al., 

2006; Graesser et al., 2007; Mendicino et al., 2009; VanLehn, 2011).  

   



115 
 

 

Cues/Highlights 

 Originally referred to as “marking critical features,” cues/highlights are another 

scaffolding form that is highly aligned to the original work of Wood et al. (1976, p. 98). 

The intention of cues/highlights was to direct the attention of the learner towards salient 

features necessary to the solution of the problem. For example, highlights were placed in 

strategic areas on tissue sample images to assist students diagnose diseases (Nivala et al., 

2012). Cues/highlights were similar to prompts in intention but were different in terms of 

medium as they showed up as visual or auditory messages instead of written text (Nivala 

et al., 2012). 

 
Visualizations/Simulations 

 Visualization scaffolds were found ubiquitously among science and engineering 

literature. These scaffolds assisted students by making previously inaccessible content, 

accessible (Nichols et al., 2013). For example, these scaffolds employed technology to 

see and experience phenomena beyond space, time, and the constraints of the student’s 

senses (Yoon et al., 2012). Visualizations included a subgroup form called simulations. In 

these cases, simulations compressed phenomena that would normally take extraordinary 

amounts of time into just a few seconds such as observing a stellar parallax (Ruzhitskaya, 

2011). Visualization scaffolds also gave students power to control and visualize the 

impact of variables on complex systems such as an ecosystem (Basu et al., 2015). Of the 

forms found in Chapter 2, visualization was the newest scaffold brought about by 

advancements in technology (Quintana, 2021; Soloway et al., 1994). 
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Formative Feedback 

 As found in literature, feedback varied as to whether it was immediately provided 

to students (AlNajdi et al., 2020; Gokhale, 1996; Philpot et al., 2005) or delayed (Afriyie-

Adams, 2020; Corbett & Anderson, 2001; Gweon et al., 2007). Feedback also varied in 

how much support was provided to the student. Feedback came in several varieties such 

as (a) providing results without an indication of correctness and leaving interpretation up 

to the student (Ulicsak, 2004), (b) providing a correct/incorrect message with no 

interpretation/indication of what was wrong (Van der Kleij et al., 2015), (c) providing a 

correct/incorrect message with an explanation of what was incorrect (Pareto et al., 2011), 

and (d) providing a correct/incorrect response, explanation, and an additional scaffold to 

help the student try again and find success (Hundhausen et al., 2011). Finally, feedback 

can be paired with scaffolding forms. For instance, a simulation visualization might be 

used to provide feedback for a problem solution attempt. 

 
Key Insights 

This systematic review of scaffolding terminology for RQ2 resulted in five key 

insights. First, there are generally six forms of computer-based scaffolds found in 

literature. These are structuring, modeling, prompts, cues/highlights, visualizations/ 

simulations, and formative feedback. Second, three of the forms found here (structuring, 

modeling, and cues/highlights) map directly back to the original scaffolds enumerated by 

Wood et al. (1976; i.e., reduction in degrees of freedom, demonstration, and marking 

critical features). Third, in alignment with scaffolding theorists (Quintana, 2021; Soloway 

et al., 1994), advances in technology have brought about new forms of computer-based 
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scaffolding such as visualizations and simulations. Fourth, feedback is both a part of the 

scaffolding process as well as a scaffolding form. Fifth, there is considerable depth to 

each type of scaffolding. For example, prompts ended up having at least three types of 

sub-forms which differed with regards to their delivery and power.  

 
Meta-Analysis of Scaffolding Forms on  
Collegiate Engineering Learning Outcomes 

The second research study (Chapter 3) sought to answer (a) What is the overall 

contribution of computer-based scaffolding on engineering learning gains and how much 

variability is present in the findings, (b) To what extent do single computer-based 

scaffolding forms make individual contributions to collegiate student engineering 

learning gains, and (c) Which combinations of computer-based scaffolding forms, as 

observed in individual studies, make contributions to collegiate student engineering 

learning gains? These questions were addressed through a random effect meta-analysis of 

27 outcomes from 13 studies that measured the effects of computer-based scaffolding on 

collegiate learning outcomes. 

 
The Overall Contribution of Computer- 
Based Scaffolding 

 After the exclusion of an outlier, Chapter 3 – RQ1 sought to quantify and 

visualize the mean effect (g = 0.54) and variability of computer-based scaffolding. This is 

considered a medium (J. Cohen, 1988) or large effect depending on interpretation (Kraft, 

2020). The g = 0.54 effect size is right in the middle of effect size estimations for 

computer-based scaffolding across varied content areas (Belland et al., 2015; Belland, 
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Walker, & Kim, 2017; Belland, Walker, Kim, & Lefler, 2017; Cai et al., 2022; 

Chernikova, Heitzmann, Stadler, et al., 2020, 2020; Doo et al., 2020). Notably, it is 

slightly higher than the majority mean effect sizes from previous STEM education 

focused meta-analyses (Belland et al., 2015 (g = 0.53); Belland, Walker, Kim, & Lefler, 

2017 (g = 0.46); N. J. Kim et al., 2018 (g = 0.39), 2020 (g = 0.46)). Furthermore, it 

provides further evidence that scaffolding may produce larger outcomes in engineering 

fields which was also reported by Kim et al., (2018). Individual point estimates have a 

wide range (g = 0.21 to 1.42) even after outlier removal. Point estimate outcomes in 

conjunction with a large degree of heterogeneity (I2 = 49.5%), warrants further moderator 

analyses to look for systematic sources of variation between scaffolding combinations. 

 
Estimating the Effects of Individual  
Scaffolding Forms 

 Next, the new taxonomy of scaffolding forms developed in Chapter 2 was applied 

as a moderator in a traditional meta-analysis of collegiate engineering education in 

Chapter 3. For Chapter 3 – RQ2, Individual scaffolding forms were analyzed to see if any 

of the moderators had a statistically significant impact on effect size estimations. While 

there were point estimate variations between the presence and absence of individual 

scaffolding forms, none of the differences were statistically significant. There were also 

not significant differences between any scaffolding form pairs when they were present. 

Prompts/hints, visualization, and modeling had higher if nonsignificant effect size 

estimates when present, which parallels the findings of other meta-analysis (Cai et al., 

2022; Chernikova, Heitzmann, Fink, et al., 2020; Chernikova, Heitzmann, Stadler, et al., 
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2020) showing promise for these scaffolding forms. Structuring (g = 0.56 when present 

and g = 0.42 when absence) had the largest mean difference and both question prompts 

and cues/highlights showed lower effect sizes when present. Again, none of these 

pairwise comparisons were statistically significant. 

 
Estimating the Effects of Combinations of  
Scaffolding Forms 

Finally, the impact of scaffolding combinations on collegiate engineering learning 

outcomes was investigated in Chapter 3 – RQ3. Twelve different scaffolding 

combinations were found among included articles. Results of pairwise comparisons 

found a total of 15 significant differences between scaffolding form combinations. Those 

combinations exhibited a large range of estimates from g = -0.21 (Hundhausen et al., 

2011) to g = 1.11 (Butz et al., 2006). Among the 12 different combinations of scaffolding 

forms found in research, no single scaffolding form was systematically associated with 

more or less effective scaffolding combinations. In fact, the same forms of scaffolding 

(i.e., visualization, modeling, prompts/hints) were present in treatment conditions with 

the largest and smallest effect sizes.  

Despite the lack attribution to and single form of scaffolding, the fifteen cases of 

significant differences as well as the broad distribution of effect size estimations among 

interventions suggests that the combinations do indeed matter. Furthermore, researchers 

appear to be naturally coalescing around the combinations of forms that are the most 

effective. The third most effective scaffolding combination (visualization+structuring) 

also happened to be the scaffolding combination most prevalent in the literature included 
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in this study (Aydin & Cagiltay, 2012; W. Chen & Levinson, 2006; Gokhale, 1996; 

Philpot et al., 2005). From the limited perspective of included studies, this may suggest 

that practitioners, researchers, and designers are choosing the most efficacious 

combinations of scaffolding. 

 
Key Outcomes 

Three main insights were found through the meta-analysis of computer-based 

scaffolding. First, similar to other meta-analyses, computer-based scaffolding continues 

to produce medium/large effects on engineering learning gains. Second, in contrast to 

other meta-analyses, no statistically significant effects were found for a more 

comprehensive set of individual scaffolding forms in isolation. Third, while no 

statistically significant results were found for scaffolding combinations. Effect size 

estimations ranged from g = -0.21 (Hundhausen et al., 2011) to 1.11 (Butz et al., 2006). 

This broad distribution of effect size estimates suggests that further analyses of 

combinations of scaffolding forms is strongly warranted, perhaps with a larger sample of 

studies. 

 
Limitations and Suggestions for Future Research 

 
 

Decisions were made that limit the ability of this study to be generalized. This 

study (a) included only STEM research and STEM education outcomes for the meta-

analysis, (b) investigated only the impact of scaffolding on learning, (c) constrained its 

view to scaffolding forms and their combinations, and (d) did not code for all essential 

aspects of the scaffolding theory. The following sections provide explanations for each of 
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these limitations and the corresponding solution to be applied in future research. 

 
Dependent Variable Constraints 

 Both the systematic review (Chapter 2) and meta-analysis (Chapter 3) included 

experimental research that focused on the impact of computer-based scaffolding on 

learning outcomes. There were many excluded studies that estimated the effects on 

scaffolding on non-cognitive outcomes (e.g., self-regulation, self-efficacy, motivation, 

interest). Future systematic reviews should investigate the possibility of other forms of 

computer-based scaffolding that have been developed to bolster other dependent 

variables. Analyses of this type may lead to new understanding of how forms of 

computer-based scaffolding make differential contributions to the experiences of learners.  

 
Content Area Constraints 

The systematic review of computer-based scaffolding forms in Chapter 2 was 

constrained to STEM content areas. The meta-analysis in Chapter 3 was constrained even 

further to include only collegiate engineering outcomes. Previous meta-analyses on 

computer-based scaffolding have included more science, mathematics, and medical 

outcomes than engineering (Belland et al., 2015; Belland, Walker, & Kim, 2017; Belland, 

Walker, Kim, & Lefler, 2017; Cai et al., 2022; Chernikova, Heitzmann, Fink, et al., 2020; 

Chernikova, Heitzmann, Stadler, et al., 2020; N. J. Kim et al., 2018, 2020). In addition to 

applying these results to other STEM subjects beyond engineering, a systematic review 

of computer-based scaffolding outside of STEM content areas may reveal new types of 

scaffolding forms. Likewise, the results of Chapter 3 will be bolstered by future meta-
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analyses which are expanded to include other disciplines inside or outside of STEM. 

 
Investigate Interplay of Scaffolding and Feedback 

 A glaring disconnect between Chapter 2 and Chapter 3 is the presence and then 

absence of feedback as a scaffolding form. This disconnect was purposeful. During the 

systematic literature review in Chapter 2, it was found that feedback acted as both a form 

as well as an integral part of the scaffolding process. Four different variations of feedback 

were found in Chapter 2. During the article coding phase of Chapter 3, it became clear 

that tackling the complex relationship between other scaffolding forms and feedback was 

beyond the scope of this paper. This was primarily due to a conflation between certain 

feedback types with other forms of scaffolding. For example, the feedback provided by 

simulations was coded both as NIF (no intentional feedback) and as the visualization 

scaffolding form. NIF was coded when students received uninterpreted results of their 

simulation/visualization exercises. An example of this double coding happened when 

students were engaged in simulating circuits in Parchman et al. (2000). In this 

intervention, students received the visualization scaffolding form as well as NIF feedback 

from the simulation (Parchman et al., 2000). In other instances, EF (elaborated feedback) 

overlapped with other computer-based scaffolding forms. In Westerfield et al. (2015), 

students were supplied with feedback after each motherboard assembly attempt. 

However, this feedback came in the form of “detailed feedback hints” (Westerfield et al., 

2015, p. 164) which would have required the same feature to be coded under two separate 

scaffolding forms. These instances, where feedback and scaffolding forms merged, have 

been referred to as formative feedback (Shute, 2008; Van der Kleij et al., 2015). Given 
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the focus on scaffolding forms, a decision was made to not add these non-orthogonal and 

highly dependent feedback variations to the analysis, especially given the small degrees 

of freedom. Future research should focus on describing this relationship and estimating 

its effects on learning. 

 
Reductionist Nature of Meta-analysis Coding 

 One of the consistent criticisms of meta-analyses is the reductionist nature of the 

coding process. Depending on the focus of the research, meta-analytic researchers choose 

which characteristics of the scaffolding intervention they will investigate. In many cases, 

this results in an oversimplification of the original study’s characteristics.  

The most powerful contribution of this dissertation was its attempt to dramatically 

expand the coding structure for scaffolding interventions. Previous meta-analyses have 

focused on other moderators other than scaffolding form or only coded a single form. In 

contrast, this research attempted to code all of the scaffolding forms found in computer-

based scaffolding interventions. However, coding an expanded set of scaffolding forms is 

still a gross oversimplification of what is happening in scaffolding interventions. Each 

form of scaffold has nuances of how it is added/faded from the learning environment, 

how many times it is used, or even how long it is available to students. Future research 

estimating the effect of scaffolding forms should also include these critical details 

especially considering that previous meta-analyses have found statistically significant 

differences for how the scaffold is added/faded (Belland et al., 2015; Belland, Walker, 

Kim, & Lefler, 2017). Now that knowledge of scaffolding forms has been expanded, 

revisiting the relationships of forms and how each scaffold is customized over time can 
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be accomplished. 

 
A Theory for Scaffolding Forms  

The systematic literature review of scaffolding forms followed a four-step coding 

process of grounded theory but stopped short of providing an overarching theory for how 

the forms relate with one another or their relationship to the overall theory of scaffolding. 

When looking at the forms from the context of transfer of responsibility, a picture starts 

to form for how each form relates to one another and the scaffolding theory. Each 

scaffold varies in two ways: how much support it provides and how much responsibility 

the teacher or student has over the scaffold. A structuring scaffold often rests entirely 

under the responsibility of the teacher and exercises a tremendous amount of influence 

over the learning environment. Conversely, a self-selected hint is less impactful and 

within the control of a student. When placed on a continuum from full teacher 

responsibility to full student responsibility, the form of the scaffold itself becomes a step 

in the process of gradual release/transfer of responsibility (see Figure 4.1).  

 
Figure 4.1 

Scaffolding Forms as a Transfer of Responsibility 
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Scaffolding is a process whereby skills and knowledge are transferred from the 

teacher to the student until the student has internalized the knowledge and taken full 

responsibility over the task completion. When multiple forms are mapped onto transfer of 

responsibility in order of their strength of support, an interrelated picture begins to 

emerge between scaffolding form, transfer of responsibility, and fading. Several 

examples of this emerged during the review of included studies. In one study, in which 

students learned about sorting algorithms, the CBLE provided students a “fading mode” 

where the system reduced both the form (hints, visualizations, teacher explanations, and 

feedback) as well as the frequency of scaffold until the students were able to solve the 

problems independently (Yin et al., 2013). In some cases, transfer was realized through 

multiple forms of the same type of scaffold. In these cases, the same scaffold varied in 

terms of strength. For example, in one study worked examples of mathematical steps 

were delivered to students. Students started with a complete model and then slowly faded 

to models that demonstrated just a few steps towards the solution (Renkl et al., 2004). In 

this study, the various forms of the modelling scaffold became the fading function. Future 

research should focus on the interrelationship between the various individual form of 

scaffolding as well as the relationship of the scaffolding form to the foundational 

principles of scaffolding (i.e., contingency, transfer of responsibility, and fading). 

 
Forms versus Tools 

CBLEs offer a mixture of support to students. In addition to delivering computer-

based scaffolding, CBLEs provide tools such as calculators, information databases, and 

virtual laboratories to students as they solve STEM problems (H. Y. Chang & Linn, 
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2013). These tools cannot be internalized or faded over time, and as such, should not be 

considered as scaffolding. Technological tools were not included as a scaffolding form or 

moderator in Chapter 3. However, the effect of these tools on learning should be included 

in future meta-analyses. 

 
Recommendations for Researchers 

 

In addition to the research mentioned above, there are several keyways in which 

researchers can aid future meta-analytic work. This research came about mainly due to 

language issues facing the theoretical construct of scaffolding. Progress towards finding 

out which forms or combinations of scaffolding forms produce the greatest outcomes in 

learners will be highly dependent on the language researchers employ in future 

scaffolding research. I offer the following suggestions. 

 
Adopt a Simplified Language for Scaffolding 

Scaffolding researchers have called for a common language (Pea, 2004; Quintana, 

2021). Utilizing the constructs of scaffolding form and function accurately and 

consistently will help clear up confusion. Additionally, researchers will assist the theory 

by adopting and adapting the six forms of scaffolding found in this research to new 

experimental research and meta-analyses. This will ensure that researchers clearly 

articulate the essential characteristics of their scaffolding interventions. It will also ensure 

that meta-analysts can code the interventions in future syntheses. Last, a common 

taxonomy of scaffolding forms will allow researchers to compare results between meta-

analyses.  
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Include Robust Descriptions of Scaffolds 

 Devolder et al. (2012) conducted a systematic review of scaffolding for self-

regulated learning in CBLEs. The authors expressed a criticism of scaffolding literature 

stating that “in most studies, no attention was paid to the design characteristics of 

scaffolds, which are of relevance in reaching conclusions about the research data” 

(Devolder et al., 2012, p. 565). After conducting the systematic review and meta-analysis 

included in this dissertation, I echo these sentiments. The most frequent threat to validity 

in the included meta-analysis was the inadequate descriptions of the scaffolding 

interventions. The capacity of a meta-analysis to accurately estimate the effects of an 

intervention are dependent on robust descriptions of the intervention. Research of 

scaffolding should include an ample description of each scaffold’s form, function, 

duration of use, frequency of use, and how it is added/faded. Better experimental research 

will allow for better meta-analyses.  

 
Conclusion 

 
 

The results of this research show that the form and function of scaffolding have 

been conflated. Through this research, six distinct forms of computer-based scaffolding 

in STEM education were developed. These results add to previous meta-analytic research 

showing that computer-based scaffolding consistently provides a positive impact on 

STEM learning gains. This research also provided insights into which individual 

scaffolds or combinations of computer-based scaffolds may produce the largest learning 

gains. While no statistically significant outcomes were found, the range of outcomes 
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strongly suggests that individual scaffolds, as well as combinations of computer-based 

scaffolds, do impact engineering learning outcomes differently.  

This research also sheds light on areas within scaffolding literature where more 

attention is needed. The forms of computer-based scaffolding listed here should be 

applied to computer-based scaffolding literature that include non-cognitive outcomes, 

different age groups, and different content areas outside of STEM. Additionally, now that 

a taxonomy of computer-based scaffolding forms exists, more work is needed to 

investigate the relationships between forms of scaffolding as well as the relationship of 

scaffolding form to the essential principles of the scaffolding theory such as contingency, 

fading, and transfer of responsibility.  
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Coding Guide for Chapter 3 Meta-analysis 
 

Variable  Definition & Levels 
UID Six Digits (4-digit article number + 2-digit coder number). 
Study Name  Short APA citation for study. 
Effect Name Short from for what the authors characterized as the outcome. 
Treatment Name Name to describe treatment condition. 
Control Name Name to describe control condition. 
Control Description Open description of control intervention. 
Control Intervention A coded description of the control intervention based upon exposure to 

lecture, lab, and technology. 
 Lecture Control experienced only lecture without lab 

or technology. 
Lecture+Lab Control experienced lecture with lab 

activities based outside of technology (e.g., 
physical labs). 

Lecture+Lab+Technology Control experienced lecture with lab 
activities inside the same CBLE as treatment 
students, but without scaffolds. 

Scaffolding Forms Temporary tutorial support provided to the student. Presence or absence of 
each scaffold coded as Y/N. 

 Structuring Instructional environment manipulated by 
tutor in order to manage cognitive load by 
offloading task or to strategically manage 
rigor of task in a stepwise fashion. (Y/N) 

Modeling A full/partial expert example of the correct 
action/final solution delivered to the student. 
(Y/N) 

Prompts/Hints Verbal text delivered to the student in the 
form of a command or suggestion. (Y/N) 

Question Prompts Verbal text delivered to the student in the 
form of a question. (Y/N) 

Cues/Highlights Multisensory messages that direct students in 
what to attend to during problem solving 
activity (i.e., salient features). (Y/N) 

Visualization  Static or dynamic visual depiction of a 
phenomenon to make content accessible in 
terms of vision or duration. (Y/N) 

Feedback Forms A message supplied to the student as a response their submission.  
 No intentional Feedback 

(NIF) 
Student receives results of their activity but 
without an indication of correctness. 

Knowledge of Results (KR) student receives feedback on whether their 
response was correct or not. However, in the 
event that it was incorrect, the program did 
not reveal the correct answer. 

Knowledge of Correct 
Response (KCR) 

student receives feedback on their response 
as well as the correct answer. 

Elaborated Feedback (EF) student receives feedback on their answer, 
the correct answer, and additional 
explanation of the correct response. 
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Internal Threats Evaluation of potential bias 
in study design, research 
conduct, and analyses  

(0=no evidence of threat, 1=minor evidence 
of threat, 2=major evidence of threat that is a 
plausible alternative explanation for results). 

 History An event outside of the research study (such 
as COVID-19) was experienced 
differentially by the treatment and control 
groups. (0-2)  

Maturation Physiological changes of participants during 
the time of the study or differences between 
the development of treatment and control 
groups led to performance differences. (0-2)  

Testing Participants scores were improved by 
frequent exposure to test items (i.e., identical 
pre-posttest taken in close proximity). (0-2)  

Instrumentation Participant performance could be explained 
by a variation in the assessment. (0-2)  

Statistical Regression 
 

Differences in performance can be partially 
explained not as a true gain but as a 
regression in prior performance to the overall 
mean. (0-2)  

Experimental Mortality 
 

Differential attrition between the control and 
treatment groups. (0-2)  

Differential Selection  
 

The samples of the treatment and control 
group were systematically different (such as 
use of intact classrooms with the treatment as 
an early morning class). (0-2)  

External Threats Evaluation of study findings 
ability to be generalized. 

(0=no evidence of threat, 1=minor evidence 
of threat, 2=major evidence of threat that is a 
plausible alternative explanation for results) 

 Limited Description 
 

The description of the experiment is poor and 
lacks full study characteristic details. (0-2)  

Multiple Treatment 
 

Participants are exposed to alternative 
treatments (e.g., experimental condition 
receives more instructional time than control 
condition) that could explain the change in 
performance. (0-2)  

Experimenter Effect 
 

The change in performance could be 
explained by the vested interest of the 
experimenter, especially in a way that would 
be challenging to replicate. (0-2)  

Internal Threats 
Combined 

Sum total of all internal threat ratings for a single outcome.  

External Threats 
Combined 

Sum total of all external threat ratings for a single outcome. 
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