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Abstract

Research in psychology and education indicates that corrective feedback can be a powerful
learning tool. We provide a developmental perspective to focus specifically on how corrective
feedback influences learning in childhood (~ages 3-11). Based on a systematic search, we

review 44 empirical papers published between 1990 and 2022 examining the effects of corrective
feedback on children’s performance in the domains of literacy (7=18), mathematics (/7=14), and
problem solving (7=12). Across these domains, we synthesize research on how children respond to
lessons and practice with, versus without, corrective feedback to provide theoretical and practical
insights into (1) the effectiveness of corrective feedback in early childhood, (2) the features of
effective feedback messages at different ages, and (3) the role of individual learner differences. We
make several novel recommendations with some focused on future research questions and others
focused on ways teachers can provide effective feedback to children.

Feedback is a critical component of the learning process, and there are numerous reviews
on how feedback influences performance (Butler & Woodward, 2018; Kluger & DeNisi,
1996; Shute, 2008; Winstone et al., 2017). However, few reviews focus specifically on

how feedback functions in childhood. Given that children are not just little adults — their
minds, bodies, and environments are often qualitatively different from those of adults (e.g.,
Kuhn & Pease, 2006) — there is a need to better understand the effects of feedback on

early learning. We offer a developmental perspective on the provision of corrective feedback
on children’s academic outcomes. Specifically, we outline three open questions about how
feedback influences learning in childhood that focus on (1) the effectiveness of corrective
feedback in childhood, (2) the features of effective feedback messages at different ages, and
(3) the role of individual learner differences. Then, we report our findings from a systematic
literature review where we identified 44 empirical papers that experimentally examined the
effects of feedback on children’s learning in the areas of literacy, mathematics, and problem
solving. We synthesize this body of work to provide answers to our three questions and to
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develop a set of recommendations for future research and theory in this area and for the
provision of feedback in learning contexts.

Task-Level Corrective Feedback

Feedback is essentially any information regarding someone’s performance or understanding
that is used as a basis for improvement. Though feedback can come in a variety of forms
(e.g., grades, praise, hand-written comments), we focus on task-level corrective feedback
that includes in-the-moment information about a specific response to a target problem (e.g.,
whether a child’s solution to a math equation is correct; see Shute, 2008). This type of
corrective feedback can facilitate knowledge change by signaling a gap between current
and expected levels of performance, strengthening existing knowledge, and facilitating the
identification and correction of errors (see Mory, 2004 for a review).

We recognize that feedback can be construed more broadly to incorporate fluid peer
interactions and classroom discourse. We focus on task-level corrective feedback for both
theoretical and practical reasons. Theoretically, it allows for a precise operationalization of
feedback that avoids conflating the effects of relevant, but distinct learning processes and
isolates the influences of feedback on student cognition. For example, reading a feedback
message that contains the correct answer is different from being asked to self-explain why
an answer is correct (e.g., Rittle-Johnson, 2006). Practically, task-level corrective feedback
is pervasive in class conversations, on homework assignments, and in digital educational
games (e.g., Hargreaves, 2012; Monteiro et al., 2019; NUfez et al., 2015; Schuldt, 2019). For
example, in a study of students’ perceptions of feedback, students characterized the majority
of teacher feedback as descriptions of task-level performance (Harris et al., 2014), and one
student’s drawing of a course assignment epitomized this view by labeling the feedback
components: “this shows that | got the answer correct”; “this tells me what | have done
wrong” (p. 122).

Previous reviews have focused on task-level corrective feedback yet provide little insight
into how it operates early in development. Meta-analyses in this area rarely include factors
related to age or grade (e.g., Hattie & Timperley, 2007; Kluger & DeNisi, 1996; Wisniewski
et al., 2020), and those that do demonstrate a striking imbalance favoring adults. Kulik and
Kulik (1988) reviewed 53 studies that varied the timing of corrective feedback, with 40 of
those studies focusing solely on college students, and only eight including students below
8th Grade. Similarly, a meta-analysis on the effects of feedback on computer-based learning
reviewed 40 studies, only two of which included primary school children (Van der Kleij et
al., 2015). As noted by Céceres et al. (2021), “the evidence on how to design and implement
feedback for students in primary school is scarce” (p. 11990). In this review, we synthesize
the existing evidence in the feedback literature for preschool and elementary school students
to inform theory on how feedback manifests for these students, what effects it might have,
and why.
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Theoretical Framework

To contextualize how we think about the function of corrective feedback, we outline

a prominent Five-Stage Model of feedback processing originally introduced by Bangert-
Drowns and colleagues (1991). We spotlight this model because it has been very influential
in the feedback literature (see Shute, 2008), it is compatible with our operationalization

of task-level corrective feedback, and it allows for interactions between the learner and

the environment in ways that are consistent with developmental theory (e.g., Thelen, 2005;
Vygotsky, 1978).

The Five-Stage Model depicts a cycle with different mental states of the learner (see

Figure 1; Bangert-Drowns et al., 1991). Stage 1 is the learner’s initial state, which includes
individual differences in prior knowledge and interest. Then a question is posed and Stage

2 occurs, in which the learner engages in retrieval of existing information in memory. Stage
3 is the learner’s response to the question and that response is associated with some level

of confidence. Then feedback is provided and Stage 4 occurs, in which the learner evaluates
their response in light of the feedback message. This step includes making sense of the
feedback message, which depends on features of the feedback and the learner’s expectations.
Stage 5 represents the adjustments to knowledge, goals, and interests based on the feedback
evaluation. Adjustments include strengthened or weakened retrieval pathways and high or
low motivation to continue, and these adjustments help determine the next initial state (i.e.,
back to Stage 1).

This model highlights the multistep nature of the feedback process, the mindfulness of the
learner, and the mutual influence between the learner and the environment — all of which

are highlighted in developmental theories. For example, Vygotsky’s (1978) zone of proximal
development focuses on the role of external support and scaffolding, and it suggests that
when children mindfully interact with feedback from a parent or instructor they can develop
the skills and knowledge to solve the task independently. Similarly, a dynamic systems
perspective focuses on how many related parts interact to produce behaviors within a given
social, cognitive, and environmental context (Smith & Thelen, 2003; Thelen, 2005). These
interacting parts certainly include the learner’s knowledge and cognition, but they include
perceptual, motor, and emotional processes as well (e.g., Grundmann et al., 2021). This
perspective, in line with the feedback model, suggests learning from feedback unfolds within
a multi-faceted system in which (a) brief in-the-moment experiences with feedback have the
potential to create lasting, cascading adjustments over a longer time period, and (b) these
changes or adjustments may not occur linearly, continuously, or every time but will depend
on a confluence of factors for each learner on each task (Smith & Thelen, 2003; Thelen,
2005).

Considering this model from a developmental perspective can provide novel insights as
our goal is not to test the Five-Stage Model directly, but to use it as a springboard for
identifying open questions about how feedback functions in childhood. We believe this
model provides an accurate foundation for both children and adults — the five proposed
stages are relevant and ordered correctly. However, a developmental perspective may help
reveal hidden assumptions or stages of the learning process and may allow us to consider
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how different stages may exert varying degrees of influence in childhood. Here we provide
brief examples of how developmental shifts may play a role at each stage, and then we
outline three open questions in the field that stem from these examples.

At Stage 1 and Stage 2, prior knowledge in the target domain has a central place as it helps
form the initial learning state (Stage 1) and determines what information the learners can
activate from long-term memory in response to a question (Stage 2). Prior knowledge in
most academic domains accumulates as people get older and have more experience with the
content, but gains and variability are large in early childhood. Consider that, on average, 2
graders have a core vocabulary of about 5,000 words and 5 graders have about 8,000 words
(i.e., gaining ~three new words each day), and there are large individual differences (e.g.,
Biemiller & Slonim, 2001). Thus, for children, it may be important to measure their prior
knowledge of the task and expect it to influence learning from feedback to a high degree.
At Stage 3 the learner provides a response to the question, and developmental shifts in the
ability to evaluate one’s knowledge may play a role. In general, young children tend to be
overconfident in their knowledge — often predicting that they will remember more than they
do or reporting high levels of certainty on incorrect responses (e.g., Lipko et al., 2009).
This overconfidence in their initial response, which tends to decline with age (e.g., Shin et
al., 2007), may influence children’s propensity to seek out help or feedback or to accept
feedback once it is provided (e.g., Nelson & Fyfe, 2019).

Stage 4 in the model is the evaluation of the feedback message, but this assumes that

the learner has noticed the feedback, that it is in a form they can interpret, and that

they view it as credible. These assumptions may not hold with children who are still
building up expectations about what feedback is and how it is delivered (e.g., Heyman et
al., 2013). For example, selective attention is a cognitive skill that helps direct attention
toward task-relevant information and screen out irrelevant information; it undergoes marked
development across age and may be particularly useful in guiding children’s attention
toward instructional feedback messages (e.g., Plebanek & Sloutsky, 2017; Smith & Kemler,
1977). Yet even older children with years of school experience have been shown to ignore
instructional information, including feedback (e.g., Clarebout & Elen, 2008). In one study,
researchers used eye tracking to examine 11-year-olds’ perceptual processing of visual
feedback in a digital learning game (Tarning et al., 2020). Of all the feedback instances,
33% were not even noticed by the children; and of those that were noticed, 39% were not
read. Finally, Stage 5 represents the actual changes to knowledge and goals, which may
depend on whether learners are motivated to use and incorporate the feedback information
mindfully once they have noticed it and processed its meaning (Bangert-Drowns et al.,
1991). This step may be especially difficult for younger, relative to older children, as they
tend to discount negative feedback or indicate that it should not be used (e.g., “because it can
hurt your feelings”; e.g., Marble et al., 2021).

These examples are not comprehensive and they do not imply that feedback processing will
always operate differently in children and adults. Rather, these examples highlight the many
open questions about children’s learning from task-level corrective feedback and the factors
that may influence it. We outline three of those questions here that motivated this literature
review.
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Three Open Research Questions

The first question is whether corrective feedback has beneficial effects for preschool and
elementary school students. On the one hand, this question is about whether external,
corrective feedback is always necessary, as some knowledge change can unfold as a result of
practice alone and gaining familiarity with the task (e.g., Messer et al., 1996). On the other
hand, this question is about whether young children are capable of learning from corrective
feedback, especially given the required (and sometimes hidden) processes for evaluating the
feedback in Stage 4 and using it to make adjustments in Stage 5 — noticing that feedback
was provided (e.g., seeing the comments, hearing what was said), decoding the feedback
message (e.g., being able to read the feedback, knowing if a check mark means correct),
relating the feedback to the initial response (e.g., comparing the given response to the correct
one), /ntegrating this information with prior knowledge, deciding how to proceed, and acting
on that decision (e.g., Kulhavy & Stock, 1989; Timms et al., 2016). Thus, one goal is to
examine the literature for whether and when children can benefit from corrective feedback
relative to practice without feedback.

The second question is whether there are specific features of feedback that enhance its
efficacy and whether these change with age. Stages 4 and 5 in the model occur after
feedback has been provided and depend on the type of information in the feedback message
and how that interacts with the social and cognitive aspects of the learning context. Children
have less cumulative experience with feedback than adults and may not have the same
assumptions about how it is typically provided (e.g., when or where to look for it, how it

is presented). Indeed, there can be marked differences between what a student interprets as
feedback and what a teacher believes has taken place (e.g., Hattie & Yates, 2014). In part,
these mismatches may stem from the fact that feedback can be provided across multiple
modalities (e.g., written, verbal), at different times (e.g., immediate, delayed), from different
sources (e.g., teacher, computer program), and include different types of information (e.g.,
hints, correct answers). Some of these variations in feedback may be more developmentally
appropriate than others. For example, students in preschool through 3" grade are typically
still learning to read (Chall, 1983) and it may be difficult for them to benefit from written
feedback. Thus, a second goal is to delineate the different features of effective feedback
provided to children at different ages.

The third question is whether the influence of effective feedback depends on individual
learner characteristics in childhood. Many researchers argue that characteristics of the
learner can be as influential, if not more so, as characteristics of the feedback itself (e.g.,
Narciss & Huth, 2004), and a developmental approach indicates a need to consider these
elements during childhood when many cognitive, perceptual, and emotional processes are
still developing. There are a variety of characteristics that form the mental state of the
learner at Stages 1, 2, and 3 in the model and that develop rapidly in early childhood

— including prior knowledge, knowledge monitoring, and working memory. For example,
working memory capacity tends to increase linearly with age (Gathercole et al., 2004),
and even within a small age range working memaory capacity can vary and influence how
learners respond to various forms of feedback (e.g., Wardlow & Heyman, 2016). Thus, a
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third goal of this review is to identify whether the effects of feedback vary for children with
different personal characteristics.

To provide answers to these questions, we conducted a systematic review of the literature
that examines the effects of task-level corrective feedback on children’s learning. We
focused on literacy, mathematics, and problem solving. Literacy and mathematics form the
critical content domains in early elementary school standards (NGACBP, 2010), and early
skills in these two domains are associated with later academic achievement (e.g., Duncan
etal., 2007; Watts et al., 2014). We also included problem solving in our search because
many problem-solving tasks intended for young children tap into their executive function
and self-regulation skills, which are linked with academic achievement (e.g., Rutherford
et al., 2018). We synthesized the empirical work across these topics to provide theoretical
and practical insights into (1) the effectiveness of corrective feedback in childhood, (2)
the features of effective feedback messages at different ages, and (3) the role of individual
learner differences on effective feedback in childhood.

We used five primary criteria to systematically search the feedback literature and locate
empirical papers on how feedback influences children’s learning. To be considered, the
report:

1 Included a sample of children who were in preschool to sixth grade (3 to 11
years old). This range captures the entire elementary school period, which is
often considered to span from kindergarten to fifth grade. Because this school
period can sometimes include the grade levels just before kindergarten (i.e.,
preschool) and just after fifth grade (i.e., sixth grade), we decided to include
research in these grades as well.

2. Included a condition in which children received task-level corrective feedback
and a control condition in which children completed similar activities but with
no feedback. The feedback needed to be contingent on the child’s response to a
target task and provided by an instructor or an instructional device (e.g., digital

game).

3. Used an experimental or quasi-experimental design to compare these conditions.

4, Included outcome measures related to literacy, mathematics, or problem-solving
knowledge.

5. Was published in English as a peer-reviewed journal article between 1990 and
2022.

In early 2022, we searched three databases for relevant research that met these five
criteria: Education Resources Information Center, PsycINFO, and Web of Science. Within
each database, we (1) selected peer-reviewed journal articles, (2) selected English as the
language, and (3) restricted the dates to 1990-2022. Then, we searched the database using
three parameters. The paper needed to include the term feedback in the title or abstract,
andthe paper needed to include relevant topic information in the title or abstract, and'the
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paper needed to include the terms “elementary or early childhood education or preschool or
kindergarten” anywhere in the text. To determine relevant topic information for literacy we
used the search terms “reading or writing or spelling or literacy,” for mathematics we used
the search terms “math* or numeracy,” and for problem solving we used the search terms
“problem solving or cognit*.”

The search produced 2,294 results. After removing duplicates, the search produced 1,658
unique entries. To determine whether these entries met the five criteria for inclusion,

two members of the research team read the title and abstract of each paper and worked
collaboratively to ensure consistency. Ultimately, 220 entries were included for further
review. A third researcher independently coded a random 15% of the 1,658 unique entries
(blind to the other researchers’ judgments), and agreement as to whether it should be
included for further review was high (90%). Thus, the original coders’ decisions were
deemed reliable.

The next step was to read the full papers of these 220 entries to determine which papers
met all five inclusion criteria. Two members of the research team engaged in a two-phase
procedure to ensure reliability of the coding. In the first phase, both researchers read the
same 24 papers together (~10% of entries) to ensure appropriate implementation of the
inclusion criteria and to discuss any disagreements. Next, both researchers read 20 papers
independently (~10% of remaining entries) blind to each other’s’ judgments, and decisions
about inclusion were consistent (90% agreement). One researcher then read all remaining
papers to identify whether they met the five criteria. Of all 220 articles, 34 were deemed
eligible for inclusion in the final review. Many papers were excluded because they lacked
a true control group with no feedback or because the sample included participants outside
the pre-specified age range. The final step was to employ a snowball method in which the
research team examined the reference sections of the 34 papers as well as other papers from
the authors of these articles. This process resulted in 10 additional papers that met our five
criteria. The final set of 44 papers (which included 59 unique experiments) represents the
basis of our analysis.

For each paper, we extracted relevant information about the sample, the research context,
and the features of the feedback provided to participants. For this latter category, we

coded information related to the feedback content, feedback modality, feedback timing,

and feedback source. Two researchers independently coded these features in all 44

papers, discussed minimal discrepancies, and reached consensus. Information for how these
four feedback features were defined and coded across all 44 papers is reported in the
supplemental material (see Table S1). We also extracted information about individual learner
differences and whether they were examined as potential moderators of the effects of
feedback on children’s learning outcomes.

This section presents the findings of the search and has five sections. In the first section
we provide descriptions of the sample and study characteristics across all papers, and in the
second section we provide a narrative summary of the major programs of research within
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each topic. The next three sections include our synthesis of the findings related to our three
questions that focus on (1) the effectiveness of corrective feedback in childhood, (2) the
features of effective feedback messages at different ages, and (3) the role of individual
learner differences.

Section 1: Summary Information Across All Papers

All 44 papers were published between 1990 and 2022, but most were published within the
last 10 years (n= 32/44, 73%). In terms of sample characteristics, just over half of the papers
included samples from the United States (7= 24/44) and almost a quarter included samples
from the Netherlands (/7= 10/44). The remaining 10 papers included samples from Canada
(n=13), Germany (n= 2), Taiwan (n= 2), France (n= 1), Switzerland (7= 1), and the UK (n
=1). Across papers, sample sizes varied from 10 to 1808 (Medlian = 62), and after removing
two outliers, the average sample size was 83. We categorized the samples within the papers
into four bins based on the average age of participating children: 34% of papers focused on
3- to 5-year-olds, 20% focused on 6- to 7-year-olds, 34% focused on 8- to 9-year-olds, and
11% focused on 10- to 11-year-oldst. Only two papers focused on children with learning
disabilities.

In terms of the research context and materials, most of this research was conducted in

a school setting (7= 37/44, 84%) though implementation varied in terms of one-on-one

or group sessions. Just over half of the papers reported using a computer or tablet for

task administration (7= 24/44), and the other papers reported using physical materials
(e.g., paper/pencil, objects, cards). Length of training was typically one session (Median
= 1) though it ranged from one session to 20 weeks (Mean = 6.3 sessions). Almost all
papers included an outcome measure assessing task performance (i.e., ongoing accuracy on
the training task on which feedback is provided) or immediate posttest performance (i.e.,
accuracy on a similar task occurring within a day of training). About half (7= 20/44)
included a measure of maintenance (i.e., accuracy on a similar task several days to months
later), and only eight papers (18%) included measures of transfer to untrained tasks.

In terms of feedback features, there was large variability. Across the 44 papers, there were
60 unique feedback conditions because some papers reported a single experiment with
multiple feedback conditions. Table 1 displays the frequency of each feature; it was common
for feedback to include an explicit verification judgment (e.g., that answer is right/wrong)
(85%) and the correct answer (67%), to be provided in spoken words (60%), to be given
immediately after each item (87%), and to be provided from a person (55%) and/or from a
computer (50%).

Section 2: Narrative Overview Within Each Topic

Our examination of the 44 papers revealed that the literature on children’s learning from
feedback is disjointed with different programs of research focusing on different ages,

Iseveral papers focused on children spanning multiple age ranges. Typically this resulted from studying children in a single grade
(e.g., studying a 2nd grade classroom with mostly 7-year-olds and a few 8-year-olds). Details for each study are in Figures 2, 3 and 4.
One paper (Stevenson et al., 2017) included children from all age bins (from age 4.9 to 11.3) as the researchers combined data from
six separate studies using age-appropriate analogy tasks.
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feedback types, and methodological designs. Given the fragmentary nature of the literature,
we use this section to summarize key programs of research within each topic.

Literacy Skills.—Our search identified 18 papers on children’s literacy skills (see Figure
2), which focused on skill-building interventions in school settings with children ages four
to nine. These papers fit within one of three research programs. The first subset of papers
reported studies on how feedback influenced writing fluency in 3"- and 4™-grade children
(Hier & Eckert, 2014, 2016; Hier et al., 2019; Koenig et al., 2016; Nobel & Grlinke,

2020; Truckenmiller et al., 2014). These studies investigated a multi-week, class wide
writing intervention. Each week, students were given a story prompt and practiced writing

a narrative, and then received performance-based feedback indicating the number of words
they had written and whether this amount increased or decreased relative to prior attempts.
The second subset of papers reported studies on how feedback influenced 18- and 2"9-
graders’ ability to practice reading individual words (Martin-Chang, 2017; Martin-Chang
etal., 2017; Spaai et al., 1991; Van Gorp et al., 2017). These papers offered competing
hypotheses as to why feedback may either benefit children’s reading or instead hinder “self-
teaching” via uninterrupted practice. The third subset of papers investigated feedback that
was incorporated into educational technology, often focused on using automated features of
the program to incorporate prompts or provide multiple attempts to reach the correct answer
(Bonneton-Botté et al., 2020; Kao et al., 2016; Kegel & Bus, 2012; Kegel et al., 2011; Muis
et al., 2015; Patchan & Puranik, 2016).

Mathematics Skills.—Our search identified 14 papers on children’s mathematics skills
(see Figure 3), which focused on comparing different types of feedback and on making
theoretical claims about children’s cognition (e.g., whether strategy change is abrupt). Most
were conducted one-on-one in a school setting, focused on children ages seven to nine,
and fit within one of three subsets of research. The first subset of papers examined how

the timing of feedback influenced arithmetic skills for children with mathematics learning
disabilities (Brosvic et al., 2006; Dihoff et al., 2005). These researchers evaluated the
Immediate Feedback Assessment Technique (IF-AT), which is a scratch-off scantron sheet
that allowed students to get immediate feedback on the accuracy of their answer and
multiple chances to uncover the correct answer. The second subset of papers represented
research on embedding feedback in digital platforms, with several studies that emphasized
the potential benefits of practice without feedback (Fyfe, 2016; Messer et al., 1996) and
others that tested the efficacy of a specific tablet app or program (Faber et al., 2017; Fazio
et al., 2016). A third subset of papers investigated how feedback influenced children’s
understanding of mathematical equality, with emphases on the generation of new strategies
and the moderating role of children’s prior knowledge (Alibali, 1999; Brown & Alibali,
2018; Fyfe et al., 2012; Fyfe & Rittle-Johnson, 2016a, 2016b, 2017).

Problem-Solving Skills.—Our search identified 12 papers on children’s problem-solving
skills (see Figure 4), which examined whether feedback directed children’s attention to
specific features of the problem in a way that enhanced cognitive change. The papers
focused on children ages three to six in controlled, one-on-one settings and included one

of three tasks. One set of papers reported research using the Dimensional Change Card
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Sort task, where children sorted a set of cards using one rule (e.g., by color) and then had
to switch and sort using a new rule (e.g., by shape) (Bohlmann & Fenson, 2005; Espinet

et al., 2013; Tarullo et al., 2018; van Bers et al., 2014; van Bers et al., 2020). These

studies investigated whether demonstrations from an experimenter or salient feedback from
a computer influenced children’s learning of the rules. A second set of papers examined
relational reasoning skills using tasks in which children chose a target option that shared
relational, rather than superficial, commonalities with a source object (Chen et al., 2016;
Chiu & Alexander, 2014; Honomichl & Chen, 2006; Stevenson, 2017; Touw et al., 2020).
These studies focused on children’s explanations of their responses and whether feedback
helped children attend to the problem structure. The remaining two papers used the Balance
Beam task, where children made predictions about the movement of a balance beam with
different configurations of weights (Tudge & Winterhoff, 1993; Tudge et al., 1996). These
studies focused on whether physical feedback (i.e.., the movement of the beam) and peer
collaboration influenced children’s knowledge gains.

Section 3: The Beneficial Effects of Corrective Feedback for Children

Overall, corrective feedback was largely effective in promoting children’s literacy,
mathematics, and problem-solving outcomes relative to practice without feedback. Across
all 44 papers, 41 (93%) reported at least one positive effect of feedback on measures

of learning and performance. Only three papers (Hier et al., 2019; Messer et al., 1996;
Patchan & Puranik, 2016) exclusively reported no benefits of feedback compared to the
no-feedback control condition. The beneficial effects of feedback were pervasive across
topics and most prevalent on measures of performance during training or on an immediate
posttest. Across all three topics, it was extremely common for the researchers to highlight
“the effectiveness of feedback” (Dihoff et al., 2005, p. 63) and how “feedback significantly
increased the effect” of training (Duhon et al., 2015, p. 83). One research group found
benefits of feedback for 5- to 6-year-olds and noted: “We find this particularly noteworthy
and important from a theoretical perspective, given that researchers have previously assumed
that children at this age do not have the skills necessary to regulate such feedback” (Muis
etal., 2015, p. 7). Thus, the results are quite promising as corrective feedback can be used
effectively by children ages three to 11 suggesting theories of feedback should incorporate
the positive effects of corrective feedback across a greater range of the lifespan.

Despite the emphasis on the benefits of feedback, there were certainly mixed effects and
nuances regarding the way feedback conditions were analyzed and compared. In fact, 25
of the 44 papers (57%) reported at least one neutral or negative effect of feedback relative
to the no-feedback condition. Though corrective feedback often improved performance on
the training activities, the knowledge gained from feedback did not consistently transfer to
other outcome measures (e.g., from reading to spelling; Martin-Chang et al., 2017, from
procedures to concepts; Fyfe et al., 2012), nor was it always maintained over time (e.g.,
two to six weeks after training; Hier & Eckert, 2014). This led some researchers to note
that “the effects of feedback are contextual and transient” (Bohlman & Fenson, 2005, p.
130). There were some instances of feedback supporting maintenance over time, and these
were often in studies that included multiple training sessions and/or scaffolded one-on-one
support from the experimenter. These variable effects of feedback on maintenance suggest
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the descriptive aspects of theory on feedback need to be elaborated to consider the tasks,
topics, and contexts in which feedback is implemented. For example, one group concluded
“performance feedback not only is effective but may also be a necessary component” of
elementary school writing interventions (Koenig et al., 2016, p. 289), whereas another
group using a computer program warned others to “not always assume that feedback and
explanations given by a computer will be the... best way to improve performance” (Messer
etal., 1996, p. 295).

As far as differences across the age groups, there was no overarching pattern suggesting
feedback effects get stronger or more positive with age. Instead, positive effects of feedback
were reported in children spanning the entire age range of three to 11. In fact, the most
consistent beneficial effects were reported in the papers on problem solving, which tended
to focus on younger children ages three to six. These benefits were likely due to the

highly structured nature of these problem-solving experiments, which were conducted one-
on-one with an experimenter providing targeted feedback that contained multiple types of
information across multiple modalities. These structured settings may have helped hone
children’s selective attention abilities and foster learning. For example, in Tarullo et al.
(2018), preschool-aged children enhanced their accuracy on a problem-solving task by using
highly salient, trial-by-trial feedback in one condition of the task. The researchers noted that
“stickers appeared on the screen after correct trials and vanished after incorrect trials, so the
link between performance and reward was emphasized on every trial. This approach may
have served to scaffold self-monitoring and maintain motivation and attention” (Tarullo et
al., 2018, p. 174).

Section 4: Effective Features of Corrective Feedback at Different Ages

Considering that almost all papers reported at least one positive effect of feedback, we
looked across each unique feedback condition to identify features of the feedback that

may be most effective (see Table 1). Across the 44 papers, there were 60 unique feedback
conditions that were examined and compared to a no-feedback condition. For each feedback
condition, our goal was to extract information about the feedback content, modality, source,
and timing.

In terms of content, it was typical across ages for the feedback to include a verification
judgment and to supplement this with the correct answer or, more rarely, with multiple
attempts. The inclusion of information beyond the correct answer — gradual prompts leading
up to the answer or explanations of the correct answer — was not common; however, seven of
the 10 conditions with this feature were in the two younger age groups (ages three to seven)
and the frequency of these kinds of prompts decreased across all four age groups with none
present for children ages 10 and 11. This pattern suggests a trend for researchers to provide
more scaffolding in the feedback content prior to age eight.

In terms of modality, feedback in the form of spoken words and visual symbols was fairly
common across ages. However, several features differed by age. Even though visual symbols
were present at various ages, the type of visual symbol was often simplistic for younger
children (e.g., check marks) and included more complex graphical representations for older
children. Two modalities - audio feedback signals (e.g., ascending tones) and physical
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feedback demonstrations - were only reported in papers with younger samples (ages three
to seven). Together, these three trends suggest that corrective feedback for younger children
is often made more perceptually salient. Also, feedback in the form of written words (e.g.,
“You are right!”) was only provided for children ages eight and older. This finding is
consistent with a trend related to the source of feedback. Though feedback from a person or
computer was very common across the full age span, feedback provided on a piece of paper
(e.g., packet of work) was only provided for children ages eight and older and it was most
common in the oldest group (ages 10 to 11).

In terms of timing, the feedback conditions included in this review did not vary much,

as most conditions included immediate feedback after each trial or attempt. Seven of the
eight feedback conditions with delayed feedback focused on the two older groups (ages
eight to 11), but it is not clear that this form of feedback was beneficial. Illustratively,
several papers in the area of mathematics experimentally examined the timing of feedback
and found that trial-by-trial immediate feedback was more helpful compared to delayed
feedback for children ages eight to 11 (e.g., Brosvic et al., 2006; Dihoff et al., 2005; Fyfe
& Rittle-Johnson, 2017). Thus, strong conclusions about the effects of feedback timing on
child knowledge gains are unwarranted.

Our extraction of information from each feedback condition revealed one feedback feature
we had not originally considered, which we refer to as feedback alerts. These alerts were
frequently provided before the child responded to the task and served to let children know
that they would be receiving feedback or to orient them to the type of information that
would be provided. For example, in Spaai et al. (1991), children “were told whether and

in what form spoken feedback would be provided,” and in Labuhn et al. (2010), “students
in any feedback condition were shown the feedback graph and given a brief explanation

in order to make sure that they understood how the graphing was supposed to work.”
Feedback alerts were present in approximately half of all feedback conditions, and they were
included in papers that spanned the full age range, but least frequently with the oldest group
(ages 10 to 11). From a theoretical standpoint, these findings indicate a need for models of
feedback processing to consider features of feedback that occur before the target task and
their influence on student cognition.

Section 5: The Moderating Role of Individual Learner Characteristics

We looked within each of the 44 papers and identified whether individual learner differences
were examined as potential moderators of feedback. The researchers had to have considered
the variable at the individual student level, assessed it prior to training, and explored or
speculated on how it would interact with feedback conditions. Variables that were used
simply to describe the sample or were used only as covariates in statistical models were

not included. Over half of all papers (7= 25/44, 57%) examined at least one individual
difference in this way and 10 papers investigated more than one. Many papers considered
how feedback depended on aspects of children’s prior knowledge (7= 14) or prior
experience related to age or grade (7= 9). Other factors included gender (/7= 6), working
memory (77 = 3), confidence (/7= 2), inhibitory control (7= 1), and genetic make-up (n=

1). In 17 of the 25 papers, researchers found some evidence to suggest that learning from
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feedback depended on the child’s characteristics, most predominantly on prior knowledge or
on prior experience (e.g., time in school).

In the papers that considered prior knowledge, it was common (in 10 of the 14 papers)

for children with low prior knowledge to benefit more from feedback relative to children
with high prior knowledge. In some cases, almost all children benefitted from feedback,

but children with low prior knowledge benefitted the most. For example, as Fazio et al.
(2016) noted: “students with less initial knowledge showed greater improvements than peers
with more initial knowledge” from playing the game with feedback (p. 10). In these papers,
researchers explained the moderating effect as a ceiling or threshold effect, suggesting
lower-knowledge children had more room to grow (e.g., Bonneton-Botté et al., 2020;
Stevenson et al., 2017). In other cases, higher-knowledge children experienced negative
effects of feedback. For example, van Gorp et al. (2017) found that experienced readers
benefitted most from no-feedback during training, which was not true of less experienced
readers (see also Fyfe & Rittle-Johnson, 2012; 2016a; 2016b). In these papers, researchers
speculated that feedback was interrupting high-knowledge children’s internal processing in a
way that made feedback less effective than practice alone.

There were a few cases that showed a somewhat opposite pattern with positive effects

for children who were older or who had more experience. These papers primarily showed
greater benefits of feedback for kindergarteners or first graders at the end of the year
relative to the beginning of the year (Muis et al., 2015; Tudge & Winterhoff, 1993; Spaai
etal., 1991). One research team speculated that “by the eighth month of the academic
year, students’ prior knowledge base was much richer, which may have provided them the
opportunity to adjust their approaches to learning in the feedback condition” (Muis et al.,
2015, p. 11). Together, these findings suggest that children need a sufficient amount of
experience early in development to make sense of the task and feedback, but for most
children the benefits of feedback may actually be stronger for those with lower prior
knowledge of the task.

Discussion

Feedback plays a central role in children’s learning experiences (Hattie & Timperley,

2007), but important nuances emerge when taking into account feedback features, individual
differences, and developmental age. We have provided a developmental perspective and
identified 44 papers between 1990 and 2022 that evaluated the provision of corrective
feedback to children ages three to 11. We extracted information from each paper and

gained practical and theoretical insights into the (1) the effectiveness of corrective feedback
in childhood, (2) the features of effective feedback messages at different ages, and (3)

the role of individual learner differences. Here, we briefly summarize the answers to our
three questions, and then comment on the state of the field and offer recommendations for
research and practice (Figures 5 and 6).

The Effectiveness of Corrective Feedback

Our synthesis revealed that young children can, and often do, benefit from basic corrective
feedback on task-level performance. This result is consistent with research on adults that
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often demonstrates positive effects of feedback for learning outcomes (e.g., Hattie &
Timperley, 2007; Kluger & DeNisi, 1996; Van der Kleij et al., 2015). In the research
surveyed here, it was common for children, regardless of age or topic area, to use the
information in the feedback message to improve their performance on the target task more
so than children who practiced the same task without feedback. These studies often focused
on typically-developing children in preschool to Grade 6 who engaged in one-on-one
training sessions at school, though the context and training features varied greatly across
studies and often depended on whether children were learning to read, solving mathematics
problems, or reasoning about rules.

However, also consistent with the broader literature (see Wisniewski et al., 2020), the effects
of feedback on children’s learning were quite variable, with over half the papers reporting
neutral or negative effects of feedback. This means there were a substantial number of

cases in which children who practiced without feedback did just as well or betterthan
students who practiced with feedback. The papers surveyed here often indicated neutral

or negative feedback effects on measures of maintenance or transfer. Getting students to
transfer knowledge across problems and time is a persistent dilemma in education (Lobato,
2006), and it suggests that additional support may be needed after training with feedback.
There were also some neutral effects of feedback for ongoing task performance; these effects
demonstrate the need to include no-feedback control conditions to test intuitive assumptions
that feedback generally helps (see Messer et al., 1996), and to consider why the feedback
may not always be beneficial. For example, did the children not notice it, not understand it,
or not want to use it? These effects have implications for theory as they suggest that updated
models of feedback processing should break Stage 4 into more nuanced steps (e.g., notice,
decode, evaluate, act upon; see Téarning et al., 2020 and Timms et al., 2016). Demarcating
these steps may help pinpoint the reasons for the neutral and negative effects of feedback,
and can motivate future research on attention to feedback in both children and adults, given
developmental differences in selective attention (e.g., Plebanek & Sloutskey, 2017). In fact,
it was rare for the surveyed studies to focus on in-the-moment processing as it relates to
factors that vary with age — such as attention, confidence, or avoidance of feedback — and
future research could help fill this gap.

The Features of Effective Feedback Messages

The corrective feedback provided in these studies varied in content, modality, timing,

and source. Our synthesis of features pointed to several effective features of feedback

for children ages three to 11. Across these ages, effective feedback conditions included
content that went beyond mere verification (see Shute, 2008). That is, in addition to

simple judgments (e.g., right/wrong, better/worse), the feedback often contained the correct
response and sometimes provided children with additional attempts to solve the same
problem. Also, feedback at these ages was predominantly provided in a spoken and/or
simple visual format from either a person or computer (e.g., checkmark when correct) and
given immediately after each problem or task.

However, there were stark trends suggesting a potential need to tailor feedback features
based on age. For younger children (ages three to seven), feedback content was sometimes

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal. Page 15

supplemented with additional prompts to guide students to the correct answer or with
explanations of the correct answer. Further, the feedback message was made perceptually
salient with audio information (e.g., ascending tone for correct answer) or physical
components (e.g., observing a researcher manually re-sort a card into the correct stack).

In contrast, written feedback and other feedback provided on paper (e.g., charts, scantrons)
were only provided for older children (ages eight to 11), and alerts to future feedback were
scaled back in samples with the oldest children (ages 10 to 11).

Strong recommendations on tailoring feedback across development are difficult to form due
to the disconnected nature of the literature. Certain features of feedback were sometimes
studied in one age group but not another. Notably, scaffolded feedback features including
prompts/explanations, audio symbols, and physical demonstrations were rarely or never
studied in older children ages eight to 11. It is possible that these scaffolds are no longer
necessary at these ages, but even adults sometimes benefit from additional explanation (e.g.,
Butler et al., 2013). Further, strong recommendations on the timing of feedback are not
possible because so few studies examined delayed feedback and almost never did so with
children under age seven. Future research should systematically evaluate these feedback
features at different ages.

The Role of Individual Learner Differences

The 44 papers were consistent with the literature in demonstrating that learner
characteristics can be as important, if not more so, as features of the feedback itself (e.g.,
Narciss & Huth, 2004). A large portion of papers reported moderating effects, similar to
classic aptitude-by-treatment interactions showing that one form of instruction can have
positive effects for one group of learners and weaker or even reversed effects for another
group (Cronbach & Snow, 1977). A variety of characteristics were considered (e.g., gender,
working memory), but the most prevalent was some form of prior knowledge or experience
with the topic. Prior knowledge is frequently considered in the larger feedback literature as
learning involves integrating new information with information stored in long-term memory
(Sweller et al., 1998).

The most consistent finding was for feedback to have stronger positive effects for children
with low prior knowledge or experience relative to children with high prior knowledge

or experience. This result resembles an expertise-reversal effect often reported in adults

in which conditions with more external guidance are likely to benefit novices and
conditions with less external guidance are likely to benefit experts (see Kalyuga, 2007).
High-knowledge learners may waste cognitive resources by processing both internal and
external information that is redundant. These findings are noteworthy because they suggest
feedback directed at children may at times be wrhelpful and the ways in which researchers
consider and measure prior knowledge matters (e.g., domain-general vs. domain-specific)
for enhancing learning outcomes.

Again, the disconnected nature of the literature is relevant as studies focused on prior
knowledge were somewhat overrepresented in the topic of mathematics; thus, research

and theory in other topics need to consider interactions between feedback and prior
knowledge to better understand the generalizability of such patterns. Also, additional learner
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characteristics that have been hypothesized to matter for learning— including interest and
self-efficacy (Bangert-Drowns et al., 1991) — were not considered at all and it could be
fruitful for theoretical models of feedback processing to more precisely incorporate these
characteristics and for empirical research to investigate how they influence the effectiveness
of corrective feedback.

The State of the Field, Limitations, and Future Directions

The 44 papers in the current review are rigorous demonstrations of how feedback influences
children’s learning, and they lead to some tentative recommendations for future research and
practice (see Figures 5 and 6). Each paper is unique, valuable, and offers rich nuance in its
conclusions. Overall, the researchers tended to spotlight the benefits of corrective feedback
for children in preschool and elementary school, while simultaneously recognizing that the
effects of feedback are variable and that other supports may be needed to optimize children’s
learning. Looking across the papers, however, reveals that the state of the field is fragmented
given the siloed programs of research within each topic. Some forms of feedback have been
studied using a paradigm with one age group or topic and using a different paradigm or

not at all with a different age group or topic. These gaps and misalignments create barriers
to forming robust conclusions about the effectiveness of feedback as it is hard to discern
whether different effects are due to developmental changes, design differences, or replication
failures.

There are at least four major gaps which can motivate updates to theory and future empirical
research. First, regarding feedback content, the examination of explanation prompts was
rare, and exceedingly rare in older children. Research is needed to evaluate the potential
advantages and disadvantages of including this additional information in the feedback
message for both younger and older children. Cognitive load theory may help shed light

on how changing the amount or complexity of information in the feedback message interacts
with developmental changes in domain-specific knowledge, attention, and working memory
(Sweller et al., 1998).

Second, although quite a few studies included some form of feedback alert, these alerts
were primarily investigated with 8-year-olds in the domain of literacy. Research is needed to
evaluate their necessity across a range of ages and areas, and to consider whether “feedback
alerts” should be included as a new “Stage 2” in the model of feedback processing before
the target question is even posed (i.e., prior to the current Stage 2). For example, researchers
could experimentally compare a feedback condition with, versus without, a prior alert and
assess how it influences children’s abilities to notice and make sense of the feedback
message. This type of research could inform theories on feedback processing and whether
knowing that feedback is forthcoming alters learners’ cognitive or affective states during the
target task.

Third, the outcome measures predominantly focused on in-the-moment performance or
immediate posttest performance, but more efforts are needed to consistently assess
maintenance over time (especially in mathematics and problem solving) and transfer

to untrained tasks (especially in literacy). Expanding this research to consider affective
outcomes — such as motivation to continue the task or threats to self-esteem (e.g., Hendriks
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etal., 2021; Mangels et al., 2012) — might also be fruitful. For example, one research
group noted that children found feedback less enjoyable, especially feedback on incorrect
responses (Muis et al., 2015). However, most researchers only speculated on how feedback
influenced these affective components rather than measuring them. Feedback theories may
need to be elaborated to better delineate how affective and cognitive outcomes interact,
especially after negative feedback.

Fourth, the training protocols (e.g., number of sessions, setting) varied widely based on

the program of research, but studies in problem solving and mathematics domains were
predominantly conducted in controlled one-on-one settings with a single training session.
These protocols should be expanded to include a wider range of study contexts (e.g.,
class-wide training sessions) to truly evaluate the strength of feedback effects in these topics.

More broadly, researchers focused on one domain should consider how feedback is studied
in other domains. One concrete example is the performance feedback in the literacy topic
that is provided during a class wide writing intervention (e.g., Hier & Eckert, 2014). In these
studies, children practiced writing a narrative over multiple sessions, and received feedback
indicating the number of words they had written and whether this amount increased or
decreased relative to prior attempts. This same type of feedback could potentially be adapted
to help children gain fluency with arithmetic practice (how many solved), with reading novel
words (how many read), or with adhering to new rules on a problem-solving task (how
many sorted). Studying corrective feedback in these cross-domain ways may help fine-tune
theories that speculate on the mechanisms by which feedback alters students’ performance.

Conclusion

Overall, we propose that the papers reviewed here support a developmental perspective that
feedback unfolds within a dynamic system and that brief in-the-moment experiences with
feedback can create knowledge change. The variable effects across the papers suggest that
different factors within the system, including the type of feedback provided and the type

of outcome assessed, can shape the level of learning that occurs. Critically, the synthesis

of these papers has clear theoretical implications for how feedback manifests for young
students, what effects it has, and why. The pattern of findings suggests that theories of
feedback (a) should be elaborated to incorporate the positive effects of corrective feedback
across a greater range of the lifespan, (b) should delineate more specific steps of feedback
processing, including steps that may occur before the target task, and (c) should consider

a greater range of learner characteristics and outcome measures to help explain when the
benefits of feedback will occur and for whom. The more researchers attend to the learner’s
state and to characteristics that vary across development, the better theories of feedback
processing can specify the mechanisms that lead to cognitive change in response to feedback
in early childhood education.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal. Page 18

Acknowledgments

Merrick was supported by a training grant from the Eunice Kennedy Shriver National Institute of Child Health
and Human Development of the National Institutes of Health under Award Number T32HDO007475. The content is
solely the responsibility of the authors and does not represent the official views of the National Institutes of Health.

References

Alibali MW (1999). How children change their minds: Strategy change can be gradual or abrupt.
Developmental Psychology, 35(1), 127-145. 10.1037/0012-1649.35.1.127 [PubMed: 9923470]
Bangert-Drowns RL, Kulik CLC, Kulik JA, & Morgan M (1991). The instructional effect of feedback
in test-like events. Review of Educational Research, 61(2), 213-238. 10.3102/00346543061002213

Biemiller A, & Slonim N (2001). Estimating root word vocabulary growth in normative and
advantaged populations: Evidence for a common sequence of vocabulary acquisition. Journal of
Educational Psychology, 93(3), 498-520. 10.1037/0022-0663.93.3.498

Bohlmann NL, & Fenson L (2005). The effects of feedback on perseverative errors in preschool aged

children. Journal of Cognition and Development, 6(1), 119-131. 10.1207/s15327647jcd0601_7

Bonneton-Botté N, Fleury S, Girard N, Le Magadou M, Cherbonnier A, Renault M, Anquetil E,

& Jamet E (2020). Can tablet apps support the learning of handwriting? An investigation of
learning outcomes in kindergarten classroom. Computers & Education, 151, 103831. 10.1016/
j.compedu.2020.103831

Brosvic GM, Dihoff RE, Epstein ML, & Cook ML (2006). Feedback facilitates the acquisition

and retention of numerical fact series by elementary school students with mathematics learning
disabilities. The Psychological Record, 56(1), 35-54. 10.1007/BF03395536

Brown SA, & Alibali MW (2018). Promoting strategy change: Mere exposure to alternative

strategies helps, but feedback can hurt. Journal of Cognition and Development, 19(3), 301-324.
10.1080/15248372.2018.1477778

Butler AC, Godbole N, & Marsh EJ (2013). Explanation feedback is better than correct answer

feedback for promoting transfer of learning. Journal of Educational Psychology, 105(2), 290.

Butler AC, & Woodward NR (2018). Towards a consilience in the use of task-level feedback to

promote learning. In Federmeier KD (Ed.), Psychology of learning and motivation (pp. 1-38).
Academic Press. 10.1016/bs.plm.2018.09.001

Caéceres M, Nussbaum M, Gonzélez F, & Gardulski V (2021). Is more detailed
feedback better for problem-solving?, Interactive Learning Environments, 29(7), 1189-1210.
10.1080/10494820.2019.1619595

Chall JS (1983). Stages of reading development. New York: McGraw-Hill.

Chen Z, Honomichl R, Kennedy D, & Tan E (2016). Aiming to complete the matrix: Eye-movement
analysis of processing strategies in children’s relational thinking. Developmental Psychology,
52(6), 867-878. 10.1037/dev0000113 [PubMed: 27148778]

Chiu S, & Alexander PA (2014). Young children’s analogical reasoning: The role of immediate
feedback. Journal of Psychoeducational Assessment, 32(5), 417-428. 10.1177/0734282913515442

Cronbach LJ, & Snow RE (1977). Aptitudes and instructional methods: A handbook for research on
interactions. New York: Irvington Publishers.

Damhuis CM, Segers E, & Verhoeven L (2015). Stimulating breadth and depth of vocabulary via
repeated storybook readings or tests. School Effectiveness and School Improvement, 26(3), 382—
396. 10.1080/09243453.2014.965181

Dihoff RE, Brosvic GM, Epstein ML, & Cook MJ (2005). Adjunctive role for immediate feedback in
the acquisition and retention of mathematical fact series by elementary school students classified
with mild mental retardation. The Psychological Record, 55(1), 39-66. 10.1007/BF03395497

Duhon GJ, House S, Hastings K, Poncy B, & Solomon B (2015). Adding immediate feedback to
explicit timing: An option for enhancing treatment intensity to improve mathematics fluency.
Journal of Behavioral Education, 24(1), 74-87. 10.1007/s10864-014-9203-y

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal.

Page 19

Duncan GJ, Dowsett CJ, Claessens A, Magnuson K, Huston AC, Klebanov P, ... & Japel C
(2007). School readiness and later achievement. Developmental Psychology, 43(6), 1428-1446.
10.1037/0012-1649.43.6.1428 [PubMed: 18020822]

Espinet SD, Anderson JE, & Zelazo PD (2013). Reflection training improves executive function in
preschool-age children: Behavioral and neural effects. Developmental Cognitive Neuroscience, 4,
3-15. 10.1016/j.dcn.2012.11.009 [PubMed: 23280362]

Faber JM, Luyten H, & Visscher AJ (2017). The effects of a digital formative assessment tool on
mathematics achievement and student motivation: Results of a randomized experiment. Computers
& Education, 106, 83-96. 10.1016/j.compedu.2016.12.001

Fazio LK, Kennedy CA, & Siegler RS (2016). Improving children’s knowledge of fraction
magnitudes. PloS one, 11(10), e0165243. 10.1371/journal.pone.0165243 [PubMed: 27768756]

Fyfe ER (2016). Providing feedback on computer-based algebra homework in middle-school
classrooms. Computers in Human Behavior, 63, 568-574. 10.1016/j.chb.2016.05.082

Fyfe ER, & Rittle-Johnson B (2016a). Feedback both helps and hinders learning: The causal role of
prior knowledge. Journal of Educational Psychology, 108(1), 82—-97. 10.1037/edu0000053

Fyfe ER, & Rittle-Johnson B (2016b). The benefits of computer-generated feedback for
mathematics problem solving. Journal of Experimental Child Psychology, 147, 140-151. 10.1016/
J.jecp.2016.03.009 [PubMed: 27082020]

Fyfe ER, & Rittle-Johnson B (2017). Mathematics practice without feedback: A desirable difficulty in
a classroom setting. Instructional Science, 45(2), 177-194. 10.1007/s11251-016-9401-1

Fyfe ER, Rittle-Johnson B, & DeCaro MS (2012). The effects of feedback during exploratory
mathematics problem solving: Prior knowledge matters. Journal of Educational Psychology,
104(4), 1094-1108. 10.1037/a0028389

Gathercole SE, Pickering SJ, Ambridge B, & Wearing H (2004). The structure of working memory
from 4 to 15 years of age. Developmental Psychology, 40(2), 177. 10.1037/0012-1649.40.2.177
[PubMed: 14979759]

Grundmann F, Scheibe S, & Epstude K (2021). When ignoring negative feedback is functional:
Presenting a model of motivated feedback disengagement. Current Directions in Psychological
Science, 30(1), 3-10. 10.1177/0963721420969386

Hargreaves E (2012). Teachers’ classroom feedback: Still trying to get it right. Pedagogies: An
International Journal, 7(1), 1-15. 10.1080/1554480X.2012.630454

Harris LR, Brown GT, & Harnett JA (2014). Understanding classroom feedback practices: A study of
New Zealand student experiences, perceptions, and emotional responses. Educational Assessment,
Evaluation and Accountability, 26(2), 107-133. 10.1007/s11092-013-9187-5

Hattie J, & Timperley H (2007). The power of feedback. Review of Educational Research, 77(1),
81-112. 10.3102/003465430298487

Hattie JAC, & Yates GCR (2014). Using feedback to promote learning. In Benassi VA, Overson CE, &
Hakala CM (Eds.), Applying science of learning in education: Infusing psychological science into
the curriculum (pp. 45-58). Washington, DC: Society for the Teaching of Psychology.

Hendriks E, Muris P, & Meesters C (2021). The influence of negative feedback and social rank on
feelings of shame and guilt: A vignette study in 8-to 13-year-old non-clinical children. Child
Psychiatry & Human Development, 1-11. 10.1007/s10578-021-01143-4

Heyman GD, Fu G, & Lee K (2013). Selective skepticism: American and Chinese children’s reasoning
about evaluative academic feedback. Developmental Psychology, 49(3), 543. [PubMed: 23276127]

Hier BO, & Eckert TL (2014). Evaluating elementary-aged students’ abilities to generalize and
maintain fluency gains of a performance feedback writing intervention. School Psychology
Quarterly, 29(4), 488-502. 10.1037/spg0000040 [PubMed: 24708279]

Hier BO, & Eckert TL (2016). Programming generality into a performance feedback writing
intervention: A randomized controlled trial. Journal of School Psychology, 56, 111-131. 10.1016/
j.jsp.2016.03.003 [PubMed: 27268572]

Hier BO, Eckert TL, & Viney EA (2019). Generalization and maintenance effects of writing
fluency intervention strategies for elementary-age students: A randomized controlled trial. School
Psychology Review, 48(4), 377-382. 10.17105/SPR-2017-0123.V48-4

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal.

Page 20

Honomichl RD, & Chen Z (2006). Learning to align relations: The effects of feedback and self-
explanation. Journal of Cognition and Development, 7(4), 527-550. 10.1207/s15327647jcd0704_5

Kalyuga S (2007). Expertise reversal effect and its implications for learner-tailored instruction.
Educational Psychology Review, 19(4), 509-539. 10.1007/s10648-007-9054-3

Kao GYM, Tsai CC, Liu CY, & Yang CH (2016). The effects of high/low interactive electronic
storybooks on elementary school students’ reading motivation, story comprehension and
chromatics concepts. Computers & Education, 100, 56-70. 10.1016/j.compedu.2016.04.013

Kegel CA, & Bus AG (2012). Online tutoring as a pivotal quality of web-based early literacy
programs. Journal of Educational Psychology, 104(1), 182-192. 10.1037/a0025849

Kegel CA, Bus AG, & van 1Jzendoorn MH (2011). Differential susceptibility in early literacy
instruction through computer games: The role of the dopamine D4 receptor gene (DRD4). Mind,
Brain, and Education, 5(2), 71-78. 10.1111/j.1751-228X.2011.01112.x

Kluger AN, & DeNisi A (1996). Effects of feedback intervention on performance: A historical review,
a meta-analysis, and a preliminary feedback intervention theory. Psychological Bulletin, 119(2),
254-284.10.1037/0033-2909.119.2.254

Koenig EA, Eckert TL, & Hier BO (2016). Using performance feedback and goal setting to improve
elementary students’ writing fluency: A randomized controlled trial. School Psychology Review,
45(3), 275-295. 10.17105/SPR45-3.275-295

Kuhn D, & Pease M (2006). Do children and adults learn differently? Journal of Cognition and
Development, 7(3), 279-293. 10.1207/s15327647jcd0703_1

Kulhavy RW, & Stock WA (1989). Feedback in written instruction: The place of response certitude.
Educational Psychology Review, 1(4), 279-308. 10.1007/BF01320096

Kulik JA, & Kulik C-LC (1988). Timing of Feedback and Verbal Learning. Review of Educational
Research, 58(1), 79-97. 10.3102/00346543058001079

Labuhn AS, Zimmerman BJ, & Hasselhorn M (2010). Enhancing students’ self-regulation and
mathematics performance: The influence of feedback and self-evaluative standards. Metacognition
and Learning, 5(2), 173-194. 10.1007/s11409-010-9056-2

Lipko AR, Dunlosky J, & Merriman WE (2009). Persistent overconfidence despite practice: The role
of task experience in preschoolers’ recall predictions. Journal of Experimental Child Psychology,
103(2), 152-166. 10.1016/j.jecp.2008.10.002 [PubMed: 19058813]

Lobato J (2006). Alternative perspectives on the transfer of learning: History, issues, and
challenges for future research. The Journal of the Learning Sciences, 15(4), 431-449. 10.1207/
$15327809j1s1504_1

Mangels JA, Good C, Whiteman RC, Maniscalco B, & Dweck CS (2012). Emotion blocks the path
to learning under stereotype threat. Social Cognitive and Affective Neuroscience, 7(2), 230-241.
[PubMed: 21252312]

Marble KE, Boseovski JJ, & Hill A (2021). Is honesty always the best policy? Children’s perceptions
of negative performance feedback. Social Development, 30(4), 910-923.

Martin-Chang S (2017). Learning to read with and without feedback, in and out of context. Journal of
Educational Psychology, 109(2), 233-244. 10.1037/edu0000131

Martin-Chang S, Ouellette G, & Bond L (2017). Differential effects of context and feedback on
orthographic learning: How good is good enough? Scientific Studies of Reading, 21(1), 17-30.
10.1080/10888438.2016.1263993

Messer DJ, Mohamedali MH, & Fletcher B (1996). Using computers to help pupils tell the time, is
feedback necessary?. Educational Psychology, 16(3), 281-296. 10.1080/0144341960160305

Monteiro V, Mata L, Santos N, Sanches C, & Gomes M (2019). Classroom talk: The ubiquity of
feedback. Frontiers in Education, 4, 140. 10.3389/feduc.2019.00140

Mory EH (2004). Feedback research revisited. In Jonassen DH (Ed.), Handbook of research on
educational communications and technology (pp. 745-783). Mahwah, NJ: Lawrence Erlbaum
Associates Publishers.

Muis KR, Ranellucci J, Trevors G, & Duffy MC (2015). The effects of technology-mediated
immediate feedback on kindergarten students’ attitudes, emotions, engagement and learning
outcomes during literacy skills development. Learning and Instruction, 38, 1-13. 10.1016/
j.learninstruc.2015.02.001

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal.

Page 21

Narciss S, & Huth K (2004). How to design informative tutoring feedback for multimedia learning. In
Niegemann HM, Leutner D, & Brunken R (Eds.), Instructional design for multimedia learning (pp.
181-195). Minster, Germany: Waxmann.

Nelson LJ, & Fyfe ER (2019). Metacognitive monitoring and help-seeking decisions on mathematical
equivalence problems. Metacognition and Learning, 14, 167-187. doi:10.1007/s11409-019-09203-
w

Nufez JC, Suarez N, Rosério P, Vallejo G, Cerezo R, & Valle A (2015). Teachers’ feedback on
homework, homework-related behaviors, and academic achievement. The Journal of Educational
Research, 108(3), 204-216. 10.1080/00220671.2013.878298s

National Governors Association Center for Best Practices & Council of Chief State School Officers.
(2010). Common Core State Standards for English language arts & literacy in history/social
studies, science, and technical subjects, Appendix A. Washington, DC: Author. Retrieved from
Common Core State Standards Initiative website: http://www.corestandards.org/the-standards

Nobel K, & Griinke M (2020). Effects of a Computerized STOP & LIST Intervention to Foster Text
Production Skills in Students Who Struggle With Composition Writing. Insights into Learning
Disabilities, 17(1), 73-85.

Patchan MM, & Puranik CS (2016). Using tablet computers to teach preschool children to write
letters: Exploring the impact of extrinsic and intrinsic feedback. Computers & Education, 102,
128-137. 10.1016/j.compedu.2016.07.007

Rieben L, Ntamakiliro L, Gonthier B, & Fayol M (2005). Effects of various early writing practices on
reading and spelling. Scientific Studies of Reading, 9(2), 145-166. 10.1207/s1532799xssr0902_3

Rittle-Johnson B (2006). Promoting transfer: Effects of self-explanation and direct instruction. Child
Development, 77(1), 1-15. 10.1111/j.1467-8624.2006.00852.x [PubMed: 16460521]

Rutherford T, Buschkuehl M, Jaeggi SM, & Farkas G (2018). Links between achievement, executive
functions, and self-regulated learning. Applied Cognitive Psychology, 32(6), 763-774. 10.1002/
acp.3462

Schuldt LC (2019). Feedback in action: Examining teachers’ oral feedback to elementary writers.
Teaching and Teacher Education, 83, 64-76. 10.1016/j.tate.2019.03.020

Shin H, Bjorklund DF, & Beck EF (2007). The adaptive nature of children’s overestimation in a
strategic memory task. Cognitive Development, 22(2), 197-212. 10.1016/j.cogdev.2006.10.001

Shute VJ (2008). Focus on formative feedback. Review of Educational Research, 7(1)8, 153-189.
10.3102/0034654307313795

Smith LB, & Thelen E (2003). Development as a dynamic system. Trends in cognitive sciences, 7(8),
343-348. 10.1016/S1364-6613(03)00156-6 [PubMed: 12907229]

Spaai GW, Ellermann HH, & Reitsma P (1991). Effects of segmented and whole-word sound
feedback on learning to read single words. The Journal of Educational Research, 84(4), 204-214.
10.1080/00220671.1991.10886017

Stevenson CE (2017). Role of working memory and strategy-use in feedback effects on children’s
progression in analogy solving: An explanatory item response theory account. International
Journal of Artificial Intelligence in Education, 27(3), 393-418. 10.1007/s40593-016-0129-5

Sweller J, Merrienboer J, & Paas F (1998). Cognitive architecture and instructional design.
Educational Psychology Review, 10, 251-296. 10.1023/A:1022193728205

Tarning B, Lee YJ, Andersson R, Mansson K, Gulz A, & Haake M (2020). Assessing the black box
of feedback neglect in a digital educational game for elementary school. Journal of the Learning
Sciences, 29(4-5), 511-549. 10.1080/10508406.2020.1770092

Tarullo AR, Nayak S, St. John AM, & Doan SN (2018). Performance effects of reward-related
feedback on the Dimensional Change Card Sort task. The Journal of Genetic Psychology, 179(4),
171-175. 10.1080/00221325.2018.1466264 [PubMed: 29757113]

Thelen E (2005). Dynamic systems theory and the complexity of change. Psychoanalytic Dialogues,
15(2), 255-283. 10.1080/10481881509348831

Timms M, DeVelle S, & Lay D (2016). Towards a model of how learners process feedback: A deeper
look at learning. Australian Journal of Education, 60(2), 128-145. 10.1177/0004944116652912

Educ Psychol. Author manuscript; available in PMC 2024 January 01.


http://www.corestandards.org/the-standards

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fyfe etal.

Page 22

Touw KW, Vogelaar B, Thissen F, Rovers S, & Resing WC (2020). Progression and individual
differences in children’s series completion after dynamic testing. British Journal of Educational
Psychology, 90(1), 184-205. 10.1111/bjep.12272 [PubMed: 30868575]

Truckenmiller AJ, Eckert TL, Codding RS, & Petscher Y (2014). Evaluating the impact of feedback
on elementary aged students’ fluency growth in written expression: A randomized controlled trial.
Journal of School Psychology, 52(6), 531-548. 10.1016/j.jsp.2014.09.001 [PubMed: 25432270]

Tudge J, & Winterhoff P (1993). Can young children benefit from collaborative problem solving?
Tracing the effects of partner competence and feedback. Social Development, 2(3), 242-259.
10.1111/j.1467-9507.1993.tb00016.x

Tudge JRH, Winterhoff PA, & Hogan DM (1996). The cognitive consequences of collaborative
problem solving with and without feedback. Child Development, 67(6), 2892-2909. 10.1111/
J.1467-8624.1996.tb01894.x

van Bers BM, Visser |, & Raijmakers M (2014). Preschoolers learn to switch with causally related
feedback. Journal of Experimental Child Psychology, 126, 91-102. 10.1016/j.jecp.2014.03.007
[PubMed: 24892884]

van Bers B, van Schijndel T, Visser I, & Raijmakers M (2020). Cognitive flexibility training has direct
and near transfer effects, but no far transfer effects, in preschoolers. Journal of Experimental Child
Psychology, 193, 104809. 10.1016/j.jecp.2020.104809 [PubMed: 32062406]

Van der Kleij FM, Feskens RCW, & Eggen TIHM (2015). Effects of feedback in a computer-based
learning environment on students’ learning outcomes: A meta-analysis. Review of Educational
Research, 85(4), 475e511. 10.3102/0034654314564881

van Gorp K, Segers E, & Verhoeven L (2017). The role of feedback and differences between good and
poor decoders in a repeated word reading paradigm in first grade. Annals of Dyslexia, 67(1), 1-25.
10.1007/s11881-016-0129-z [PubMed: 27068186]

Vygotsky L (1978). Mind in Society. Cambridge: Cambridge University Press.

Wardlow L, & Heyman GD (2016). The roles of feedback and working memory in children’s reference
production. Journal of Experimental Child Psychology, 150, 180-193. 10.1016/j.jecp.2016.05.016
[PubMed: 27322727]

Watts TW, Duncan GJ, Siegler RS, & Davis-Kean PE (2014). What’s past is prologue: Relations
between early mathematics knowledge and high school achievement. Educational Researcher,
43(7), 352-360. 10.3102/0013189X14553660 [PubMed: 26806961]

Winstone NE, Nash RA, Parker M, & Rowntree J (2017). Supporting learners’ agentic engagement
with feedback: A systematic review and a taxonomy of recipience processes. Educational
Psychologist, 52(1), 17-37. 10.1080/00461520.2016.1207538

Wisniewski B, Zierer K, & Hattie J (2020). The power of feedback revisited: A meta-analysis
of educational feedback research. Frontiers in Psychology, 10, 3087. 10.3389/fpsyg.2019.03087
[PubMed: 32038429]

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Fyfe etal.

Page 23

Stage 1:
Initial State of Learner

4

Question is
Posed

. 4

Stage 2:
Search & Retrieval

4

Stage 3:
Response to Question

. 4

Feedback
is Provided

. 4

Stage 4:

Evaluation of Feedback

. 4

Stage 5:
Adjustment

Figure 1.

Five-stage model of feedback processing by Bangert-Drowns et al. (1991)
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Figure 3. Study characteristics within mathematics (n = 14 papers, n = 21 experiments)

Note. Abbreviations: FB = Feedback; MLD = Mathematics Learning Disability
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Fenson (2005) ey 24 preschoolers Onc-on- Verbal and Physical Correct I s Performance during training; 2::;“:::;::$g:;8l
(age 3) oncinlab | Answer FB; Practice Only L Same-day Posttest g %
No effect on posttest
29 preschoolers | One-on- comestAntme D o : Next-day Posttest; Next-day Far Fosltive affect of KB an
CardSort. | fenag) one in lab winls R i I prctice ssssion Transfer to False Belief Task. | Psttest; No sffects on far
Practice Only transfer
Espinet, Card Sort 28 preschoolers One-on- e A:is‘;:il? :n 1 . Next-day Posttest; Next-day Far Po::w::':&ctf:fin 0';.
Anderson, & iz (age 2-4) oncinlab | PEOH Dn‘l’ P Forn Transfer to False Belief Task st i
Zelazo (2013) mel Lutate!
C t Ansvier FB Correct Positive effect of both FB
56 preschoolers One-on- S 5 - Performance during training; conditions on training;
Car o (age 2-4) one in lab m:::?}]r Reflection; Aiprccosession Next-day Posttest Positive effect of Reflection
2 Eroup on posttest
preschoolers St er ysical Correct : < ] ositive effect of FB relative
Card Sort o6 kool ?::1:“ Yochaland Fo LG 1 tice session z::nf:-da P';::::S = 3 =t £ED 1ol
(age 3-4) s Answer FB; Practice Only PIAE ity s to No FB
van Bers, Visser, One-on- : Performance during training; e :
i 51 preschoolers Z Verbal and Physical Correct ¥ x Positive effect of FB relative
& Raijmakers Card Sort one in 2 - 1 practice session Same-day Posttest;
(2014) (age 3) RS Answer FB; Practice Only i 7 days later to No FB
Card Sort 52 preschoolers Oncton' Verbal and Physical Correct 1 i b Performance during training; Positive effect of FB relative
b (age 3) r;;:l Answer FB; Practice Only b Same-day Generalization to No FB
gﬂ;‘:‘ I:ﬁ;k' Card Sort 105 preschoolers | One-on- Verification Feedback with 1 haactic o Performance during trainia Positive effect of FB, but
_(2_;” s)“' ot o (age 3-4) one in lab Sticker Reward; No Feedback PIaCce Seat0 2 et A longer responsc times
van Bers:van Card Sort 51 preschoolers E'::f:n‘ Verbal and Physical Correct ety Performance during training; Positive effect of FB relative
s Vaimr (age 3) Schl:ol Answer FB; Practice Only s Maintenance 7 days later to No FB
& Raijmakers One-on- 7 Performance during training; Positive effect of FB on
(2020) Card Sort ?: ngrhwlcm one in K::lﬂ:;;g? ;f:;:le%nl : 1 practice session Maintenance 7 dayi later; ]-Far training and maintenance;
& school " i Transfer to cognitive task No effect of FB on transfer
. ” One-on- Positive effect of FB relative
Honomichl & Analogical | 59 pre-K and K 2 Correct Answer FB + . . : i L
Chen (2006) Reasoning | (age 3-5) ::;I;:GI::: Explanation; Practice Only | practice session Performance during training ::;::Cl;?lﬁcl:ongcr effect for
Chiu & Alexander | Analogical | 80 preschool 2“"":"‘ Verification + Try Againuntil | o Pesformance during trainin Positive cffect of FB relative
(2014) Reasoning | (age 5) wml Correct FB; Practice Only PIIEHES SO L e fuTng SmInME to No FB
E:::‘e:lcz'?;hl' Analogical ::h::lml One-on- Correct Answer FB + 1 practice session SIS S Positive effect of FB relative
2016 Y Reasoning (age 5-6) one in lab Explanation; Practice Only pra g g to No FB
Gradual Prompts + Correct Both FB types better than
Analogical | 999 K -4® grade | Computers | Answer FB; Verification + Try 5 3 control; Prompts better than
Sgevenson (2017) Reasoning | (age4-11) at school Again until Correct FB; “practice sostors Nexi:day Pastest Verification; Better for high
Practice Only WM, low prior knowledge
:]‘.‘::;w'nv;g::a::& Relational 164 2* graders Tablets at riuarl FP:TPI!; :C(:r.:.?:‘ 2 practice sessions e oy Positive effect of FB on
KDy “ Patterns (age 6-9) school WL S ITICVE Y over 2 weeks EMECme L orn gains from pretest to posttest
Resing (2020) Control
One-on- ot
. ; e Positive effects of FB over
Tudge & Bal #1 Kindergarten one or Physical Verification FB; f . Three-day-later Posttest; ~One- s :
Winterhoff (1993) | Scale (age 5-6) partners in | Practice Only & PracHice fenicay month-later Posttest S Stronger for d'lldf'm
sibool with more school experience
One-on-
Tudge. 180 1% & 2 : = : 2 5
o Balance one or Physical Verification FB; e : Six-day-later Posttest; Four- Positive and stable effects of
Winterhot, & Scale Task graders partners in | Practice Only dpractic sosion Wecek-later Posttest FB relative to No FB
Hogan (1996) (age 6-9) s

Figure 4. Study characteristics within problem solving (n = 12 papers, n = 18 experiments)
Note. Abbreviations: FB = Feedback

Educ Psychol. Author manuscript; available in PMC 2024 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Fyfe etal.

Page 27

The Current State of the
Feedback Field Corresponding Recommendations For Research

Experimental contrasts of feedback
versus no-feedback were rare with
samples of children

Almost all papers reported at least one
benefit of corrective feedback for
children ages 3-11

Over half the papers also reported at
least one neutral or negative effect of mjp-
corrective feedback

Corrective feedback was implemented
in a wide variety of ways with unique e
combinations of feedback features

The literature was fragmented with
siloed programs of work that created =
barriers to forming robust conclusions

e N
Need a more expansive research base on how corrective feedback influences
learning in early childhood.

\ J
(" Move on from asking “if” children can Investigate in-the-moment attention to )
benefit, to asking when feedback can feedback (e.g., noticing, decoding) to
\_  support maintenance and transfer. specify how feedback exerts benefits. )

N
Include no-feedback control conditions to test intuitive assumptions that practice
alone is ineffective for young children.
\ J

( Specify precisely how the feedback was

implemented in terms of content, feedback alerts that are provided before

Experimentally evaluate the necessity of )

\_ modality, timing, and source. the target task. )

Include measures of Use group settings with Examine scaffolded )
transfer, especially in longer training in math feedback features with

studies on literacy. and problem solving. older children (8-11). )

Figureb.
The state of the field and

corresponding recommendations for research
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Tentative Recommendations for Providing Task-Level Corrective Feedback Based on Current Evidence

Set reasonable expectations: corrective feedback often helps,
but not always. Additional support may be needed.
Feedback often had positive effects on children’s on-going performance
and on similar tasks administered soon after training. Benefits on un-
trained tasks or over longer periods of time were less common.

Expect the effects of feedback to vary across children, and to
potentially be weaker for those with high prior knowledge.
In a sizeable portion of papers, the effects of feedback depended on child
characteristics. The most consistent result was to find fewer positive
effects for those with high prior knowledge of the topic.

Consider providing feedback alerts prior to the provision of
feedback to help children know what to expect.
About half of the feedback conditions in these papers included some form
of feedback alert. These alerts let children know that feedback was
forthcoming and sometimes helped orient them to the information.

Figure 6.
Tentative recommendations for practice

Corrective feedback for children should go beyond verification
and be provided in a spoken and/or visual format.
Across 44 papers, these feedback features were common for children
ages 3 to 11 and often associated with positive effects. Correct answers
and prompts to try again were typical ways to go beyond verification.

For children ages 3 to 7, feedback may need to include extra
prompts or explanation and be made perceptually salient.
Audio features (e.g., ascending tones) and physical demonstrations were
used to make the feedback salient. These features may have helped
younger children notice the feedback and understand what it meant.

For children ages 8 to 11, feedback can be provided in writing,
and can potentially include more complex visual symbols.
Only papers with older children included feedback with written words.
Given their enhanced reading capacity, older children may be more likely
to benefit from a wider variety of corrective feedback forms.
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