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Article History Access to and use of feedback is a key element in students’ acquisition of
Received: knowledge and skills. However, given limited educational resources and large

classes, technology-enhanced feedback is taking on an increasing role in
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education. These systems can assist the feedback process holistically by
generating, delivering, and using feedback. In order to provide researchers and
teachers with information on new technology-enhanced feedback systems, this
review provides an overview of technology-enhanced feedback systems research

Keywords

since 2015. A systematic review screening identified 98 articles for detailed

Technology-enhanced . L .
v review and categorization based around the three processes of feedback discussed

feedback

Automated feedback in the articles. Results indicated that feedback-generating technology enables the
Assessment provision of real-time, multi-type feedback and the handling of various types of
Learning systems tasks. For delivering feedback, technology expands the forms and sources of

feedback, allowing for multimodal and multi-perspective feedback. Moreover,
technology facilitates self-assessment, helping students to understand and use
feedback effectively. The review concludes with recommendations and a call for

more attention to how students understand and use feedback.

Introduction

Feedback is one of the most critical influences on learning. It is conceptualized as information provided by an
agent (e.g., instructor, peer, computer) regarding aspects of one’s performance or understanding (Cook et al.,
2013; Hattie & Timperley, 2007). Cognitive, motor skills, motivational, and behavioral outcomes are all
influenced by feedback, but there are many moderating variables affecting these relationships (Wishiewski et al.,
2020). To improve learning outcomes, it is not enough to simply provide feedback but sufficient and high-quality
feedback is needed (Dawson et al., 2018; Gibbs & Simpson, 2005). Trying to achieve this goal with large classes
and short time is difficult, but technological developments over the past decade have created, new options and a
distinct genre of feedback: technology-enhanced feedback (TEF). TEF may be understood as feedback of, for,
and as learning where technology is leveraged to benefit feedback experiences or outcomes, and it emphasizes the
positive role of technology in education (Kurvinen et al., 2020; Munshi & Deneen, 2018). The widespread use of
modern technology in education has led to a shift in the form of feedback today. Emerging technologies such as
adaptive feedback, intelligent tutoring systems, and audio-video feedback are constantly being developed and

progressively evolving to provide learners with better educational resources (Bagrova et al., 2018; Singh et al.,
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2013). Technology-enhanced feedback differs from offline feedback, where students engage in feedback practices
in class, whether paper-based or face-to-face. Offline feedback, while widely practiced, faces challenges such as
limitations in time and space, less effective collaboration and critical thinking (Su & Beaumont, 2010), less
beneficial comments (Astrid et al., 2021), and shallow engagement (Chen, 2016). Meanwhile, feedback in
technology-enhanced learning environments has been proven to be an effective method for improving students’
learning achievement (Cai et al., 2023; Lim et al., 2021b; Nadolski & Hummel, 2017). The results of comparative
studies between offline and online feedback indicate that online students exhibit higher engagement and writing
self-efficacy, and they perceive online feedback as more valuable (Denton et al., 2008; Lee & Evans, 2019;
Peungcharoenkun & Waluyo, 2024). Meanwhile, meta-analysis studies suggest that technology-enhanced

feedback is more effective and supportive and has lots of advantages (Jongsma et al., 2023; Swart et al., 2019).

Although TEF offers significant advantages, some studies have shown that its effects are not always significant
and can even have negative impacts (Ruan et al., 2020; Sun & Yeh, 2017). Students perceive online feedback as
impersonal (McCabe et al., 2011; Parkin et al., 2012), and these experiences can have serious implications,
potentially leading to lower levels of connection and investment in their learning. For example, systems that only
support text-based feedback can make it difficult to convey emotions and tone accurately, leading to potential
misunderstandings and affecting the quality of interaction. Additionally, the asynchronous nature of some TEF
systems can cause delays in receiving feedback, explanations, and clarifications, which may hinder students’
immediate engagement. Anonymity, while intended to foster unbiased responses, can lead to non-specific
feedback due to the absence of accountability, potentially leading to less thoughtful and detailed feedback and
reducing its overall quality. On the one hand, while students may expect to receive timely and frequent online
feedback about their performance or work (Mory, 2004), this feedback may not always be available. On the other
hand, students may also feel overwhelmed by the sheer volume of discussion posts and online feedback (Ware &
Warschauer, 2006), and may be uncomfortable with certain forms of online feedback, such as video feedback
(Cheng & Li, 2020). Therefore, to ensure that appropriate TEF systems are employed to achieve effective

outcomes, it is essential to explore the current system features and the role of technology within them.

Researchers have investigated different features of TEF systems and how these features help students engage in
the feedback process. However, most studies center on specific systems and contexts, and only a few have
provided a general overview of TEF systems. The review by Munshi and Deneen (2018) gave a global description
of TEF studies that were mainly published before 2015. They described the functions of 10 common types of
feedback systems, the impact of four of them on students, and how to evaluate feedback systems. Considering the
dynamic landscape of technology, including TEF systems, reassessment is necessary to comprehend their current
status. Therefore, this review focuses on articles published after 2015 within the entire field of TEF to gain a fresh,
comprehensive understanding of the domain. Additionally, a unique aspect of this study is its focus on the entire
feedback process, including generation, delivery, and use. The reason for this framework is that feedback is a
communication process, and its effectiveness is based on a shared understanding between the two parties (Higgins
et al., 2001). TEF systems are supposed to enhance the communicative process of feedback (Hatziapostolou &
Paraskakis, 2010). Attention must be paid to the whole communication process in order to assist students in using

feedback to develop and reconstruct meaning (Van der Kleij et al., 2019). In conclusion, this paper explores how
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TEF systems since 2015 have supported the whole feedback process.

Method

To obtain a standardized and replicable result, a systematic review was used as the research method, and PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-Analyses) Statement as the model (Page et al., 2021).
The purpose of this study was to explore how technology has been used to assist with feedback in educational

contexts. Figure 1 shows the flow of the identification, screening, eligibility, and inclusion steps used in this study.

Identification of studies via databases and registers

o
c Records identified from:
:.% Databases (n =718) Records remaved before
o WaS (n=274) »| Screening.
£ Scopus (n = 295) Duplicate records removed
5 ERIC (n = 96) (n=343)
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S
v
Records excluded after reading
Records screened L »| title and abstract
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o
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Mo use of technology-
enhanced feedback (n = 50)
Mot educational setting (n =
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Not empirical study (n = 33)
S
b
= Studies included in review
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£

Figure 1. PRISMA Flow Diagram.
Research Questions
RQ 1: How does technology contribute to the generation of feedback?
RQ 2: How does technology assist teachers or learners in delivering feedback?
RQ 3: How can technology help learners use or understand feedback?

Search Process

The first step of the search process was defining the main search terms. The search string was composed of three
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main terms: “technology enhanced”, “feedback”, and “learning”. In the second step, each main term was expanded
into multiple synonymous terms. The following synonymous terms were identified through a survey of previous
related literature (Albarran & Sandbank, 2018; Keuning et al., 2019; Munshi & Deneen, 2018; Winstone et al.,
2016). Synonyms for “technology enhanced” were “technology enabled”, “technology assisted”. Synonyms for
“feedback” were “feed-back”, “feed back”. To identify studies in the field of education, the following keywords
allowing variation in terminology were also used: “learn*”, “educa*”, “teach*”. The third step is to connect the
above words with “AND” and “OR”. The last step of identification is to add the inclusion criteria (see Table 1).
The inclusion criteria were: document types: articles; time period: 2015-2024; categories: related to computer
science, education, or psychology; languages: English. The search string was executed on June 7, 2024 in four
databases, including two main social science databases (Web of Science Core Collection and Scopus) and two

research topic-related databases (ERIC and PsycINFO).

Table 1. Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion Criteria
Date Published 2015-2024 Before 2015
Language English Not English
Type Articles Not empirical research
Field Education, computer science, psychology Not in an educational setting
Topic Technology-enhanced feedback No use of technology-enhanced feedback;

No specific description of the feedback

Screening and Study Selection

The first stage screened titles and abstracts based on the exclusion criteria. It is worth noting that we required that
articles be empirical studies or include at least a pilot test in order to confirm that the systems employed in the

paper are practically usable for assisting learning.

In the second stage, the full texts of the articles were screened, and several articles were removed. Meanwhile, to
confirm that the screening process was unbiased, three researchers in the relevant domains independently
reviewed 10% of the full texts and decided whether each one should be excluded. The initial review achieved a
full agreement rate of 77% with Fleiss’ Kappa (Fleiss, 1971; Fleiss et al., 2013) « = .68 (substantial agreement).
After further discussion of the research questions and criteria by the researchers, the Fleiss’ Kappa value reached
0.90 (almost perfect agreement). The only point of contention was whether feedback delivered by machines but
generated by humans could be counted as technology-enhanced feedback. Following discussion, it was concluded
that such systems suit what RQ2 investigates; hence it was ultimately decided to include these articles in the final

results. Therefore, the selection of the articles can be considered feasible defensible.

Data Analysis

The analysis of the included publications was conducted using deductive content analysis, focusing on the three
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functions of TEF: generating feedback, delivering feedback, and using feedback. Figure 2 illustrates the
categorized results from the final 98 articles, revealing that a third of publications encompassed multiple processes
due to the multifunctional nature of the feedback systems or the concurrent use of several systems in the studies.

Additionally, inductive content analysis was applied to extract and categorize the various findings under broader

concepts.
Generating Delivering
n=28 n=6 n =30
n=3
n=9 n=15
Using
n=7
Figure 2. Statistics of the Number of Articles by Category.

Results

Descriptive Findings

In total, 98 independent studies were identified. TEF systems in the reviewed publications were used for a variety
of educational domains. More than 23 percent of studies (n = 23) adopted STEM (Science, Technology,
Engineering, and Mathematics) as a curriculum, followed by languages (n = 21; 21%) and social sciences (n =
13; 13%) were the next most common areas. The widespread adoption of TEF systems highlights the growth and
recognition of their usefulness. Reviewed articles included a variety of educational phases of participants;
undergraduate students (n = 55; 56%) have been given the most attention. This inclination can be attributed to the
relatively larger student population and the greater need for support among higher education teachers, who are

also more likely to use advanced technology.

Generating Feedback

Based on the analysis of 46 articles related to feedback generation, it was found that technology has enabled
systems to automatically generate real-time feedback, not only for objective questions but also for more complex
problems. In such systems, the role of human feedback providers has been replaced. To better understand the
systems that automatically generate feedback, the following section will classify these systems into five categories

based on the source of the data and the type of question and will describe their specific characteristics accordingly.

Objective Questions. Objective questions contain multiple-choice questions (MCQs) and fill-in-the-blank
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questions. Automated feedback systems that use objective questions as tasks compare student responses with the
expected answers and provide instant feedback accordingly. Such systems allow students to promptly address
misunderstandings and reinforce their knowledge without waiting for corrections from the instructor. The specific
information of the feedback provided by each system varies depending on its purpose, scenarios, and applicability

to different lessons.

A total of 13 (28%) articles used the MCQ-type system. For example, GeoGebra was used in a study to help
elementary school students practice math (Weinhandl et al., 2020), through which students received automatic
feedback indicating whether an answer was correct. However, most systems today are no longer satisfied with
simply giving corrective feedback. The forms of feedback have become increasingly diverse, ranging from
providing suggestions and hints for learning (Hettiarachchi et al., 2015) to gamified feedback such as points
(McCoy et al., 2016), dramatic storylines, and rewards for high scores, to even allowing students to interact with
in-game characters and receive responses from these characters as feedback (Taguchi, 2024). Ten of these
systems, all of which enable real-time, large-scale classroom interaction through instant feedback from MCQs,
are also collectively referred to as interactive response systems (IRS). IRS is a classroom information-based
teaching system that enables any student to participate in classroom interactions by selecting or answering
questions set by the teacher, and to receive immediate feedback. These systems collect and present answers in a
graphical format, allowing teachers to quickly obtain an overall picture of students’ performance. Originally using
electronic clickers (Kaewunruen, 2019), most studies now use mobile devices like smartphones (Raffaghelli et
al., 2018; Wang, 2020). Four systems using fill-in-the-blank questions tend to use feedback that promotes student
thinking rather than merely corrective feedback. For instance, the intelligent tutoring system offers students the
option to either retry or receive hints, which are delivered in three stages: a general formula, the correct formula,

and the correct answer (Said et al., 2019).

Text Processing. The 11 systems in the text processing category allow for automatic assessment and feedback on

student-generated text, and they use different techniques to accomplish this more challenging task.

Natural language processing was used to provide feedback by calculating the semantic similarity between
students’ answers and the predefined answer and generating a similarity matrix (Deeva et al., 2021). For example,
Student Mental Model Analyzer for Research and Teaching (SMART) compared the similarity of mental models
between learners’ answers and experts” answers and generated a multi-dimensional 3S (i.e., surface, structure,
semantic) diagnosis to help postsecondary students write more expert-like summaries of their course materials
(Kim & McCarthy, 2021). The generated feedback includes guiding hints, follow-up questions, and visual
feedback, among other forms (Lopez et al., 2021). Another common type of text-based task is programming
assignments. IAPAGS (Gordillo, 2019) serves as an example of using the Mocha JavaScript testing framework
for automated assessment, providing students with an automatically generated grades and guidance for

improvement.

In addition to evaluating the meaning of text, some systems focus on handwriting analysis or identifying spelling

errors within the text. For example, the calligraphy trainer for handwriting feedback not only analyzed the
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structure of the text but also collected data on the force used to grip the pen, the pressure applied during strokes,
and the speed of writing (Limbu et al., 2019). This system provided real-time feedback through visual, auditory,
and haptic channels. Meanwhile, IDeRBlog was implemented to help German primary school students learn
German orthography (Ebner et al., 2018).

Audio or Video Processing. There were six systems related to processing audio and video. The implementation
of automated feedback for audio-based tasks has made certain learning content more accessible, particularly in
areas like improving English speaking skills. Systems can automatically provide students with feedback on
pronunciation accuracy and a written form of the mispronounced word (Al Aufi et al., 2023). Additionally,
SkyNote (Blanco et al., 2021), an audio-video recognition system, uses motion capture and sound quality analysis
to evaluate violin playing and delivers real-time feedback through spider charts generated by artificial neural
networks (Giraldo et al., 2018). Similarly, systems designed for public speaking are also leveraging these
technologies to offer more immediate and detailed feedback, helping learners refine their skills in real-time (Chen,
2022; Schneider et al., 2016).

Multi-Tasking. Multi-tasking implies that the system contains multiple problem types. Siette (Conejo et al., 2016)
is one of the systems with multiple problem types, including MCQ and constructed questions that were corrected
according to a regular expression. Students were provided with feedback that included the correct answer and
some explanation or additional material. Meanwhile, gamified systems also offer diverse feedback mechanisms.
For instance, Moodle courses enhanced with additional plugins such as H5P and Level Up! provide gamified

feedback on many course-related tasks, such as watching videos or taking quizzes (Aguilos & Fuchs, 2022).

Multi-Data. Systems in this category not only give feedback on tests but also collect learning process data.
Learning analytics (LA) is the implementation approach, which refers to “the measurement, collection, analysis,
and reporting of data about learners and their contexts, for purposes of understanding and optimizing learning and
the environments in which it occurs” (Siemens & Long, 2011, p. 24). Some frequently used methods include

visual data analysis technigues, social network analysis, and educational data mining (Nunn et al., 2016).

There are two systems that provide personalized feedback by collecting data from each learner to analyze their
current status. In the study by Lewis et al. (2021b), they used data from On Task to generate personalized feedback
related to students’ activities and performance in the assessments (e.g., progress on quiz completions, grades in
assessments, and suggestions for improving scores), and successfully promoted course engagement. The other six
systems provided not only information about individual students but also class-level information, including
dashboards that collect overall student data to provide teachers with a quick overview of student learning progress.
Blank Slate, one of these systems, reveals where individual students have knowledge gaps and provides

information on entire learning cohorts to help teachers decide what and how to teach (McHugh et al., 2021).

Delivering Feedback

Fifty-seven articles in this study used systems with feedback delivery capabilities, and the technologies make it
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easier to communicate between the sender and the receiver. In these systems, feedback is still generated by
humans, but the process is no longer restricted by time and space, and the feedback format has become more
diverse. Additionally, the source of feedback is no longer limited to teachers. These advancements allow for
greater flexibility in how, what, and from whom feedback is received, enabling learners to benefit from a broader

range of input and support throughout their learning process.

Among the various technology-enhanced feedback systems available, the most fundamental ones deliver one-
sided textual feedback, making giving and receiving feedback more flexible. For example, the Google Suite for
education was used to deliver instructors’ feedback in an Arabic course (Hamid et al., 2021) and to enable non-
anonymous or anonymous peer assessment (Cheng et al., 2022; Wang, 2020). Meanwhile, researchers have begun
expanding the sources of feedback when using these typical feedback-delivery systems. Jadhav et al. (2022) used
assessment tools, and McKay and Sridharan (2024) used CATME to implement self-peer-expert assessment
simultaneously, demonstrating their benefits in helping with learning and engagement. In addition to giving
textual feedback unilaterally, any system that allows students to communicate and discuss with peers and teachers
facilitates student learning and engagement, and lets students clarify task-related content in multiple feedback
loops. The discussion forums that allow for asynchronous textual communication between learners were the most
frequently used. As an illustration, the Moodle system was employed by Pellas and Boumpa (2017) and Bahati et

al. (2019), where learners interacted with each other and were satisfied with this form of feedback.

Another common form found in systems used to deliver feedback is video and audio. In some cases, these media
serve as the subject of the feedback, while in others, they represent new forms of delivering feedback. In the
studies by Brudermann (2015) and Park (2023), students may upload the audio of their speaking assignments to
the online systems, where the teacher would mark the audio track and point out the students’ mistakes in the text.
Meanwhile, three studies used ECoaching to provide instructors with real-time audio feedback through a
Bluetooth headset from the coach to improve interventions for children with developmental disabilities (Coogle
et al., 2019a; Coogle et al., 2019b; Coogle et al., 2021). Additionally, research has shown that audio and video
feedback positively impact several aspects of learning, including creative thinking, understanding of feedback,
increased interaction, and attentive engagement (Chao et al., 2020; Hung, 2016; Wilkie & Liefeith, 2020).

Various feedback delivery systems offer distinct functions and applications. To identify appropriate systems for
specific tasks and enhance student engagement, several studies have compared different systems. Some focused
on system functionalities, while others examined feedback characteristics. For instance, Canham (2017) evaluated
three document-based applications (i.e., Google Docs, the Sakai VLE, and the Sakai Wiki) and found that each
application had different feedback modes, and the feedback modes influenced the reviewers’ comment focus.
Meanwhile, Gong and Yan (2023) compared four types of feedback and found that Danmaku-based and
synchronous peer feedback had the most positive impact on student performance. In response to the diversity of
feedback systems, some researchers chose to integrate multiple systems to enhance student learning outcomes.
Kay and Pasarica (2019), for instance, adopted discussion forums and ZOOM at different phases, leading to
increased interaction levels and substantive engagement. Similar combinations of systems were employed in

studies by Cheung (2022) and Yuan (2022) aimed at improving English proficiency.
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Using Feedback

Based on the analysis of 34 articles related to helping students use and understand feedback, it was found that this
is primarily achieved by promoting student engagement and encouraging self-assessment. No new functionalities
were developed using technology to assist in this process; instead, existing systems were leveraged to facilitate
further exploration of students. Besides, some studies compared different types of feedback to determine which
are more beneficial for learners to understand and use. For instance, giving feedback was shown to help learners

understand the grading rules and reflect on their work (Chew et al., 2016; Papadopoulos et al., 2017).

Facilitating self-generated feedback is an effective way to help students understand feedback, which can be more
comprehensible and lead to greater gains compared to external feedback (Nicol, 2019). One approach to achieve
this is through recording learners practicing and allowing them to identify and rectify their weaknesses by
watching their own video performance (Kretschmann, 2017; Sato et al., 2021). The research of Plastina (2015)
using screencasts (i.e., recordings of current activity on a user’s computer screen paired with audio recording)
showed that screencasts effectively increased learners’ awareness of the gap between their current capabilities and
desired outcomes and provided suggestions for bridging the gap. Another approach is to require students to engage
in self-assessment. Four studies employed this method, though the evaluation formats varied: some used simple
scoring, others required written feedback, and some allowed feedback to be delivered through video (McKay &
Sridharan, 2024; Zappatore, 2022; Zou et al., 2023).

IRS-type systems have been shown to play a significant role in helping learners understand and use feedback.
Specifically, they can improve learners’ understanding of difficult concepts (Fuad et al., 2018), their knowledge
(Brati¢ et al., 2020), and their engagement and satisfaction with the course (Kaewunruen, 2019; Ko, 2019). When
used in peer-to-peer assessment, IRS improved the evaluator’s understanding of the feedback criteria and
facilitated the use of feedback by the evaluated (Hsia & Hwang, 2021; Lin et al., 2019). In addition to helping
learners, IRS-type systems and systems with dashboards are able to collect information from students and provide
visual feedback to teachers. This visual feedback assisted teachers in determining their students’ current level of
knowledge and providing students with more and varied feedback (Kurvinen et al., 2020; Molenaar & Knoop-van
Campen, 2019).

Discussion

Technology for Generating Feedback

Technology has made feedback generation independent of human input, with the capability of handling a wide
variety of tasks and generating complex feedback. It has significantly increased the availability of instant
feedback, eliminating the need for students to wait for teacher responses. These automatic feedback can enhance
students’ performance during activities while also helping to reduce the workload for teachers (Cavalcanti et al.,
2021). Across many systems, some common characteristics and potential risks have emerged concerning task

types, feedback presentation, and content. These aspects will be discussed further in the following sections.
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Technology-enabled automatic feedback targets a wide range of task types with various implementation methods
and applicable scenarios. Objective questions that directly compare students’ answers with correct answers are
widely used in educational research, primarily for providing immediate feedback to learners. However, teachers
and researchers need to be aware that there are limitations to this feedback mechanism. Firstly, the structure of
the objective questions makes it difficult to assess complex skills and tasks, such as writing (Vahalia et al., 1995).
Secondly, this type of question assesses recall more than higher-level thinking (Jozefowicz et al., 2002). In
addition, objective questions do not provide insight into students’ thinking processes, as learners may arrive at the
correct answer through guessing or flawed reasoning. Despite the shortcomings, the literature confirms that
technology-enhanced feedback systems using objective questions help to improve learner performance,
knowledge comprehension, motivation, satisfaction, and course engagement (Constantinou & loannou, 2016;
Fuad et al., 2018; Kaewunruen, 2019; Said et al., 2019).

For some complex tasks, such as text processing, some systems use natural language processing to provide
feedback. The method compares the similarity between the learner’s answer and the correct answer or the
similarity of mental models in both answers to determine if the answer is correct (Hege et al., 2017; Kim &
McCarthy, 2021). Rather than simply choosing, learners can develop their own complex replies and receive
immediate feedback, which has been shown to help improve learner performance. These positive results

demonstrate the great potential of this type of technology to handle complex tasks and provide feedback.

In addition to the analysis and feedback on specific tasks, a large amount of learner-related data has emerged with
the development of online learning. The literature shows that learning analytics is commonly used to process this
data. Learning analytics is thought to provide better information for teachers and better support for learners by
exploring learner process data (Baker & Inventado, 2014; Clow, 2013). Learners tend to be more aware of their
progress through the feedback generated by the learning analytics, and this personalized information may make
learners feel that they are being noticed and increased students’ motivation, willingness to seek help, and self-
directed learning skills (Lewis et al., 2021a; Yang et al., 2021). The findings also show that process-related
feedback can assist teachers in better understanding individual students’ abilities, learning progress, and
performance, allowing them to adjust lesson plans accordingly (McHugh et al., 2021; Molenaar & Knoop-van
Campen, 2019). As a result, rather than focusing solely on task outcomes, we advocate that more technology-

enhanced feedback systems focus on and use process data to assist learning and teaching.

Regarding the feedback presentation, we found that visualization frequently appeared throughout the content of
the articles. The reason may be that visualization is considered an effective method for working with large amounts
of data and gaining knowledge of the underlying processes and relations (Lange et al., 1995). Moreover, previous
literature has shown that visualization helps conceptual learning, especially for less prepared students, increases
competency, and aids learning persistence (Grann & Bushway, 2014; Kumar, 2015). More importantly, the
intuitive nature of visualized feedback enables teachers to quickly grasp an overall understanding of student
performance and make student progress more visible, which is extremely useful in the current generally
overloaded teacher situation.

430



International Journal of Technology in Education (IJTE)

The content of automatic feedback used in the studies is highly varied, with most systems providing multiple types
of feedback rather than relying on a single form. Corrective feedback was the most prevalent, consistent with the
results of the review by Keuning et al. (2019), which suggested feedback today was still primarily focused on
identifying errors. At the same time, motivational feedback has not received sufficient attention. Educators should
recognize that feedback is only meaningful if the learner uses it, and motivational feedback contributes to interest,
continued use intentions, and perceived benefits (Hassan et al., 2019; Troussas et al., 2022), which in turn
enhances the learner’s learning performance. Additionally, we observed the wide employment of new feedback
formats, such as segmented hints to guide learners’ thinking (Said et al., 2019), gamification elements to increase
learner motivation (McCoy et al., 2016), and visualization to help teachers keep track of students’ knowledge
(Ebner et al., 2016).

Technology for Delivering Feedback

Despite the prevalence of powerful automated feedback systems, machine-generated feedback remains inferior to
human-generated feedback (Hao et al., 2021; Stiennon et al., 2020). On the one hand, the system cannot provide
feedback as accurately as a human for some of the more complex tasks (Kryscinski et al., 2019). On the other
hand, human feedback benefits learners by allowing for ongoing clarification and understanding through
interaction, while automated feedback lacks this communicative ability (Smith 1V et al., 2020). Fortunately,
technology can be used to deliver human-generated feedback to overcome spatial and temporal limitations. From
the reviewed articles, it was shown that technology has enabled the delivery of multi-format, multi-source human-

generated feedback.

From the analysis of the literature, it is clear that the primary focus of giving feedback has shifted from teacher-
led to peer-led. One obvious reason is the reduced workload for teachers. Furthermore, peer assessment requires
learners to provide feedback, which is as critical as receiving it (Huisman et al., 2018). Learners gain a deeper
understanding of the task requirements and marking criteria by providing feedback, reflecting on their own
answers by reading the responses of others, developing higher-level learning skills, and so on (Hsia & Hwang,
2021; Papadopoulos et al., 2017; Van Popta et al., 2017). However, the success of peer feedback depends on

proper training and guidance.

Teachers need to ensure that students are adequately prepared to give effective peer feedback, as many may
initially lack the necessary skills or competence (Panadero, 2016). Additionally, it is crucial to provide clear,
structured, and accessible assessment criteria or examples to guide the feedback process (Mangelsdorf, 1992;
Orsmond et al., 2002). Furthermore, teachers need to provide ongoing guidance in the process of peer feedback
rather than leaving it unattended (Cheng & Hou, 2015; Zhu & Carless, 2018). Unfortunately, few studies have
made similar efforts in the studies reviewed. Among the 98 final articles reviewed, only one addressed the
development of peer feedback skills, where students were asked to listen to their peers’ audio assignments and
predict the teacher’s comments in order to enhance their ability to provide effective feedback (Gorham et al.,
2023). Almost none of the articles addressed how teachers guide students in conducting peer assessments. It seems

much easier to provide clear, referable standards than to develop students’ feedback-giving abilities. Nonetheless,
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the majority of studies did not include a peer assessment rubric, and in some cases, students were expected to
assign grades to their peers’ work without being given detailed grading criteria. This lack of clarity likely caused

confusion and hindered the effectiveness of peer feedback.

In addition to using peer feedback to replace teacher feedback, some researchers have chosen to incorporate
multiple sources of feedback, highlighting the diversity of feedback providers and acknowledging that different
sources have distinct characteristics. Different sources of feedback can influence how students interpret and
engage with the feedback, ultimately impacting its effectiveness (Zou et al., 2023). Several studies have
emphasized the importance of multisource feedback (Athota & Malik, 2018; Panadero & Lipnevich, 2022) rather

than relying solely on feedback from a single source.

Another trend in feedback delivery in TEF systems is the growing use of audio and video feedback rather than
text-based feedback. Audio and video feedback provide more information than text feedback, such as tone of
voice, gesture, and personality, which is popular with students and helps them to understand (Schilling & Estell,
2013; Sims, 2016; Stannard, 2008). Several studies have found that audio and visual feedback can result in better
learning outcomes compared to text-based feedback (Seckman, 2018; Swart et al., 2019). Additionally, compared
to face-to-face feedback, this feedback allows learners more control. Specifically, learners can pause, rewind, and
playback the feedback as needed to better understand it (Séror, 2013). Presenting feedback in multiple formats
also supports cognitive processes, as it helps learners load information into working memory and better integrate
it with existing knowledge (Moreno, 2006). However, one challenge with audio and video feedback is that
students may have difficulty identifying the specific areas in their work to which the feedback refers (Cavanaugh
& Song, 2014; Henderson & Phillips, 2015). As a solution, teachers need to provide clear, structured information
to guide students in locating the relevant sections. Instead, some systems effectively address this issue by allowing
teachers to insert audio and video feedback at precise spots, and teachers may choose to use these systems. From
the systems chosen by researchers, it is clear that the definition of feedback is evolving. Initially, feedback was
viewed as a one-way evaluation, and the systems used were primarily designed to deliver asynchronous
summative feedback. However, an increasing number of systems now support collaborative learning, real-time
dialogue, or discussion boards, indicating that feedback is increasingly perceived as a dialogic process, where
both parties can engage in discussion and clarify misunderstandings. This trend aligns with the development of

feedback definitions and the changing role of students within this process (Van der Kleij et al., 2019).

Technology-Supported Use of Feedback

The ultimate aim of TEF systems is to improve learners’ performance, and the effectiveness of feedback depends
on the choices and actions of the key actors in the social and cultural conditions of assessment (Brown et al.,
2016). Simplistically, for students to benefit from feedback, they must use it rather than passively receive it (Lim
et al., 2021a). However, some studies have shown that students report that feedback is complex and challenging
to comprehend when using TEF (Gutiérrez et al., 2010; Ramos et al., 2013), which creates a barrier to their use
of feedback. The reviewed articles in this study show that researchers have noticed the importance of feedback

use, though the methods employed remain limited. Research involving helping learners to understand and use
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feedback is still relatively scarce, even though a growing number of researchers noticed the importance of the
learner and position feedback as a communication process. At the same time, the systems that involve helping
learners use feedback are still aimed at guiding them to complete specific activities and improving their
performance. In other words, these systems do not look to the future to develop learners’ skills in user feedback,
for example, using feedback strategies, task selection, and understanding academic discourse. When learners lack
feedback-related transferable skills, it is difficult to assume that they will be able to use feedback effectively
afterward (Burke, 2007; Jonsson, 2013).

A commonly used method to help students understand feedback is through the integration of self-assessment
alongside external feedback. Self-assessment has been shown to promote achievement, foster self-regulated
learning in general, and enhance metacognition and study strategies, particularly in relation to task selection
(Andrade, 2019). Even though the benefits of self-assessment have been demonstrated in previous research
(Brown & Harris, 2013; Jay & Owen, 2016), these benefits come with conditions. For self-assessment to be
effective, students must have the ability to accurately evaluate their current performance level and identify specific
areas for improvement (Butler, 2011). A frequently used method in fields like sports and medical practice is to
provide students with videos of their own performance alongside expert videos. By comparing the two, students
can identify discrepancies between their performance and that of the expert and understand how to improve.
Without this kind of support, students may struggle with the accuracy and validity of their self-assessment (Harris
& Brown, 2018), leading to outcomes such as those reported by Zou et al. (2023), where self-feedback was less

effective than external peer or teacher feedback in assisting with writing.

Limitation

A number of limitations should be taken into account regarding this study. Firstly, there were several limitations
associated with the review process. We used search terms related to “technology-enhanced feedback” to limit the
search, which will have limited the literature selected. In addition, some articles were excluded because they
lacked explicit feedback information or did not experimentally demonstrate usability. Secondly, some articles on
automated feedback systems contained limited information on the technology used, which resulted in several “not
specified” results. However, we decided to keep these papers as they have information relevant to at least one
research question. Thirdly, only a few of the articles explicitly stated feedback features; therefore, some of the
feedback categorizations are inferred from the descriptions in the articles. Finally, because this study concentrated
on feedback in the systems, other aspects, such as characteristics of learning materials, system validity, and system
design criteria, were not discussed. Different components of technology-enhanced learning systems could be

reviewed in future research.

Conclusion

This study presents a review of the empirical studies on technology-enhanced feedback published from 2015 to
2024. We have grouped the articles into three categories based on the way in which the system assists feedback:

those involving generating feedback, those involving delivering feedback, and those involving helping students
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to use feedback. The technology-assisted feedback modes identified in this review include: 1. Advanced
technologies applied in automated feedback systems, including machine learning, natural language processing,
and learning analytics, have enabled students to receive immediate feedback, even when engaged in complex
tasks. Moreover, with technological advancements, the content of automated feedback has become more diverse,
and the ways in which it is presented are increasingly varied. 2. Technology provides greater flexibility to both
feedback providers and receivers, offering increased freedom in terms of feedback format, source, and
accessibility. 3. Technology mainly aids students in understanding and using feedback through the cultivation of
self-assessment. The results demonstrate the current state of research in technology-enhanced feedback, and future

research can refer to this article for further exploration.
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