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Abstract
Feedback is an essential component of scaffolding for learning. Feedback provides insights into the
assistance of learners in terms of achieving learning goals and improving self-regulated skills. In
online courses, feedback becomes even more critical since instructors and students are separated
geographically and physically. In this context, feedback allows the instructor to customize learning
content according to the needs of the students. However, giving feedback is a challenging task for
instructors, especially in contexts of large cohorts. As a result, several automatic feedback systems
have been proposed to reduce the workload on the part of the instructor. Although these systems
have started gaining research attention, there have been limited studies that systematically analyze
the progress achieved so far as reported in the literature. Thus, this article presents a systematic
review of the literature on automatic feedback generation in learning management systems. The main
findings of this review are: (1) 65.07% of the studies demonstrate that automatic feedback increases
student performance in activities; (2) 46.03% of the studies demonstrated that there is no evidence
that automatic feedback eases instructors’ workload; (3) 82.53% of the studies showed that there is no
evidence that manual feedback is more efficient than automatic feedback; and (4) the principal method
for automatic feedback provision involves the comparison with a desired answer in a small scope (such
as logic circuits and programming).

1. Introduction
Online learning has grown tremendously in recent years

as an alternative or complementary option to traditional ed-
ucation which is primarily based on face-to-face teaching.
According to Sung and Mayer [101], online learning has
grown because it is more flexible than traditional educational
environments. For the purpose of facilitating online learn-
ing, various platforms such as learning management systems
(LMSs) have emerged in the past decades. The use of LMSs
has increased in recent years due to the use of information
and communication technologies as an educational support
tool [90]. These environments have several resources (e.g.,
chat, forum, and wiki) that allow numerous interaction be-
tween instructors, students, and content [52]. Despite the
advantages of online learning, there are some challenges for
instructors. Among these, it is particularly notable that in-
structors struggle to follow the progress and activities of a
cohort that is potentially unlimited in size [48].

Feedback is an essential component in the teaching-learning
process as it allows students to identify gaps and assess their
learning progress [20]. According to Sadler [96], feedback
needs to provide specific information related to a learning
task or process that fills a gap between the desired and the real
understanding of the content or the development of abilities.
Through feedback, students seek to hone some inadequate or
poor knowledge or skills that hinder their learning progress.
Several studies have shown that useful feedback brings bene-
fits to learning [43, 78, 84]. For instance, Black and Wiliam
[13] analyzed more than 250 feedback studies, and concluded
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that feedback produced significant gains in student learning
and satisfaction. Recently, the study of Henderson et al. [46]
analyzed seven case studies, through multiple stages of the-
matic analysis, case comparison and reliability verification,
and proposed 12 main conditions that support effective feed-
back. These conditions highlight the importance of carefully
designing feedback processes and have been organized into
three categories: capacity, projects, and culture.

In online learning contexts, feedback plays a crucial role
due to the lack of face-to-face interaction among the partic-
ipants of the course [123]. As instructors and students are
separated in space and/or time in online contexts, the instruc-
tor must provide high-quality feedback to assist students in
their learning and motivation [78]. However, the large size of
student cohort in online learning environments can make it
challenging for the instructor to provide useful and sufficient
feedback to students. In light of this, several automatic tools
have been proposed to enhance feedback practice [71, 39, 10].

There has been a lacuna in studies that systematically
analyze automatic feedback systems in online environments.
One exception is a technical report on studies about automatic
feedback generation for programming exercises [60]. One
key finding of this study is that existing tools often do not
give feedback on how to solve problems and take next steps.
This has also made it difficult for instructors to quickly adapt
tools and resources to their own needs. The difference of the
study presented in [60] from the systematic literature review
presented in this paper is that we do not limit automatic
feedback to programming exercise tools only. Instead, we
include all the automatic feedback generation systems in
online learning environments.
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In this context, this paper presents a systematic literature
review focusing on tools and resources that enable auto-
matic feedback in learning management systems. It allows
the identification, evaluation, and interpretation of all avail-
able research relevant to a research question, subject, or event
of interest [62]. Moreover, a literature review should conduct
a critical evaluation of research studies that address a specific
issue and must have a well-defined structure so that the results
are not biased. Finally, the rigour of a systematic literature
review needs to be strengthened by reducing random effects
and ensuring reproductivity Becheikh et al. [9].

The current systematic literature study followed the guide-
lines and model of systematic review protocol proposed by
Keele et al. [58], which included three main steps:

1. The planning step identified the goals of the systematic
literature review and defined the review protocol;

2. The execution step, which was the main stage of the
review, and included the following activities: (i) for-
mulated focused research questions, (ii) searched for
and selected the primary studies, (iii) defined the pa-
pers needed to answer the research questions, and (iv)
extracted the data and synthesized the results.

3. The reporting step presented the summarized results
with interpretation and discussion.

All the steps of the systematic review were performed us-
ing a systematic review management tool called StArt (State
of the Art through Systematic Review)1. StArt assists the
researcher in the development of an systematic literature re-
view [65], i.e., the steps presented previously. In summary,
we selected 63 studies based on relevant keywords related
to feedback and online learning environments, published be-
tween 2009 and 2018. In order to present a concise analysis,
we have extract 19 features from papers selected. There fea-
tures were grouped into categories such as basic information
(e.g., year and title), goals, results, and methods to provide
feedback of the papers selected. The results and their impli-
cations are further discussed in this paper.

2. Method
2.1. Research Questions

Automatic feedback emerges as a solution to an instruc-
tor’s heavy workload due to the need to support a large num-
ber of students enrolled in online courses. However, it is
necessary to analyze whether the studies that propose an
automatic feedback approach help the instructor and/or the
student. To do so, we defined the overarching research ques-
tion:

RESEARCH QUESTION: What are the approaches
used for generating automatic feedback in online learning
environments?

Based on this overarching research question, we divided
our work into five sub-questions:

1http://lapes.dc.ufscar.br/tools/start_tool

RESEARCH QUESTION 1 (RQ1): Does au-
tomated feedback in online learning environ-
ments improve student performance in activi-
ties?

This question aims to identify whether the papers selected
support the expectation that automated feedback approaches
improve student performance in activities compared to con-
ditions without automatic feedback tools.

RESEARCH QUESTION 2 (RQ2): What are
the main goals in using automatic feedback gen-
eration techniques in online learning environ-
ments?

In particular, this research question aimed to explore
whether the objective of the studies was to: (i) help stu-
dents with specific content, (ii) support students to improve
self-regulation, and (iii) assist instructors in the creation of
feedback.

RESEARCH QUESTION 3 (RQ3): Is there
any evidence suggesting that automatic feedback
can help instructors?

This question examines whether approaches proposed by
existing studies provide evidence that the use of automatic
feedback tools/resources enhances the capability of instruc-
tors to develop better feedback.

RESEARCH QUESTION 4 (RQ4): What tech-
niques are commonly used to generate automatic
feedback?

This question aimed to investigate which techniques and
resources had been used to generate automatic feedback. The
techniques could be, for example, machine learning, natural
language processing, and ontologies.
2.2. Search Strategy

According to Kitchenham [62], in a systematic litera-
ture review, it is necessary to determine and follow a search
strategy. The first stage is to define the keywords and their
possible combinations. In this step, we followed the same ap-
proach used by Tenório et al. [103]. The following keywords
(and their synonyms) were used:

• feedback;
• online learning environment (virtual learning environ-

ments, massive open online courses, MOOC, intelli-
gent tutoring system, e-learning, online courses, dis-
tance education, educational environment, learning
management system);

• student (learner);
• instructor (tutor, teacher).
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After defining the keywords and their synonyms, we built
a search string using the logical operators (OR) and (AND).
The operators (OR) and (AND) were used between the syn-
onyms and keywords, respectively. Therefore, the following
search strings were generated:

1. “feedback”;
2. “online learning environment” OR “virtual learning

environments” OR “educational environment”;
3. “massive open online courses” OR “MOOC”;
4. “intelligent tutoring system”;
5. “e-learning” OR “online courses” OR “distance edu-

cation” OR “educational environment” OR “learning
management system”;

6. “student” OR “learner”;
7. “teacher" OR “tutor” OR “instructor”.
The ultimate combination of the search string used was:
((1) AND (2 OR 3 OR 4 OR 5) AND (6 OR 7))
We employed the proposed search string in the following

databases that are prominent in publishing research in the
field of educational technology Tenório et al. [103]:

• ACM – (https://dl.acm.org/)
• IEEExplorer – (https://ieeexplore.ieee.org/)
• Engineering Village (https://www.engineeringvillage.

com/)
• Science Direct – (https://www.sciencedirect.com)
• Scopus – (http://www.scopus.com)
• SpringerLink – (https://link.springer.com/)

2.3. Selection Criteria
In this step, the studies have to meet the selection criteria

(inclusion and exclusion) to be included in the systematic
review [58]. Table 1 summarizes the step-by-step of our
selection criteria.

Table 1
Selection criteria.

Number Type Description

1 Inclusion Primary study
2 Inclusion Study that proposes an auto-

matic feedback approach in Online
Learning Environments

3 Inclusion Study published from January
2009 to December 2018 (10 years)

4 Exclusion Secondary and tertiary studies
5 Exclusion Short papers (<5 pages)
6 Exclusion Duplicated studies
7 Exclusion Non-English written papers
8 Exclusion Grey literature
9 Exclusion Incomplete Studies

2.4. Selection Process
In step one, the reviewers only read the title and abstract

and decide to include or exclude the study based on inclusion
and exclusion criteria. If the reviewers did not have enough
information to exclude, the study went to the next step, where
the reviewers read the introduction and final considerations
in order to define the relevance of the paper to the review.
2.5. Extraction Process

In step three, the reviewers read the full text of the articles
to extract data relevant to answering our research questions.
Table 2 shows all the fields that were extracted from the
articles.

3. Execution of the systematic literature
review
This section describes the execution of the systematic

review of the literature. The first step was to use the search
string in the digital libraries and download all returned articles
in the .bibTex format. This step was performed manually for
each digital library. Table 3 shows the number of articles
obtained in each of the digital libraries.

The next step was to import the files of each digital library
into the StArt tool. This step was divided into three phases:
(1) Automatic removal of duplicate articles using the StArt
tool; (2) The reviewers read the title and abstract of the article
and applied the inclusion and exclusion criteria; (3) The
reviewers read the introduction and conclusion sections of
the article and applied the inclusion and exclusion criteria.
Figure 1 shows the number of articles selected in each phase.

Figure 1: Selection phases of articles.

In Phase 1, duplicate articles were automatically removed

Author 1 et al.: Preprint submitted to Elsevier Page 3 of 25

https://dl.acm.org/
https://ieeexplore.ieee.org/
https://www.engineeringvillage.com/
https://www.engineeringvillage.com/
https://www.sciencedirect.com
http://www.scopus.com
https://link.springer.com/


Automatic Feedback in Online Learning Environments: A Systematic Review of the Literature

Table 2
Data extraction form fields.

# Field Description

1 ID Unique identifier for the study
2 Title Title of the paper.
3 Authors Authors of the paper.
4 Year Year which the paper was published.
5 Country Country of the first author of the paper.
6 Type Conference, journal, and workshop.
7 Educational Tool Does it propose a new tool?
8 Is the tool available? If yes, what is the URL?
9 Database If the study uses or proposed a corpus for analyzing a feedback system.
10 Tools Tools used in the study.
11 Type of evaluation Experiment, case study, application in the real environment, and question-

naires, among others.
12 Subject area Subject area of the course in which the system was applied.
13 Main results What are the main results of the paper?
14 Educational Level Higher education, secondary education, primary education, N/A (i.e., no

enough data to conclude).
15 Impact on student performance (RQ1) Evidence of positive or negative impact
16 Main Goal (RQ2) What are the main goals of the paper?
17 Impact on teaching? (RQ3) Evidence of positive or negative impact
18 Methods (RQ4) What techniques were used to generate automatic feedback?

Table 3
Number of articles returned for the search string in each digital
library.

Digital Library Number of articles

ACM 354
IEEExplorer 361
Engineering Village 25
Science Direc 667
Scopus 1371
Springer Link 400
Total 3178

using the StArt tool. The tool can detect same articles com-
paring texts between the articles. In this phase, 1079 articles
were removed. In Phase 2, the reviewers excluded 1964 arti-
cles that did not satisfy the inclusion criteria. About 92% of
articles were excluded because they were out of scope, 3%
grey literature, 3% short papers, 1% secondary and tertiary
studies, 0.9% duplicated studies, and 0.1% incomplete studies.
It is important to note that an article may have been removed
by more than one exclusion criteria.

Some information, such as the number of pages of an ar-
ticle or keywords, sometimes did not appear in the StArt tool.
Therefore, the reviewers did not have enough information to
determine whether the article would be included or excluded
in phase 2. As a result, researchers reviewed these articles
manually in phase 3. In this phase, some articles such as
short papers and articles not written in English were discov-
ered and excluded. In summary, in Phase 3, the reviewers
excluded 72 articles that did not satisfy the inclusion crite-
ria. About 74% of articles were excluded because they were

out of scope, 20% short papers, 2% incomplete studies, 2%
duplicated studies, and 2% non-English written papers. The
final number of included studies in this systematic literature
review was 63.

4. Results
This section summarises findings of the systematic lit-

erature review based on 63 selected studies. The attributes
extracted from each study are shown in Table 2.
4.1. Year of Publication

The first attribute to be analyzed is the year of publication.
Figure 2 shows the division of studies by year of publication.
The figure shows an increase in publications in recent years
on automatic feedback. The last four years (2015 to 2018)
had more than 50% of the articles in comparison with the
early years (2009 to 2014). During the period analyzed, the
year with the lowest publications was 2010 (n = 3) and the
years with the highest publications were 2017 and 2018 (n =
9).
4.2. Type of Publication

The second attribute is the type of publication, that is,
whether the source of the publication was conference pro-
ceedings, journal, workshop proceedings, or others. Table 4
shows the division of types of publications by digital library.
Most of the publications were conference papers (71%), fol-
lowed by journal articles (27%), and workshop papers (2%).
Examples of the most commonly publication venues are the
IEEE Transactions on Learning Technologies, Assessment
& Evaluation in Higher Education, Computers in Human
Behavior, International Conference on Advanced Learning
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Figure 2: Year of publication of the selected studies.

Technologies, and International Conference on Computing
Education Research.
Table 4
Type of publication by Digital Library of the selected studies.

Digital Library Conference Journal Workshop

ACM 25 (39%) 1 (2%) 0 (0%)
IEEE 15 (24%) 7 (11%) 0 (0%)
Scopus 4 (6%) 1 (2%) 0 (0%)
Science Direct 0 (0%) 3 (4%) 0 (0%)
Springer 1 (2%) 5 (8%) 1 (2%)
TOTAL 45 (71%) 17 (27%) 1 (2%)

4.3. Publication Country
Table 5 shows the number of articles by country, which

is derived from the address of the first author of the articles
included into the review. The country with the most publica-
tions was the USA (n = 10), followed by the United Kingdom
(UK) (n = 6), and The Netherlands and China (n = 5 each).

Table 5
Number of articles by country.

Country Number of articles

USA 10
UK 6
Netherlands, China 5
Spain 4
Finland, Japan 3
Belgium, Tunisia, India, Germany,
Taiwan

2

Australia, Indonesia, Bahrain,
Turkey, Korea, Romania, Chipre,
Singapore, Serbia, Malaysia, New
Zealand, Brazil, Croatia, Ire-
land, South Korea, Colombia and
Canada

1

Total 63

4.4. Subject area
As the articles aimed to propose an automatic feedback

system in educational environments, we analyzed subject ar-
eas in which automatic feedback was applied and categorized
them as shown in Table 6.
Table 6
Course that the system was applied.

Course Number of articles

Programming 19
Computer science 7
Game Exercises 4
Mathematics 3
Circuits 3
Engineering course 2
Different courses 2
Foreign Language Learning 2
Software Engineering 2
None 5
Other subject area 17

The most popular subject area (n = 19) was computer
programming, that is, courses that teach some programming
language to computer science students. We did not take
into account which programming languages were covered in
those courses. The second most common subject area (n =
7) was related to different aspects of computer science. It
is important to mention that an article may have had more
than one course involved. Some more specific subject areas
were categorized as “Other subject areas”. Among them
are courses such as Computer Hardware, Chemistry, Data
Networking, Biotechnology, Biochemistry, Data Structures,
SQL Programming, Handwriting, and Electrical Engineering.
Some articles did not present any course (n = 5).
4.5. Research Questions

In addition to the above attributes, we extracted informa-
tion relevant to the five research questions, as described in
Table 2 in section 2.5.
4.5.1. Research Question 1

The first research question “Does automated feedback
in online learning environments improve students perfor-
mance in activities?” investigated if automatic feedback
helped student performance. We coded the articles based
on: (i) the result, if the feedback had a positive or negative
influence, and (ii) the evaluation, if the study presented an em-
pirical evaluation of an automatic feedback system or not. We
also coded those papers with “no evidence” in cases where
an feedback practice/tool was described without a consistent
evaluation. Table 7 shows the results.

As already reported in other studies, manual instructor
feedback helps student performance [43, 84, 78]. This has
also been reflected in automatic feedback, with 65.07% of
positive results (50.79% with and 14.28% without empirical
evaluation), proving that feedback is an important factor in
the teaching/learning process, whether it is manual or auto-

Author 1 et al.: Preprint submitted to Elsevier Page 5 of 25



Automatic Feedback in Online Learning Environments: A Systematic Review of the Literature

matic. For instance, Krusche and Seitz [63] administered a
survey in a programming language course to the students of
a computer science major program to analyze the impact of
feedback. Krusche and Seitz concluded that automatic feed-
back increased the students’ participation in the exercises and
submission of solutions. They also reported that more than
60% of the students successfully completed the course tasks.

Some papers showed positive results with empirical eval-
uation used a methodology where they first proposed an ac-
tivity without the use of an automatic feedback tool and then
another activity with the aid of the automatic feedback tool.
Thus, they showed the change in the students’ behavior and
their increase in performance, since feedback infomred stu-
dent learning by showing mistakes and successes. For in-
stance, in the study by Krusche and Seitz [63] students stated
that the test results and feedback helped solve the exercises,
in an introductory programming course, and they enjoyed
working with the ArTEMiS tool as it provided instant feed-
back. In an online questionnaire, the authors found that over
90% of students found interactive instructions useful to im-
prove exercise performance. Kebodeaux et al. [57] presented
a sketch recognition based tutoring system (Mechanix) that
provides immediate feedback on problems in statics for en-
gineering. The system was evaluated in an introduction to
engineering course for 2 semesters on 2 different tasks. The
results showed that students who used the tool to answer the
task had a significantly higher score (p value <0.001), with
an average difference of 2.5 out of 10 points that those who
took the course before Mechanix is introduced. These results
were attributed to the fact that the tool provides immediate
feedback to students before sending the final answer.

Several other studies compared between conditions with
and without the use ofautomatic feedback. Al-Hamad and
Mohieldin [2] proposed an E-assessment tool that supports
the design of the assessment of a chemistry course. The
tool showed the learning outcomes to the student where the
learning outcomes were augmented with qualitative feed-
back written by the instructor,. Their results showed that the
quality of teaching and learning could be improved by using
technology to increase faculty efficiency and provide students
with real-time feedback mechanisms to help them develop a
culture of self-monitoring and self-assessment. In the study
by Wong et al. [119] a tool was proposed for facilitating an
efficient and transparent coursework assessment and feedback

Table 7
Statistics about the papers related to student performance.

Evidence Number of
articles (%)

No evidence 22 (34.92%)
Positive with empirical evaluation 32 (50.79%)
Positive without empirical evaluation 9 (14.28%)
Negative with empirical evaluation 0 (0%)
Negative without empirical evaluation 0 (0%)
Total 63 (100%)

process. The tool was evaluated in a computer science de-
gree program. Most students who participated in the survey
reported that they preferred to receive feedback through the
proposed system because the feedback was easy to read and
it highlighted mistakes that students made. Results from a
comparative study between an experimental group and a con-
trol group, of students from a programming course, showed
that using the proposed tool (an on-line multiple choice ques-
tions system integrated with a neural network) improved the
learning outcomes [3].

Studies that did not perform empirical evaluation but indi-
cated positive results (14.28%) generally focused on assessing
student satisfaction with tools. For example, the results of
the study by Wang et al. [110], which proposed a data-driven
program repair framework to automate feedback generation
for introductory programming exercises. The study showed
that the system was effective and could generate concise and
useful feedback for 89.7% of the incorrect student submis-
sions, in just two seconds on average. The study by Keuning
et al. [59] presents a prototype of a programming tutor to help
students with feedback and hints. The authors found that they
could recognize between 33% and 75% of the exercises solu-
tions collected during two programming courses. Zhou et al.
[127] analyzed the design of existing online judge systems
[111] and their advantages and problems in applying to pro-
gramming education. The authors state that after applying the
system in a course on the C programming language, the stu-
dents’ performance and satisfied grades increase. However,
the article does not show details about this assessment.

Papers that did not show any evidence (34.92%) are more
descriptive, showing details about the tools and how they
work. It means that they did not present evidence on how
feedback potentially enhanced student performance. For ex-
ample, the study by Lan et al. [64] presents the development
of a framework for mathematical language processing (MLP).
As a result, the authors stated that the structure could sub-
stantially reduce the human effort required for classification
in large-scale courses and also allows instructors to visual-
ize solution groups to help them identify groups of students
with the same misconceptions. The study by Lodder et al.
[69] describes a system that is part of a set of tools that help
students study logic by providing automatic feedback. The
authors state that the performance of the system for resolu-
tion logic proofs reached a quality comparable to that of a
group of experts. The work proposed by Ying and Hong
[121] presents a SQL (Structured Query Language) teaching
system with an automatic feedback mechanism. The system
helps the student in the construction of SQL queries. This
system provides tips to assist the students in the understand-
ing of a specific concept of SQL more quickly and then verify
the effectiveness of the student solution to the exercise.
4.5.2. Research Question 2

The answer for the second research question “What are
the main goals in using automatic feedback generation
techniques in online learning environments?” is shown
in Table 8. The articles had very specific objectives. We
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grouped the articles included into this systematic literature
review into four categories based on the objectives of the
feedback approaches.

Table 8
Main goals for using automatic feedback generation.

Goal Number of
articles (%)

Use feedback to help students on a spe-
cific content/course

33 (52.38%)

Use feedback to support self-regulation 26 (41.26%)
Use feedback to help instructors 3 (4.76%)
Use feedback to reduce plagiarism behav-
ior

1 (1.60%)

Total 63 (100%)

The articles that help students in a particular content/course
(52.38%) are systems developed to assist programming courses
[56, 6], teaching of circuit analysis [7, 114], and teaching of a
foreign language [80, 76], among others. These systems often
provide feedback to show students what went wrong (show-
ing where the error is and giving tips on how to get the answer
right) or well (showing a congratulations message) [63, 71].
In the article by Weyten et al. [115], a new web-based sys-
tem for training students in electrical and electronic circuit
theory is presented. The system can be used to gain valuable
information from students and thereby bring improvements
in instructor teaching. The article by Bryfczynski et al. [18]
describes an intelligent tutoring system called beSocratic,
which assists students who study data structures; the students
can be evaluated and the results of their task completions
are analyzed automatically to help instructors refine their ac-
tivities and improve future performance. The study by Ono
et al. [80] proposed a new type of feedback system based
on a text mining method. The system encourages students
to reflect on their own presentation and has shown positive
results in the use of foreign language teaching in Japan. The
tool proposed by D’antoni et al. [26] aims to provide feed-
back for the construction of a deterministic finite automaton
that accepts chains corresponding to a described pattern. The
system provides automatic feedback with counterexamples
or tips so that students can complete the activity.

In contrast to the first main goal, the second goal (41.26%)
of the included studies was to provide more general feedback
to promote self-regulated learning. These articles generally
are focused on providing personalized feedback [29], gamifi-
cation [108, 122], or dashboards [27, 124] in an online envi-
ronment to motivate students, detect poor performance and
reduce dropouts [61]. The paper by Jin [51] presents a visual-
ization tool to motivate students to participate in collaborative
online learning communities actively. The work of Smithies
et al. [100] presents a tool called CONSPECT, which aims
to provide formative feedback and monitor students’ concep-
tual development. It uses an NLP method, based on latent
semantic analysis, to compare student answers to generated
reference models. The article by Alencar and Netto [4] intro-

duces TUCUMÃ, an intelligent 3D virtual agent integrated
with Moodle for virtual learning. The tool automatically sim-
ulates a distance course tutor, monitors student activities, and
answering student questions through dialogue.

As Table 8 shows, only 3 studies aimed to assist instruc-
tors. Several studies that introduce approaches to help stu-
dents in online learning operate under the assumption that
automatic feedback can also benefit instructors in terms of
teaching efficiency [120, 72]. We hypothesise that if the stu-
dent can learn from automatically generated feedback, these
systems have great potential to reduce the effort of the instruc-
tors in answering questions or giving feedback to the students.
Our third research question explored this assumption.

The study by Akçapınar [1] is the only article which pre-
sented an automatic feedback system with the goal of reduc-
ing the plagiarism behaviour of students. This study aimed
to reduce students’ plagiarism in written tasks by providing
automated feedback based on text mining analysis.
4.5.3. Research Question 3

The third research question “Are there indications that
automatic feedback helps instructors?” aimed to under-
stand if the approaches proposed in the literature provided
insights and assisted instructors during preparation and teach-
ing phases. Table 9 shows the information found in the liter-
ature as response to this question.

Table 9
Numbers of papers that show the support of automatic feedback
system to instructors.

Evidence Number of
articles (%)

No evidence 29 (46.03%)
Positive with empirical evaluation 6 (9.52%)
Positive without empirical evaluation 28 (44.44%)
Negative with empirical evaluation 0 (0%)
Negative without empirical evaluation 0 (0%)
Total 63 (100%)

Most articles (46.03%) have not shown any evidence in
their findings whether automatic feedback helps the instruc-
tor. This result crosspond to the objectives of existing studies
(Section 4.5.2), where 93.64% of studies (articles that use
feedback to help students on specific content or in specific
disciplines and articles that use feedback to support learning)
aimed to assist student learning using automated feedback.
Only 3 studies (4.76%) aimed to help instructors (see Table
8). Among these studies, Martin et al. [72] were able to sup-
port instructors’ needs when they tried to integrate various
learning systems to improve students’ learning process. The
authors proposed a system called MAGADI that helps in-
structors with visualizations of relevant information about
students. Trausan-Matu et al. [105] proposed the PolyCAFe
system, which provides tools that support a polyphonic anal-
ysis of chat conversations and discussions of small student
groups on online forums. The system uses NLP to identify
topics, semantic similarities, and links between utterances.
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A statement chart is created with the detected links, which is
the central element for polyphonic analysis and for providing
automatic feedback and support for instructors and students.
The study by Xie and Li [120] proposes a system that com-
bines a recommendation model based on big data content
and a clustering model to personalize exercises and feedback
in online education.

The majority of the papers presented positive results, with
and without empirical evaluation, (53.96 %). The main goal
of the studies selected in this review, as shown in Table 8, was
to assist online learning in specific disciplines. Furthermore,
these studies also indicate success in reducing the instruc-
tor’s workload, since the amount of questions and problems
from students is reduced using the automatic feedback system
[63]. Most articles (44.44%) claim that automatic feedback
helps instructors but offer no empirical evaluation to support
such claims. These studies demonstrate in their results the
satisfaction reported by instructors regarding the reduction
of students doubts [119, 63] or the reduction of instructors’
workload [71, 36]. There were no negative results in this
analysis.
4.5.4. Research Question 4

The fourth research question aimed to analyze which
methods and techniques are used in the automatic genera-
tion of feedback. Table 10 shows the main methods and
techniques found in the articles.

Table 10
Main methods and techniques used to generate automatic feedback.

Method Number of
articles

Comparison with desired solution 15
No details 14
Dashboard 7
Natural Language Processing 7
Ontology 4
Graphs 3
Neural Network 2

The main technique used was the comparison between
student answers and the desired solution (15 articles). Among
these articles are those that aim to propose feedback to help
students solve specific exercises in subjects, such as program-
ming, circuit analysis, automaton, among others. In this way,
the proposed systems provided instant feedback comparing
a student’s response with a possible response already regis-
tered in the system. The research by [69] used this method to
determine the quality of LOGAX (a tutoring tool that helps
students to build an axiomatic proof), comparing the proofs
generated by experts and student solutions.

Many articles (n=14) have not detailed the methods or
techniques used to generate automatic feedback. Most of
these articles propose prototype systems that are still in the
development phase [92, 33, 50]. Other articles do not de-
scribe how the proposed systems were developed, but only
describe how they were applied in a real environment and

results of the implementation [2, 119, 122, 57].
The second most used technique was dashboard (n=7).

These studies used graphical elements to motivate the stu-
dents or the class to carry out activities in the online envi-
ronment. For example, the article by [61] presents a study
that categorised students based on how they interact with the
dashboard, taking into account time, number and timing of
hits.

The third most used technique was Natural Language
Processing (NLP). NLP is a field of computer science applied
to manipulate text or speech in natural language that can
process and analyze large amounts of data in natural language
using algorithms for semantic and syntactic analysis. For
example, Trausan-Matu et al. [105] proposed a system which
provides tools that support the polyphonic analysis of chat
conversations and online discussion forums, and NLP is used
in order to identify topics, semantic similarities and links
between utterances. In the study byOno et al. [80] text mining
technology was used to produce instant feedback in a foreign
language presentation course.

Other specific methods found in the articles are: longest
common subsequences (LCS), feature extraction with cluster-
ing, cybernetic principles, linguistic analysis engine, tree edit
distance, abstract syntax trees (ASTs), knowledge databases,
predictive analytics, mobile sensors, and data mining. It is
important to note that 1 article can have more than 1 method.

5. Discussion
Based on the insights obtained from this systematic liter-

ature review, we highlight three factors that should be con-
sidered when researching and developing systems to provide
feedback. These factors include methods and goals, relevance
for instructors, and techniques adopted. Based on our results,
these factors were considered critical in the process of send-
ing feedback. Each of the three factors is discussed in the
remainder of the section.
5.1. Feedback impact and educational goals

The first research question aimed to assess the impact
of the automatically provided feedback on students’ perfor-
mance. In this case, performance could be related to a specific
activity or the final marks. Unsurprisingly, the majority of
the papers retrieved in this review, about 65% (Table 7), con-
cluded that the feedback had a positive impact on students per-
formance [42]. However, the papers do not provide enough
information to determine if the positive impact was caused
by the use of the tool or the feedback final product (dash-
board/message). For instance, several papers proposed tools
to evaluate programming activities automatically [39, 26, 12].
In this case, the authors do not analyse if the improvement in
the students’ abilities was due to the usage of the entire sys-
tem or just because of the feedback. Price et al. [87] suggests
that the perceived value of feedback and the students’ final
performance should be analysed separately.

Additionally, a few papers reported an increase in the stu-
dents’ performance, but some degrees of dissatisfaction with
the feedback message. In this direction, Burke [19] presented
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several factors that led to poor evaluation of the feedback,
even with the improvement of final marks. The students listed
the feedback length (brief), polarity (always negative), and
complexity (difficult to interpret) as the main drawbacks [19].
Possible reasons for this can be the lack of training related
to good feedback practices. Weaver [112] showed that more
than 50 % of university students never received any guidance
on “how to understand and use feedback”, and three-quarters
of students received no advice on how to understand and
use feedback before university, and Mutch [77] highlighted
the need for more research on how students “receive and
respond” to feedback.This is inline with what Carless and
Boud [21] refers to as the importance of the student feedback
literacy to enhance the feedback impact. Carless and Boud
[21] also states that the instructors have a key role to enable
students to appreciating, making judgments, managing affect,
and taking action on the feedback messages. Moreover, the
current literature also offers recommendations for good feed-
back practices. Nicol and Macfarlane-Dick [78] proposed
a conceptual model of self-regulation based on a review of
the research literature on formative assessment and feedback.
The main idea of the work is to identify how the training
processes of evaluation and feedback can help promote self-
regulation. Based on the conceptual model, seven principles
of good feedback practices to enhance teaching feedback were
proposed.

In our review, we also analysed the educational goals of
the feedback systems. Table 8 revealed that more than half
of the systems (52.38%) aimed to provide feedback about
a specific content/course. More specifically, the majority
of these papers were applied to student performance (table
7) and more procedural and specific activities, such as Pro-
gramming and circuit analysis (table 6). This result could
explain the possible reasons for the weaknesses such as length
(brief), polarity (always negative), and complexity (difficult
to interpret).

A total of 41.26% of the articles in this review used the
feedback as a method to support self-regulation. This goal is
more aligned with the literature on good practises of feedback
[78, 43]. However, these works did not present an analysis to
support the effectiveness of the feedback in terms of improv-
ing the students performance and self-regulation processes
(41.27% listed as no evidence in table 7). Moreover, the ma-
jority of these papers proposed the adoption of a dashboard to
support students. However, the literature shows that this kind
of visualisation does not guarantee effective feedback and
does not offer sufficient support for self-regulated learning
[73].

The papers in this review have not considered several fac-
tors that are well-established in the literature to enhance the
feedback process. They do not align the proposed feedback
systems with educational research on the provision of feed-
back, which could be extremely helpful in order to improve
the final result of the feedback process, in terms of learning
outcomes, learning processes, and students’ satisfaction.

There are several popular frameworks for good feedback
practices that are proposed in educational research. For in-

stance, Nicol andMacfarlane-Dick [78] suggested incorporat-
ing more than just simple instructions in feedback messages.
According to Nicol and Macfarlane-Dick [78], good feedback
practice is broadly defined as anything that might strengthen
students’ capacity to self-regulate their performance. Al-
though Nicol and Macfarlane-Dick suggested several good
practises to enhance feedback, the papers included in this
literature review just focused o provide specific information
related to the activities. it is a limitation that could had influ-
enced the students ’ satisfaction level reported in the studies.

Educational research has documented factors that should
be considered when creating feedback. Hattie and Timperley
[43] investigate several conditions that could maximise the
positive effects of feedback on student learning, including the
increase in student awareness about the overall learning goal,
the progress towards the goal, and the subsequent goals re-
quired to achieve the overall goal. Hattie and Timperley also
propose a model that encapsulates four levels of information
to be considered in feedback messages: (i) task level such
as whether the activity is correct or incorrect, can include
instructions for more or different information; (ii) process
level includes suggestions about study methods to the student
to create a product or complete a task and is more directed to
information processing, or learning processes that require un-
derstanding or completing the task; (iii) self-regulation level
which includes greater self-assessment or confidence skills,
can have major influences on self-efficacy, self-regulatory
proficiency, and students’ personal beliefs as learners; (iv)
self level, feedback can be personal in the sense that it is
directed to the self; self-level is often unrelated to task per-
formance. Hattie and Timperley research showed that the
most potent feedback is on process and self-regulation lev-
els, while self-level is usually ineffective for learning. Task
level is typically ineffective, unless it is combined with either
process or self-regulation levels. Feedback in the systems
proposed in the papers included in this review is focused on
the task level only, which reduces the potential of feedback
to positively impact in students motivations and participation
in class [93].

Finally, the papers in this review do not consider feedback
as a dialogic process. Pardo [81], Pardo et al. [83] proposed
that feedback should be a process where students and instruc-
tors have a conversation about the course, assisting not only
the students to understand the course content better, but rais-
ing the capability of the instructor to personalise the content
and improve the course design and orchestration [30, 88]. Fur-
thermore, Pardo et al. [82] also advised that timely feedback
increases the chances to help students to reach the learning
goals and improve their final performance. Among other
things, this concept could reduce student dropout rates [67].
5.2. Feedback relevance for instructors

The results of this study suggest that the existing feedback
systems do not take in consideration the instructors needs. Ta-
ble 8 shows that only 4.76% of the papers initially intended to
support instructors. However, none of the systems proposed a
platform to assist instructors/teachers to better write feedback
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[75, 41]. The arguments for the importance of students in
the feedback process are undeniable [17]. However, recent
literature also advises that the instructor role is crucial in the
adoption of automatic tools for the provision of automated
feedback [82, 68]. More broadly, the importance of the in-
structor in the adoption of education technology has already
been made by several researchers [38, 37, 5, 94, 126].

The results also point out that several feedback systems
(53,96%) have impacted the instructor experience positively,
as shown in Table 9. Possible reasons for this can be found
in the capability of automation and personalization provided
by the feedback systems, which can potentially decrease the
instructors’ workload [47, 70, 99]. The majority of the works
retrieved in this review that reduce the activities performed by
instructors are based on student dashboards showing simple
statistics [57, 124], systems comparing the students’ results
with a pre-defined desired solution [64, 7], or feedback in
a particular domain, e.g., programming language problems
[56, 6, 3, 45, 59] and essays evaluation [116, 104, 107]. In a
nutshell, this result reveals a preponderance of papers related
to intelligent tutoring systems in the provision of automatic
feedback which explains the decrease of instructors’ work-
load [86]. Nevertheless, this approach fails to provide analyt-
ics to inform the instructor to support the feedback process
and inform their teaching alongside an automatic feedback
system.

Current educational research indicates that supplying in-
structors with relevant information about the students and the
learning environment could enhance the capability of instruc-
tors to provide more informative feedback at scale and adjust
the course content/methodology to reach better educational
results [83, 30, 88]. Learning dashboards focusing on the
use of visualizations to support instructors are potentially a
powerful instrument to understand student behaviour support-
ing the provision of feedback [24, 109]. However, learning
dashboards have to be carefully designed to support instruc-
tional decision-making. Wise and Jung [118] concluded that
a learning dashboard for instructors should contain informa-
tive content regarding the students activities and learning
context; otherwise, the instructors will not engage or take
action based on the visualization.

Many authors define feedback as a dialogical process
whereby learners obtain information on their performance
and instructors better understand students needs [16, 81]. In
other words, feedback should not be unidirectional from in-
structors to learners, but it has to incorporate information
for both actors. From the instructor’s point of view, the dia-
logue enabled by feedback could aid the process of refining
course design and the orchestration of activities [30, 117, 88].
Therefore, an essential improvement in the current feedback
systems is to provide support for both instructors and students
and the entire process of feedback instead of just support spe-
cific tasks in a course design such as programming tasks.

Finally, Dawson et al. [28] advise including only content
related information for students is not enough to provide a
good feedback message, it is also important to include affec-
tive aspects in feedback that encourage positive motivational

beliefs and provide information that can be used to help shape
teaching [78, 43]. Thus, future research on systems that aim
to assist instructors with feedback provision is the analysis of
the message content with the aim to suggest improvement of
quality of the overall feedback, including non-content aspects
[23, 22].
5.3. Techniques adopted to provide feedback

The last research question of this study aimed to identify
which methods, tools and techniques were applied to provide
the feedback and to discuss their alignment with the educa-
tional goals and student performance. Specifically, we anal-
ysed how researchers develop approaches to create and send
feedback messages in online environments. Our analysis sug-
gests that commonly adopted methods are direct comparison
of students answers with the desired solutions (pre-defined
by instructors) [31, 74, 107, 12, 69], dashboards/graph visu-
alizations [124, 61, 51, 15], and natural language process-
ing/machine learning [80, 53, 105, 25].

The majority of the papers that focused on comparing
students answers with the desired solutions were reported
in programming or automation courses where the main goal
is to evaluate programming activities automatically, provid-
ing information on the students’ performance and possible
improvements to enhance software programs (as shown in
table 6. The literature confirms the importance of answer
comparison to provide feedback to students [49, 60], but it
has two main limitations: (i) it is necessary for the instructor
to register the answer in the system beforehand; and (ii) the
student must respond exactly the same as the answer given by
the instructor. Unsurprisingly, it provides minimal informa-
tion to students and is not connected with the good practices
of feedback found in the educational research literature [78].
For instance, Nicol and Macfarlane-Dick [78] suggests that
for feedback to be effective, it is necessary to provide more
valuable information such as helping to clarify good perfor-
mance or encouraging students with positive motivational
beliefs. More importantly, it should offer guidance to the
students in terms of learning strategy [43] they can adopt
to learn the concept they missed to answer correctly. To
achieve this, automatic feedback should not only consider
students responses on assessments, but it should also include
data about how students’ learning proces. Therefore, the re-
cent literature recommendation for this kind of information
is to inform instructors on students progress systematically,
so they could write effective feedback messages on student
activity and performance [14, 83].

Dashboards and visualisations have also been widely used
to provide student feedback on their learning process and
progress [124, 98, 61, 51, 15]. Few studies however demon-
strated that these visualisations were effective in improving
students performance [108, 27]. However, a systematic re-
view on learning analytics dashboards byMatcha et al. [73] re-
veals negative effects of dashboards on students and the need
for improvement in dashboards to address the recommenda-
tions for effective feedback. None of the studies included in
this review presented enough evidence of effectiveness in the
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provision of feedback for students by dashboards.
Some authors used natural language processing and ma-

chine learning techniques to provide or assist in the feedback
process [80, 53, 105, 25]. The development of the fields of
learning analytics and educational data mining could explain
the increase in the adoption of these methods that should
become a trend in the field of (semi-)automatic feedback sys-
tems [34, 102, 106, 22]. However, this kind of application
requires a substantial amount of data to build a consistent
model that works for different contexts [8, 95]. In sum, this
line of work has a considerable potential to provide useful
information, but problems such as data contamination should
be carefully avoided [35].

Finally, machine learning approaches could solve several
shortcomings of the feedback systems by proposing methods
for:

• Analysis of feedback quality: Many studies included
in this review aimed to provide automatic feedback.
However, few papers have attempted to analyse the
quality of feedback provided through forms applied to
students and/or instructors. The recent paper by [23] fo-
cused on the analysis of the feedback quality extracted
from evaluations collected in an online course offered
at a Brazilian higher education institution. It shows
the potential of using machine learning to achieve this
goal.

• Automatic feedback generation: Almost all work re-
viewed in this study aimed to provide feedback for a
specific context, for instance, introduction to program-
ming, circuit analysis, and foreign language essays
evaluation. Yet, the papers reviewed did not present
any evidence of the generalizability of their approaches.
One possible solution is to use Natural Language Gen-
eration (NLG) techniques to produce automatic feed-
back [85]. NLG is defined as a systematic approach to
produce human-understandable natural language texts
based on analytics or representations of meaning.

6. Limitations
The primary limitation of this study is related to the search

process in which we focused on papers that only contain feed-
back provided in online environments. This could potentially
exclude papers that describe feedback systems, but that were
not evaluated in a virtual context.

Second, a few papers had limited information about the
methods and techniques used, which led to several categories
such as “no details" and “no evidence" in the result tables.
We decided to keep these papers nevertheless because they
contain information relevant to at least one research question.

7. Conclusions
This article presents an overview of existing studies on au-

tomatic feedback in online learning environments from 2009
to 2018. It analyzed the benefits that automatic feedback

generation can bring in relation to instructors and students.
The systematic literature review showed the main techniques
used and the main objectives in applying automatic feedback
in online learning environments. The research questions were
answered by analyzing the results of the articles and verify-
ing whether an empirical or non-empirical evaluation was
performed with positive or negative results. Research ques-
tions examined whether automatic feedback helps student
performance, whether it helps the instructor, and whether it
can override and be more efficient than manual feedback.

We concluded that there is evidence that automatic feed-
back increases student performance in activities (50.79% of
articles). The main purpose of using automatic feedback sys-
tems was to help students on a specific content/discipline.
Moreover, the majority of these articles have the same type
of assessment: comparing students’ scores in a discipline
before using the system and after using the system. In this
case, the studies did not show an analysis of other factors
besides the feedback that could influence these results.

This study also assessed if automatic feedback can also
help the instructor. As described in many of the articles in-
cluded in this review, the objective of the automatic feedback
systems is precisely to decrease the instructor’s effort in cor-
recting various student exercises. Our results confirm this
statement showing that there is evidence that automatic feed-
back also helps reduce instructor effort (53.96% of articles).
Finally, we found that the main methods and techniques used
to generate automatic feedback were: comparison with de-
sired solution, dashboards and natural language processing.

This systematic literature review highlighted that themain
shortcoming in the research literature about the automatic pro-
vision of feedback are: (i) the insufficient use of educational
research on feedback to inform development tools for auto-
matic feedback; and (ii) the exclusive focus on students which
neglect the role of teachers in feedback practice. Providing
tools for instructors would inform their teaching practice
and even involve them in the improvement of feedback for
students.
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