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Abstract

Background: Automated Writing Evaluation (AWE) systems to aid writing learning

and instruction in primary and secondary education are growing increasingly popular.

However, their effectiveness is hardly known. We conducted a systematic review

focusing on the effects of these systems providing writing feedback to students in

school settings.

Objectives: Our goal was to identify and characterize AWE systems tested in the last

20 years for Grades 1–12 and examine their impact on text quality and other

writing-related outcomes.

Methods: The review followed PRISMA guidelines. We identified eight studies

reporting the effects on writing of six AWE systems on 1659 students 11–17 years

of age.

Results and conclusions: Our review supported the usefulness of AWE systems for

writing learning and instruction. Except for one, all studies showed a positive effect

of automated feedback in at least one writing-related measure. The integration of

AWE systems into more extensive instructional programs, the amount of writing

practice provided to students, the type of the control groups, and the role of teachers

are factors influencing their impact on students' writing outcomes.

Relevance: Our review generally supported the value of AWE systems in the teach-

ing/learning process of writing. A closer look into the conditions in which AWE sys-

tems are put to practice suggested that they are particularly effective when

embedded into comprehensive instructional programs providing ample writing

opportunities. Findings from this review expand knowledge on AWE systems as

valuable tools to enhance writing in school settings.
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1 | INTRODUCTION

Writing is a fundamental skill to live in society, as recognized by

UNESCO (2011). Through writing, individuals can express their feel-

ings, heal psychological wounds, acquire new knowledge, record

information, entertain themselves and others, and create imaginary

worlds (Graham, 2018, 2019). Additionally, writing is critical for stu-

dents to succeed in school, for workers to succeed in their jobs, and,

ultimately, for people to succeed in their everyday lives (Graham,

2019). The development of good writing skills is, therefore, a central
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aim of education. Learning to write well requires the mastery of sev-

eral basic and complex cognitive processes (Kellogg, 2008). Early on,

students are expected to acquire the basic processes of transcription

(i.e., handwriting/typing and spelling). Progressively, they develop

more complex processes, such as planning (i.e., idea generation and

organization), translating (i.e., the transformation of ideas into lan-

guage) and revising (i.e., modification and reorganization of writing)

(Graham & Perin, 2007; Limpo & Alves, 2013a). Students struggle to

acquire and develop these processes throughout schooling, and the

use of appropriate instructional practices in the classroom can be a

powerful tool to diminish those difficulties (Graham, 2006; Harris &

Graham, 2016).

An important instructional practice in the classroom is formative

writing assessment. Formative assessment refers to “how judgements

about the quality of student responses (performances, pieces, or

works) can be used to shape and improve the student's competence

by short-circuiting the randomness and inefficiency of trial-and-error

learning” (Sadler, 1989, p. 120). The quality of student responses

relies on writing quality evaluations, which are based either on profes-

sional or personal opinions about what is good writing or on scoring

rubrics gauging specific attributes of good writing (Graham et al.,

2015; Rowntree, 1987; Sadler, 1989).

A key element of formative writing assessment is feedback, which

provides information that students can use to enhance their learning

process, as it closes the gap between what they write and what is

expected of them to write (Biber et al., 2011; Graham et al., 2015).

Feedback is defined as the information provided by an agent regard-

ing aspects of performance or understanding (Hattie & Timperley,

2016). The feedback provided varies in terms of (a) the agent, that is,

the person who delivers the feedback (teachers, peers), technology, or

self-assessment, (b) the mode of feedback delivery, that is, by pen-

and-paper, electronic, or automated, and (c) the types of feedback,

such as commentaries, responses, or corrections (Nurmukhamedov,

2009; Sadler, 1989). Meta-analytic findings showed that formative

writing assessments that provided daily feedback to students

enhanced writing quality in Grades 1–8, regardless of being delivered

by persons or technology (Graham et al., 2015).

2 | TECHNOLOGY AND WRITING

Within educational settings, technology refers to electronic tools

supporting the learning process (e.g., computers, interactive

whiteboards, multimedia, and the internet) (Cheung & Slavin, 2012).

Technological support for writing may be particularly beneficial to

struggling writers as it can help their understanding of spelling and

text organization and thus scaffold writing ability (Peterson-Karlan &

Parette, 2007). However, a meta-analysis including studies from 1992

to 2002 showed that word-processing technology had a low to mod-

erate positive effect on students' writing ability (Goldberg et al.,

2003). Since then, the advantages of including technology into writing

instruction have been observed in several studies (Cheung & Slavin,

2012; Goldberg et al., 2003; Little et al., 2018; Meyer et al., 2010;

Stevenson & Phakiti, 2014; Wijekumar et al., 2017; Wijekumar et al.,

2018). This kind of technological support promotes writing by scaf-

folding planning, translating, and revising (Peterson-Karlan & Parette,

2007). For example, the effectiveness of planning instruction can be

enhanced when combined with computer-based tools (Cheung &

Slavin, 2012; Little et al., 2018; Meyer et al., 2010; Stevenson &

Phakiti, 2014). A recent meta-analysis confirmed the positive effect of

technology-based writing instruction on writing outcomes in K-12

students (Little et al., 2018). Using technology may also promote posi-

tive attitudes towards writing and enhance motivation to write

(Camacho et al., 2020; Ekholm et al., 2017). Due to recent technologi-

cal advancements, technology is now being used to provide feedback

in formative writing assessments. This form of technology-based feed-

back was made to help teachers assess their students' writing quickly

and cost-effectively (Cotos, 2014). Widely used electronic systems to

provide feedback rely on Automated Writing Evaluation (AWE).

AWE is defined as the capability of a computer technology to

evaluate and score written text (Shermis et al., 2013). AWE systems

were originally developed with a twofold goal: to overcome the cost

in time and effort of having humans evaluate large-scale testing prod-

ucts and to create impartial scoring systems free of human fallibility

(Stevenson & Phakiti, 2019; Wang et al., 2020). Technological evolu-

tion in the last decades allowed this type of technology to go beyond

summative scoring and provide students with detailed feedback in an

interactive format (Hockly, 2019; Shermis & Burstein, 2003). To auto-

matically evaluate the content, structure, and/or quality of writing,

AWE systems use a scoring engine labelled automated essay scoring

(AES) (Shermis & Burstein, 2003). The most well-known types of AES

systems are Project Essay Grade (PEG), Intelligent Essay Assessor™

(IEA™), Electronic Essay Rater (e-rater®), IntelliMetric®, AutoScore,

Bokette, CRASE™, Lexile® Writing Analyser, and LightSIDE (for more

detailed information about these systems see Cotos, 2014; Dikli,

2006; Shermis, 2020). AES systems comprise a set of different com-

puterized methods to assign scores to the written texts. Except for

PEG and LightSIDE, which use statistical techniques, and IEA™, which

is based on latent semantic analysis (LSA), the AES systems mentioned

above rely on natural language processing (NLP) (Shermis, 2020).

Depending on the method, AES systems can focus on a variety of

writing-related features (Shermis, 2020). Whereas LSA methods focus

on content rather than mechanical aspects (e.g., spelling and gram-

mar), NLP methods provide feedback on a large range of aspects, such

as grammar, usage, mechanics, style, discourse structure, vocabulary

usage, sentence variety, source use and discourse coherence quality

(for a review on these methods see Deane, 2013; Landauer et al.,

2003; Landauer & Psotka, 2000; Page, 2003). In addition to the scor-

ing engine that evaluates the text and provides a quantitative holistic

score, AWE systems also include a feedback engine that provides

qualitative feedback on how to improve writing and raise the quanti-

tative score (Allen et al., 2016). The feedback from AWE systems is

generally displayed in an engaging graphic interface, using several

writing assistance tools, such as graphic organizers, text and chart-

based feedback on writing, and online dictionaries (Franzke et al.,

2005; Ware, 2014). Recent tools, such as Writing Pal and Writing
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Mentor, resort to animated agents (Allen et al., 2016; Cahill &

Evanini, 2020).

The use of AWE systems in education gained popularity in school

and university settings (Dikli, 2006). AWE systems designed for the

classroom provide students with many opportunities to plan, write, and

revise with the help of the feedback generated by the system (Cotos,

2014; Grimes & Warschauer, 2010). Several AWE systems have been

developed throughout the years. Some are web-based, such as Crite-

rion, MyAccess!, and WriteToLearn (Allen et al., 2016). Others are add-

ons to existing platforms, such as Grammarly®, which can assist writing

in e-mails and social media, or the Writing Mentor application, which is

a writing revision assistant for Google Docs (Burstein et al., 2020; Cahill

& Evanini, 2020). The last few years have also seen the development of

intelligent tutoring systems (ITS), which provide the most sophisticated

form of computer-based writing instruction, which may or may not

include automated feedback (Allen et al., 2016). For example, Writing

Pal is an ITS that combines individualized formative feedback with writ-

ing strategy instruction and game-based practice (Allen et al., 2016;

Jacovina & McNamara, 2016; Roscoe & McNamara, 2013).

The evaluation of writing by computer-based systems has several

advantages. These systems can analyse students' writing as a human

rater would, without being affected by factors that typically influence

humans such as fatigue or distraction (Weigle, 2013). Moreover, the

feedback can be given as soon as the written product is finished, all-

owing students to receive instant feedback, every time they want,

and not when the teacher is available (Cotos, 2014). As the automated

feedback is anonymous and does not require face-to-face interactions

with feedback agents, AWE systems may also reduce students'

evaluation-related anxiety and allow them to rely on trial and error to

improve their writing (Weigle, 2013). Ultimately, these features of

automated feedback may foster students' motivation to write and

revise, and increase writing practice (Grimes & Warschauer, 2010).

These systems can also help teachers. By using AWE to target writing

mechanics, teachers can focus on higher-level features of writing.

They can adapt the system to provide specific feedback according to

students' age and proficiency level by using grade-appropriate pro-

mpts and scoring models (Cotos, 2014; Dikli, 2006; Jacovina & McNa-

mara, 2016). Online AWE systems can also help second language

writing (L2) (Warschauer & Ware, 2006). Recognizing the differences

between L1 and L2 writers—which vary in their control over syntax,

morphology, and vocabulary, as well as their experience in writing

(Weigle, 2013)—AWE systems have been designed in languages other

than English (e.g., IntelliMetric® provides versions in Chinese, Hebrew,

and Bahai Malaysian) (Shermis, 2020). This is an welcome progress

given that, in the early 2000s, AWE systems for foreign languages

were based on English grading engines (Shermis, 2020).

AWE systems also raise concerns. To effectively score written

material, AWE requires libraries with a large number of essay samples

(Cotos, 2014)—most systems between 300 and 500 (Dikli, 2006; Foltz

et al., 2013)—and because it is trained based on human raters, AWE

scoring can replicate the biases present in the original human ratings

(Deane, 2013). Regarding scoring proper, some systems use prompt-

specific scoring engines, which, despite providing more accurate

feedback, are less flexible and do not allow teachers to assign custom

prompts (Jacovina & McNamara, 2016). Generic engines are more

flexible and allow teachers to create prompts, but enhanced flexibility

comes at the cost of accuracy (Schneider & Boyer, 2020; Shermis &

Hamner, 2013). Besides prompts, several AWE systems also allow

teachers to customize the level and type of feedback or impose time

limits (Cotos, 2014; Dikli, 2016); however, what is measured by a par-

ticular AWE system is typically not manipulated (Cotos, 2014). A fre-

quent criticism is that these systems tend to overemphasize the

writing product and neglect the underlying processes enacted by

writers to produce the text (Deane, 2013), but this is also true to writ-

ing without technology (Shermis et al., 2013). Another limitation of

automated scoring is that it falls short of the one of a trained human

rater because the scoring engine cannot evaluate contextual aspects

of writing, such as information that depends on shared background

knowledge (e.g., reference to well-known literature or famous people)

or assumptions between readers and writers (e.g., humour and irony)

(Weigle, 2013). Indeed, students can manipulate the AWE by using

their knowledge of technology (Allen et al., 2016). For example, they

were able to trick the system into obtaining higher scores by repeat-

ing the same paragraph throughout the text (Powers et al., 2002).

Finally, an important concern is that AWE systems might inhibit the

social nature of writing by replacing teachers or other feedback agents

(Conference on College Composition and Communication, 2014).

However, as noted by Attali (2013), AWE systems should be taken as

a complement to other types of feedback (e.g., teacher, peers) and not

as a replacement of human scoring.

Previous attempts to gather evidence on the effectiveness of

AWE systems in improving students' writing quality have not been

particularly successful. Morphy and Graham (2012) conducted a

meta-analysis of studies published between 1983 and 2011 examin-

ing the effects of word processors in struggling writers/readers in

Grades 1–12. They found only one study showing beneficial effects

of automated feedback (Franzke et al., 2005). This study was also

located by Little et al. (2018) in a meta-analysis on technology-based

writing instruction (not focused on automated feedback only). To the

best of our knowledge, only one critical review specifically examined

the effects of AWE systems on text quality from Grade 1 to university

(Stevenson & Phakiti, 2014). Findings on the benefits AWE systems

were mixed, probably due to the heterogeneity of the studies exam-

ined, many without peer review. Stevenson and Phakiti (2014) noted

methodological limitations, such as lack of control groups or no

statistical testing in the studies included in their review.

3 | PRESENT STUDY

AWE systems are promising means to deliver effective and valid feed-

back on students' writing. However, there are no sound evidence syn-

theses of empirical research testing the effects of automated

feedback. Most past meta-analyses addressed the general use of tech-

nology in writing instruction in Grades 1–12, and they only located a

single study testing the effectiveness of AWE systems (Goldberg
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et al., 2003; Little et al., 2018; Morphy & Graham, 2012). The single

review that addressed the effects of computer-generated feedback

(Stevenson & Phakiti, 2014) presents several limitations, namely,

broad inclusion criteria resulting in the inclusion of non-published

studies, without control groups, no reference to having followed PRI-

SMA guidelines (Moher et al., 2009), and no assessment of the risk of

bias in the included studies. These limitations constrain conclusions

emerging from that work.

Given the lack of reliable evidence syntheses in the field and the

increasing use of automated feedback to support writing instruction, a

review of the effects of AWE systems is timely. In the present work, we

conducted a systematic review exclusively focused on research testing

the effects of technology capable of providing writing feedback to stu-

dents in Grades 1–12. Our goal was to examine the effectiveness of

AWE systems to promote Grade 1–12 students' writing quality as well as

other writing-related outcomes targeted by the selected studies. We

developed the following research question using the PICO (Population/

participant, Intervention/indicator, Comparator/control, Outcome;Miller &

Forrest, 2001; Schardt et al., 2007) framework: In students from Grades

1–12 (P), is the use of AWE systems (I), compared to other types of feed-

back or no feedback (C), effective to improve writing quality or other

writing-related outcomes (O)? To better understand the characteristics of

these systems, we examined their features, including how they articulate

with human feedback agents. Generated findings will expand the current

understanding of the use of AWE systems in educational settings. Given

the pandemic situation we are currently living in, which urged relying on

technological tools for writing instruction, knowing whether they work or

not is especially meaningful.

4 | METHOD

4.1 | Search strategies

A comprehensive search was conducted between January and February

2020 using the following databases: EBSCOhost (Academic Search

Complete, Education Source, ERIC, APA PsycARTICLES, Psychology and

Behavioural Sciences Collection, Psychology and Behavioural Sciences

Collection and APA PsycINFO), PubMed, and Web of Science. The search

was also conducted in the web search engine Google Scholar. The

search focused on the last 20 years (2000–2020). Keywords used in

the search were as follows: writing technology OR word processing soft-

ware OR computer-adapted writing technology OR effectiveness of writ-

ing technology OR text composition AND feedback OR technology

feedback OR automatic feedback OR automated writing evaluation AND

intervention OR training OR program AND education OR children OR

school OR classroom.

4.2 | Eligibility criteria

Eligibility criteria were defined with the goal of finding the best avail-

able evidence while overcoming the limitations of previous reviews in

the field (e.g., large variability of selected studies with poor methodo-

logical rigour). To achieve good scientific validity, empirical studies

should follow three gold standards: manipulation of an independent

variable, comparison between an experimental condition with at least

a control condition, and randomization of subjects to groups

(Thompson & Panacek, 2006). Because this last standard is hard to

follow in studies conducted in school settings, we adopted only the

first two as inclusion criteria: (1) implementation of an intervention

with a technological component providing feedback on writing;

(2) inclusion of an active or a passive control group against which the

intervention was compared. With this set of inclusion criteria, we

aimed to make sure that the selected studies had internal validity,

which is critical to achieving trustworthy findings (Campbell & Stanley,

1963). A key aspect of internal validity when testing the effectiveness

of an intervention is the inclusion of control groups. In intervention

studies without control groups, it is virtually impossible to determine

whether the changes arose from the treatment or from confounding

variables (Slack & Draugalis, 2001). In line with our research question,

four additionally inclusion criteria were: (3) empirical studies with chil-

dren aged 6–18 years (Grades 1–12); (4) inclusion of quantifiable

measures to assess writing quality as an outcome; (5) publication date

between January 2000 and January 2020; and (6) publication written

in English. Exclusion criteria were: (1) reviews, meta-analyses, edito-

rials, opinion papers, dissertations, and book chapters; (2) use of tech-

nology for non-educational purposes and/or outside of the writing

domain and/or without feedback on writing; (3) lack of writing quality

as an outcome measure; and (4) papers not published in English.

4.3 | Selection of the studies

The selection of studies to include in this review followed PRISMA

guidelines (Moher et al., 2009). We used Rayyan, a free website that

assists systematic review authors to expedite the initial screening of

titles and abstracts (Ouzzani et al., 2016). The database search found

2845 articles, and five additional ones were identified through manual

search. After removing duplicates, we obtained 1685 articles. The first

two authors independently read their titles and abstracts in view of

the inclusion and exclusion criteria and agreed on all but two studies,

which were then discussed by both, resulting in the identification of

113 articles. The full texts of these articles were further inspected to

confirm full compliance with the selection criteria. As a result, eight

articles were selected for the current review (see Figure 1).

4.4 | Study quality

The Cochrane Collaboration's Risk of Bias tools, RoB 2.0 for random-

ized trials (Sterne et al., 2019) and ROBINS-I for non-randomized trials

(Sterne et al., 2016), were used to assess the quality of the studies

included in the review. RoB 2.0 assesses bias due to randomization,

deviations from intended intervention, missing data, outcome mea-

surement, and selection of reported results. ROBINS-I considers
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seven types of bias: bias due to confounding, selection of participants,

classification of interventions, deviation from intended intervention,

missing data, measurement of outcomes, and selection of reported

results. For RCT and non-RCT papers, there is a set of questions

(e.g., “Were interventions groups clearly defined?”) and pre-defined

responses (“yes”, “no”, “probably no”, “probably yes”, or “no informa-

tion”) for each domain of risk bias. Based on the responses, risk bias is

classified with a minus (�) indicating a low risk of bias; a plus (+) indi-

cating a high risk of bias; and a question mark (?) indicating the risk of

bias is unclear. The ratings by domain are used to determine the over-

all risk of bias of the study: for RCT, high risk, some concerns, or low

risk; for non-RCT, critical, serious, moderate, low risk, or no informa-

tion. Low overall risk of bias means the study is considered well-per-

formed; high or critical/serious risk of bias indicates that findings from

the study should be interpreted with caution. The two first authors

independently graded the risk of bias, and disagreements were solved

in discussion with the third author.

4.5 | Coding of included studies

The included studies (Franzke et al., 2005; Mørch et al., 2017; Palermo &

Thomson, 2018; Tang & Rich, 20171; Wade-Stein & Kintsch, 2004; Ware,

2014; Wilson & Czik, 2016; Wilson & Roscoe, 2020) were coded in three

categories: characteristics of the studies, AWE systems, and effectiveness

of AWE systems.

4.5.1 | Characteristics of the studies

We gathered information about publication settings, such as authors

and year, the scientific journal where the study was published, and

the country where it was conducted. Additionally, we identified the

study's research goals and gathered information about participants,

such as sample size, grade range, and language (English as a native

language—L1, English as a Foreign Language—EFL, and English as a

Learning Language—ELL). We also extracted information on the

study design (viz., inter- or intra-subject design, experimental or

quasi-experimental, conditions, and testing sessions), including the

use of mixed-methods or exclusively quantitative or qualitative

designs. Finally, we coded the intervention duration and agents

(i.e., whether students worked alone with the system or teachers

also delivered the intervention).

4.5.2 | AWE systems

We registered the following information: name and developer of the

system, writing tasks used to provide feedback (e.g., argumentative

essays in response to a prompt), description of the system, its engine,

the method used for analysing the meaning of the text (e.g., LSA),

targeted features of writing quality (e.g., organization, style), how

feedback is computed and delivered, and teachers' role—if the teacher

can interact with the AWE system or not.

F IGURE 1 Preferred reporting items in systematic reviews and meta-analyses (PRISMA) flow diagram of study selection
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4.5.3 | Effectiveness of the AWE systems

We collected information about the measures used to test the effective-

ness of the AWE systems along with the results achieved. We noted

how writing quality was measured (e.g., holistic vs. analytic score) and

identified other writing measures (e.g., essay elements). Finally, we sum-

marized the effects of AWE systems on all assessed outcomes.

5 | RESULTS

5.1 | Quality of the studies

All studies except one (Ware, 2014) were non-randomized trials.

The plots obtained from the risk of bias analyses designed with the

robvis web app (McGuiness & Higgins, 2020) are presented in Fig-

ures 2 and 3.

Despite the lack of information on the randomization process and

the intervention not being blind for participants or instructors, the

randomized trial study presented low concerns. Concerning the non-

randomized trial studies, some uncontrolled events interfered with

the instructional schedule in Palermo and Thomson's (2018) study;

the instruction procedures varied between experimental groups, and

there was no information about human raters being blinded or not in

Tang and Rich's (2017) study; missing data were not described in

Mørch et al.'s (2017) and Wade-Stein and Kintsch's (2004) studies.

Overall, four studies presented a low risk of bias (Franzke et al., 2005;

Wade-Stein & Kintsch, 2004;Wilson & Czik, 2016; Wilson & Roscoe,

2020), two presented a moderate risk (Mørch et al., 2017; Palermo &

Thomson, 2018), and one a serious risk (Tang & Rich, 2017).

5.2 | Characteristics of the studies

Below we present the main characteristics of the selected studies (see

Table 1 for details).

Selected studies were published between 2004 and 2020. Only two

were conducted outside the US with L2 writers (in China and Norway).

Six studies focused on middle school (Grades 6–9; n = 1343), and two

focused on high school (Grades 10–12; n = 316). Only one study was

experimental (Ware, 2014); the remaining used quasi-experimental

designs. All studies included evaluations before and after the intervention

(pre- and post-test), but none had a follow-up. The intervention time

ranged between 11 days and 10 months, even though not all studies pro-

vided that information. Six AWE systems were used (see description in

Table A1): PEG Writing (Wilson & Czik, 2016; Wilson & Roscoe, 2020),

NC Write (Palermo & Thomson, 2018), Writing Roadmap (Tang & Rich,

2017), EssayCritic (Mørch et al., 2017), Criterion (Ware, 2014) and Sum-

mary Street (Franzke et al., 2005; Wade-Stein & Kintsch, 2004). The sys-

tems targeted different types of texts: narrative, informative, and

argumentative essays, memoir writing, and summary writing.

In the intervention groups, the automated feedback was tested

alone (Franzke et al., 2005; Mørch et al., 2017; Wade-Stein & Kintsch,

2004; Ware, 2014) or complemented by teacher feedback (Tang &

F IGURE 2 Risk of bias summary and graph for the included randomized control trial
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Rich, 2017; Wilson & Czik, 2016; Wilson & Roscoe, 2020). In the con-

trol groups, students received feedback from the teacher (Tang &

Rich, 2017; Ware, 2014; Wilson & Czik, 2016; Wilson & Roscoe,

2020), from peers (Mørch et al., 2017; Ware, 2014) or no feedback

(Franzke et al., 2005; Wade-Stein & Kintsch, 2004). Palermo and

Thomson (2018) compared the use of automated feedback during a

Self-Regulated Strategy Development (SRSD) instruction with tradi-

tional writing instruction with or without automated feedback.

5.3 | Effectiveness of the AWE systems

5.3.1 | Measures

In half of the studies, trained raters evaluated writing quality using

holistic rating scales (Franzke et al., 2005; Mørch et al., 2017;

Wade-Stein & Kintsch, 2004; Ware, 2014). Three studies used

human and automatic scores (Tang & Rich, 2017; Wilson & Czik,

2016; Wilson & Roscoe, 2020), and one study relied solely on the

overall automatic score. As detailed in Table 2, additional writing

outcomes were assessed in all studies except in Tang and

Rich's (2017).

5.3.2 | Impact on writing

Only one of the eight studies under review did not find any benefit of

the AWE systems. Ware (2014) showed no evidence that using the

Criterion improved writing quality, length, and mechanical aspects of

the written texts compared to online teacher feedback or peer feed-

back. Surprisingly, students receiving automated feedback had poorer

scores than their peers on writing outcomes such as genre elements

F IGURE 3 Risk of bias summary and graph for the included non-randomized control trials
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(see Table 2). Three studies found positive effects of AWE systems on

several writing measures but not on writing quality proper. Mørch

et al. (2017) showed that the feedback provided by the EssayCritic

resulted in a higher number of relevant topics in the essays than the

feedback provided by peers. And Wilson and Czik (2016) and Wilson

and Roscoe (2020) showed that, compared to students who used

Google Docs to receive teacher feedback, students using PEG Writing

had greater writing motivation and writing self-efficacy, respectively.

NC Write (Palermo & Thomson, 2018) produced better, longer,

and more complete essays than students receiving traditional instruc-

tion either with or without NC Write; importantly, among students

receiving traditional instruction, those using NC Write achieved better

results than the ones without it. Tang and Rich (2017) showed that

the Chinese EFL learners using Writing Roadmap improved more from

pretest to posttest than the control group receiving teacher feedback

alone. Franzke et al. (2005) showed that, compared to no feedback,

using Summary Street led to better results in writing quality, content,

organization, degree of detail, and writing style; although it helped all

students, the system was especially beneficial for medium- and low-

performing students. Confirming the effectiveness of Summary Street,

Wade-Stein and Kintsch (2004) found that when students used this

system, they produced better summaries, spent more time on task,

and provided better coverage of summary contents than when they

did not use it. Because this study had an intra-subject design, the

authors also showed that students who used the system first kept

their gains later in the no-feedback condition.

5.3.3 | Users' perceptions

Students who used AWE systems mentioned that the automated

feedback helped them improve writing, made them feel more confi-

dent and motivated to rewrite and revise, kept them focused for lon-

ger, and increased their enjoyment in writing (Palermo & Thomson,

2018; Tang & Rich, 2017; Ware, 2014). Furthermore, they perceived

the systems as valuable, inciting them to reflect upon and be more

aware of their writing process (Franzke et al., 2005; Wade-Stein &

Kintsch, 2004). Teachers mentioned that AWE systems were appro-

priate for students and valuable for their practice by helping them

focus on teaching rather than on correcting errors (Palermo & Thom-

son, 2018; Tang & Rich, 2017). They also mentioned that struggling

writers might need additional attention and support in interpreting

the automated feedback (Palermo & Thomson, 2018; Wilson & Ros-

coe, 2020). A complete summary of users' perceptions is given in

Table A2.

6 | DISCUSSION

Writing is recognized as an essential component of students' aca-

demic development, one that requires a considerable amount of time

and effort from both teachers and students (Dikli, 2010). More and

more research shows the potential of technology to help in the

teaching and learning process of writing. Due to technological

advancements and the need to adjust this process to new challenges,

such as those imposed by the current pandemic, technology capable

of providing writing feedback—AWE systems—has gained popularity.

However, little is still known about its added value in educational set-

tings. Here, we conducted a systematic review focused on empirical

research testing the effectiveness of AWE systems in Grades 1–12

published in the two last decades. In what follows, we discuss several

aspects of AWE systems' effectiveness, namely the results obtained

by each system and users' perceptions about them. Additionally, we

present the studies' weaknesses and recommendations for future

research.

6.1 | Effectiveness of AWE systems

Our search revealed that studies testing the effectiveness of AWE

systems in Grades 1–12 are scarce. Only eight studies met the inclu-

sion/exclusion criteria and were included in this review. Generally, our

review supported the usefulness of AWE systems in the teaching and

learning process of writing: all but one study showed a positive effect

of automated feedback in at least one writing-related measure. The

role of teachers in supporting the use of AWE systems, the time to

practice writing, and the type of control groups seem to be critical

determinants underlying these findings, as will be discussed next.

6.1.1 | Effectiveness of AWE systems with teachers
as main agents

Teachers played a leading role in complementing the automated feed-

back of three systems, NCWrite and Writing Roadmap (that improved

text quality) and PEG Writing (no effect). Palermo and Thomson

(2018) as well as Tang and Rich (2017) integrated the AWE systems in

longer and comprehensive writing interventions, whereas Wilson and

Czik (2016) and Wilson and Roscoe (2020) integrated them into a

short-length intervention and regular classroom instruction, respec-

tively. The integration of automated feedback in instructional contexts

seems a key factor underlying AWE effectiveness. Positive effects of

writing intervention programs, such as the SRSD used by Palermo and

Thomson (2018), have already been observed (Harris & Graham,

2016; Limpo & Alves, 2013b). This review extends these findings by

showing that these programs provide suitable contexts for AWE sys-

tems to improve writing and motivation to write. Research with older

writers (e.g., university students) has also indicated that providing

comprehensive instructional settings, either led by teachers (Liao,

2016) or run through technology (e.g., ITS; Roscoe & McNamara,

2013), is a means to support the use of the AWE systems and boost

their impact. These instructional contexts provide students with ample

opportunities to practice writing in response to the automated feed-

back, in supportive and tutor-guided learning environments.

Practicing writing during instructional writing programs is an

essential factor to achieve proficiency in writing and boost motivation.
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Writing is a complex problem-solving activity (Bereiter & Scardamalia,

1987; Hayes, 2012) that relies on a set of high-level cognitive pro-

cesses fine-tuned throughout schooling. A considerable amount of

research showed that this fine-tuning could be achieved through

explicit instruction such as teaching writing strategies (Graham &

Perin, 2007). However, explicit teaching is not enough: it must be

combined with scaffolded practice connecting instruction to feedback

in multiple cycles of drafting, revising, and editing (Graham & Perin,

2007). For automated feedback to be effective, students should have

enough opportunity to engage in those writing cycles under the guid-

ance of the AWE system (Kellogg & Whiteford, 2009). This was not

the case in the studies with PEG Writing reviewed here (Wilson &

Czik, 2016; Wilson & Roscoe, 2020), which may explain why using

this system did not improve writing quality (though it improved writ-

ing motivation and self-efficacy). The importance of practice when

using AWE systems was recently made clear in a case study with a

mixed-methods design, in which two undergraduates improved in L2

writing using the Criterion system for one-year, including monthly

moments of writing practice (Lee, 2020).

Even guided by AWE systems, students also need the support of

teachers during writing practice (Graham, 2019; Graham & Harris,

2016). According to the notion of zone of proximal development

(ZPD; Vygotsky, 1978), sufficient exposure to instructional feedback

results in gradual internalization and independent performance. But

for that to happen, teachers must scaffold the use of AWE systems in

the classroom and keep them aligned with instructional goals (Hibert,

2019). Studies with college students showed the added value of

teachers when using automated feedback (Li et al., 2015; Parra &

Calero, 2019). In our review, this added value was apparent in

Palermo and Thomson .'s (2018) and Tang and Rich's (2017) studies.

Also, the integration of AWE systems in a supportive environment

may explain the improvements in motivation and self-efficacy

observed by Wilson and Czik (2016) and Wilson and Roscoe (2020).

Other studies have shown that using AWE systems makes students

more motivated to write (Warschauer & Grimes, 2008), and increases

their independence and writing through self-revisions (Sandolo,

2010); they feel involved and in charge of the writing process and

more confident in their skills (Pajares, 2003). Indeed, previous system-

atic reviews showed that different technological solutions for writing

increased motivation and attitudes towards writing, including stu-

dents' beliefs about their capabilities (Camacho et al., 2020; Ekholm

et al., 2017).

6.1.2 | Effectiveness of AWE systems used in
isolation

Four studies selected for this review tested AWE systems as the sole

source of writing and revision feedback, not supported by teachers

nor embedded in comprehensive instructional programs (Summary

Street, EssayCritic, Criterion; Franzke et al., 2005; Mørch et al., 2017;

Wade-Stein & Kintsch, 2004; Ware, 2014).

Compared to controls receiving no feedback, students using Sum-

mary Street showed higher writing quality and better performance in

several other writing outcomes (viz., organization, content coverage

and adequacy, minimal use of detail, writing style, and time on task) in

Grades 6 and 8 (Franzke et al., 2005). This means that Summary Street

worked better than no feedback, but the question is if students

improved because of the system or simply because they received

some form of feedback. To answer this question, AWE systems should

be compared with active controls receiving feedback from teachers or

peers. The studies examining EssayCritic (Mørch et al., 2017) and Cri-

terion (Ware, 2014) included active control groups, and their results

showed that both systems led to better writing quality in high-school

and Grade 8 students; however, performance at post-test was not sig-

nificantly better than that of the control students who had received

feedback from other agents. It seems that regardless of being given

by computers, teachers, or peers, it is the power of feedback that mat-

ters most (Graham et al., 2015). Studies comparing AWE systems with

passive control groups with no-feedback provide little, if any, evi-

dence of their specific effectiveness. Passive control group designs

are less informative than active control designs because it is difficult

to untangle the contribution of the factors under comparison, such as

AWE vs. teacher feedback, or common factors such as those kept

constant to ensure that conditions are comparable (Lindquist

et al., 2007).

If the control condition uses interventions known to be effective,

it will not be surprising if outcomes do not differ between experimen-

tal (e.g., AWE) and control groups (e.g., teacher feedback). The auto-

mated system can improve writing outcomes, but these

improvements may be similar to those produced by receiving feed-

back from teachers or peers. Experimental and control conditions

should be as equivalent as possible, with differences limited to the

components under test (Campbell & Stanley, 1963; Higgins et al.,

2021; Lindquist et al., 2007), in this case, limited to feedback provider,

computer vs. human. In the study testing EssayCritic (Mørch et al.,

2017), in addition to varying the feedback agent (computer vs. peers),

the control group was provided with more teacher assistance than the

experimental group. Differences in the amount of teacher assistance

make it difficult to interpret condition effects unequivocally.

The use of research designs comparing automated vs. human feed-

back is common in the field (Stevenson & Phakiti, 2014). However, this

comparison lacks ecological validity (Palermo & Wilson, 2020) as it con-

trasts two different sources of feedback, system vs. teacher, instead of

two equivalent forms, teacher with or without the system. Moreover,

these designs emphasize a false dichotomy between teacher vs. system

and inadvertently add to the debate pitting the machine against the

teacher. As noted in the introduction, the concern that AWE systems

replace human feedback agents is real. But as noted by Attali (2013) and

confirmed in the current review, AWE systems are more valuable when

used as a complement rather than as a replacement of teachers.

Machines may not be better judges than teachers, who have knowledge

that machines do not, but these are more efficient and productive

(Elliot & Klobucar, 1913). Therefore, writing learning and instruction
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would benefit from the complementary, rather than isolated, strengths

of automated and human raters (Cahill & Evanini, 2020).

6.2 | Users' perceptions of AWE systems

Both students and teachers reported that AWE systems could be of

great use in the classroom. Perceived usefulness is relevant

because users' perceptions impact the adoption, use, and effective-

ness of such tools, as proposed in several theoretical models of

technology acceptance, such as the Unified Theory of Acceptance

and Use of Technology (UTAUT) (Venkatesh et al., 2012). These

models propose that people's intended and effective use of tech-

nology is influenced by their perceptions (for a review see

Venkatesh, 2000). In education settings, a systematic review

showed that students are more willing to accept a technological

learning tool when they perceive it to be useful and easy to use

(Grani�c & Maranguni�c, 2019). This finding was replicated in another

systematic review targeting AWE systems in college (Na & Ma,

2021). For example, students only utilized the feedback they per-

ceived to be valuable and helpful (Wang, 2015) and perceptions

about technical support, usefulness, ease of use, and attitude

towards AWE systems, influenced how much writing improved in

response to feedback (Tsai, 2014). The students' positive percep-

tion observed in the current review is encouraging because it is

conducive to the effectiveness of AWE systems.

Teachers are key players to foster the effective use of technology

for learning and instruction and stimulate students' acceptance of

technology (Davidson et al., 2014; Roscoe et al., 2017; Teo, 2011).

Studies in university settings have confirmed the effect of teachers'

perceptions on students' acceptance of AWE systems. For example, Li

et al. (2015) concluded that students' perceptions of automated feed-

back depended on their teachers' use and perceptions of AWE. In the

studies included in this review, none of the teachers reported avoiding

automated feedback in their writing instruction. Instead, teachers

relied on these systems to complement their teaching and recognized

their many advantages. Contrary to the view that automated systems

would dehumanize the writing process and replace teachers, we

found no evidence of this concern among teachers. Interestingly,

Grimes and Warschauer (2010) advocated that the humanization, or

not, of writing instruction by AWE systems depends much more on

the teacher than on the machine: if a teacher uses the systems to

facilitate the instruction process and overcome students' reluctance

to write, using AWE systems is unlikely to dehumanize writing instruc-

tion. However, dehumanization could occur if the teacher uses the

automated system only to determine grades without integrating it into

the teaching process. These claims align with our findings, suggesting

that the integration of AWE systems into comprehensive instructional

contexts facilitates their effectiveness.

Despite the generally positive perception, teachers identified

some caveats in the use of AWE systems, which related to students

with more difficulties in writing (Palermo & Thomson, 2018; Wilson,

2017; Wilson & Roscoe, 2020). They noted that to effectively use and

understand automated feedback, students with writing needs might

require additional attention and proximal assistance from teachers. A

similar conclusion emerged from studies with adults. Liao (2016)

found that low-performing writers had difficulty understanding and

addressing automated feedback. Because struggling writers tend to

produce shorter, less-developed, and more error-filled texts than their

peers, teacher-oriented feedback should complement AWE systems

(Troia, 2006).

6.3 | Studies' weaknesses and future directions

Despite encouraging results, our review also identified weaknesses

related to the implementation of the studies. These are presented

next, along with suggestions for future studies testing the effects of

AWE systems.

6.3.1 | Lack of information

The lack of relevant information was the main problem emerging from

the procedure to evaluate study quality. Studies did not inform on

how participants were allocated to conditions (Ware, 2014), on

coders' blindness to the purpose of the study (Tang & Rich, 2017), and

on the extent of missing data (Mørch et al., 2017; Wade-Stein &

Kintsch, 2004). This lack of information seems to be a persistent prob-

lem in the field, as noted in a previous review of studies from 1990

until 2011 (Stevenson & Phakiti, 2014). Space constraints in many

journals can be the reason, but adding supplementary materials with

detailed descriptions of the methods is an easy solution, and an

important one, because lack of information impedes research replica-

tion and limits the generalization of findings.

6.3.2 | Grade-related bias

Although our review targeted Grades 6 to 12, most studies were con-

ducted in middle-school grades. The prevalence of middle-grade stud-

ies using AWE systems mimics the writing research field in general

(Graham & Perin, 2007). There is thus a clear need for more studies

testing the effectiveness of AWE systems across all school grades,

namely, high school and primary school. Computer technology to

assist early reading and writing in primary school has been successful.

For example, Carvalhais et al. (2020) showed the effectiveness of

computer-based teaching tools for second graders who struggle to

read, indicating that young writers benefit from computer-assisted

tools as long as they are adapted to their age. Adapting existing AWE

systems to the cognitive and motivational profiles of primary-grade

learners looks like a promising next step. Automated feedback may be

of great value to scaffold teachers and students in the early phases of

writing learning and instruction.
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6.3.3 | Focus on English

All AWE systems were in English, either as native language in US con-

texts (six studies) or as a foreign language (EFL; two studies). This pattern

conforms to writing research in the field, which is biased towards English

as L1 (Graham & Perin, 2007). Of the two AWE systems tested in EFL,

only one (EssayCritic) was developed explicitly for L2 learners. This state

of affairs shows that the field needs more studies focused on L2 learners.

Note that systems used with L2 school-age writers were developed and

tested with native speakers—despite being commercialized for non-

native learners as well (Warschauer & Ware, 2006). This situation is

problematic because the acquisition of the first and second languages is

qualitatively different: L1 is acquired in the early years through naturalis-

tic exposure to language, but L2 learning depends on factors such as age,

motivation, L1 and L2 resemblance, among others (Chenu & Jisa, 2009).

These differences indicate that the effectiveness of automated feedback

on L2 writing should be specifically addressed (Stevenson & Phakiti,

2014) instead of being generalized from L1 studies. Finally, although the

use of AWE systems by L2 writers has been studied in university settings

(Li et al., 2015; Wang et al., 2013), as shown here, there is barely any

research on their effects in earlier educational levels.

6.3.4 | No examination of long-term effects

All studies employed a pre- and post-test design. However, none

included a follow-up to ensure the maintenance of the effects. We

believe this is a critical limitation of AWE studies. By contrast, in stud-

ies addressing reading there is some indication that effects persist

over time. For example, the effect of feedback from a web-based

instructional tool on reading comprehension persisted after 4 months

(Meyer et al., 2010). Similar studies should be conducted to test the

long-term effects in the field of writing.

6.4 | Limitations of the current review

This systematic review has several limitations. First, we aggregated

findings from independent studies to draw conclusions about the

effects of AWE systems on writing quality. However, the value of

conclusions depends on several factors, and the quality of the

included studies is a major one. Hence, results on the systems' effec-

tiveness should be interpreted considering the weaknesses of the

studies. Second, despite using systematic procedures based on

PRISMA guidelines (Moher et al., 2009), we may have missed some

studies. We defined inclusion and exclusion criteria based on studies

published in scientific journals with peer revision. However, some of

the criteria could have led to the exclusion of some relevant research,

namely, studies published in non-English languages. Third, we selected

studies that assessed writing quality with quantitative measures.

Therefore, we cannot draw conclusions about studies using non-

quantitative measures or studies that targeted non-writing measures

only. Fourth, as in any review, we did not directly analyse any of the

AWE systems described and based our analysis on second-hand infor-

mation. Functionalities of the systems not addressed by the authors

of the reviewed articles may not have been covered in this review.

Fifth, as this review did not cover all grade levels, we cannot assert

that using AWE systems is effective at specific grade levels. As noted

above, this indicates the need for more research across different

school levels. Finally, given the reduced number of studies testing

each of the AWE systems targeted here, more research is needed

before drawing strong conclusions about their effectiveness.

7 | CONCLUSION

AWE systems are not yet widely adopted by teachers or schools (Graham,

2019). Still, they hold great potential to support writing instruction, mainly

with the recent boom of online classes. Resonating with Grimes and

Warschauer's (2010) “utility of a fallible tool”, we conclude that, despite

limitations, AWE systems deserve consideration as a fallible tool that holds

promise to enhance students' writing. Even though some caution is

needed to interpret the results obtained, our review contributes in three

ways to the field of automated feedback in writing. First, we show that

there is a lack of studies employing rigorous designs that control for alter-

native explanations, which are essential to understand the real effective-

ness of AWE systems. Second, our findings highlight the importance of

the instructional context in which the systems are integrated, which is typi-

cally considered a minor feature of the study rather than an influential vari-

able capable of influencing the effectiveness of the AWE systems. Finally,

this review put together several limitations in the study of AWE systems,

which is helpful to indicate valuable research avenues to move the field

forward and stimulate the development of evidence-based AWE systems.
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