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Abstract: There is increasing evidence that automated writing evaluation (AWE) systems 

support the teaching and learning of writing in meaningful ways. However, a dearth of 

research has explored ways that AWE may be integrated within different instructional 

contexts and examined the associated effects on students’ writing performance. This paper 

describes the AWE system MI Write and presents results of a mixed-methods study that 

investigated the integration and implementation of AWE with writing instruction at the 

middle-school level, examining AWE integration within both a traditional process approach 

to writing instruction and with strategy instruction based on the Self-Regulated Strategy 

Development model. Both instructional contexts were evaluated with respect to fostering 

growth in students’ first-draft writing quality across successive essays as well as students’ 

and teachers’ experiences and perceptions of teaching and learning with AWE. Multilevel 

model analyses indicated that during an eight-week intervention students in both 

instructional contexts exhibited growth in first-draft writing performance and at comparable 

rates. Qualitative analyses of interview data revealed that AWE’s influence on instruction was 

similar across contexts; specifically, the introduction of AWE resulted in both instructional 

contexts taking on characteristics consistent with a framework for deliberate practice. 
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1. Introduction and Theoretical Basis 

Writing is a complex cognitive skill (Berninger & Swanson, 1994; Flower & Hayes, 

1980; Hayes, 2012). As such, it requires sustained deliberate practice for the 

development of writing expertise (Kellogg & Whiteford, 2009). Sustained 

deliberate practice involves effortful activity to improve performance, intrinsic 

motivation for task engagement, and frequent practice opportunities (Ericsson, 

2006). Practice of this kind is essential to help students develop fluency and 

automaticity in lower-level writing skills, like handwriting, keyboarding, spelling, 

and applying the conventions of written language (Berninger & Swanson, 1994; 

Kellogg, 2008; McCutchen, 1988). Furthermore, practice of this kind is essential to 

help students become more strategic and exert metacognitive control over the 

central cognitive processes involved in composing, namely, planning, translating, 

reviewing, and revising (Bereiter & Scardamalia, 1987; Flower & Hayes, 1980; 

Graham, 2018; Graham et al., 2019; Harris, Graham, Brindle, & Sandmel, 2009; 

Hayes, 1996, 2012).  

However, practice alone is insufficient. The development of expertise through 

sustained deliberate practice also requires frequent, appropriate, and effective 

feedback from one or more feedback agents such as a teacher, peer, self, or 

computer (Ericsson, 2006; Hattie & Timperley, 2007). Previous research has 

suggested that students reap the greatest benefit from feedback that is immediate, 

specific, localized, and detailed, and that addresses both surface-level and content 

features of writing (Hattie & Timperley, 2007; Nelson & Schunn, 2009; Patchan, 

Schunn, & Correnti, 2016; Patthey-Chavez, Matsumura, & Valdés, 2004; Shute, 

2008).  

Unfortunately, with so little time for writing instruction included in most 

curricula (Brindle, Graham, Harris, & Hebert, 2015; Gilbert & Graham, 2010; 

Graham, Harris, Fink-Chorzempa, & MacArthur, 2003), students rarely engage in 

the manner of sustained deliberate practice just described. Furthermore, the 

provision of high-quality feedback is demanding in terms of teachers’ time (Dikli, 

2010) and their pedagogical content knowledge (Parr & Timperley, 2010). Indeed, 

teacher feedback is often ineffective, focusing on low-level writing skills, which 

have little effect on students’ performance (Clare, Valdés, & Patthey-Chavez, 2000; 

Matsumura, Patthey-Chavez, Valdés, & Garnier, 2002). Consequently, it is critical to 

identify methods of increasing writing practice and increasing the frequency and 

effectiveness of teacher feedback in order to improve students’ writing outcomes.  

One promising method of increasing writing practice and accelerating the 

practice-feedback loop (Kellogg, Whiteford, & Quinlan, 2010) without increasing 

the time costs incurred by teachers when evaluating and commenting on 

students’ work is the use of automated writing evaluation (AWE) systems. AWE 

systems leverage automated feedback capabilities, often along with automated 
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scoring and various learning-management functions, to support the teaching and 

learning of writing. Many educators have begun adopting AWE systems (Palermo 

& Thomson, 2018; Stevenson, 2016; Wilson & Czik, 2016); however, adoption has 

outpaced research that explores ways that AWE may be effectively implemented 

and integrated into different forms of teacher-led writing instruction.  

Therefore, the present study adopted a mixed-methods design to examine the 

implementation and integration of AWE with two different approaches to writing 

instruction at the middle-school level. One instructional context integrated AWE 

within a traditional process approach to writing instruction (i.e., instruction that 

incorporated authentic writing opportunities and cycles of planning drafting, and 

revision), while the other context integrated AWE within strategy instruction (i.e., 

explicit instruction on cognitive and metacognitive strategies for executing 

various writing processes like planning, drafting, and revising). We evaluated both 

instructional contexts with respect to fostering growth in students’ first-draft 

writing quality across successive essays over time. Further, we examined students’ 

and teachers’ experiences with and perceptions of the AWE system to understand 

benefits and limitations of AWE as perceived by users, and how these perceptions 

related to and explained students’ writing performance trajectories in the two 

instructional contexts.   

1.1 Automated Writing Evaluation 

AWE systems are technology-based instructional tools developed to support the 

teaching and learning of writing. A central feature of AWE is the provision of 

automated feedback intended to guide improvements in writing quality upon 

revision (see, in this issue, Cotos, Huffman, & Link, 2020; Knight et al., 2020). In 

doing so, AWE is intended to increase students’ access to cycles of writing practice 

and feedback while reducing teachers’ evaluative demands. Commonly, AWE 

systems complement automated qualitative feedback with automated quantitative 

feedback in the form of scores or other evaluation metrics (e.g., Mayfield et al., 

2018; Roscoe, Allen, Weston, Crossley, & McNamara, 2014; Roscoe & McNamara, 

2013). Thus, AWE as a feedback tool often relies on advances in automated essay 

scoring (AES)—AES refers to automated scoring algorithms that are trained and 

validated to reliably mimic the scoring of human raters (Shermis & Hamner, 2013). 

Prior research has shown that the use of AWE and automated feedback has a 

number of benefits for supporting the teaching and learning of writing. With 

respect to teachers and teaching, AWE has been shown to save teachers time by 

reducing grading, supporting individualized instruction, facilitating classroom 

management by increasing student autonomy and motivation for writing, assisting 

with portfolio management, and supporting teachers in providing greater 

amounts of feedback on higher-level writing skills (Grimes & Warschauer, 2010; 

Warschauer & Grimes, 2008; Wilson & Czik, 2016; Wilson & Roscoe, 2020). 
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However, in some instances, the adoption of AWE has not been accompanied by 

increases in the number of writing opportunities students experienced 

(Warschauer & Grimes, 2008). At the middle and secondary levels, the pressures of 

keeping pace with an English Language Arts (ELA) curriculum that de-emphasizes 

writing may be stronger than the time-saving affordances of AWE (Wilson & 

Roscoe, 2020). In addition, though automated feedback has been shown to be 

effective in scaffolding improvements in writing quality across successive 

revisions to an essay (Wilson & Czik, 2016; Wilson, Olinghouse, & Andrada, 2014), 

students have, at times, found automated feedback too extensive and 

overwhelming (Grimes & Warschauer, 2010; Ranalli, 2018), requiring additional 

teacher support and instruction to interpret.  

With respect to students and learning, the use of AWE has been associated 

with benefits for a number of writing outcomes, including: improvements in time 

on task, the amount of revising students completed, and the content of K–12 

students’ writing (Franzke, Kintsch, Caccamise, Johnson, & Dooley, 2005; Graham, 

Hebert, & Harris, 2015; Grimes & Warschauer, 2010; Morphy & Graham, 2012; 

Shermis, Garvan, & Diao, 2008; Wade-Stein & Kintsch, 2004). In addition, a smaller 

number of studies have found automated feedback associated with improvements 

in writing attitudes (Roscoe, Allen, Johnson, & McNamara, 2018) and writing 

motivation and self-efficacy (Grimes & Warschauer, 2010; Wilson & Czik, 2016; 

Wilson & Roscoe, 2020); improvements in writing quality, particularly mechanical 

aspects of writing across revisions (Kellogg et al., 2010; Morphy & Graham, 2012; 

Wilson, 2017; Wilson et al., 2014; Wilson & Czik, 2016); and superior performance 

on state ELA exams (Wilson & Roscoe, 2020).  

Though outcomes of AWE usage are generally positive, insufficient research 

has examined how AWE might be used and integrated with teacher-led writing 

instruction for optimal effectiveness (c.f., Knight et al., 2020). For instance, prior 

research by Roscoe and colleagues has productively examined ways of integrating 

AWE in different student-directed writing-practice formats, finding that AWE 

practice formats such as writing-process practice, strategy-based practice, and 

game-based practice yield similar effects on students’ improvements in writing 

quality when revising their writing (see Roscoe et al., 2018; Roscoe, Snow, & 

McNamara, 2013). However, these studies do not elucidate the ways in which 

teachers integrate, adapt, and modify their instruction in response to the use of 

AWE. Similarly, much of the prior research on AWE that has examined teacher-

level contrasts has compared an AWE feedback condition to a teacher feedback 

condition (Stevenson & Phakiti, 2014). While such contrasts may be useful from a 

research-design perspective, such contrasts lack ecological validity by setting up a 

false dichotomy between AWE feedback and teacher feedback. Indeed, 

automated feedback provided by AWE systems is intended to augment rather than 

replace teacher feedback (Kellogg et al., 2010), allowing teachers to be more 
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selective in the feedback they provide (Wilson & Czik, 2016). In sum, additional 

research is needed to inform educators of which affordances of AWE they may 

capitalize on, what limitations to expect and how to address them, and how AWE 

can be integrated within different teacher-led instructional contexts, such as 

process writing instruction or strategy instruction. 

Thus, the present study examines not only the efficacy of automated feedback 

for supporting generalized improvements in students’ writing quality across 

multiple essays over time, but also examines teachers’ and students’ perceptions 

of the use of AWE in the context of a traditional process approach to writing 

instruction and strategy instruction. In so doing, the present study extends the 

seminal work of Warschauer and Grimes who evaluated district-wide adoption of 

AWE more than 10 years ago (Grimes & Warschauer, 2010; Warschauer & Grimes, 

2008). As with their research, the present study attends to methods of 

implementing AWE and includes the voices of those whose perceptions influence 

the adoption, use, and effectiveness of AWE. The present study is unique in 

further employing longitudinal growth models to measure the rate of students’ 

growth in writing quality when composing multiple essays in different 

instructional contexts. Indeed, prior research has most often examined growth in 

writing quality across drafts within an essay or examined growth from pretest to 

posttest (see Stevenson & Phakiti, 2014). Insufficient research has examined how 

AWE might be integrated with teacher-led instruction to support generalized 

improvements in writing quality, that is, transfer to improved performance on 

writing assignments completed independently without the support of automated 

feedback (i.e., improvements in the quality of students’ first drafts). 

2. MI Write 

One prominent AWE system is MI Write, formerly known as PEG Writing, which is 

developed and managed by Measurement Incorporated. MI Write is intended as a 

formative assessment tool, supporting the teaching and learning of writing. It is a 

web-based interactive learning environment that supports a number of 

interactions between teachers, students, and the AWE system. Teachers can utilize 

MI Write’s learning management tools to create customizable prompts, provide 

students with embedded (i.e., in-text) or summary comments and feedback, and 

generate customizable reports to monitor class or student progress. Students can 

leverage MI Write’s feedback and scoring capabilities to increase the amount of 

revising they do, calibrate their performance against automated writing quality 

scores, use automated feedback to improve their writing quality across successive 

drafts to an essay, complete differentiated and interactive multimedia skill-

building lessons, and give and receive either anonymous or identifiable peer 

reviews. 
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To provide students with automated feedback, the MI Write system utilizes the 

Project Essay Grade (PEG) scoring engine, which statistically analyzes essays, 

calculates measures reflecting the intrinsic characteristics of writing, and models 

the decisions of professional raters in producing scores. PEG relies on natural 

language-processing techniques (e.g., syntactic parsers, semantic analyses) to 

identify and extract from the training set of essays text features that have known 

or emergent correlations with human-scored measures of writing quality. 

Examples of such features include n-grams of characters, words, parts of speech, 

and phrases; number of mature words or the average hypernym level of the 

vocabulary; and measures of semantic overlap and other proxies for organization 

and elaboration. Based on the text features, PEG provides pertinent automated 

feedback in the form of suggestions for improving the quality of the essay when 

revising. 

With respect to PEG’s automated quantitative feedback, MI Write applies the 

PEG scoring engine for formative purposes, evaluating student writing based on 

purpose-specific (i.e., informative, argumentative, narrative) but prompt-general 

scoring models in order to scaffold revision and improve writing performance. MI 

Write uses scoring models that output automated scores for six traits of writing 

quality: development of ideas, organization, style, sentence structure, word 

choice, and conventions. Each trait is scored on a 1–5 scale and summed to form 

an Overall Score that ranges from 6 to 30. The trait and overall scores are 

presented to students via a score report that also includes spelling and grammar 

feedback annotated on the draft, descriptive evaluation and feedback for each 

trait, and recommended interactive lessons (see Figures 1–4). Teacher reports 

provide student- and class-level performance (by trait, overall score, and writing 

purpose), as well as prompt, usage (for essays, drafts, peer reviews, and lessons), 

and progress data. 

Like other AWE systems that utilize automated scoring, PEG’s automated 

scoring system is 100% consistent (i.e., perfectly reliable) and free from common 

types of human-rater error, such as rater drift or halo effects. Evidence of PEG’s 

reliability was shown recently in the first two phases of the Automated Student 

Assessment Prize (ASAP) competition sponsored by the Hewlett Foundation. 

There, PEG achieved the highest level of agreement with human scores of all 

competitors, and was found to be more reliable overall than two professional 

raters (Morgan, Shermis, Van Deventer, & Vander Ark, 2013; Shermis & Hamner, 

2013).   

In addition to the findings by Wilson and colleagues (Wilson, 2017; Wilson & 

Czik, 2016; Wilson et al., 2014; Wilson & Roscoe, 2020), a recent study of MI Write 

bears further description. Palermo and Thomson (2018) examined effects of 

teacher implementation of the AWE system NC Write (a state-specific version of 

MI Write)  as part of  a program  of writing instruction  on middle  school students’  
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Figure 1. Essay total and trait-specific scores. 
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Figure 2. Student essay annotated with spelling and grammar feedback. 
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Figure 3. Writing analysis with evaluation and feedback for each trait. 
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Figure 4. Interactive lessons. 
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argumentative writing performance. The study involved two treatment conditions 

in which students used NC Write to compose essays, receive automated scores 

and feedback, revise essays based on feedback, and complete interactive lessons 

during an eight-week intervention. In one treatment condition teachers integrated 

NC Write into their traditional process writing instruction (NC + TRAD); in a 

second treatment condition teachers integrated NC Write into strategy 

instruction, specifically, Self-Regulated Strategy Development (SRSD) instruction 

(Harris & Graham, 1988), which was adapted to a lower-intensity format to support 

teacher implementation (NC + SRSD). 

Students in the NC + TRAD condition were exposed to instruction that 

incorporated authentic writing opportunities and cycles of planning, drafting, and 

revision. Students in the NC + SRSD condition were exposed to explicit 

instruction on cognitive and metacognitive strategies for planning and writing 

argumentative text. Students in a third, comparison condition received traditional 

process writing instruction and did not use NC Write. Multilevel model results 

showed that NC + SRSD students produced the highest-quality essays at posttest; 

these essays were also longer and included more basic elements of argumentative 

essays than those produced by students in the other two conditions. Results also 

showed NC + TRAD students produced higher-quality essays at posttest than 

comparison students. Thus, in addition to research showing that MI Write 

facilitates teachers’ provision of a greater proportion of feedback on higher-level 

writing skills (Wilson & Czik, 2016), supports improvements in students’ writing 

motivation and self-efficacy (Wilson & Czik, 2016; Wilson & Roscoe, 2020), and 

scaffolds improvements in students’ writing quality across successive drafts to an 

essay (Wilson, 2017; Wilson & Czik, 2016; Wilson et al., 2014), Palermo and 

Thomson (2018) showed that AWE could be combined with different instructional 

approaches and thereby increase instructional efficacy. 

2.1 The Present Study 

The present study leverages data collected during the Palermo and Thomson 

(2018) study to provide a more nuanced examination of how AWE can be 

integrated in two different teacher-directed instructional contexts, the related 

effects on students’ growth in first-draft writing quality across several essays over 

time, and teachers’ and students’ perceptions of AWE in those contexts. These 

features of the present study are unique and important. No prior study of AWE 

usage in ELA classrooms has examined two different models of integrating AWE 

with teacher-led instruction, yet such research is essential if educators are to 

understand how best to leverage the affordances of AWE for maximal instructional 

benefit. In addition, prior studies of AWE efficacy have rarely examined growth in 

first-draft writing quality across multiple essays, focusing instead on growth across 

revisions of a single essay or growth from pretest to posttest. Examining growth in 
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first-draft writing quality allows for testing whether prolonged exposure to 

instruction integrated with AWE feedback supports generalized improvements in 

independent writing performance. Finally, though teacher and student 

perceptions are important moderators of AWE efficacy (see Wilson, 2017), it is rare 

that their voices are included in research on AWE (c.f., Grimes & Warschauer, 2010; 

Warschauer & Grimes, 2008; Wilson & Roscoe, 2020).  

Thus, the present study examined writing instruction with AWE with the goal 

of understanding how AWE might support the teaching and learning of writing. 

We employed an embedded quasi-experimental mixed methods design to 

investigate writing instruction supported by the AWE system NC Write. Two 

research questions were addressed: (1) What are students’ first-draft writing 

performance (i.e., writing quality, essay length, and essay elements) growth 

trajectories when AWE is used within two instructional contexts: process writing 

instruction and strategy instruction? (2a) What are students’ and teachers’ 

experiences with and perceptions of the AWE system? (2b) What do these 

perceptions indicate regarding the affordances of AWE in the different 

instructional contexts? 

3. Evidence of Effectiveness: A Mixed-Methods Examination of Writing 
Instruction with AWE 

3.1 Methods 

The present study followed an embedded quasi-experimental, after-intervention 

mixed methods design (Clark & Creswell, 2008). The intent of this design was to 

embed qualitative data collection within a quantitative experiment in order to 

supplement the quantitative results (Creswell, 2015). 

Setting and participants 
This study draws from the sample described in Palermo and Thomson (2018). The 

present study involved additional measures and different analyses, and addressed 

different research questions. 

The teacher sample included 14 teachers in five districts who were assigned to 

integrate and implement NC Write within their traditional process writing 

instruction (NC + TRAD), or implement NC Write integrated with strategy 

instruction in the form of SRSD instruction (NC + SRSD). Students were recruited 

and assigned to conditions (within classes) by teacher. In this regard, the study 

employed a quasi-experimental design in which condition assignment was at the 

teacher level and outcomes were measured at the student level. All students in the 

classes of participating teachers completed study activities but only the data of 

those students who provided informed consent to participate were analyzed. At 
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the start of recruitment, total enrollment in participating teachers’ classrooms was 

1043 students. Of these students, 677 (65%) provided consent to participate. 

However, 118 consenting students were excluded from the sample due to 

incomplete pre-/posttests, insufficient composition during the intervention (<3 

essays total), and/or changing class/teacher assignment over the course of 

treatment. The final sample comprised 559 students in grades 6 through 8. Table 1 

presents participant demographics. As the two conditions were not equivalent in 

all respects, differing in the proportion of Black students and students with 

disabilities (SWDs), we examine the impact of these variables in the analyses. 

Students who provided consent to be interviewed were further sampled to 

collect qualitative data. The interview sample comprised 30 students, 15 per 

condition. In addition, 12 teachers were interviewed, six per condition. 

Time frame and conditions 
The intervention was conducted in the Spring of 2016. None of the participating 

teachers or students had experience with NC Write prior to the Spring of 2016. In 

the first week, students composed pretest essays. Then, for a period of eight 

weeks, students received traditional writing instruction or SRSD writing 

instruction from their teachers and used NC Write.  

Students in both conditions used NC Write to write and receive feedback for 

five unique essays (excluding pretest/posttest essays), revise each essay using 

feedback, and complete a total of six interactive lessons. Teachers in both 

conditions provided writing instruction during two 45-minute classes per week. In 

two districts, unanticipated events required an additional two weeks for teachers 

in both conditions to complete instruction. Total instructional time was 12 hours 

in both conditions. Students composed posttest essays one week after the 

intervention. 

While there was some variability between and within districts in technological 

resources, on average all participating schools provided at least one digital 

learning device for each student (see Table 1). Most schools also had a bring-your-

own-device policy. Thus, students had sufficient access to technology to use NC 

Write as part of writing instruction, either via a school device (e.g., Chromebook) 

or via a personal device. 

 

3.2 Measures 

Writing prompts 
Argumentative writing prompts were used to assess students’ writing 

performance. All prompts were reviewed by subject-matter experts. Prompts 

addressed a variety of topics relevant to middle school students. Some prompts 
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included sources, such as a brief article and/or video. At pre- and posttest, 

prompts were assigned to students using a counterbalanced design. During the 

intervention, students were provided a choice of two prompts for each essay. As 

our primary interest was to examine students’ growth in independent, overall 

writing performance, an outcome rarely examined in prior research, we analyzed 

growth in the quality of students’ first drafts across essays. One essay was written 

collaboratively and excluded from analysis. 

 

Table 1. Participant demographics  

Variable NC + TRAD NC + SRSD Difference test 

Students (n) 272 287  

Districts (n)     3     4  

Schools (n)     3     5  

Teachers (n)     6     8  

Grade (n)    

  6   41 113  

  7 160   28  

  8   71 146  

Male (%)   48.71   45.10 𝜒(ଵ)ଶ  = 0.726, p = .394 

Race (%)    

  White   78.71   50.74 𝜒(ଵ)ଶ  = 54.530, p < .001 

  Hispanic or Latino   12.93   12.59 𝜒(ଵ)ଶ  = 0.013, p = .908 

  Black or African American      4.18   32.96 𝜒(ଵ)ଶ  = 72.403, p < .001 

  Asian     1.14     0.37 𝜒(ଵ)ଶ  = 1.061, p = .303 

  American Indian or Alaska Native     0.38     0.37 𝜒(ଵ)ଶ  = 0.000, p = .985 

  Native Hawaiian or Pacific Islander     0.38          - 𝜒(ଵ)ଶ  = 1.029, p = .311 

  Two or More Races     2.28     2.96 𝜒(ଵ)ଶ  = 0.242, p = .623 

Free or Reduced Price Luncha (%)   60.33   59.96  

Limited English Proficiency (%)     3.06     5.71 𝜒(ଵ)ଶ  = 2.062, p = .151 

Students with Disabilities (%)     5.68   14.12 𝜒(ଵ)ଶ  = 9.529, p = .002 

Ageb (M, SD) 155.51 

   (9.11) 

156.42 

 (12.31) 

F(1,557) = 0.981, p = .322 

Previous ELA achievementc (M, SD) 455.67 

 (10.53) 

454.53 

 (11.61) 

F(1,557) = 1.311, p = .253 

Students per digital learning devicea (M)     0.73     1.01  

a Estimates based on school-level data. 

b Age in months at time of pretest. 

c Based on scale score (range: 423–484) from the previous year’s end-of-grade assessment.  
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Writing quality 
The writing quality of each essay was measured by the PEG total essay score (range 

= 6–30). We opted to analyze the total essay score rather than trait scores for two 

reasons. One, our quantitative research question addressed students’ growth 

trajectories in overall writing quality, which is the construct that the PEG total 

essay score intends to measure. Two, individual trait scores have been found to be 

highly correlated (Wilson et al., 2014). 

Essay length 
The length of each essay was measured in number of words. All written words, 

regardless of spelling, were included in this calculation. Microsoft Excel was used 

to calculate essay length.  

Essay elements 
Each essay was evaluated for the basic elements of argumentative writing, using 

procedures described by Scardamalia, Bereiter, and Goelman (1982). Elements 

evaluated included claim, supporting reasons, elaborations, counterclaims, and 

conclusion. Essays were assigned one point for each element present, or, in the 

case of supporting reasons, elaborations, and counterclaims, one point for each 

separate and unique example included. 

Professional raters were enlisted to score essays for the basic elements of 

argumentative writing. Raters were trained by a scoring director and team leader, 

using a scoring guide and set of anchor essays. Following, raters evaluated and 

discussed two, 10-essay practice sets. Lastly, raters were exposed to challenging-

to-score essays in the form of an 8-essay supplemental training set. Following one 

and a half days of training, raters scored essays, using training materials, 

particularly anchor essays, to ground their scoring decisions in the scoring criteria. 

The scoring director and team leader spot-checked raters’ scores during scoring in 

order to evaluate accuracy and drift and provide feedback to raters. A random 15% 

of essays were scored a second time by the scoring director or team leader to 

assess inter-rater reliability. Reliability was 99% exact agreement for claims (r = 

.924), 78% for supporting reasons (r = .923), 64% for elaborations (r = .917), 96% for 

counter-claims (r = .874), and 96% for conclusions (r = .928). 

Students’ and teachers’ experiences with and perceptions of the AWE system 
Students and teachers participated in one-on-one, semi-structured interviews 

based on open-ended questions to investigate their experiences with and 

perceptions of the AWE system and what these perceptions indicated regarding 

the affordances of AWE in the different instructional contexts. We had no a priori 

assumptions about user experiences and perceptions (due in part to limited and 
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dated prior research related to user experiences with and perceptions of AWE in 

implementation contexts), thus a broad and common set of questions related to 

NC Write were posed to students and teachers in both conditions. Students were 

asked questions including whether and in which ways NC Write helped them 

improve their writing, whether the automated feedback helped them improve 

their writing, what they learned from using the program, and what they would 

change about NC Write. Teachers were asked similar questions including whether 

and in which ways NC Write helped their students improve their writing, their 

opinions regarding the automated feedback, and what they would change about 

NC Write. Interviews were recorded digitally and transcribed verbatim.  

We employed qualitative data analysis strategies borrowed from grounded 

theory (Strauss & Corbin, 1998) to analyze interview data. Analysis was conducted 

using QSR International’s NVivo 10 software. Two individuals experienced in 

qualitative data analysis coded data in an iterative and recursive process. Stages of 

coding followed the progression recommended by Corbin and Strauss (2015). 

First, interview responses were grouped by condition and open coded to 

determine initial concepts. Next, we used comparative analysis to establish the 

associated dimensions and properties of each concept. Following, we coded 

responses for context, process, and integration of categories. We validated the 

final coding scheme against negative cases identified during coding. The final 

coding scheme appears in Table 2. 

 

3.3 Procedures 

General instructional procedures 
Before the study began, all teachers participated in a walk-through of NC Write to 

develop familiarity with the basic features of the program. Teachers also received 

their account information and had the opportunity to explore the software prior 

to instruction.  

Teachers were provided with all study materials needed to conduct the 

intervention. Each teacher received detailed directions outlining the study 

expectations and treatment procedures, pretest and posttest instructions, and all 

student materials needed during the intervention. Teachers also received a 

schedule overview illustrating NC Write activities (i.e., interactive lessons, essay 

planning and writing, essay revising) by class, as well as lesson plans for each class.  

Due to previous instances of students and teachers placing undue faith in AWE 

(Grimes & Warschauer, 2010), teachers were given a script to follow in order to 

provide students with consistent background information about PEG and 

automated essay scoring. Students were informed that PEG does not read and 

understand essays in the way that humans do, but knows how to find 
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characteristics of good writing from training that involved lots of essays that were 

read and scored by humans. Students were reminded that PEG could only 

accurately score “good faith” essays and that if they submitted plagiarized text or 

otherwise tried to deceive PEG their scores may not accurately reflect the quality 

of their writing. 

Table 2. Coding Scheme 

Concept Dimensions/Properties Description 

1. Benefits of NC Write 1.1 Efficiency Perceptions of benefits of 

NC Write for learning and 

teaching 

 1.2 Evidence of growth 

 1.3 Provides a structure for 

writing 

 1.4 Relevance 

 1.5 Supports differentiation 

 1.6 Supports intrinsic motivation 

 1.7 Supports writing instruction 

2. Change about NC 

Write 

2.1 Opinions Aspects of NC Write users 

felt should be improved, 

added, or removed 

3. Writing quality 

feedback 

3.1 How feedback supported 

improvement 

Perceptions, 

implementation, and use of 

automated feedback  3.2 How students used feedback 

 3.3 Teacher assistance with 

interpretation 

 3.4 Criticisms and other 

limitations of feedback 

4. NC Write Lessons 4.1 How supported improvement Perceptions of interactive 

lessons  4.2 Criticisms and limitations 

5. Prompts 5.1 Perceptions Perceptions of intervention 

prompts 

6. Graphic organizers 6.1 How supported improvement Perceptions of graphic 

organizers in NC Write  6.2 Criticisms and limitations 

7. Explanation for growth 

trajectories 

7.1 Ceiling on improvement Factors explaining growth 

trajectories 

8. Implementation 

challenges 

8.1 Practice 

8.2 Intervention timing 

Challenges associated with 

implementing NC Write 

and/or intervention 

 

Teachers in the SRSD condition were further trained to implement strategy 

instruction in the form of SRSD for writing. Training was conducted on-site at 

teachers’ respective schools and lasted for one hour. First, teachers were provided 
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with background information about the SRSD model. Training comprised 

background on the theoretical base of SRSD; the rationale for SRSD, and the 

stages of SRSD writing instruction. During training teachers reviewed the 

provided SRSD lesson plans and associated student materials. It was emphasized 

that lesson plans were intended to serve as a framework for instruction and 

should be adapted as needed in order to differentiate instruction based on 

learners’ needs.  

NC + TRAD instructional procedures  
Teachers in the NC + TRAD condition use a traditional process approach to writing 

instruction. Process writing instruction is defined by extended, authentic writing 

opportunities; cycles of planning, writing, and revising; a supportive, interactive, 

writing environment; individualized instruction; student ownership of writing; and 

self-reflection and evaluation (Graham, McKeown, Kiuhara, & Harris, 2012; Graham 

& Perin, 2007). This instruction addressed the basic structure of argumentative 

essays, planning and organizing strategies, and a variety of relevant writing skills. 

Students in the NC + TRAD condition used NC Write to access interactive lessons 

that focused on the development of ideas, organization, word choice, sentence 

structure, and conventions; to write argumentative essays; and to revise essays 

using feedback provided by the program. 

NC + TRAD teachers’ process writing procedures were described in detail in 

Palermo and Thomson (2018). In brief, results of a survey of writing instructional 

practices (Gilbert & Graham, 2010) confirmed that teachers used a process 

approach to writing instruction that included writing skills instruction. The 

evidence-based practices that NC + TRAD teachers reported using most 

frequently included direct instruction of skills, summarization instruction, writing 

as a learning tool, and paragraph writing. Commonly reported, but less frequently 

used practices included spelling, sentence combining, and inquiry/research.  

NC + TRAD teachers’ interview results provided additional insights into their 

practices. Five of the six teachers shared that writing instruction had become less 

of a priority since the elimination of the North Carolina General Writing 

Assessments. Teachers described using a variety of tactics such as increasing the 

integration of reading and writing, incorporating elements of argumentative 

writing into research papers, and utilizing abbreviated writing sessions as a result. 

A number of the teachers espoused a five-paragraph essay structure, 

acknowledging this approach as formulaic. NC + TRAD teachers primarily 

incorporated writing skills into their process writing instruction through mini-

lessons several times a week.  

NC + TRAD lessons provided teachers with a general framework to support 

teachers’ integration of NC Write within their traditional process writing 

instruction, and included the following guidance. One, provide students with 
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background information about PEG and automated essay scoring using the 

supplied script. Two, give students the opportunity to compose a unique essay in 

NC Write approximately every other week (i.e., five total, not including pretest and 

posttest), providing a choice of prompts. Three, support students in selecting 

appropriate graphic organizers in NC Write for planning and pre-writing. Four, 

provide each student with the opportunity to revise each essay using automated 

feedback. Emphasize the importance of using the feedback to make substantive 

revisions that improve the structure of the essay. Five, assign each student an NC 

Write lesson approximately every other week (i.e., six total). Recommended 

lessons for NC + TRAD students featured topics such as understanding audience, 

elaboration in essays, and sentence variety.  

In sum, NC + TRAD teachers used a process writing approach that included 

AWE to teach students the basic structure of argumentative essays and a variety of 

writing skills. While process writing instruction shared some similarities to SRSD 

writing instruction, it differed in three important ways: (1) NC + TRAD teachers did 

not teach strategies for planning, writing, and revising argumentative essays to the 

extent these strategies were taught by NC + SRSD teachers; (2) NC + TRAD 

teachers did not explicitly teach self-regulation procedures; and (3) NC + TRAD 

instruction was not criterion based and/or instructionally responsive to the same 

extent as NC + SRSD instruction. 

NC + SRSD instructional procedures 
Teachers in the NC + SRSD condition implemented SRSD writing instruction. 

SRSD writing instruction addressed strategies for planning and writing 

argumentative essays; the knowledge, skills, and self-regulatory procedures to 

apply strategies; and positive beliefs about writing. Students in the NC + SRSD 

condition used NC Write to access interactive lessons that emphasized self-

regulation procedures, to write argumentative essays, and to revise essays using 

feedback provided by the program.  

NC + SRSD teachers implemented six recursive stages of SRSD writing 

instruction. This instruction aims to provide students with general and genre-

specific writing strategies, the knowledge to apply strategies, and self-regulatory 

knowledge and abilities to effectively apply strategies and manage the writing task 

(Graham, Harris, & McKeown, 2013; Harris & Graham, 2016). Students are also 

taught a short mnemonic for each strategy to help them recall the cognitive 

processes associated with strategy application (Graham & Harris, 2018). The stages 

of instruction support a gradual release of responsibility as students develop 

proficiency with strategy use, as well as encourage maintenance and 

generalization of strategies. 

The overall effectiveness of SRSD on students’ writing performance has been 

verified in several meta-analyses (i.e., Graham, 2006, Graham & Harris, 2003; 
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Graham et al., 2012; Graham & Perin, 2007). However, most SRSD interventions 

described in the literature have been facilitated by researchers or tutors, 

conducted in small group or one-on-one settings, and involved high-intensity 

treatment (i.e., 20–45 minute lessons administered three to five days per week). 

More recently, a limited number of studies have examined classwide teacher 

implementation of SRSD following substantial practice-based professional 

development (e.g., Festas et al., 2015; McKeown et al., 2016, 2018). For the purpose 

of the present study, we adapted the SRSD model to a lower-intensity format with 

the goal of supporting teacher implementation and reducing professional 

development. 

As the present study involved argumentative writing, students were taught the 

STOP planning strategy (S = Suspend judgment, T = Take a side, O = Organize 

ideas, P = Plan more as you write). One intent of this strategy is to encourage 

students to choose the side of an argument they could best defend considering 

claims and potential counterclaims. This strategy also encourages students to 

consider how to organize this information to make a compelling argument, and to 

continue to plan, adjust, and revise during the writing process. Students were 

further taught the genre-specific DARE strategy (D = Develop your claim, A = Add 

supporting reasons and evidence, R = Reject counterclaims, E = End with a 

conclusion). The purpose of this strategy is to help students include all of the 

basic elements of argumentative essays in their compositions. 

The specific steps teachers used to implement the six stages of SRSD writing 

instruction and teach students the planning and writing strategies were described 

in detail in Palermo and Thomson (2018). In brief, in the first stage, Develop 

background knowledge, students were provided with the necessary knowledge 

and vocabulary to begin applying the strategies. Teachers introduced the planning 

and writing strategies, which students practiced recalling and applying. This 

scaffolded practice continued throughout the remaining stages of instruction. In 

the second stage, Discuss it, teachers and students continued to discuss the 

strategies, in particular how the basic elements of argumentative essays make an 

essay effective and convincing.  

In the third stage, Model it, teachers demonstrated application of STOP and 

DARE by modeling composition of an argumentative essay. While composing, 

teachers also modeled self-regulation procedures including goal setting, self-

instruction, and self-evaluation. The fourth stage, Memorize it, comprised various 

activities to support students’ recall and application of the two strategies. Teachers 

assessed students’ knowledge of the strategies regularly, differentiating support 

and practice activities until each student had internalized the strategies.    
In the fifth stage, Support it, students’ application of the planning and writing 

strategies and self-regulation procedures were supported by both teachers (via 

collaborative essay writing activities) and peers (via small-group revision 
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activities). The bulk of students’ essay composition and revision occurred during 

this stage; teachers faded support as students developed proficiency using the 

STOP and DARE strategies and the self-regulation procedures. The final stage, 

Independent performance, was reached when students demonstrated the ability 

to plan and write an effective argumentative essay independently, i.e., in the 

absence of teacher support and/or PEG feedback. 

NC + SRSD lessons included guidance for teachers to integrate NC Write with 

the strategy instruction. This guidance included the same recommendations made 

to NC + TRAD teachers, namely: provide background information about PEG and 

automated scoring; have students compose a total of five unique essays in NC 

Write; ensure students select appropriate graphic organizers for prewriting; 

provide time for students to revise each essay; and assign six NC Write lessons. 

What distinguished the integration of NC Write with strategy instruction was the 

alignment of NC Write lessons, composing, and revising activities with the stages 

and content of teacher-led SRSD writing instruction. For example, NC + SRSD 

teachers assigned specific NC Write lessons at particular stages of instruction to 

reinforce the strategies for planning and writing and self-regulation procedures 

introduced to students during teacher-led instruction. NC Write lessons assigned 

to NC + SRSD students featured topics such as strategies for planning and writing 

an argumentative essay, using self-statements to improve writing, and improving 

essays with transitions. Students’ composition and revision activities in NC Write 

peaked during the fifth stage of instruction (Support it), which required the 

greatest amount of writing practice as students developed writing proficiency and 

teachers faded their support. 

AWE exposure 
In the absence of the ability to conduct direct observations of classroom 

instruction in each condition, we elected to analyze NC Write log-files to evaluate 

each student’s exposure to AWE during writing instruction. Using those log-files, 

we produced a measure that represented each student’s AWE exposure based on 

the primary treatment activities. This measure was a count of the total treatment 

activities each student completed during the intervention, including NC Write 

lessons, first drafts, and revisions, and had a maximum of 17. This count excluded 

any essays submitted with a high proportion of plagiarized text and lessons 

completed quickly (i.e., <2 minutes). NC + SRSD students (M = 13.73, SD = 2.73) 

completed more total treatment activities than NC + TRAD students (M = 12.86, SD 

= 2.48); t(557) = 3.93, p < .01). The AWE exposure measure was included in 

subsequent analyses using grand mean centering. 
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3.4 Analyses 

Multilevel modeling was used to conduct quantitative analyses. This framework 

was capable of accommodating the complete dataset that included unbalanced 

data and non-independent observations. All analyses were conducted using 

MLwiN v3.02 (Charlton, Rasbash, Browne, Healy, & Cameron, 2017). 

To examine students’ writing performance growth trajectories, a series of 

three-level models were specified to incorporate all first-draft essays written by 

students in the NC + TRAD and NC + SRSD conditions. During the course of the 

intervention students completed approximately six first-draft essays (M = 6.31, SD 

= .92). Preliminary review of individual students’ writing performance outcomes 

(i.e., writing quality, essay length, and essay elements) showed variability in 

outcomes at pretest (i.e., the first essay) and variability in change over time. 

Specifically, many students demonstrated curvilinear growth in outcomes over 

time in the form of fairly rapid improvement in performance following the start of 

treatment but slower growth as the intervention progressed. Based on previous 

research examining writing performance growth trajectories associated with AWE 

(Wilson, 2017; Wilson et al., 2014), several growth models were tested: a linear 

model, a logarithmic model using the natural log of the time variable, and a 

polynomial, quadratic growth model using the variables Time (a count of each 

unique first-draft essay completed used to describe instantaneous rate of change) 

and Time2 (a square of the Time variable used to describe the deceleration in 

students’ growth curves). Both variables were centered such that 0 represented 

students’ pretest writing performance. 

For all analyses, an unconditional model (Model 1) was first specified to 

calculate intra-class correlations and ensure there was sufficient variance at all 

levels to justify a three-level model. Results of all unconditional models indicated 

there was sufficient variability at all levels to warrant a three-level model. The 

following quadratic growth model (Model 2) was then used to examine students’ 

writing performance growth trajectories: 

 

yijk = β0ijk + β1Timeijk + β2Time2
ijk + v0k + v1kTimeijk + v2kTime2

ijk +  

u0jk + u1kTimeijk + u2kTime2
ijk + eijk 

 

In this model, yijk represents the predicted writing performance outcome (i.e., 

writing quality, essay length, essay elements) for student i with teacher j at time k. 

β0ijk is the initial (pretest) status of student i with teacher j for the respective 

predicted outcome, β1Timeijk represents the instantaneous growth rate for student 

ij at time k, β2Time2
ijk represents the curvature (i.e., deceleration) in the growth 

rate for student ij, v0k  represents between-teacher variance, u0jk represents 

between-student variance, and eijk represents within-student variance. Random 
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effects are assumed normally distributed with means of zero and constant 

variances σ2.  

Finally, a conditional quadratic growth model (Model 3) was specified in the 

form:  

 

yijk = β0ijk + β1Timeijk + β2Time2
ijk + β3Exposurejk + β4SRSDk + β5SRSD*Timeijk + 

β6SRSD*Time2
ijk + v0k + v1kTimeijk + v2kTime2

ijk + u0jk + u1kTimeijk + u2kTime2
ijk + eijk 

 

This model expands on the previous quadratic growth model (i.e., Model 2), 

adding a control for AWE exposure (β3Exposurejk) and predictors to test for 

between-condition differences in initial status (β4SRSDk), growth rate 

(β5SRSD*Timeijk), and deceleration (β6SRSD*Time2
ijk) for each writing performance 

outcome. 

Fit of all models was examined using negative log likelihood (–2LL). Smaller 

values indicate better fit provided a significant chi-square difference test based on 

the number of estimated parameters. 

3.5 Results 

What are students’ first-draft writing performance (i.e., writing quality, essay 

length, and essay elements) growth trajectories when AWE is used within two 

instructional contexts: process writing instruction and strategy instruction?  

Writing quality 
Table 3 presents results of writing quality models. Unconditional model (Model 1) 

random effects showed that 49% of the variability in writing quality fell within 

students, while 27% fell between students within teachers and 24% fell between 

teachers. The quadratic growth model (Model 2) provided significantly better fit to 

the data than the unconditional model [𝜒(ଵଶ)ଶ =1095.52, p <.001]. Results of the 

quadratic model showed, accounting for the clustered data structure, that 

students improved the quality of their first drafts by 1.6 points each subsequent 

essay, with a deceleration rate of −0.2 points. Tests of demographic × condition 

interactions produced non-significant results for initial status and rate of change 

for Black students (p = .47 and .09, respectively), though NC + SRSD Black students 

exhibited slightly slower deceleration rates than NC + SRSD non-Black students (p 

= .01).  

No significant differences were observed for initial status, rate of change, or 

deceleration of SWDs (p = .38, .56, and .90, respectively); for parsimony these 

variables were omitted from the final model. The final conditional model (Model 

3), which controlled for AWE exposure, showed that initially, NC + SRSD students 

produced first drafts that were of a lower quality (by 2.4 points) than NC + TRAD 

students. Over time, NC + SRSD students demonstrated nonsignificant differences 
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in writing quality growth rate (by 0.68 points) and deceleration (by −0.07 points) 

compared to NC + TRAD students. Figure 5 presents the predicted growth 

trajectories for both groups of students, separately for Black and non-Black 

students.  

Essay length 
Table 4 presents results of essay length models. Unconditional model (Model 1) 

random effects showed, of the total variability in essay length, 47% fell within 

students, while 27% fell between students within teachers and 26% fell between 

teachers. The quadratic growth model (Model 2) better fit the data [𝝌(𝟏𝟐)𝟐 =1061.69, 

p <.001]. Model results showed, after accounting for the clustered data structure, 

students increased the length of their first-drafts approximately 45 words each 

subsequent essay, with a deceleration rate of −6 words. Tests of demographic × 

condition interactions for initial status, rate of change, and deceleration produced 

non-significant results for Black students (p = .15, .16, and .22, respectively) and 

SWDs (p = .89, .97, and .60, respectively) and these variables were omitted from the 

final model. The final conditional model (Model 3), controlling for AWE exposure, 

showed that NC + SRSD students initially produced shorter first drafts than NC + 

TRAD students (by 102 words). Over subsequent first-draft essays, NC + SRSD 

students demonstrated nonsignificant differences in essay length growth rate (by 

19 words) and deceleration (by 2 words) compared to NC + TRAD students. Figure 

6 depicts these predicted growth trajectories. 

Essay elements 
Table 5 presents results of essay element models. Unconditional model (Model 1) 

random effects indicated that of the total variability in the number of basic 

elements of argumentative essays, 49% fell within students, while 27% fell 

between students within teachers and 24% fell between teachers. The quadratic 

growth model (Model 2) provided significantly better fit to the data than the 

unconditional model [𝜒(ଵଶ)ଶ =649.59, p <.001]. Model results showed, after 

accounting for the clustered data structure, students increased the number of 

elements in their first drafts over time by approximately 1.6 elements each 

subsequent essay, with a deceleration rate of −0.2 elements. Tests of demographic 

× condition interactions for initial status, rate of change, and deceleration 

produced non-significant results for Black students (p = .49, .96, and .64, 

respectively) and SWDs (p = .35, .32, and .24, respectively) and these variables were 

omitted from the final model.  
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Table 3. Unstandardized Coefficients (and Standard Errors) of Multilevel Growth Models of Essay Quality 

Parameter Model 1: Unconditional model Model 2: Quadratic growth model Model 3: Conditional model 

 Est. SE p Est. SE p Est. SE p 

Fixed Effects          

Writing quality          

     Initial status, β0 14.11 0.57 <.001 12.05   0.68 <.001 13.54 0.84 <.001 

     AWE exposure, β3         0.37 0.06 <.001 

     NC + SRSD, β4       −2.43 1.12   .03 

Rate of change          

      Intercept, β1      1.55   0.33 <.001   1.18 0.47   .01 

      NC + SRSD, β5         0.68 0.63   .28 

Deceleration          

      Intercept, β2    −0.21   0.05 <.001 −0.17 0.07   .01 

      NC + SRSD, β6       −0.07 0.09   .43 

Random Effects          

Level 1 (time, 𝜎௘଴ଶ )   8.68 0.25    5.12   0.17    5.12 0.17  

Level 2 (students)          

   Initial status (𝜎௨଴ଶ )   4.86 0.40    4.33   0.56    4.04 0.54  

   Rate of change (𝜎௨ଵଶ )      0.22   0.14    0.21 0.14  

   Deceleration (𝜎௨ଶଶ )      0.00   0.00    0.00 0.00  

Level 3 (teachers)          

   Initial status (𝜎௩଴ଶ )   4.26 1.70    6.12   2.44    3.99 1.63  

   Rate of change (𝜎௩ଵଶ )      1.40   0.57    1.28 0.52  

   Deceleration (𝜎௩ଶଶ )      0.03   0.01    0.03 0.01  

Goodness of Fit          

Deviance (-2LL) 15877.16   14781.64   14738.73   

Difference Test    𝜒ଵଶଶ =1095.52 <.001 𝜒ସଶ=42.91 <.001 

Note. Est. = Unstandardized parameter estimate, SE = standard error, p = p-value. P-values are not provided for random effects as the Wald test 

for these parameters is only approximate. 
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Table 4. Unstandardized Coefficients (and Standard Errors) of Multilevel Growth Models of Essay Length 

Parameter Model 1: Unconditional model Model 2: Quadratic growth model Model 3: Conditional model 

 Est. SE p Est. SE p Est. SE p 

Fixed Effects          

Essay length          

     Initial status, β0     267.09     22.30 <.001   204.42     26.46 <.001   265.35     32.70 <.001 

     AWE exposure, β3             8.84       2.05 <.001 

     NC + SRSD, β4       −102.48     43.63   .03 

Rate of change          

      Intercept, β1        45.46     10.99 <.001     35.44     15.99   .03 

      NC + SRSD, β5           18.73     21.44   .38 

Deceleration          

      Intercept, β2        −5.96       1.63 <.001     −4.99       2.40   .04 

      NC + SRSD, β6           −1.95       3.22   .54 

Random Effects          

Level 1 (time, 𝜎௘଴ଶ ) 11998.11   342.60  7037.84   245.10  7036.77   245.32  

Level 2 (students)          

   Initial status (𝜎௨଴ଶ )   6749.61   549.91  3646.38   649.10  3498.87   640.83  

   Rate of change (𝜎௨ଵଶ )      786.87   254.44    788.31   255.42  

   Deceleration (𝜎௨ଶଶ )        19.01       6.31      19.04       6.35  

Level 3 (teachers)          

   Initial status (𝜎௩଴ଶ )   6609.15 2627.67  9397.93 3700.49  6175.28 2476.43  

   Rate of change (𝜎௩ଵଶ )    1522.54   636.77  1420.26   597.81  

   Deceleration (𝜎௩ଶଶ )        32.07     13.90      30.84     13.43  

Goodness of Fit          

Deviance (-2LL) 37646.10   36584.41   36562.13   

Difference Test    𝜒ଵଶଶ =1061.69 <.001 𝜒ସଶ=22.28 <.001 

Note. Est. = Unstandardized parameter estimate, SE = standard error, p = p-value. P-values are not provided for random effects as the Wald test 

for these parameters is only approximate. 
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Table 5. Unstandardized Coefficients (and Standard Errors) of Multilevel Growth Models of Essay Elements 

Parameter Model 1: Unconditional model Model 2: Quadratic growth model Model 3: Conditional model 

 Est. SE p Est. SE p Est. SE p 

Fixed Effects          

Essay elements          

     Initial status, β0   9.28 0.58 <.001   7.28   0.72 <.001   8.90 0.89 <.001 

     AWE exposure, β3         0.25 0.07 <.001 

     NC + SRSD, β4       −2.71 1.20   .02 

Rate of change          

      Intercept, β1      1.63   0.34 <.001   1.33 0.50 <.01 

      NC + SRSD, β5         0.55 0.67   .41 

Deceleration          

      Intercept, β2    −0.24   0.05 <.001 −0.20 0.08   .01 

      NC + SRSD, β6       −0.06 0.11   .59 

Random Effects          

Level 1 (time, 𝜎௘଴ଶ ) 11.83 0.34    8.81   0.25    8.81 0.25  

Level 2 (students)          

   Initial status (𝜎௨଴ଶ )   6.29 0.52    6.85   0.52    6.73 0.51  

   Rate of change (𝜎௨ଵଶ )      0.00   0.00    0.00 0.00  

   Deceleration (𝜎௨ଶଶ )      0.00   0.00    0.00 0.00  

Level 3 (teachers)          

   Initial status (𝜎௩଴ଶ )   4.36 1.76    6.67   2.73    4.44 1.88  

   Rate of change (𝜎௩ଵଶ )      1.46   0.61    1.40 0.59  

   Deceleration (𝜎௩ଶଶ )      0.03   0.01    0.03 0.01  

Goodness of Fit          

Deviance (-2LL) 16775.71   16126.12   16109.57   

Difference Test    𝜒ଵଶଶ =649.59 <.001 𝜒ସଶ=16.55 <.01 

Note. Est. = Unstandardized parameter estimate, SE = standard error, p = p-value. P-values are not provided for random effects as the Wald test 

for these parameters is only approximate. 
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Figure 5. Growth in writing quality by treatment condition using restricted y-axis for illustration 

purposes (PEG total essay score range 6–30). 

 

 

 

 

Figure 6. Growth in essay length by treatment condition using restricted y-axis for illustration 

purposes. Essay length. 
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The final conditional model (Model 3), which controlled for AWE exposure, showed 

that initially, NC + SRSD included 2.7 fewer basic elements in their first drafts than 

NC + TRAD students. Over time, NC + SRSD students demonstrated nonsignificant 

differences in essay element growth rate (by 0.6 elements) and deceleration (by 

−0.06 elements) compared to NC + TRAD students. Figure 7 presents the predicted 

growth trajectories for both groups of students. 

What are students’ and teachers’ experiences with and perceptions of the AWE 
system and what do these perceptions indicate regarding the affordances of 
AWE in the different instructional contexts? 
Students in both treatment conditions demonstrated writing performance growth 

across first-draft essays. Students’ writing performance growth trajectories reflected 

initial, rapid growth that slowed over subsequent first-draft essays and eventually 

plateaued. Students’ growth in writing performance followed this trajectory for all 

outcomes (i.e., writing quality, essay length, essay elements). Students in both 

treatment conditions exhibited comparable growth across first-draft essays, despite 

NC + SRSD students demonstrating lower writing performance initially. Findings 

suggest that prolonged exposure to teacher-led instruction integrated with AWE 

feedback was associated with generalized improvements in students’ independent 

writing performance. 

Qualitative data, in the form of students’ and teachers’ experiences with and 

perceptions of the AWE system, were collected to supplement the quantitative 

results and to probe aspects of the instruction and AWE feedback that may have 

contributed to the growth observed in the quantitative results. We borrowed 

qualitative data analysis strategies from grounded theory to determine concepts 

prevalent in interview data and establish the dimensions and properties of these 

concepts. 

A major finding of the qualitative results was that teachers and students who 

used NC Write in process writing and strategy instruction contexts had similar 

experiences with and perceptions of the AWE system. This general finding, which 

Figure 7. Growth in essay elements by treatment condition using restricted y-axis for 

illustration purposes. 
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aligns with the quantitative results, suggested that NC Write provided 

homogeneous affordances—and limitations—across both instructional contexts. 

Therefore, in presenting qualitative results, we group results not by condition but 

instead organize findings by the primary concepts that emerged through analysis.  

A framework for deliberate writing practice 
In sum, qualitative analyses revealed that NC Write provided a framework for 

deliberate writing practice. Concepts that emerged from interview data helped to 

explicate how NC Write, when used to support writing instruction in two different 

instructional contexts, equally fostered students’ growth in writing performance. 

The framework for deliberate writing practice is presented in Figure 8. This 

framework depicts writing as a cycle of learning, practice, and feedback. The arrows 

between each component are bidirectional, emphasizing the cyclical and non-

sequential relations among components. Interview results indicated that NC Write 

provided a structure for writing in both instructional contexts that supported many 

of the key requirements of deliberate practice (Ericsson, 2006).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Framework for deliberate writing practice. 

This core qualitative finding provides an explanation as to why the quantitative 

results did not show differential effects of instructional condition on students’ 

growth trajectories: NC Write facilitated deliberate practice in both process writing 

and strategy instruction environments, making these instructional contexts more 

similar than they would be otherwise. In particular, the learning, practice, and 

feedback components of NC Write allowed students frequent and suitable practice 

opportunities and task-level performance feedback regarding the quality of their 
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writing. The interconnected nature of the components worked in concert to 

support students’ growth in writing quality. Next, we discuss concepts that emerged 

from interview data and help to explain students’ writing performance growth 

trajectories.  

Supporting writing instruction 
One concept that emerged from interview results was that NC Write supported 

teachers’ process writing instruction and strategy instruction. NC Write was a tool 

for teachers to reinforce, and for students to apply, instructional strategies 

introduced in the classroom. For example, NC + SRSD students were introduced to 

the STOP and DARE strategies in a teacher-led lesson, and in a subsequent class 

students practiced the strategies in an interactive NC Write lesson and applied them 

by completing a graphic organizer and composing an essay in NC Write. One 

teacher explained how NC Write supported her SRSD instruction, sharing “the 

program provided us with examples that they were able to . . . really see how that 

structure worked together; that was very helpful and it was something that I didn’t 

have to, myself, go and write.” 

A second property of NC Write supporting writing instruction was the alignment 

of the program with teachers’ writing instruction. Teachers described how the 

program fit with their process approaches to writing and strategy instruction and 

was consistent with the writing standards. One NC + TRAD teacher explained, “I just 

feel like the NC Write program backs up my Common Core and what I’m already 

teaching. It’s an additional tool for me that I think helps make my kids stronger 

writers.” Teachers described making some adjustments to their instruction to 

increase this alignment. One NC + TRAD teacher shared: 

It was just taking the time to explain to them, and when I’m teaching, making 

sure that I’m using that same vocabulary so that they get used to it because I 

would not want to change the vocabulary that they used in the feedback 

because I liked it. I thought it was strong. 

A third property of NC Write supporting writing instruction was that NC Write 

provided a structure for process writing instruction and practice. For some NC + 

TRAD teachers who did not feel well-prepared to teach writing, the program 

structure of lessons, composition and revision opportunities, and feedback was 

valuable. One teacher recounted: 

I’m not the best writing teacher and that helped me just have a basis of what 

to talk about and what to teach them. “OK guys, here’s this prompt that’s 

been given to us,” and there would be lessons in here, “Let’s talk about these 

things.” I felt that NC Write helped me a lot with my instruction. 

A final property of NC Write supporting writing instruction was that the program 

allowed renewed focus on writing in the classroom. In their interviews, the majority 

of teachers indicated that attention to writing instruction had atrophied in North 

Carolina in recent years, in part due to the elimination of the North Carolina 

General Writing Assessments. One NC + TRAD teacher explained: 
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 With technology and texting and all the ways kids communicate now, 

sometimes that written opportunity is pretty lacking. So, it helped me focus 

more on a regular basis and I liked that part of it. 

Efficiency 
Another concept prevalent in interviews was the efficiency of NC Write. One 

efficiency that teachers cited as beneficial to students’ growth in writing quality was 

the affordance of writing practice opportunities. An NC + TRAD teacher explained, 

“The more you write, the better you’re going to be, so it just gives them the 

opportunities that they need.” Teachers in both conditions indicated that students 

were able complete more writing with the program than they were otherwise. One 

dimension of this efficiency was that all text in NC Write was typed, which allowed 

for faster production of text than writing longhand. One NC + TRAD student 

explained, “When I’m on the computer, I have more time because I can type faster 

than writing.” An NC + SRSD attributed the additional writing practice to increased 

comfort with writing production processes, particularly when applied across 

content areas.  

Teachers also described how automated feedback was efficient in saving them 

time. An NC + TRAD teacher indicated, “I think that’s the number one selling point 

for me: that I didn’t have to sit there and read every single [essay] to find all the 

grammar mistakes, the spelling mistakes, that kind of thing.” The lessons, prompts, 

graphic organizers, and portfolios associated with the program provided additional 

efficiencies. One NC + TRAD teacher shared, “I liked that I didn’t have to spend an 

hour planning an essay for them to write and lessons on sentence structure and that 

it was already there for me.” Teachers described efficiencies over other classroom 

practices and their own grading and provision of feedback. One NC + TRAD teacher 

described how she used NC Write as a formative assessment component of her 

writing instruction: 

I like to model and if we write a paper together . . . that doesn’t show me 

where each individual student really is with their writing. So when we do a 

few practices together, and then they write it on their own on the computer, 

it really lets me know how much they’ve learned in that past week. This 

makes them accountable for their own writing. 

NC Write afforded a range of efficiencies, including additional writing practice 

opportunities for students and time-saving benefits for teachers.  

Revealing evidence of growth 
When asked whether NC Write helped them to become better writers, students in 

both conditions spoke to the fact the program provided them with visible evidence 

of growth. Students were generally cognizant about the quality of their writing and 

the extent to which it improved during the time they used NC Write. For example, 

one NC + TRAD student explained that his writing quality became “a lot better. 

Because when I first did it, I made a 12, and I went to a 23. My lowest one in the bar 

graph is my Sentence Structure, like my commas and how strong my sentences are.” 

An NC + SRSD student provided a similar perspective, explaining:  
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At the beginning, my score was 18. And with feedback and how it evaluates—

it tells you what you need to do, what things to help you—I’ve learned from 

that, and now my top score is 24. 

Students described using their portfolios to monitor growth, and liked that they had 

objective measures of their writing quality and growth. One NC + TRAD student 

shared:  

Being able to see my growth instead of people saying ‘oh yeah you did good’ 

. . . you could actually see yourself climbing in your writing instead of people 

having to tell you.  

Further, interview results provided some evidence that the availability of visible 

evidence of growth emphasized the relations among essay elements and writing 

quality to students. For example, the automated scores and feedback made explicit 

to students that essays with more essay elements, and/or fewer errors, tended to be 

of a higher quality. One NC + TRAD student described his experience:  

When it said choose more upper grade words or make your sentence longer 

or do some more paragraphs . . . [I] revised it, and then I put more stuff—

what I needed—and then when I hit ‘submit’ again, I got a higher score. 

Writing quality feedback 
The most common concept addressed in interviews related to NC Write’s 

automated feedback. Nearly all students described first examining the PEG total 

essay score, then the trait scores, each time they received feedback. However, 

beyond these feedback components, students used disparate strategies to approach 

and apply the feedback. Some students reviewed only the total essay and trait 

scores, ignoring the other feedback components. At times, these students used the 

trait scores to focus their improvement efforts. For example, one NC + TRAD 

student described how he used the accompanying bar graph to compare trait 

scores. “I look at the lowest one, and I try to improve that to at least the next line—

say if it was at a 3 . . . I’d try to go for a 4 next.”  

Most students reviewed and applied the spelling and grammar feedback after 

examining the total essay and trait scores. An NC + SRSD student described this 

process as follows: 

I look at the things that I spelled wrong and I go back and think of how I 

spelled it wrong . . . and then I would get the grammar parts and it would be 

saying that my sentences [were] too long and then I would just review the 

whole thing and sometimes I would revise it. 

In general, students found the spelling and grammar feedback accessible and 

actionable as it related to specific text in their essays. 

Students less frequently reported using the writing analysis evaluation and 

feedback. This appeared to be due to the density and complexity of this feedback, 

which included numerous suggestions for each trait. Students who reviewed this 

feedback varied in the extent to which they engaged with it. For example, one NC + 

TRAD student shared, “The text, I would skim over it, but I wouldn’t read in depth.” 
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Most students who used the writing analysis seemed to consider the feedback 

generally rather than examine or apply it in a systematic way.  An NC + SRSD 

student explained, “Though you might not take notes on it, you’ll just look at it and 

be like ‘OK, keep this in mind so next time I write it, I know that I need to add more 

details or more supporting evidence.’” Students in both conditions also noted that 

since all feedback was recorded in their portfolios they could reference previous 

feedback as needed.  

In their interviews, teachers in both conditions confirmed that students focused 

on the total essay scores and underutilized the writing analysis evaluation and 

feedback. However, teachers shared that students’ score comparisons eventually 

led students to compare the content of their writing and consider the relations 

between text features and scores. Teachers found it necessary to redirect students 

to the additional feedback available, but did not dissuade students from comparing 

total essay scores. 

A second property of the writing quality feedback was that teachers had to 

provide significant support in order for students to effectively interpret and apply 

the feedback. For example, one NC + TRAD teacher indicated, “If you don’t sit down 

with your students and explain [the feedback] to them . . . I don’t think they can 

understand it.” A number of students confirmed that they needed help 

understanding the feedback. One NC + SRSD student recalled, “At first I didn’t 

know what half that stuff was.” The need for support was partly attributed to 

students’ limited vocabulary knowledge. In their interviews, teachers in both 

conditions characterized the provision of this support as part of their instructional 

responsibilities and not a particular deficiency of the feedback. An NC + TRAD 

teacher explained, “The complexity of the wording was difficult for them, but it’s 

necessary.” Teachers described using both content and task scaffolding to support 

students’ interpretation and application of feedback and indicated that struggling 

writers required the most support. 

Though students needed considerable support to apply the feedback, it enabled 

teachers to shift the nature of their support from evaluation to coaching. One NC + 

TRAD teacher explained, “The feedback sometimes offered me an opportunity to be 

one-on-one with [students] and say, ‘Well, now this is why this is highlighted,’ or 

‘This is why they wanted you to do this,’ and things of that nature.” Provided by an 

external agent, the feedback provoked communication and collaboration among 

students and teachers regardless of instructional context. 

Finally, prevalent writing challenges explicated by feedback solicited teacher 

support of an instructional nature. In their interviews, teachers described the 

importance of regularly reviewing the automated feedback provided to students to 

inform instructional decisions. An NC + TRAD teacher explained: 

In the feedback for most of your students, it’s going to be the same because 

most of them have the same weaknesses and then you’ll see it all throughout 

every single class. The fact that they’re all getting the same feedback . . . it 

allows you to take a lesson and say, “OK, here’s the feedback that everyone’s 

getting, so let’s see what we can do to make that better. 
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In sum, though feedback required considerable support from teachers, it enabled 

teachers to adopt more of a coaching role and allowed them to identify instructional 

priorities.   

 

A third property of writing quality feedback was that there were specific ways in 

which it supported improvements in students’ writing performance. In their 

interviews, students reported adding more details to their essays, using greater 

specificity in their writing, improving spelling/grammar, word choice, and sentence 

structure, and improving self-monitoring and self-evaluation of their writing due to 

the feedback they received. Students attributed the quality and quantity of feedback 

to improvements in their writing performance. One NC + SRSD student explained, 

“It’s just more feedback than an actual teacher would give you, I believe.” Another 

NC + SRSD student felt, “It’s more detailed and it explains it a lot better than the 

teachers can sometimes.” In their interviews, some students described that the 

specificity of feedback allowed them to improve their writing. One NC + SRSD 

student explained, “It makes it very obvious what you did or didn’t do right.” 

Some teachers also noted that receiving regular and immediate feedback for 

each essay draft appeared to support students’ self-monitoring. One NC + TRAD 

teacher described how, over time, her students became better at correcting their 

own errors as a result of receiving regular feedback. She shared: 

Just being able to go back and do some things . . . before I tell them to edit, 

they are looking for [errors] or see them . . . . I feel like my kids started to see 

that better and were able to make those adjustments, and they started to 

have less errors the more we did it, and I think that was effective.  

Limitations of the framework 

NC Write’s affordances in two instructional contexts—i.e., supporting writing 

instruction, efficiency, writing quality feedback, and evidence of growth—appeared 

to support instructional environments that emphasized this framework of deliberate 

writing practice. However, interview results also revealed that there were aspects of 

NC Write that limited the effectiveness of the same framework. These aspects 

related to limitations of NC Write’s automated feedback and interactive lessons, as 

well as its inability to identify plagiarized writing. 

There were a number of ways in which the writing quality feedback diverged 

from the principles of effective formative feedback (e.g., Hattie & Timperley, 2007; 

Kluger & DeNisi, 1996; Parr & Timperley, 2010; Shute, 2008). This divergence limited 

the relevance and efficacy of the feedback. For instance, some students described 

the writing analysis evaluation and feedback as too long and complex. One NC + 

TRAD student conceded, “Some of the feedback I didn’t quite understand when 

they used complicated words.” This concern was echoed by teachers in both 

conditions, a number of whom described the feedback as differentially effective. 

For example, one NC + SRSD teacher shared: 

My kids who were at a higher level, it probably helped them more because 

they could make more sense of it. My kids that read at a lower level probably 
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had some difficulty understanding exactly what it was trying to get across to 

them as far as what they did well and what they should work on. 

Another divergence from the principles of effective formative feedback related to 

the feedback specificity. Some students indicated the writing analysis was too 

vague. One NC + TRAD student recommended, “One thing I would change is how 

it would be a little more specific about how I could change things . . . it could point 

out what I should change and how I can make things better.” Some students 

similarly observed a lack of variety in aspects of the writing analysis. These opinions 

were shared by teachers, who found the feedback accurate and generally useful 

though insufficiently specific to support continuous improvements from draft to 

draft. Consistent with the quantitative findings, teachers and students in both 

conditions described a point where students reached a writing quality ceiling and 

struggled to improve further. An NC + TRAD student described, “I made a 24 on the 

last one . . . . I’ve even rewritten an entire paragraph to see if that would help or 

anything and I feel like I cannot reach that point above a 24.” One NC + SRSD 

teacher suggested restructuring the format of the feedback to be more oriented to 

the revision process. She explained, “It’s almost as if it needs to be laid out in a way 

that it’s speaking to the students: ‘OK, here’s your score. What does that mean? 

What do I do now?’”  

Finally, there was some evidence the presentation of the feedback diverged from 

the principles of effective formative feedback, limiting feedback efficacy. Due to the 

visual nature of the spelling/grammar feedback, some students corrected the 

spelling/grammar errors via surface-level edits, believing they had made sufficient 

revisions to significantly improve the quality of their essays. Consequently, students 

in both conditions described making edits and being discouraged by the lack of 

change in scores or subsequent feedback. In contrast, the writing analysis was less 

visual, allowed more subjective interpretation, and it was with the traits of 

development of ideas, organization, and style that students appeared to have the 

greatest difficulty enacting feedback. One NC + SRSD teacher explained: 

One of my kids, she would get a little upset because they were like, “Well, I 

went through and I did what they asked me to do and I still got an 18.” Once 

they went back and looked at the feedback again . . . . “You’re kind of still 

making the same mistake that you were making before. So, you’re looking at 

the feedback, but are you really applying the feedback or just changing 

something and thinking ‘Okay, that’s going to make it better?’” 

The writing quality feedback diverged from the principles of effective formative 

feedback in terms of complexity, specificity, and presentation (Shute, 2008) which 

limited its utility and efficacy. 

Teachers and students shared mixed opinions regarding the lessons in NC Write 

during interviews. Some students recalled particular lessons they attributed to 

helping them improve as writers. Students generally liked the interactive nature of 

the lessons. Some teachers also liked the lessons and found them effective. One NC 

+ SRSD teacher shared, “The mini-lessons . . . helped out tremendously. They were 

not too long, they were straight to the point, giving the information, and it was in a 

kid-friendly way where they could understand it, whatever the topic was.” However, 
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the lessons solicited greater criticism from students and teachers than any other 

component of NC Write. The most common concerns raised by students were that 

the lessons should have been less challenging and less dense with information. 

Teachers’ primary criticism of the lessons was that they did not provide sufficient 

data about student performance. For example, one NC + TRAD teacher explained:  

I would like a little more feedback on how the kids are doing on the lessons 

as they work through them and when they have actually completed a 

lesson.” 

In their interviews, students and teachers were asked what they would change 

about NC Write. Many of students’ recommendations addressed existing features of 

NC Write that were not utilized for the present study, such as peer review 

functionality. Both students and teachers suggested that additional feedback in the 

form of example essays would have been helpful. NC Write included some 

annotated example essays at the time of the intervention but these were limited in 

number and not clearly linked to total essay scores. Many teachers indicated that 

NC Write needed to be able to identify text plagiarized from other writers (i.e., 

copied from essays found on the internet), or text copied from the prompts and 

source materials. Plagiarism was a greater concern in the upper grades, though sixth 

grade teachers reported instances of students copying the prompts. One NC + 

SRSD teacher explained: 

All they did was copy the prompt and paste it and they got a 12. So, that was, 

of course, a negative because they didn’t even write anything on their own. 

Though students had been informed that accurate PEG scoring was dependent on 

“good faith” essays, plagiarism was a frustration for teachers as unobserved cases of 

plagiarism resulted in students having reduced writing practice opportunities and 

receiving potentially misleading feedback about their writing performance. 

In sum, limitations of the framework for deliberate writing practice included 

the extent to which feedback diverged from the principles of effective feedback, 

limited lesson data, and the program’s lack of a plagiarism scanner, all of which 

limited its effectiveness in process writing and strategy instructional contexts. 

 

3.6 Discussion 

In this study, we adopted a mixed-methods design to examine the implementation 

and integration of AWE with two different approaches to teacher-led writing 

instruction at the middle-school level. One instructional context integrated AWE 

within a traditional process approach to writing instruction, while the other context 

integrated AWE with strategy instruction. We evaluated both instructional contexts 

with respect to fostering growth in students’ first-draft writing quality across 

successive essays over time. Further, we examined students’ and teachers’ 

experiences with and perceptions of the AWE system to help explain the 

quantitative findings, and further understand benefits and limitations of AWE as 

perceived by users, as well as examine what these perceptions indicated regarding 
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the affordances of AWE in the different instructional contexts. We discuss both 

research questions in turn. 

 

What are students’ first-draft writing performance (i.e., writing quality, essay 
length, and essay elements) growth trajectories when AWE is used within two 
instructional contexts: process writing instruction and strategy instruction?  

Prior research has rarely examined growth in first-draft writing performance 

across successive essays and found evidence of transfer. The present study extends 

existing AWE research by documenting, across multiple writing performance 

outcomes, that students in different AWE-supported instructional contexts 

improved their writing quality, the length of their essays, and the number of basic 

elements they included in their first-drafts. Importantly, results indicated that 

students in both instructional contexts exhibited comparable rates of growth in 

writing performance: both NC + TRAD and NC + SRSD students exhibited a period 

of accelerated growth in writing performance that slowed over time, plateauing 

after the fourth first-draft essay written during the intervention. Though the present 

study focused on teacher-directed instructional formats, findings are consistent 

with Roscoe and colleagues’ work studying the effects of different student-directed 

practice formats for utilizing AWE: students in traditional process writing practice 

formats, strategy-based practice, and game-based practice equally improved the 

quality of their essays when revising with AWE (Roscoe et al., 2013, 2018, 2019). 

Though strategy instruction is associated with large effect sizes (Graham et al., 

2012; Graham & Perin, 2007), and SRSD-based interventions have produced, on 

average, the largest effect sizes for writing quality of all writing interventions 

(Graham & Harris, 2018), there are several possible explanations for why the two 

groups of students, using AWE in different instruction contexts, exhibited 

comparable growth trajectories. The first is that adapting SRSD to a lower-intensity 

format to support teacher implementation and reduce professional development 

constrained the net efficacy of the approach. However, Palermo and Thomson 

(2018) found a large, positive effect at posttest of NC + SRSD on students’ writing 

quality (Cohen’s dz = 1.18), essay length, (dz = 1.36), and essay elements (dz = .97), 

comparable to effect sizes observed in other SRSD studies (e.g., Graham & Harris, 

2003; Graham, 2006; Graham & Perin, 2007; Graham et al., 2012). A second 

explanation is that results are partially attributable to between-condition mean 

differences in AWE exposure. However, all final conditional models included a 

student-level control for AWE exposure, which adjusted for both between- and 

within-condition differences in exposure to NC Write. A third explanation relates to 

the frequency of measurement. As Palermo and Thomson (2018) found that NC + 

SRSD students demonstrated greater gains in writing performance than NC + TRAD 

students from pretest to posttest, in the present study it may be that mean changes 

in writing performance across first-draft essays were too minor—and/or standard 

errors too large—to identify between-condition differences. A final explanation, 

supported by the interview results, is that NC Write offered homogeneous 

affordances (and limitations) across instructional contexts, moderating the effect of 

writing instruction on writing performance. This final hypothesis is interrogated 

further below. 
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What are students’ and teachers’ experiences with and perceptions of the AWE 
system and what do these perceptions indicate regarding the affordances of 
AWE in the different instructional contexts? 
Though NC Write was implemented within process writing instruction and strategy 

instruction contexts, students and teachers described similar experiences with and 

perceptions of NC Write across the two instructional contexts. This finding 

suggested that NC Write provided homogeneous affordances and limitations in the 

different instructional contexts.  

Qualitative data analysis revealed that, regardless of instructional context, NC 

Write provided a framework for deliberate writing practice. In this framework, 

students’ growth in writing performance was supported by a cycle of learning, 

practice, and feedback. Specifically, NC Write enabled deliberate practice by 

supporting teachers’ writing instruction, offering efficiencies not otherwise 

possible, affording writing quality feedback, revealing evidence of growth, and 

motivating continued and iterative engagement with cycles of practice and 

feedback.  

The SRSD model was identified as an ideal form of strategy instruction to 

implement in the present study given that SRSD is an evidence-based practice 

(Harris & Graham, 2016) and a particularly effective form of strategy instruction as it 

includes self-regulation instruction (Graham at al., 2012). While process writing 

instruction shared some similarities to SRSD instruction, it differed in the extent to 

which it emphasized strategies for planning, writing, and revising argumentative 

essays; included the teaching of self-regulation procedures; and was criterion based 

and/or instructionally responsive. Regardless, interview results suggested that the 

negligible differences observed between process writing and strategy instruction on 

students’ writing performance could be explained by the affordances of NC Write 

that were common to both conditions.  

For example, central to SRSD instruction is the teaching of planning and writing 

strategies (Graham & Harris, 2018). The purpose of the DARE strategy, described 

previously, is to help students recall and incorporate all basic elements when 

composing argumentative essays. This is achieved by instructing students to 

compare their essays to a list of criteria for high-quality argumentative writing. 

Interestingly, though process writing instruction included less of an emphasis on 

planning, writing, and revising strategies, interview results suggested that AWE led 

students—in both conditions—to examine the relations among essay elements and 

the writing quality scores assigned by PEG. Thus, the practice of comparing essays 

and scores supported students’ understanding of the relations between text 

features and writing quality, fostering a better understanding of the components of 

good argumentative writing.  

Another hallmark of SRSD instruction is the teaching of self-regulation 

procedures and positive beliefs about writing to help students apply writing 

strategies, manage the writing process, and collect visible evidence of their growth 

(Harris, Graham, & Mason, 2006). Though NC + TRAD students were not explicitly 

taught self-regulation procedures and positive beliefs about writing, interview 

results provided moderate evidence that AWE provided students in both conditions 

with tools to help them manage their use of writing strategies and the writing task 
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and allowed students to collect evidence of their writing growth. When the 

opportunity to practice repetitively and receive feedback allows for deliberate 

practice, students can improve their ability to self-monitor, control, and self-

evaluate their performance (Ericsson, 2006). In the context of AWE, the cycles of 

practice and feedback were seen to support students’ self-monitoring and self-

evaluation. When students learned a new instructional strategy (from a lesson in NC 

Write or from their classroom teacher), they were able to promptly try the 

instructional strategy and observe the impact on their writing quality. That 

automated scores and feedback were immediately available and generally perceived 

as valid and valuable may have further fostered students’ self-evaluation. Automated 

feedback provided all students with concrete evidence of growth; this was highly 

visible to students on a draft to draft basis and manageable for students to track 

over time via their writing portfolios. This evidence of growth, along with mastery 

experiences over cycles of practice and feedback, provided students with a source 

of efficacy information. Thus, AWE appeared to provide some of the same levers as 

SRSD instruction related to the development of self-regulatory skills and abilities 

and positive beliefs about writing. 

Finally, SRSD instruction differs fundamentally from process writing instruction 

in the extent to which it is criterion-based and instructionally responsive. Though 

process writing instruction tends not to be as tailored to the needs of students as 

SRSD instruction, interview results suggested the interconnected nature of the 

learning, practice, and feedback cycles afforded by AWE explicated both current 

performance and the components necessary for improved performance for all 

students. This information allowed students to concentrate on improving specific 

aspects of their writing performance. Collectively, the cycles of learning, practice, 

and feedback may have helped demystify the construct of writing quality for 

students.   

Thus, results are promising with respect to using AWE to support the teaching 

and learning of writing. The comparable growth trajectories exhibited by students in 

the two treatment conditions suggests that AWE can be implemented effectively in a 

variety of instructional contexts. When so implemented, students appear to improve 

their writing performance and teachers and students identify common affordances 

of AWE. In sum, our results suggest effective writing instruction with AWE looks 

markedly different than typical process approaches to writing or strategy 

instruction; that is, the use of AWE appears to transform instruction in ways that 

align with a framework for deliberate writing practice.  

Limitations of the Present Study 
Several limitations should be considered when interpreting study results. Students 

were assigned to condition by teacher, rather than randomly. Consequences of this 

quasi-experimental design included between-condition initial differences in writing 

quality as well as between-condition differences in the proportion of Black students 

and SWDs. Resource limitations precluded recording or observing teachers’ writing 

instruction to confirm NC + TRAD teachers’ descriptions of their process writing 

instruction. Additionally, AWE exposure was limited to a measure of activities 

completed as captured by NC Write log-files. Lesson activity logs, for example, 
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tracked which lessons students accessed and for how long, but did not include 

measures of students’ performance during lessons. While participant selection 

criteria included lack of exposure to NC Write, interview results suggested students 

and teachers required some time to develop familiarity with the software which may 

have impacted outcomes. Students’ writing performance may have been depressed 

toward the end of the intervention and at posttest in part due to the timing of the 

intervention—toward the end of the school year—when student effort tends to 

wane. We are not able to disentangle the effects of timing from those inherent to 

the intervention or NC Write. Future research should examine whether results are 

similar if treatment occurs earlier in the school year as well as examine maintenance 

effects. 

4. Indications for Future Developments 

Our findings showed that though AWE’s benefits were not context dependent, 

AWE’s limitations were also insensitive to context, as NC + TRAD and NC + SRSD 

teachers and students reported similar challenges and frustrations. This finding 

suggests that teachers were not able to mitigate the limitations of AWE by varying 

instruction. Thus, it is important for teachers to recognize that using AWE may result 

in their needing to expend more effort to help students work with and around the 

limitations of AWE. This in turn will require effective professional development and 

support that goes beyond the technical knowledge required to use AWE.  

Results of the present study therefore support several indications for future 

developments. Future research is needed to understand how teachers should 

change and adapt writing instruction when it includes AWE. As the focus of the 

extant AWE research is those components of instruction that teachers can reduce or 

omit with AWE (i.e., the time-saving aspects of AWE), future development should 

focus on components of instruction that become increasingly demanding with AWE. 

For example, in the context of AWE, teachers likely need to spend more time 

teaching students the qualities of good writing, providing students with feedback in 

the form of examples and counterexamples, and helping students connect general 

feedback to specific actions they can take to improve—in short, providing more 

evidence-based writing instruction (e.g., Graham & Perin, 2007). Additionally, 

professional development related to AWE should stress the importance of changing 

and adapting instruction when AWE is part of teachers’ writing toolkits (see also 

Knight et al., 2020).  

In the present study we analyzed first draft scores for each essay, and results 

indicated that students using AWE within process writing instruction and strategy 

instruction contexts improved their writing performance at comparable rates. 

However, it is possible that there were differences in the ways that students in the 

two conditions subsequently revised their essays as well as the way that students in 

each condition enacted their revision process. Additional research should examine 

writing performance associated with both first drafts and final drafts to better 

understand potential differences attributable to instructional contexts. A promising 

method of doing so is to leverage feedback available from keystroke logging 

software that reveals evidence of students’ drafting and revision processes (see 

Vandermeulen, Leijten, & Van Waes, 2020).  
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Finally, to further encourage deliberate writing practice, students require 

carefully designed practice opportunities that can be mastered sequentially 

(Ericsson, 2006). In the context of AWE, such practice opportunities should allow 

students to apply specific skills and strategies in their writing, but not require 

production of an essay to receive feedback. For example, one practice activity might 

focus specifically on developing a claim and another on refuting counter-claims (or 

producing purpose-specific introductions, elaboration, and/or conclusions). 

Collectively, such activities should better support students’ maintenance of writing 

performance growth over time. Attention should be given to the development of 

these practice activities and the associated AES models, and future research should 

examine the role of such practice opportunities in the context of writing instruction 

with AWE.  
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