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Abstract
Writing a synthesis text involves interacting reading and writing processes, serving 
the comprehension of source information, and its integration into a reader-friendly 
and accurate synthesis text. Mastering these processes requires insight into process’ 
orchestrations. A way of achieving this is via process feedback in which students 
compare their process orchestration with examples. Access to such examples of 
enacted process orchestration models might have an additional learning effect. In the 
present study we replicated and extended the study of Vandermeulen et al. (Written 
Communication, 40(1), 90–144, 2023) on the effect of keystroke logging data-based 
process feedback with feed-forward exemplars when compared to national baseline 
performances. In addition, we report the effect of a brief extension in which learn-
ers had the opportunity to observe an enacted model of their choice, showing one 
of three orchestrations of the initial stage of writing a synthesis task. A total of 173 
10th—grade students were randomly assigned to a process feedback condition with 
or without added models. A baseline, consisting of a nationally representative sam-
ple of upper-secondary students’ texts and processes, served as an alternative control 
group. Results showed that the process feedback, both with and without observation, 
had a significant effect on text quality. Regarding the process data, students in the 
feedback condition had a more prominent focus on the sources as they spent more 
time in them and switched more often between text and sources, compared to the 
baseline. The observation task magnified this effect.
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Introduction

Developing effective writing skills is indispensable for students’ academic suc-
cess (Graham et al., 2013). In both the research and educational work field, the 
importance of high-quality writing instruction is recognized (De Smedt et  al., 
2016). Writing instruction supports students in developing the highly complex 
skill that is writing. Over the last decades, the writing process has received more 
attention in several instructional approaches, such as strategy-focused instruc-
tion. This type of instruction, which has obtained positive results on students’ 
writing performance (Graham & Perin, 2007; Graham et  al., 2012), focuses on 
making students aware of their writing process by teaching them strategies for 
sub-processes such as idea planning, idea generation, goal-setting, or revising. 
The success of strategy-focused instruction paved the path for a process-oriented 
approach to writing instruction. A small but growing body of intervention studies 
offers feedback and instruction focusing on the writing process rather than on the 
writing product.

This process-oriented approach to writing instruction and feedback is in line 
with the recent conceptualization of feedback. Where feedback was traditionally 
seen as a product delivered to students (for example, comments provided by the 
teachers), the more recent feedback paradigm sees feedback rather as a process in 
which students actively engage with the feedback and make sense of it (Winston 
& Carless, 2020). This view entails that feedback should be designed in such a 
way that it provides students with opportunities to reflect on their learning and to 
monitor or self-regulate their learning (Nicol & MacFarlane-Dick, 2006).

The writing process can be defined as a functional dynamic system (Rijlaars-
dam & Van den Bergh, 2006; van den Bergh et  al., 2016) that consists of cat-
egories of cognitive and cognitive-linguistic activities, such as generating and 
organizing content, from memory and external sources, rhetorical goal-setting, 
formulation, rereading already written texts, evaluating and revising process pro-
gress and text-written-so-far. These basic activities can form all possible strings 
of activities in which an activity serves another activity in terms of goal-mean 
relations. The functional perspective refers to the relations between the activi-
ties that form strings of means-end relations. The dynamic perspective denotes 
that the functional relations between these strings may vary during the process. 
This writing process model shows the complexity of orchestrating writing pro-
cess behaviors.

Hayes and Flower (1980) observed that “a great part of skill in writing is the 
ability to monitor and direct one’s own composing processes” (p.39). Self-regula-
tion plays an important role in this. Graham and Harris (2000) argue that writing 
competence depends on high levels of self-regulation. Students need support to 
learn to monitor, direct and regulate their actions (Hattie & Timperley, 2007). 
In other words, they must regulate their writing process. If the aim is to sup-
port students in developing their writing skills, they need guidance in developing 
effective writing process organizations (Vandermeulen et  al., 2023). As several 
studies have confirmed the relationship between writing process activities (and 
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their orchestration) and text quality (Breetvelt et al., 1994; Vandermeulen et al., 
2020c), also their texts would benefit/this would also enable them to improve 
their writing/one can also expect that their writing will improve as a result.

Keystroke logging tools have made it possible to gain insight into behavioral 
aspects of the writing process as by registering keystrokes, mouse movements and 
window switches, and time-stamp them (Leijten & Van Waes, 2013). Several studies 
have proposed ways of using keystroke logging data as a base to provide feedback 
and instruction on writing processes (Vandermeulen et al., 2020b).

In the present study, we tested the effect of two process feedback conditions on 
students’ writing performance and writing behavior. For this study, we extended a 
previously carried out study (Vandermeulen et  al., 2023), in which we tested the 
effect of data-based process feedback when compared to national baseline perfor-
mances, by adding the observation of a writing process model. The previous study 
(Vandermeulen et al., 2023), on which our current study builds, provided students 
with a keystroke logging report (Vandermeulen et al., 2020b) with information on 
several writing process behaviors (such as source use, fluency, revision) that were 
found relevant in a national baseline study (Vandermeulen et  al., 2020a). Subse-
quently, students compared their process data to the process data of higher-scoring 
students. This feedback intervention proved successful as participants displayed a 
more goal-oriented reading-writing strategy during their writing process, and they 
produced higher quality texts. The effect of the relatively short but intensive feed-
back intervention was comparable to the effect of one year of regular schooling. In 
the current study, we added an extra instructional component to the intervention, 
namely, the observation of a video model. We explored the added effect of a brief 
extension in which learners had the opportunity to observe an enacted model of their 
choice, showing one of three (empirically validated) orchestrations of the initial 
stage of writing a synthesis task. Participants in this study were randomly assigned 
to a process feedback condition with or without added models.

Literature review

We provide a brief overview of previous studies that provide feedback and instruc-
tion based on keystroke logging data (Sect.  "Writing process-oriented interven-
tions") and zoom in on two key elements of such interventions, namely, reflection 
and self-regulation (Sect.  "Prompting reflection to stimulate self-regulation: three 
design principles"). We discuss the use of exemplars (Sect. "Compare and contrast: 
actual performance with exemplars") and observational learning with video mod-
els (Sect. "Compare and contrast: actual performance with models") as two meth-
ods to enhance comparing and contrasting activities that prompt reflection and 
self-regulation.
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Writing process‑oriented interventions

Previous studies offering process feedback or process instruction during interven-
tions recurred to various keyloggers such as JEdit (Lindgren, 2004; Lindgren & Sul-
livan, 2003; Lindgren et al., 2009; Sullivan & Lindgren, 2002), Cywrite (Dux Speltz 
& Chukharev-Hudilainen, 2021; Ranalli et al., 2018), Inputlog (Vandermeulen et al., 
2023; Bowen et al., 2022), and ProWrite (using concurrent keystroke logging and 
eye-tracking, Dux Speltz et al., 2022).

Information obtained from the keystroke logging programs was used in differ-
ent ways to serve as input for the interventions. Some studies used a replay func-
tion (Lindgren, 2004; Lindgren & Sullivan, 2003; Lindgren et  al., 2009; Sullivan 
& Lindgren, 2002), others worked with visualizations (Dux Speltz & Chukharev-
Hudilainen, 2021), a report with numerical data and visualizations (Vandermeulen 
et al., 2023; Bowen et al., 2022), or screen replays followed by a remediation plan 
and real-time writing scaffolds (Dux Speltz et al., 2022).

A recurring key element in these interventions was the prompting of process 
reflection. The prompts for self-reflection varied from peer-discussions (Lindgren, 
2004; Lindgren & Sullivan, 2003; Lindgren et  al., 2009; Sullivan & Lindgren, 
2002), or student–teacher discussions (Dux Speltz et al., 2022; Ranalli et al., 2018), 
to a set of guided questions and tasks (Bowen et al., 2022), or prompts to compare 
and contrast their process with example processes, varying from experienced writer 
examples (Ranalli et  al., 2018), higher-scoring peers (Bowen et  al., 2022), and 
higher- and equally-scoring peers (Vandermeulen et al., 2023).

In general, previous intervention studies reported positive effects on students’ 
awareness of their own writing process, their writing motivation, self-regulation, 
and text quality.

Prompting reflection to stimulate self‑regulation: three design principles

Reflection is a key component to self-regulated learning (Masui & De Corte, 2005) 
as it entails critical thinking about one’s own task process and performance, lead-
ing to self-assessment (Quinton & Smallbone, 2010). Results from previous stud-
ies on effects of reflection on writing are not always consistent. Several studies 
on instructional programs aiming at performance improvement via self-regulated 
strategy instruction provide indirect evidence that reflective activities have positive 
effects since such programs improved writing performance (Graham et  al., 2005; 
MacArthur et al., 2015) and writing self-efficacy (Zimmerman & Kitsantas, 1999). 
Interventions prompting writing process reflection based on keystroke logging data 
(as discussed in Sect. "Writing process-oriented interventions") reported a raise in 
students’ consciousness of their own writing processes (Lindgren, 2004; Lindgren 
& Sullivan, 2003; Ranalli et al., 2018), higher writing motivation (Lindgren et al., 
2009), more higher-order, textual revisions (Lindgren, 2004; Lindgren & Sullivan, 
2003), changes in writing approach (Vandermeulen et al., 2023; Bowen et al., 2022; 
Dux Speltz et al., 2022), and better writing performance (Vandermeulen et al., 2023; 
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Bowen et  al., 2022). However, Dux Speltz et  al. (2022) did not find a significant 
effect of the intervention on students’ text quality.

An instructional design to change writing processes via self-regulated learning 
is built on two pillars: the learning activity ‘compare and contrast’ and well-chosen 
objects to compare. One of these objects is one’s own process. This leads to a first 
design principle: if learners have to reflect on their task processes, they should have 
optimal access to that process. The other object is a target object, namely a process 
or performance of another quality (i.e., a process or performance to acquire). There-
fore, the second design principle is: if learners have to set goals, they should have 
access to process or performance models representing target behaviors. The third 
design principle is about prompting learners to relate the two objects (own process 
and a target process), which requires a specific form of analogic reasoning (Renkl, 
2014). The instruction must stimulate students to find commonalities and differences 
between the two objects on a deeper level than the surface level. The third design 
principle is formulated as follows: if learners must learn from target models, they 
must compare and contrast the known and the target model to prepare goal-setting. 
Instruction based on target objects is known as example-based instruction (Van Gog 
& Rummel, 2010).

Renkl (2014) and Van Gog and Rummel (2010) distinguish two strands of 
research in example-based instruction. Instruction with worked examples is situated 
in cognitive theory and mostly studied in the area of problem-solving. The aim of 
learning by worked examples is constructing a strategy to solve certain problems, 
moving from the concrete (worked) examples to a more abstract schema via ana-
logical reasoning (Renkl, 2014; Van Gog & Rummel, 2010). The second strand is 
grounded in Bandura’s social-cognitive learning theory (Bandura, 1986). It refers 
to a natural human tendency to choose and observe model behavior to integrate in 
one’s own processes and performances.

Both forms of example-based learning are especially effective in learning new 
skills. They are more effective than practicing these skills due to the lower cognitive 
load when reading worked-out examples or observing models (Van Gog & Rummel, 
2010). Both forms can be included in instructional design prior to practice as well as 
following practice, as forms of feedback. In this paper we focus on their use in the 
feedback phase, to trigger reflection for goal-setting.

Compare and contrast: actual performance with exemplars

Exemplars can be defined as key examples of authentic student work that are typi-
cal of certain levels of quality or competence (Sadler, 1987). Stimulating students 
to learn from examples triggers reflection and stimulates self-regulation in student 
learning (Nicol, 2021; Scheiter, 2020). Research has shown that students benefit 
when they are encouraged to use exemplars as a point of reference when reflect-
ing on their own work (Dixon et al., 2020). Several positive effects are attributed to 
exemplars. They can represent concrete task standards (Hendry et al., 2011), or show 
different strategies to complete tasks (Orsmond et al., 2002). Moreover, exemplars 
are considered encouraging by students as they are situated in the zone of proximal 
development and thus show a goal within reach (Hendry et al., 2011). The studies by 
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Bowen et al. (2022) and Vandermeulen et al. (2023) provided students with writing 
process data gathered with keystroke logging and visualizations of exemplar writ-
ing processes. The exemplars were labeled feed-forward as they consisted of exem-
plars of higher-scoring peers (known as the feed-forward notion- addressing the 
“Where to next?” question—from Hattie and Timperley’s (2007) model). Both stud-
ies reported positive effects of the intervention on the participants’ writing process 
approach and text quality.

Compare and contrast: actual performance with models

Observational learning involves the observation of (video) models in which a learner 
models a certain behavior. Several studies demonstrated the effectiveness of obser-
vational learning in the domain of writing (Couzijn, 1999; Groenendijk et al., 2013; 
Zimmerman & Kitsantas, 2002). For example, Braaksma et  al. (2004) found that 
observational learning resulted in a higher amount of higher-level processes such as 
planning, with a more dynamic distribution of such processes across the writing pro-
cess, and higher quality texts. Raedts et al. (2007) showed that students who learned 
by observing pairs of video-based peer models reported more extensive knowledge 
of effective strategies such as information gathering and planning. These students 
also wrote better texts compared to the control condition, and reported higher levels 
of self-efficacy.

Effects of observational learning are related to different factors. First, by observ-
ing writing behavior rather than performing it itself, there is a reduction in cognitive 
load (Braaksma et al., 2004). Students can focus on observing and reflecting instead 
of on executing a writing task. Secondly, observational learning provides students 
with insights into the variety of writing processes and into self-regulation during 
processes (Braaksma et al., 2004) as the model displays goal-setting via self-instruc-
tions, and via monitoring evaluation processes. Thirdly, when observing relatable 
peers, observational learning can also motivate learners, as it shows that the goals 
are within reach (Raedts et al., 2007).

Present study

The present study was guided by the two research questions:

1. Do the two interventions (feed-forward process feedback and feed-forward pro-
cess feedback followed by observation of a video model) have an impact on writ-
ing performance and writing process behaviors?

2. Does this impact differ between the two intervention conditions?

 We expect to replicate the effect of process feedback as demonstrated in Vander-
meulen et  al. (2023), with the process feedback based on comparison with exem-
plars positively affecting text quality and students’ task process. Second, we expect 
that the addition of the opportunity to observe one of the three empirically validated 
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orchestrations in the form of an actual model-in-action will have an effect on the top 
of the feedback effect.

The present study builds on previous studies (addressed in Sect.  "Literature 
review") and aims to fill some of the gaps. Studies on the effect of process feedback 
do not fully report how students are guided from data to goal-setting. Interpretation 
of the variability of effects is then difficult. Elements that are missing are the defini-
tion of a target process, and decision-making on which target process is most suit-
able for the participant. Therefore, in the current study we aim to provide students 
with target ‘profiles’ of how a synthesis task can be tackled by relatively proficient 
peers. Participants are encouraged to compare themselves to the target profiles. The 
focus of these comparisons is on the orchestration of the activities. Another element 
that is missing in previous studies is the connection between a numerical (i.e., as in 
the process report and the quiz) and verbal description of a profile on the one hand), 
and a profile model-in-action on the other. Therefore, we will study the effect of the 
addition of an observation task that provides students with an example-in-action.

Methodology

Participants

Participants were 185 Dutch 10-grade students from seven classes in three sec-
ondary schools. They were all enrolled in pre-university education (Dutch VWO 
stream). Successful completion of this program allows the candidates admission to 
university. Participants were between 15 and 18  years old (average age of 15.61) 
(Nfemale = 107, Nmale = 78). Written consent was obtained from all students.

Participants within classes were randomly assigned to a condition in which par-
ticipants received feed-forward process feedback (Nstudents F = 87) and a condition in 
which participants received feed-forward process feedback followed by the observa-
tion of a video model (Nstudents FO = 98). The imbalance in participants between the 
two conditions is due to random attrition (related to students dropping out because of 
illness, and technical difficulties with the keystroke logging tool). The distribution of 
male and female students across conditions, based on the participants that revealed 
their gender, did not differ to a statistically significant degree (χ2(1, 171) = 0.718, 
p = 0.760). Students received film tickets for their participation.

Research design

We implemented a repeated intervention design (Table 1) with three sessions (M1, 
M2, M3). Each session consisted of a before-writing phase, a writing phase, and an 
after-writing phase. The measurement design in Table 1 shows the activities carried 
out in each of the three sessions. Participants wrote an informative synthesis text 
during each session. Processes were logged with keystroke logging software Input-
log. In sessions M2 and M3 students received feedback on their writing process of 
the texts written in the earlier session. Two feedback conditions were implemented 
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(Table 1, Intervention Design): the Feed-forward Feedback condition (F), in which 
the participants received feed-forward exemplars, and the Feed-forward Feedback 
condition plus Observation (FO), in which the participants additionally observed a 
model in action, on video. In the present paper, we focus on two types of variables: 
synthesis process variables and text quality.

Instructional design

Feed‑forward process feedback

We designed the procedure according to three design principles, distilled from lit-
erature. Feedback was designed (1) to help students bridge the gap between their 
current and targeted performance, (2) to incite self-regulated learning in which 
understanding, reflection, evaluative judgment and monitoring were key (Panadero 
et al., 2019) and (3) to activate them (Nicol & MacFarlane-Dick, 2006). Feedback 
was based on the comparison of actual process data (Design principles 1 and 2). To 
support students to get an insight into their actual performance and process, students 
received: (1) feedback on their position on a text quality scale, and (2) quantitative 

Table 1  Research design

The questionnaires indicated with * are not included in the present study. A description of all instruments 
and the respective questions of the questionnaires can be found in Vandermeulen et al. (2020a, 2023)
F: Feed-forward condition; FO: Feed-forward with Observing models condition

Measurement Design

Session M1: Text 1 Session M2: Text 2 Session M3: Text 3

Pretest Writing After Before Writing After Before Writing After

Self-efficacy: long form* × ×
Writing Style Inventory* ×
Text Quality × × ×
Synthesis Process Behav-

iors
× × ×

Perception Writing Task* × × ×

Intervention Design

Session M1: Text 1 Session M2: Text 2 Session M3: Text 3

Pretest Writing After Before Writing After Before Writing After

Self-efficacy: short form F FO F FO
Feedback Evaluation: short F FO F FO
Exemplars F FO F FO
Observing Models FO FO
Feedback Evaluation: long* F FO F FO
Evaluating Observation* FO FO
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data about their writing process as outlined in Vandermeulen et al. (2020b) . To acti-
vate students to process the quantitative writing process data, they had to go through 
a series of learning activities, that is, compare and contrast and set themselves goals 
(Design Principle 3). To stimulate goal-setting, holistic exemplars of task processes 
were provided, based on an analysis of processes in a national representative sam-
ple. The exemplars consisted of exemplary writing processes of high-scoring writ-
ers, engaging the participants in the feed-forward aspect of feedback (i.e., Hattie and 
Timperley’s (2007) “Where to next?” question).

In the following sections, we describe the guiding steps that were presented to 
participants to get insight into their process feedback data. In Sect. "Data sources", 
we provide details of the data that students had available. Sect.  "Comparing, con-
trasting and goal-setting" presents all the learning activities students carried out to 
get grip on the data and set goals.

Data sources

Text quality Texts were rated by two independent raters. Scores were reported next 
to a text quality scale based on a national representative sample (Vandermeulen et al., 
2020a) (Fig. 1).

Task process information Based on keystroke logging data, we generated individual 
reports on several writing behaviors, most of them in equal intervals of the process. 
This report followed the principles of Vandermeulen et al. (2020b).

Target task information To provide target processes, we constructed empirically val-
idated exemplars and models of the initial stage of the writing process. We analyzed 
the initial stage (first interval) of the writing processes of the 50% best performances 
of upper-secondary students in a national assessment on (informative) synthesis 
writing (Vandermeulen et  al., 2020a). A Latent Class analysis on these processes 

Fig. 1  Scale with average scores
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resulted in three distinct task profiles, labeled as: the notetaker, the source reader and 
the thinker/focused reader. For the verbatim description of the profiles provided to 
students see Online Supplementary Materials A. The notetaker is characterized by 
heavy text production and considerable production speed at the same time as a more 
than average switching between the sources and one’s own text process-initially, that 
is, compared to the other two profiles. The source reader displays a prominent focus 
on source use at the beginning of the writing process reflected in a more than aver-
age time in the sources and switches between these sources compared to the other 
two profiles. Finally, compared to the notetaker and the source reader, the thinker/
focused reader spends a lot of time pausing at the beginning of the writing process 
which reflects reading and thinking. Sect. "Comparing, contrasting and goal-setting" 
describes how students in the different conditions were meant to process and make 
use of the components of the feedback, more specifically, of the task process informa-
tion and the (descriptive) target task information.

Comparing, contrasting and goal‑setting

We designed a series of learning activities to move from data to goal-setting 
(Table 2). In Sessions 2 and 3 students received and processed feedback on the for-
mer synthesis process and set goals by working through the learning activities in an 
Interpretation Guide. Students in the Observation condition additionally chose and 
observed a video model.

To guide students in the processes of comparing, contrasting and goal-setting, 
three steps were designed: getting a grip on the data provided, comparing their pro-
cess to exemplars and setting process goals. The interpretation guide led students 
through the different steps.

Getting a grip The process started with self-assessment (self-efficacy), insight in the 
position on the text quality scale (Fig. 1), and reading the report with writing pro-
cess data (Fig. 2). Students first filled in the short self-efficacy form with six ques-
tions probing for their self-efficacy beliefs in their selection and integration of source 
information, the ease with which they believed to be able to paraphrase source infor-
mation, text structure, language use and conciseness. The short self-efficacy ques-

Table 2  Learning activities in conditions in both feedback sessions, before writing a new synthesis text

Activity Conditions

Feed-Forward Observation

Feedback Processing towards Exemplars x x
Choosing and Observing a Model x
Goal-setting x x
Evaluating Feedback x x
Evaluating Video x
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tionnaire, based on a validated, more extended questionnaire (Vandermeulen et al., 
2020a; six scales with reliabilities (α) ranging between 0.70 and 0.87), can be found 
in Table B1 in Online Supplementary Materials B. Then students were provided with 
information on their position in a text quality scale after which they were presented 
with a writing process data report.

Compare current process with exemplars Students completed a quiz that prompted 
them to go back to their data in the report, and which resulted in a position on or 
between the three exemplars (Fig. 3).

Goal‑setting for the next synthesis task Two open questions were asked, starting with 
what students would like to keep, and then what they wanted to do differently (Fig. 4).

The design of the observational learning component

Students assigned to the Observation condition continued the learning phase with 
observational learning. They had a choice out of three models: the notetaker, the 
source reader, or the focussed reader (see Sect. "Data sources"). We based the vide-
oclips on scripts with actions that reflected empirically grounded profiles. Following 

Fig. 2  Example of Time Use in the Feedback Report with writing process data
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the recommendations by van Ockenburg et al. (2019) to provide students with free-
dom of choice to adapt strategies to their own preferences, participants were free 
to choose which model they observed. Videoclips are roughly 7 min in length (see 
website  www. liftw ritin grese arch. wordp ress. com). The empirically grounded con-
struction and operationalization of the models can be found in Online Supplemen-
tary Materials A.

Procedure

The intervention took place in students’ schools at three different measurement 
occasions in the course of seven days. Each session was supervised by a group of 
researchers and assistants acting as facilitators and making sure the protocol was 

Fig. 3  Example of the quiz—comparing personal process data with exemplars

Fig. 4  Goal-setting questions

https://www.liftwritingresearch.wordpress.com
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adhered to. Table  1 lists the different steps and measures at each measurement 
occasion.

At each session students had 50 min time to write an informative synthesis task. 
Students of both conditions were seated in separate classrooms. Processes were 
logged with keystroke logging software Inputlog (version 7.1.0.53). Students in the 
FO-condition received headphones to watch and listen to the video models.

At M2 and M3 prior to writing, students received feedback on their writing pro-
cess. They had 25  min to process the feedback individually (see Sect.  "Research 
design" for feedback). After having processed the feedback and prior to writing at 
M2 and M3, students also filled out a short feedback evaluation questionnaire. Stu-
dents had to indicate the degree to which they agreed with the following statements: 
(1) I considered the information about my own writing process useful, (2) I con-
sidered the questionnaire about my own writing process useful, (3) In my opinion 
the description of the different approaches to writing (Note-taker, Source Reader, 
Focused Reader) is useful, (4) The videoclip is useful.

Measures

Questionnaires

Table 1 illustrates that students in both conditions filled in a short self-efficacy ques-
tionnaire prior to receiving the feedback at M2 and M3 to trigger awareness and 
encourage reflection. At the end of Sessions 2 and 3 after having processed the feed-
back and prior to writing a new text, a short feedback evaluation questionnaire was 
administered.

Self‑efficacy short  form The questionnaire is a shortened version of a previously 
validated longer self-efficacy questionnaire containing six questions (cf. Table B1 in 
Online Supplementary Materials B) corresponding to the selection and integration 
of source information (Dealing with sources and Integration of the sources), the ease 
with which students believed to be able to paraphrase source information (Elabora-
tion of the sources), Text structure, Language use and Conciseness.

Feedback evaluation questionnaire The final step in the feedback flow prior to writ-
ing consisted of a short questionnaire to evaluate the feedback. Students were asked 
to indicate on a five-point-Likert scale the extent to which they agreed with five 
statements about the usefulness of the writing process information and questions 
(Interpretation Guide), the exemplar processes as described in the different profiles 
in the Interpretation Guide and in the FO-condition about the videoclips watched (cf. 
Table B2 in Online Supplementary Materials B).

Writing product

Tasks Writing assignments were selected from a national baseline study in the Neth-
erlands with 658 students in upper-secondary education (grades 10–12). Task con-
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struction is described in detail in Vandermeulen et al. (2020a). Sources were short 
informative texts. Students received additional explanations on the characteristics of 
an informative synthesis text, target-audience, text length and on using the sources. 
Additionally, they were briefly instructed on how to use Inputlog.

Rating Text quality was rated with Comproved, software based on the pairwise com-
parison method (Lesterhuis et al., 2016). Within pairwise comparison, raters are pre-
sented each time with two synthesis texts from which they have to select the better 
one based on a holistic evaluation of the text quality. Each text is compared multiple 
times. Based on the comparative judgements of all raters, using the Bradley-Terry-
Luce model (Bradley & Terry, 1952; Luce, 1959), a rank order is calculated from 
worst to best text. For each text a logit score is calculated. Next, a reliability for the 
whole rank order is calculated, the Scale Separation Reliability, ranging from 0 to 1, 
with 1 representing a perfect consensus and full security on the position of the text 
on the rank order. In addition, the method of comparative judgements enables one 
to rescale the logit scores to, in this case, the baseline study (Vandermeulen et al., 
2020a), by adding a text with a low and a text with a high-quality score to the com-
parisons.

The 23 raters all made 100 comparisons, so each text was compared about 10 
times with another text. The raters were PhD students in an educational or language 
related program, and master students in an educational program, and were familiar 
with rating text quality and the Comproved software. They were explicitly asked to 
evaluate the texts holistically taking into account all of the following four criteria 
(Vandermeulen et al., 2020a): (1) relevance and correctness of the information, (2) 
integration of the sources into a new text with its own structure and overarching 
theme, (3) coherence and cohesion, and (4) language use. Raters received a finan-
cial compensation. The SSR index was 0.62, acceptable considering that we worked 
with untrained raters, which adds to the study’s validity as they all brought their 
own, valid, perspective to text quality to the assessment.

Writing process/behavior

Filtering the data Prior to analyzing the keystroke logging data, we filtered them by 
using both the time filter and the source recoding functions in Inputlog. We used the 
last key students typed as an indication for the end of the writing process. This means 
that we removed the time from typing the last key to searching for the Inputlog stop 
button at the bottom of the screen. In line with Vandermeulen et al. (2020c), we used 
the source recoding function to group the sources identified by Inputlog into one of 
three source categories: given source texts, the synthesis text, and off-task sources.

Writing process/behavioral measures Writing processes were analyzed using Input-
log. In line with Vandermeulen et al. (2020b, 2023), and Van Steendam et al. (2022), 
we distinguish easily interpretable and meaningful relative process measures for two 
writing behavioral aspects: source use and production (Table 3). The studies illus-
trated that the variables were amenable to change. The variables selected also cor-
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responded to the variables selected for the three writing process profiles. Source use 
is represented by three variables: (1) (relative) amount of time spent in the sources, 
(2) number of switches between the sources (per minute), (3) number of switches 
between the synthesis text and the sources (per minute). Finally, the production meas-
ures were (1) active writing time, and (2) speed operationalized by the number of 
keystrokes per minute. The process measures were selected for the first (of three) 
intervals of the process. Writing processes were divided into three equal intervals, 
and we selected the first interval representing the beginning of the writing process 
where we expected source use activities to be most prominent.

Treatment fidelity

Research assistants supervising the data-collection closely adhered to a script with 
the various steps in the procedure and were also instructed prior to the data-collec-
tion sessions.

To check the random assignment of the students to both conditions a multivari-
ate model was fitted to estimate the differences between the FO-condition and the 
F-condition for all six dependent variables (text quality and the 5 behavioral process 
measures) at Session 1 (see Appendix A). The resulting highest density intervals 
are for all these variables situated around the value zero, indicating that we have no 
evidence that there were significant differences between both conditions at Session 1 
for any of the dependent variables.

A check of the questions of the feedback evaluation questionnaire (prior to writ-
ing at Session 2) showed that these had been filled out by all students in both con-
ditions. The feedback was positively evaluated in both conditions (means for the 
three feedback elements ranging from 3.79 to 3.93 out of 5). In the FO-condition, 
the model-videos were positively evaluated (3.5 on a scale from 1 to 5). No statisti-
cally significant differences between conditions were found for evaluation of feed-
back quality, for none of the feedback elements: not for the feedback report, nor for 
the quiz or the profile description: F (3,145) = 0.228, p = 0.877; Wilk’s Λ = 0.995, 
partial η2 = 0.005).

Table 3  Behavioral measures used for the analyses

Aspect Behavioral measure interval 1 Short variable name

Source use Proportion of time in sources Source Time
Number of switches per minute between sources Switches Sources
Number of switches per minute between synthe-

sis text and sources
Switches Synthesis—Sources

Production and fluency Proportion of active writing time Active Writing Time
Number of keystrokes per minute Speed
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Analyses

Correlational analyses

We estimated the correlations between text quality and the behavioral measures at 
each of the three sessions. We used a Bayesian framework to estimate the poste-
rior probability distribution for each of the correlation coefficients so that we can 
make use of its property that all inferences are probabilistic, giving us a frame-
work to express inferential and predictive uncertainty (Gelman et al., 2021). Anal-
yses are implemented in the probabilistic programming language Stan (Carpenter 
et al., 2017) making use of R (R Core Team, 2020) and the package brms (Bürkner, 
2017). To estimate the models we made use of the default weakly informative priors 
defined in brms. Given that we have a sufficient amount of data, weakly informa-
tive priors are capable to keep the inferences in a reasonable range without making 
the inferences sensible to the choice of priors (Gelman et al., 2021). Estimation of 
the models was based on a Markov Chain Monte Carlo (MCMC) sampling algo-
rithm, making use of 6 chains of 6,000 iterations each, with 1,500 burn-in itera-
tions to guarantee convergence (see Lambert, 2018 for an in-depth explanation on 
the MCMC sampling algorithm).

Estimating the differences between both conditions

To analyze the potential different impact of both conditions (F vs. FO), we rely on 
three alternative models, that are an implementation of a multivariate model, assum-
ing that the scores for each session are three separate dependent variables that will 
be modeled simultaneously. This approach allows us to model the variances and 
covariances between students for each session, not assuming a similar variance 
between students at each session. The models were run for all six dependent vari-
ables: text quality and the five behavioral variables measuring the writing process.

A first model (Model 1) is an unconditional model not taking into account the 
possible effects of the intervention. This model only assumes three average scores 
(one for each session), three variances between students (one for each session) and 
covariances between the scores at each session for students. The following online 
supplementary material presents an elaborate formal definition of the model (https:// 
majes tic- pixie- 28398c. netli fy. app/).

To estimate the difference between both conditions, we introduce the effect of 
condition as a dummy variable (indicating whether a student was assigned to the 
F-condition (= 0) or to the FO- condition (= 1)) in a Model 2. The dummy variable 
is added to the model as a predictor for scores on Sessions 2 and 3. Specifically, in 
Model 2 we assume that the effect of the condition is identical at both sessions. In 
other words, there is a single parameter expressing the effect of condition, which is a 
parsimonious model.

In Model 3 we loosen this assumption of an equal difference between both condi-
tions at both Sessions 2 and 3, allowing for a session-specific effect of condition. If 
Model 3 fits the data better than Model 2, the condition effect varies at sessions.

https://majestic-pixie-28398c.netlify.app/
https://majestic-pixie-28398c.netlify.app/
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Bayesian models are used as they are ideal for reliable parameter estimation given 
that we can derive a posterior probability distribution of the parameter values of 
interest (McElreath, 2020). The posterior probability distribution of these parame-
ters can be used to propagate the uncertainties around the parameter estimates when 
calculating contrasts. Moreover, as our design lacks a control group, we will follow 
van den Bergh et al.’s (2023) suggestion and use a national baseline study as a point 
of reference to evaluate the effect of the intervention which necessitates a Bayesian 
approach (see Sect. “Comparison to a national baseline”).

The models are estimated for each of the dependent variables separately. By com-
paring the three models on their model fit, making use of leave-one-out cross vali-
dation (Gelman et al., 2021), we select the best fitting model for each of the depend-
ent variables. Posterior probability distributions of the parameter estimates based on 
these best fitting models are explored by describing 89% credible intervals (McEl-
reath, 2020) and the probability of direction (Makowski, et al., 2019).

We implemented the model estimation in the probabilistic programming language 
Stan (Carpenter et al., 2017) making use of R (R Core Team, 2020) and the package 
brms (Bürkner, 2017), making use of the default weakly informative priors defined 
in brms, using 6 chains of 6,000 iterations each, with 1,500 burn-in iterations.

Comparison to a national baseline

Besides estimating the differences between the two conditions, we also want to learn 
more about the impact of the intervention on text quality and the five behavioral 
measures. Therefore, we compare the change in scores from Session 1 to Session 2 
and Session 3. This comparison is hindered by task effects: at each session, another 
writing task was implemented (Vandermeulen et  al., 2020a). Following the sug-
gestion by van den Bergh et al. (2023), we made use of the data available from a 
broader national baseline study (Vandermeulen et al., 2020a) with the same tasks, 
measurements of text quality, and behavioral measures as used in the current inter-
vention study. The baseline consists of a nationally representative sample of stu-
dents (N = 658) from three grades (10–12) who each wrote multiple synthesis texts 
(N = 2310) without receiving feedback (Vandermeulen et  al., 2020a). Comparison 
with the baseline allowed us to compare the feedback effect with the grade effect, 
namely, the effect of the progress students make over time or over grades. Since 
national baseline studies offer a large number of observations on a large variety of 
tasks, they provide a much richer account of the general level of achievement than a 
traditional control group. For a more detailed description of the baseline study and 
its methodological considerations, we refer to Vandermeulen et al. (2020a).

Using data from 10th graders in that baseline study (Nstudents = 242, 
Ntexts, processes = 435), we estimated a mixed effects model for each of the dependent 
variables containing random effects for schools and tasks using a Bayesian modeling 
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approach. Based on these models, we extracted the average score of 10th graders for 
the specific tasks used in our intervention study and the uncertainties around those 
average scores based on the posterior probability distribution. These posterior distri-
butions coming from the national baseline data formed a point of reference to evalu-
ate the posterior distributions for the average scores derived from the models applied 
on the intervention data.

Open data and code statement

All the data for the Bayesian analyses, Stan code, R scripts and output are available 
on the OSF (https:// osf. io/ 3sb7m/? view_ only= b89ad b32ab aa46c 59676 cc7c6 a47a6 
2f). In an online walkthrough we further documented the analyses and code. This 
online document is accessible via: https:// majes tic- pixie- 28398c. netli fy. app/.

Fig. 5  Posterior probability distributions for the correlations between text quality and the process vari-
ables at each session and the accompanying 89% credible intervals based on Bayesian estimation. Cor-
relations are arranged from largest positive to largest negative in session 1

https://osf.io/3sb7m/?view_only=b89adb32abaa46c59676cc7c6a47a62f
https://osf.io/3sb7m/?view_only=b89adb32abaa46c59676cc7c6a47a62f
https://majestic-pixie-28398c.netlify.app/
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Results

Correlations

A first step in the analyses is the estimation of the correlations between the depend-
ent variables (text quality and the five behavioral process measures). Figure 5 visual-
izes these correlations for each of the three sessions.

The correlations between text quality and the different process measures are all 
small or negligible, at each session.

The only constant moderate correlation in each session is the negative correla-
tion between keystrokes per minute and time in sources. At Session 1 there is also a 
moderate positive correlation between active writing time and keystrokes per min-
ute. This correlation is lower in Sessions 2 and 3 as all correlations become weaker.

Model comparisons

After all three models were estimated for each of the dependent variables, we 
compared the model fit of these models, based on a leave-one-out cross-validation 
(Online Supplementary Materials C). We rely on the looic to select the best fitting 
models.

From these model comparisons we learn that only for text quality Model 1 out-
performs the other models (lowest looic), meaning that for text quality we have no 
convincing evidence that students in the F-condition wrote better or worse texts than 
students in the FO-condition (RQ2).

For the process variables we see that Model 2 shows the best fit for three behav-
iors: active writing time, time in sources and switches between sources and text. 
This indicates that students in the two conditions score differently for these variables 
both at Sessions 2 and 3, with this difference being equal for both sessions. Finally, 
for keystrokes per minute and switches between sources Model 3 shows the best 
model fit. Students in both conditions score differently for these variables at Ses-
sions 2 and 3 and the difference is not equally large for Session 2 as it is for Session 
3 (RQ2).

In what follows we describe these best fitting models for each of the dependent 
variables.

Text quality

The best fitting model for Text Quality was the unconditional model ( Online Sup-
plementary Materials C, Table C1). From the posterior probability distributions for 
the contrasts we learn that there is an increase in text quality at each session (RQ1).

Next, we want to test whether the effects of the interventions (as shown by an 
increase in text quality at Sessions 2 and 3) can be explained by the fact that dif-
ferent tasks are used at each session. Therefore, we make a comparison with infor-
mation from the baseline study (RQ1). In Fig. 6, we plot the posterior probability 
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distribution of the intervention effect against the posterior probability distribution 
for the average text quality of similar tasks at the baseline study. The figure shows 
that already at Session 1 students in the intervention study outperformed the stu-
dents in the national baseline. Nevertheless, we see that the difference between the 
students in the intervention and the national baseline increases in Sessions 2 and 3, 
compared to the difference in Session 1. Looking at the x-axis, we can observe that 
the gap between the distributions of the baseline scores and the distributions of the 
intervention scores is wider at Session 2 than at Session 1, and is wider at Session 
3 than at Sessions 1 and 2. Based on the posterior probability distributions we can 
calculate the differences at each session and an 89% highest density interval. At the 
first session the 89% most probable values for the difference are situated between 
12.1 and 24.5 points (with a median of 18.1 points). This difference is somewhat 
larger at Session 2 with the 89% most probable values for the difference being situ-
ated between 18.1 and 29.7 points (median of 23.9 points). As we can propagate the 
uncertainties, we can also calculate the strength and uncertainty around this increase 
in difference between baseline and intervention students between Session 1 and Ses-
sion 2. The 89% most probable values for this increase in difference between Ses-
sion 1 and Session 2 are situated between -1.6 and 13.24 (median of 5.8), meaning 
that we have no convincing evidence that there is an increase in difference between 
Session 1 and Session 2 (RQ1).

At Session 3 the difference is even larger, with the 89% most probable values sit-
uated between 31.1 and 42.7 points (median of 36.9 points). This difference between 

Fig. 6  Posterior probability distribution of the average text quality scores for both the national baseline 
and the students in the intervention study for the texts used in each of the three sessions
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national baseline students and intervention students is convincingly higher than 
in Session 1 and in Session 2: respectively the 89% most probable values for the 
increase in difference between Session 3 and Session 2 is situated between 5.6 and 
20.1 points (median of 13.0) and the 89% most probable values for the increase in 
difference between Session 3 and Session 1 is situated between 11.2 and 26.7 points 
(median of 18.8 points). This brings us to the conclusion that students certainly 
improved the quality of their written texts in the intervention at Session 3 (RQ1).

Behavioral measures

The parameter estimates for the effects of the dummy variable condition show that 
F-condition together with FO-condition resulted in different scores for a set of 
behavioral measures (Online Supplementary Materials D, Table  D2) (RQ2). Stu-
dents in the FO-condition scored higher at Sessions 2 and 3 than students in the 
F-condition for the variables active writing time (CI: 0.01—0.08; Median: 0.04), 
source time (CI: 0.02—0.10; Median: 0.06) and number of switches between sources 
and synthesis (CI: 0.11—0.65; Median: 0.38). For the variable switches between 
sources, we also find that students in the FO-condition score higher than students 
in the F-condition, but only in Session 3 (CI: 0.07—0.34; Median: 0.20). Finally, 
we can also conclude that students in the FO-condition slowed down their writing 
speed compared to students in the F-condition, both at Session 2 (CI: −13.90—1.54; 

Fig. 7  Posterior probability distributions for the average scores on the behavioral measures for both the 
national baseline students and the students in the intervention study
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Median: −7.47) and Session 3 (−20.25—5.77; Median: −13.11).When comparing 
the estimates from our intervention with estimates from the baseline study (Fig. 7) 
(RQ1), we can see that the intervention students clearly score higher on active writ-
ing time than the baseline students, at each of the three sessions. Concerning source 
time we see the following pattern: students in the FO-condition increased their time 
in the sources at Session 2 compared to the baseline students, while in Session 3 
they score similar as the baseline students. But at the same time, students in the 
F-condition spend less time in the sources at Session 3 compared to the baseline. For 
the variable speed we see that only at Session 3 there are clear differences between 
students in the baseline study and the students in the F-condition, showing that the 
latter increased their speed compared to the former. Also for the variable switches 
between sources we can mainly see a difference at Session 3 between students in the 
FO-condition compared to the baseline student. Students in the FO-condition show 
more switches between the sources at Session 3. The same holds for the number of 
switches between sources and synthesis text, but also the students in the F-condition 
showed more switches between sources and synthesis than the baseline students at 
Session 3. At Session 2, students in the FO-condition started to show more switches 
between the sources and the synthesis than the students in the baseline study.

Discussion

Two questions were central to this study:

1. Do the two interventions (feed-forward process feedback and feed-forward pro-
cess feedback followed by observation of a video model) have an impact on writ-
ing performance and writing process behaviors?

2. Does this impact differ between the two intervention conditions?

We investigated the first research question using a research design that partially 
replicated Vandermeulen et al.’s (2023) design, in which students were exposed to 
the process feedback intervention twice. In that intervention, students received feed-
back about their task behavior via a report with keystroke logging data, and com-
pared their writing behavior to exemplar processes. As Vandermeulen et al.’s (2023) 
study showed a positive effect of the feedback on text quality when students com-
pared their processes to exemplar processes of higher-scoring students (feed-for-
ward), the current study also included comparisons with process behaviors related 
to higher-scoring texts. The difference between the previous study and the current 
study is in the design of the exemplars. While Vandermeulen et al.’s (2023) study 
used two annotated process graphs (visualizations of the complete writing process) 
relative to the participants’ performance (exemplars of 1 SD and 2 SD higher), in 
the present study, insight via detailed automatic process feedback into students’ pro-
cesses is conducted via a holistic comparison with three empirically validated exem-
plars. These three exemplars show three different approaches for the first process 
phase, at the moment when task and source information must be comprehended and 
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the student starts to set up a synthesis text. The selection of these exemplars is based 
on an analysis of data available from a national assessment study (Vandermeulen 
et al., 2020a). Besides replicating the previous study, we also tested whether the sub-
sequent observation of a video model added to the effect of feedback. Effects were 
determined for text quality and five writing process behavior measures in the first of 
three intervals of the writing process. We compared the effects of both conditions to 
a national baseline, which contains data from a nationally representative sample of 
students of the same age and educational level.

The results of this study into effects of process feedback and model observation 
on writing performance and process behaviors can be summarized in the following 
way.

Replication: impact of process feedback

The feed-forward process feedback had a positive effect on text quality at the end of 
the intervention program (i.e., after two feedback intervention instances), compared 
to the national baseline. Students in the experiment already wrote better on aver-
age from the beginning of the experiment than students in the national baseline, but 
after a second process feedback intervention, the gap widened significantly. Students 
in the experiment received no feedback on the quality of the text they wrote. They 
were only told how they scored on the national performance scale (Vandermeulen 
et  al., 2020a). The score may in many cases have been a sign that there was still 
room for growth, but without indicating in which features of the texts that growth 
could be achieved. The increase in text quality could be due to practice: after all, 
students wrote three synthesis texts in a short period of time. In the national base-
line study in which students each wrote four texts such an effect could, however, not 
be determined based on a secondary analysis (ES at most 0.14, F(3,2197) = 2.314, 
p = 0.074). Consequently, we could infer that the feed-forward process feedback, 
both with and without observation, had a significant effect on text quality compared 
to a national baseline.

On four of the five behavioral measures, the experimental conditions had an 
effect, compared to the baseline data. In the process of the first text, we saw no dif-
ferences between the conditions and the national baseline except for Active Writing 
Time. Active Writing Time was higher in the experiment than in the baseline, at all 
measurement moments, and the gap did not change across the sessions. On the four 
remaining behavioral variables, that is, Keystrokes per Minute, Time in Sources, 
Switches between Sources and Switches between Sources and Synthesis, we did 
observe an effect, and it always occurred at the third session, after two rounds of 
process feedback. The feedback conditions showed higher writing speed, more 
switches between sources, more switches between sources and text-produced-so-far, 
and less time in sources. If students spend less time in sources while switching more 
between sources, this may indicate a more active search for information integration. 
Such an activity is then accompanied by a higher writing speed, which may indicate 
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that students are utilizing more information from their own memory in the text (Baa-
ijen & Galbraith, 2018).

Extension: observation of the enactment of an exemplar video model

For text quality, the addition of an activity to observe a process model in action 
had no additional contribution to the impact of the feed-forward process feedback. 
We observed no differences between the two conditions; both had similar positive 
effects compared to the baseline. We did observe an additional effect on all five pro-
cess variables, however, all of which were already observable after a single round of 
feedback. Compared to the F-condition, students spent more Active Writing Time, 
but also more Source Time, indicating that less time was left unused. Students in the 
FO-condition also switched more frequently between sources and between sources 
and the synthesis text. Writing Speed, on the other hand, was lower than in the 
F-condition. Two of these effects are amplified after the second round of feedback: 
even less rapid text production and even more switches between sources. More time 
in sources, more time in writing, more switches between sources and sources and 
text, but slower text production: we interpret these tendencies as reflecting a focus 
on coherence and integration in the first stage of the synthesis process. This devel-
opment, however, does not yet show itself in higher overall text quality as a result of 
the observation task.

Comparing the effects of the two conditions, it seems that adding a short observa-
tion task reinforces the effect of process feedback on the writing process. Both con-
ditions generate an effect on Text Quality, but the observation condition reinforces 
the effects on writing process behaviors. We can only qualitatively interpret those 
effects on writing behaviors: indeed, no correlations were observed between writ-
ing behaviors and text quality in this study. It is not the case that increases in certain 
activities (source time) and decreases in others (speed) are associated with text qual-
ity. Spending more source time in the initial phase of the synthesis process, as well 
as switching between sources and between sources and the text-so-far are often sug-
gested in intervention studies (Van Ockenburg et al., 2019). But in the present study, 
we found no support for the effect of such strategies on text quality. From studies on 
learning by examples, it is known that such interventions lower the cognitive load 
during task execution (Van Gog & Rummel, 2010; Renkl, 2014). If this would have 
been the case in the present study, participants could have paid more attention to the 
quality of task execution, which might have resulted in better text quality, which is, 
however, not demonstrated in the present study.

The relation between task behaviors and output quality is intriguing. When learning 
conditions affect both task behaviors as well as output quality, and no relation between 
these variables is observed, some other variables might be in play. In the present study, 
students also got insight in the text quality of their paper related to the national scale; 
in many cases, there must have been room for improvement. Even if no information 
was provided about the particular aspect(s) which could have been improved, the mere 
fact that other texts were rated higher might have motivated and incited students to 
invest in writing. Future studies might include indicators of motivation and effort in the 
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design to study the mediating effect of motivation on text quality and task processes. 
Another perspective on this matter might be the compensatory relations between writ-
ing behaviors on an individual level (Rijlaarsdam & Van de Bergh, 1996). Although 
on a group level an effect on text quality and writing behaviors was observed, the indi-
vidual patterns of investment in writing behaviors must have been different, provided 
the low correlations within the set of writing behaviors. Van Steendam et al. (2022) 
showed that students varied their writing behaviors quite frequently from task to task. 
In the present study, the exemplars and models students read and observed varied 
clearly, and yet they all focused on comprehending the source materials and starting 
the text production process. If students indeed differed in the way they combined these 
processes, scores on single behaviors may indeed not predict text quality. Note that in 
the present study, the process feedback was offered in a non-normative approach, as 
three different exemplars were shown, and students were free to choose whether or 
not to set goals to adapt their writing behaviors and to decide which goals suited them 
best. In terms of effects, this approach seems to have worked well, and at this point, 
writing process research cannot offer more.

Limitations

We aimed to carry out an intervention study with a high ecological validity. The 
intervention was situated in a classroom setting, and materials and tools are freely 
available for teachers to use in their classes (see website www. liftw ritin grese arch. 
wordp ress. com). However, a number of reservations can be made about this study. 
We believe that the intervention’s ecological validity would increase if future studies 
could address the following limitations.

That the students in the experiment were found to be better writers than the national 
sample may indicate a selection effect of the schools that volunteered to participate. 
It could indicate that the condition effects we report relate only to students who are 
among the better writers. Future (replication) studies could shed light on the further 
generalizability of the study’s results to the population in question, for example, to 
initially weaker writers.

Secondly, the process feedback and video models in this intervention study were 
oriented towards one specific genre of writing, namely source-based writing. This 
implies that we cannot generalize findings for other writing task genres.

Another limitation that can be commented is the short duration of the interven-
tion. Though the brevity of the intervention makes its deployment in classroom 
practice feasible, we currently do not know what the long-term effect of the inter-
vention might be. Following up with a delayed post-test would be interesting. More-
over, more extensive intervention programs could be explored, e.g. devoting more 
time to certain activities, and involving teacher instruction and peer collaboration.

https://www.liftwritingresearch.wordpress.com
https://www.liftwritingresearch.wordpress.com
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Further research

On a group level, the interventions were effective on writing behaviors and text qual-
ity in a non-specific content domain. In that respect, the findings contribute to our 
understanding of the effect of process feedback and additional observation on synthesis 
writing with secondary school students in such a non-specific content domain. Syn-
thesis tasks, however, are often set in disciplinary domains. A replication of this study 
with content knowledge as an outcome, in different disciplines, could shed light on the 
effects of such a kind of neutral process feedback on source-based writing processes 
that are so different across disciplines, even within individuals (Holdinga et al., 2021). 
In line with Van Ockenburg et al. (2021), further research could explore the effects of 
moderator variables, such as writing process approach, writing attitude and self-effi-
cacy, since students in the present study had to invest quite some effort in understanding 
the feedback that was offered.

Additionally, a future study could include not only the effect of self-efficacy and 
writing process approach as moderator variables in both feedback conditions but 
could also study the effect of the feedback on students’ appreciation. We know from 
previous studies that feedback appreciation is an important factor for students’ feed-
back literacy (Carless & Boud, 2018). A study that focuses on how students evaluate 
the intervention could shed light on the relation between the evaluation and writ-
ing process and product. That way the study’s contribution to both the feedback and 
writing domain would be significantly heightened. Additionally, an analysis of stu-
dents’ feedback appreciation would highlight the strong and weaker points of the 
intervention and would thus provide valuable insights to further develop the inter-
vention activities and materials.

A deeper analysis of the rationale behind students’ model selection and an analy-
sis of their written responses on the goal-setting questions, could provide us with 
an insight into the extent to which changes were in alignment with the goals stu-
dents set themselves. Moreover, a detailed analysis of the keystroke logging data 
for a number of selected cases could shed light on the complexity of the changes in 
writing process behaviors. Forming a more integrative view of the writing process 
by taking into account various process behaviors and their interactions is essential 
to understand changes in writing process behaviors, and their relations with writing 
performance.

Nevertheless, despite the fact that deeper and more fine-grained qualitative analy-
ses are needed to further explain the study’s results, the study contributes to a rap-
idly expanding field of process feedback studies in writing research. To a certain 
extent, the study, along with Van Steendam et al. (2022), illustrates that “feedback 
aiming to expose students to different writing approaches by for example, having 
them contrast them or compare them to their own writing approach, could benefit 
awareness-building and reflection and ultimately result in learning” (Van Steendam 
et al., 2022, p. 1792). Additionally, the fact that it does so by relating its results to a 
larger national baseline study, enables researchers to position and interpret the find-
ings in the light of general performance in both synthesis writing process and prod-
uct of higher-secondary school students.



1401

1 3

Learning to write syntheses: the effect of process feedback…

As this effective intervention is relatively short, requires limited effort from 
teachers, and the tools (i.e., user-friendly keystroke logging report generator) and 
materials are available, it can be implemented in regular classroom practice. There 
are many options for further research to build on this study and to continue explor-
ing writing process feedback and its implementation in the classroom. Some options 
include exploring the long-term effects, adding additional instructional components, 
and combining process- with product-oriented feedback.

Appendix A: Check for differences between conditions at pretest

See Table 4.
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Table 4  Parameter estimates for the differences between the FO-condition and F-condition at Session 
1 for all dependent variables based on a multivariate model (fitted within the Bayesian framework in a 
similar way as the main analyses) and results of independent t-tests

Med. = Median of posterior distribution; CI_l = lower limit of an 89% highest density interval; 
CI_h = upper limit of an 89% highest density interval; S1 – S3 = Session1 – Session3

Parameter Med CI_l CI_h t-test results

Text Quality −1.62 −13.74 10.25 t = 0.60; df = 164.85; p = 0.55
Active writing time 0.03 −0.02 0.07 t = −0.86; df = 131.06; p = 0.40
Source time −4.79 −11.82 2.34 t = 0.-88; df = 140.73; p = 0.38
Switches between sources 0.03 −0.11 0.18 t = −0.19; df = 123.29; p = 0.85
Switches sources-synthesis −0.10 −0.33 0.14 t = 0.40; df = 138.38; p = 0.69
Speed 0.03 −0.02 0.08 t = 0.95; df = 135.48; p = 0.35
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