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How Students Perform Synthesis Tasks: An Empirical Study Into Dynamic
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In this study we examine process configurations in synthesis tasks. We study whether these configurations
are students traits or vary within students per task. In a national survey with a representative sample of
658 Dutch upper-secondary school students, we collected writing tasks, registered students’ writing
behaviors (via keylogging) and their task perceptions and assessed the quality of their texts. Each partici-
pant completed two informative and two argumentative synthesis tasks. Writing process configurations
were based on a preselected set of writing behaviors that proved to be related to text quality: time spent
on sources and production activities, switching between sources and between sources and text production,
and speed of production; with reference to the phase in the process (first, mid, final part). Latent profile
analyses distilled four process configurations, some of which were more likely to occur with the informa-
tive genre. One process configuration, that is, “Fast text production,” was related to qualitatively higher
text quality scores than the others. Additionally, at the age of 16–18 a writing process configuration is not
a student trait: in most instances, we observed two or more task configurations within students. Writers'
task experiences such as topic knowledge and topic interest predicted the occurrence of certain process
configurations which could indicate adaptivity. The finding that writing configurations of writers vary
even between similar tasks has important implications for the generalizability of (synthesis) writing
research on the basis of a single writing task and process per student.

Educational Impact and Implications Statement
Students have many options to approach a source-based writing task. The predominant belief has
been that a task approach is a student trait. This study, however, shows that 16- to 18-year-olds vary
their approaches to both similar source-based tasks and source-based tasks differing in rhetorical aim
(to argue or to inform). This has implications for writing research using a single task and for writing
instruction and feedback on students’ writing processes.

Keywords: genre, process configurations, synthesis writing, task adaptivity, writing process profiles

Supplemental materials: https://doi.org/10.1037/edu0000755.supp

A source-based writing task which has attracted much research
attention recently is the synthesis task (Graves et al., 2010; Mateos
et al., 2014; Raedts et al., 2017; Van Ockenburg et al., 2019). Syn-
thesis writing tasks are so-called hybrid reading-and-writing tasks

(Spivey & King, 1989). They require writers to read, reread, and
process sources and select, integrate, and synthesize the source in-
formation into a new text, which should reflect an integrated and
coherent overview and understanding of the source material. They
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are considered important learning tasks in education because of
their epistemic value: reading, rereading, integration, organization,
and elaboration of different sources calls for knowledge transfor-
mation (Mateos et al., 2014). What is more, being able to select and
integrate information from different sources into a well-structured
new text is a crucial skill, also in the workplace (cf. Raedts et al.,
2017).

In Search of Larger Functional Units

A small number of research studies have examined the hybrid
reading-and-writing synthesis process. The majority of these stud-
ies focus on source-related activities because of their crucial im-
portance to synthesis writing (Escorcia et al., 2017; Leijten et al.,
2017, 2019; Vandermeulen, Van den Broek, et al., 2020). They
find, for instance, that source use may be beneficial to text quality
at the beginning of the writing process, but less effective at the
end (Breetvelt et al., 1996; Vandermeulen, Van den Broek, et al.,
2020). Writing process theory and research, however, show that
actions (such as reading sources) are part of strings of actions
(Baaijen & Galbraith, 2019; Baaijen et al., 2012; Hayes & Flower,
1980; Van den Bergh et al., 2016). One activity may activate
another one or set in motion a string of actions and vice versa to
the extent that activities may follow each other in a cyclical and
iterative way. These patterns may also vary over time (Van den
Bergh et al., 2016). Some combinations have a higher probability
of occurring at the beginning of the writing process for example
than in the middle or at the end where other strings of activities
may occur. It is, therefore, important to study the interplay of
activities, “larger functional units,” and “related patterns of build-
ing blocks” (Van den Bergh et al., 2016, p. 68) because activities
(or a series of activities) relate to each other in a means-end rela-
tion” (Rijlaarsdam & Van den Bergh, 1996, p. 121).
State-of-the-art writing process theory and research show that

variation in patterns of activities explains text quality, especially
when writing process phases are taken into account (Van den
Bergh et al., 2016). It is thus not the distribution of “a single cog-
nitive activity that contributes to the quality of the resulting text,
but a certain combination at a certain moment in the process”
(Van den Bergh & Rijlaarsdam, 1996, p. 96). Accordingly, text
quality in synthesis tasks may be determined by the interaction
between work in sources and text production activities (Martínez
et al., 2015, p. 276) instead of by source-based activities alone.
Furthermore, variation in these writing process configurations

can be the result of compensation (Rijlaarsdam & Van den Bergh,
1996; Van der Hoeven, 1997). A writer who has problems reading
sources during the initial stage of the writing process, for instance,
can compensate this by matching sources and text during the revi-
sion stage at the end of the writing process.
From the theory thus emerge two tenets for writing process

research. First, writing activities need to be studied in relation to
each other rather than in isolation. Second, the distribution of writ-
ing activities should be considered across the writing process. That
is, we must attend to the moment in the writing process at which
they occur and reoccur.
In reading research and research on source navigation, the

search for larger, integrative, and holistic images of processes has
become common (Karlsson et al., 2018; List & Alexander, 2017;
Strømsø et al., 2020). Studies in this field statistically group

similar configurations of cognitive and metacognitive activities
and distill profiles from this data through cluster analyses, princi-
pal component analyses or latent profile analysis. In writing
research, however, such studies are much rarer. They have their
precursor in writing process research identifying writing styles or
individual approaches with either questionnaires (Galbraith, 1992,
1999; Kieft et al., 2007; Lavelle, 2007; Tillema, 2012) or think-
aloud data (Hayes & Flower, 1980; combined with keystroke log-
ging in Levy & Ransdell, 1996). However, these studies did not
quantitatively extract or distill profiles. The few writing research
studies that extracted profiles have done so for undergraduate
essay writing (Kim, 2020; Torrance et al., 1994, 1999, 2000) or
graduate and faculty-level report writing (Van Waes &
Schellens, 2003). In synthesis writing only a single study has
statistically distilled process profiles (Escorcia et al., 2017). In
all writing research “profile” studies, profiles were built either
(a) via concurrent observational (Escorcia et al., 2017) or proto-
col data (with triple task methodology cf. Torrance et al., 1999),
(b) retrospective questionnaire data (Torrance et al., 2000), or (c)
textual data (i.e., planning sheets or revision changes from first
to second draft) combined with video data of Internet source
searching behavior (Kim, 2020). Only a single study built pro-
files on the basis of keystroke logging data (Van Waes &
Schellens, 2003).

Process Configurations or Student Profiles?

The question remains, however, whether profile studies report
process configurations or student profiles. After all, the majority of
these studies administered a single task in a single genre per
writer. However, process research shows that (configurations of)
writing processes may vary depending on the genre (i.e., rhetorical
purpose; Beauvais et al., 2011) and topic when genre is kept con-
stant (Tillema, 2012; Van den Bergh et al., 2016; Van Weijen,
2009). For synthesis tasks, such a genre effect was also observed
in a study in which topic was kept constant (cf. infra Vandermeu-
len, Van den Broek, et al., 2020). These findings indicate that,
without the administration of multiple texts and genres per writer,
it cannot be inferred if profiles are person-centered (i.e., personal
approaches or student “profiles”) or task-bound (i.e., task
approaches). Therefore, it is unclear whether the results of writing
profile studies by Torrance et al. (1994, 1999) and by Van Waes &
Schellens (2003) generalize to individuals, profiles, or to writing
processes configurations.

Notable exceptions are the studies by Torrance et al. (2000) and
Levy and Ransdell (1996), which administered multiple tasks per
writer and were, therefore, able to distinguish between process
configurations or student profiles. In their multimethod study,
Levy and Ransdell (1996) logged and recorded the (think-aloud)
writing processes of a small group of writers (n = 10) for a number
of weeks. The writers displayed a remarkably consistent allocation
of writing activities across the writing process to the extent that
the researchers used the term “writing signatures.” “Like cursive
signatures,” these configurations of writing activities proved to be
“distinctly different between individuals” and exhibited “small
and unsystematic differences within individuals across time” (p.
158). Levy and Ransdell note that the writing process patterns
were “neither inherent nor implied by any known theory of writ-
ing” (p. 158).
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In contrast to Levy & Ransdell (1996), the profiles in Torrance
et al. (2000) do not seem to be individual, person-specific but
rather task-dependent. The researchers had a cohort of 48 psychol-
ogy undergraduates write on average six essays during their 3-year
degree course. After completing an essay students had to fill out a
questionnaire on their strategy use during writing. On the basis of
a cluster analysis four strategy profiles were extracted. Subse-
quently, the researchers tested for “within-writer consistency” (p.
188) by examining the “single most-used” strategy (p. 190) for
each individual student, and the percentage of essays for which
they had reportedly used that strategy.
Findings revealed that 63% to 71% of the essays students wrote

were written with their “single most-used strategy” (p. 190). The
researchers thus acknowledged a fair degree of within-writer con-
sistency. At the same time, however, 30% of the students’ essays
were (reportedly) written using a different strategy. Consequently,
“the majority did not, regardless of tasks, strictly adhere to a single
strategy” (p. 190), which illustrates a considerable intra-individual
variety in writing process configurations. Thus, even though Tor-
rance et al. (2000) note that every writer had an “overarching
method of working” (p. 182), they also emphasize that an intra-
individual uniform or single approach to writing or strategy stabil-
ity is “illusory” (p. 183).
In conclusion, there are several requirements for investigating

writing process configurations and assessing whether these config-
urations are true “profiles.” Specifically, each writer must engage
in multiple writing tasks and the features of these tasks need to be
randomized. The latter requirement also supports generalization of
any findings. The two profile studies meeting these requirements
present seemingly contradictory findings. These can, however,
also be explained by a different methodology for studying process
configurations (think-aloud vs. reported writing behavior) and
sample size. More research, also on a larger scale, is needed look-
ing into the issue, also for synthesis writing.

Process Configurations in Synthesis Writing Research
and Factors That Affect Configurations

Exploring Task Configurations of Synthesis Writing:
Single-Task Studies

Three synthesis writing studies provide us with insights into
integrative process configurations: two fairly small-scale qualita-
tive studies (Mateos & Solé, 2009; Solé et al., 2013) and a quanti-
tative study (Escorcia et al., 2017). All three studies are based on
one task per writer and on a specific task.
Mateos and Solé (2009) and Solé et al. (2013) conducted a qual-

itative interpretative event-based analysis of secondary-school stu-
dents’ observational audio- and video-data of reading and writing
processes and their relation to text quality. Three profiles emerged
from these studies with students positioned on a continuum from a
recursive/elaborative/mediated writing process configuration to a
more predominant reproductive, linear approach. Overall, the
more recursive or elaborative process a writer displayed, the better
the resulting synthesis task.
The only quantitative profile study in source-based writing is

Escorcia et al. (2017) on college-level writers handwriting a syn-
thesis text. The researchers used a hierarchical cluster analysis to
extract three profiles from observational occurrence data of (meta)

cognitive writing activities by 27 students, including source-
related activities such as (re)reading or marking source texts, (re)
reading of the draft, writing and editing activities. One profile dis-
played a synthesis writing approach characterized by extensive
reading and source-related activities such as note-taking prior to
writing followed by an interspersion of writing and reading both
sources and synthesis text. These writers were called Precise Tran-
scribers as “their approach to writing seemed to consist in register-
ing key ideas from the source texts . . . and precisely transcrib[ing]
these to construct the written text” (p. 258). A second profile con-
sisted of fifteen writers without a clearly defined strategy. They
seemed to write spontaneously without much source consultation
and note-taking prior to writing. They also did not (re)read sources
or text, nor did they edit during the writing phase. They were la-
beled Spontaneous Writers because they scored low on planning,
source-related activities, reading and revising. Finally, five writers
were identified as Active Revisers: they focused on erasing and
rewriting (editing), copied less from the sources than the Precise
Transcribers and paused frequently. These pauses seemed to corre-
spond to moments of reflection followed by changes or comple-
tions in the text. The variation in approaches did not covary with
text quality, although the Precise Transcribers performed less well
on spelling and grammar than the Spontaneous Writers.

Although the researchers use the person profiles “Transcribers,”
“Writers,” and “Revisers” to label the configurations, the latter
should be seen as process configurations. We cannot infer that the
participants will show the same profile when writing again (even
in the same genre) with another topic and/or other sources. Thus,
it remains to be seen whether the process configurations could be
generalized across tasks or persons.

Factors That Affect Process Configurations

Task and person features can affect process configurations.
Task features can, for example, be mode of writing and reading
(paper vs. screen: Van Waes & Schellens, 2003), genre (Beauvais
et al., 2011), or the complexity of relations between source infor-
mation. Processes could also be influenced by characteristics of
the particular individuals, such as reading comprehension and
writing proficiency, and by individual interest in and content
knowledge of the topic (Kellogg, 1987).

Task Factors. Vandermeulen, Van den Broek, et al. (2020)
found genre-specific configurations of source-related activities for
argumentative and informative synthesis tasks: in the argumenta-
tive genre, students switched more often between source texts and
synthesis text in the middle of the process. However, the text qual-
ity of the genre was especially and positively influenced when stu-
dents switched between sources and their own synthesis process-
initially, for example, for note-taking and/or drafting. Spending
too little or too much time in the sources process-initially and pro-
cess-finally had a negative impact on text quality. For the informa-
tive genre, alternating between sources process-initially correlated
with a higher text quality. Alternating too much or too little
between the sources process-finally negatively impacted text qual-
ity. This scarce or excessive source-switching at the end of the
writing process, as well as spending too much time in the sources
process-finally, could indicate problems with the integration of in-
formation during production. Even though the research into genre
effects on writing processes is scarce, the study above suggests
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that differences in process configurations and their relation with
text quality are at least partly genre-specific. To investigate that,
however, confounding genre and task effects need to be avoided.
Therefore, researchers should administer multiple tasks and multi-
ple genres per writer.
Although Vandermeulen, Van den Broek, et al. (2020) do not

report process configurations but instead effects of single activities
(albeit in different episodes of the writing process), their study
does show that when examining holistic process configurations in
synthesis writing, one must choose a specific genre, or manipulate
that factor. That approach has not been chosen, however, in the
profile or writing process configuration studies of the type dis-
cussed here.
Person-Related Factors. An important research question is

whether intrawriter variability in process configurations, if
observed, reflects adaptivity or instability. Do writers vary the con-
figuration of their writing process activities according to personal
characteristics, such as interest in the topic and prior knowledge,
as could be expected of more proficient writers? Or does process
variability indicate a personal struggle with the task or genre
requirements, and a random rather than planned connection
between activities? Previous research has established that more
proficient and stronger writers may fluently and swiftly adapt their
writing approach to a specific audience and task type (i.e., task
demands) to maintain a specific writing standard. This may depend
on their experience with a specific task or prior knowledge of a
topic which may not be the case for less experienced and novice
writers (Bereiter et al., 1988; Bereiter & Scardamalia, 1987; Hayes
& Nash, 1996; Piolat, 1999; Van den Bergh & Rijlaarsdam, 1996).
However, few studies investigate (the same) writers’ adaptivity in
writing approach and process across different tasks and genres,
especially not on a large-scale. Such studies require multiple tasks
and genres per writer, ideally also across time (cf. “longitudinal
design” as pointed out by Allen et al., 2016).
Allen et al. (2016) and Snow et al. (2015) studied writers’ adap-

tivity in text (writing product) characteristics. The researchers call
adaptivity “flexibility” by which they mean the flexible, varied use
of linguistic features across multiple similar writing tasks to “craft
more effective text” (Allen et al., 2016, p. 913). Both studies show
that writing proficiency is positively associated with linguistic
flexibility across multiple narrative essays (coined the “Linguistic
Flexibility Hypothesis”). When studying the 16 timed narratives
written by 45 upper-secondary school students over 3 weeks, they
showed that the more proficient writers were more flexible in
adjusting the narrative and cohesive properties of their texts to the
writing task’s specific context. This was less or not at all the case
for the less proficient writers.
It thus remains to be seen whether individual writers also vary

in writing behavior, in process constellations, from one task to the
other (for similar tasks or for different genres). If this is the case,
we could ask whether this intrawriter process variability reflects
flexibility or rather instability. Instability would then be reflected
in significant variability in text quality scores. Allen et al. (2016),
for example, also hint that linguistic product “flexibility may not
[always] be a positive writing characteristic” (p. 921), that is,
across different situations and/or genres. A large degree of intra-
writer process variability reflecting instability across a number of
similar writing tasks might (also) indicate learning and experimen-
tation. Verheyden (2010), for instance, showed that text quality

scores of beginning writers in grade 3 fluctuated from one similar
task to the next (n = 6 tasks) in the course of one school year. The
authors hypothesized that the individual variability in text quality
performance signaled learning (cf. Rijlaarsdam et al., 2014). Thus,
it seems probable that secondary school writers largely unfamiliar
with the synthesis task in the current study explore the effective-
ness of different approaches to the writing task and in the process
are not always able to uphold the same standard of text quality.

The studies by Allen et al. (2016) and Snow et al. (2015) also
show that linguistic flexibility was linked to prior knowledge and
to reading comprehension (Allen et al., 2016, p. 920). For synthe-
sis writing, Escorcia et al. (2017) also touch on the role that indi-
vidual task representation and task perception could play in
writers' writing strategies (p. 263). The researchers point to topic
knowledge and disciplinary knowledge to explain some of their
findings on “writing behavior dynamics” (p. 263). They refer to
the way in which (i.e., the moment as well the intensity with
which) the writers planned and read the sources. Indeed, relevant
to the type of reading-and-writing task subject to investigation is
the widely acknowledged influence prior knowledge has on read-
ing comprehension of the sources as supported by data from sev-
eral studies (Boscolo & Mason, 2003; Solé et al., 2013). Solé et al.
(2013), for example, looked at the correspondence between prior
topic knowledge of source texts and task performance and suggest
that “a better performance is achieved when an acceptable level of
prior knowledge is coupled with a more elaborative [that is, more
recursive] task performance pattern” (p. 81). Hence, these studies
highlight a potential interconnectedness between, on the one hand,
task perceptions for instance as a result of topic knowledge and
knowledge of task characteristics, and writing (and reading) per-
formance on the other hand.

Some other person-related variables such as topic interest, moti-
vation, or writing anxiety may also have an impact on the process
configuration. The results in Torrance et al. (2000) suggest a weak
relation between strategy and writers' subjective experiences of
the writing (i.e., as something to be enjoyed or disliked). That is
why a secondary aim of the current study is to investigate the rela-
tion between writing configurations and task- and person-related
variables.

The Present Study

Three aims guided the present study, with subsequent research
questions:

Generalizability of Process Configurations

The first aim is to examine synthesis composing process config-
urations, and their generalizability across genres and writers.

From the literature reviewed emerges a need for more large-
scale empirical studies on effective configurations of writing activ-
ities for synthesis writing. Ideally, such studies include multiple
writing process variables (integrative cf. Baaijen et al., 2012)
across different phases of the writing process (dynamic) and are
conducted with multiple tasks and genres per person (generaliz-
able). In this study, we address that need by examining configura-
tions of synthesis writing activities across different phases of the
writing process.

The availability of multiple genres, texts, and processes per
writer enables us to investigate (a) which process configurations
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represent the observed behaviors most adequately (RQ1A), (b)
whether these configurations are independent of genre (generaliz-
ability across genres, RQ1B), and (c) whether a process configura-
tion indicates a trait, a student profile (generalizability across
tasks, RQ1C).

Relations Between Process Configurations and Their
Output, Text Quality

The second aim is to study the effectiveness of process con-
figurations, that is, their relation to text quality and its general-
izability across genres. Synthesis writing studies have shown
univariate relations between the frequency of a single process
category, such as reading sources, with text quality, dependent
on the moment in the process. The question, however, is
whether differences in—multivariate—synthesis writing pro-
cess configurations will also relate to text quality. In the litera-
ture, a claim is made that writing process configurations can
be compensatory (Rijlaarsdam & Van den Bergh, 1996; Van
der Hoeven, 1997; Van Weijen, 2009). In such a case, we
would not expect differences between process configurations
to covary with text quality. Therefore, we will investigate (a)
whether process configurations covary with text quality
(RQ2A) and (b) whether these relations are independent of
genre (generalizability across genres, RQ2B).

Writer-Specific (Uni-)Configuration or Multiconfiguration
of Processes?

If process configurations do not indicate a person-specific
trait or profile (cf. RQ1C), the third aim is to explore factors
that could explain this multiconfiguration of processes across
tasks. If process configurations vary within writers, this may
point to adaptivity. If adaptivity is in play, one would expect
this to be a characteristic of the stronger writers, that is, of
the writers producing the better texts (RQ3A). Writers who
show multiple configurations across tasks may have set equal
standards of quality across tasks. One would thus expect the
writers to vary less in text quality (RQ3B). Within-student
task process configuration variability coupled with significant
variability in text quality may indicate instability rather than
adaptivity. One would also expect that a task process configu-
ration is partly determined by the interaction between writer
(topic knowledge, experienced difficulty) and task as a sign of
adaptivity. If adaptivity plays a role, variation in perceived
task features such as topic knowledge, topic interest or experi-
enced difficulty, may explain multiple process configurations
within writers (RQ3C).
To investigate the three research objectives, we collected writ-

ing process and performance data of 658 upper-secondary school
students writing four different synthesis tasks, two per genre, in a
national representative sample totaling 2,310 task performances.
The national sample itself is described in Vandermeulen, De
Maeyer, et al. (2020). Writing process data were collected by log-
ging and time-coding keystrokes, mouse clicks or movements
related to the production of the text (Leijten & Van Waes, 2013).
Data on the relation between task and writer (topic knowledge,
effort, topic interest) were collected via a questionnaire after each
writing task.

Method

Participants

This study contains data from a national representative sample,
conducted in upper-secondary education in The Netherlands (Jan-
uary through February in Grade 12 and April through June in
grades 10 and 11). More specifically, the sample represents the
three final grades of the pre-university education track, the track
that provides access to a study at university. In collecting the
national sample, all required ethical standards were met, that is,
(ethical) approval and active consent was obtained from all partici-
pating schools and students. A total of 658 students from 43 Dutch
schools participated. These schools were randomly and propor-
tionally to their size, selected with a two-stage cluster sampling
method. Within each school, eight of 10 students per grade (24 of
30 students in total) were randomly selected to write four texts
which resulted in a sampling standard error of .04 to .08 for an
intraclass correlation coefficient (i.e., proportion of variance
between schools) of 5% to 20%, respectively. Fewer students from
the final grade were selected (see Table 1) as these students were
preparing for central national exams and the school board did not
want to add to their already considerable workload by having them
participate in a national survey. A percentage of 62.4 (n = 428)
female students participated in the national baseline.

(Data-Collection) Procedure

Equipment

Participants worked on laptops provided by the research team
on which in addition to the writing task and sources (pdf), Micro-
soft office and Inputlog (Leijten & Van Waes, 2013) were in-
stalled. To produce a specific synthesis task (in Word), students
had to first open the pdf-sources one by one. Inputlog records key-
strokes, mouse clicks or mouse movements related to the produc-
tion of the text. It time-codes these log data, needed to analyze the
temporal dynamics of the writing behavior (Leijten & Van Waes,
2013). It logs a single Word-document and additionally records
time in sources, as well as switches between them and the
document.

Procedure

Data collection took place at each school during regular class
hours. Per school a group of 10 to 20 students attended a 1-day
data collection session (in a separate classroom with specific
equipment) during which they wrote four synthesis tasks, two
before and two after lunch. Two supervisors, researchers on the
project and/or trained research assistants, guided and monitored
data collection. They closely adhered to a protocol they had been

Table 1
Number of Students Per Grade and Per School

Grade n Students n Schools

Grade 10 270 34
Grade 11 271 35
Grade 12 117 13
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trained in to safeguard fidelity of administration of the (sequence
of) four data-collection phases.

1. Participants were briefed about the general goal of the
study and the procedure. They then signed consent forms.

2. Supervisors then walked participants (10 minutes)
through a set of technical instructions consisting of (a) a
definition of a synthesis task and (b) a specification of
two types of synthesis tasks followed by instructions (c)
on how to deal with the source texts, (d) on the intended
audience, (e) text length, (f) time, and (g) style (i.e., Use
your own words and Avoid copy paste). The instructions
had to enable students to write with a task representation
in mind as the text type was not instructed in Dutch sec-
ondary education and was thus new to them.

3. Supervisors briefly trained participants in how to use the
keystroke logging software Inputlog and then instructed
participants to start with the first synthesis writing task.
They were instructed to use the specific sources for the
synthesis task; no other (online or offline) sources could
be used. To capture the full writing process, students had
to write in the Inputlog Word document. Hence, note-tak-
ing on paper or in a document other than the Inputlog
document, for example, during source reading, was not
allowed because this would not be logged.

Students had to start the Inputlog recording session once they
started with the task, that is, right after the opening of the different
sources, to avoid the logging of these actions. They got 50 minutes
for the task after which they had to stop the Inputlog recording. A
timespan of 45–50 minutes is in line with classroom practices in
Dutch secondary schools where classes take 50 minutes. Addition-
ally, vetting and piloting of the tasks confirmed that tasks were
doable in 50 minutes. Data collection confirmed this: average
time-on-task was 34.69 minutes (SD = 8.88 minutes). Students
who finished earlier did filler tasks until 50 minutes had passed.
After each synthesis task students filled out the same closed-ended
questions probing for their task experiences. The whole group then
took a short five-minute break before the students started with the
second synthesis writing task. After lunch they wrote the other
two synthesis tasks.

Instruments andMeasures

Students each wrote four synthesis tasks (cf. the Writing Prod-
uct section) during which their writing processes were being
logged (cf. Writing Process section) and filled in a questionnaire
subsequent to each task (cf. Task Questionnaire section).

Writing Product

Writing Task. For the synthesis task, students had to include
and connect information from all available sources in a coherent
way. For the verbatim instructions see Appendix A. Key to synthe-
sis writing is the information integration process. Students are sup-
posed to compare and contrast information from the available
sources as to integrate the multiple perspectives in their synthesis
text. Sources were newspaper articles, research reports, and

infographics containing numerical information (one per task).
Across tasks the sources’ total number of words was kept more or
less equal, although the number of sources varied per topic. Stu-
dents were instructed to use all sources.

For reasons of generalizability (Van den Bergh et al., 2012),
systematic variations of synthesis tasks were constructed, resulting
in four topics, for which eight variations were created (see Appen-
dix B for the construction scheme):

1. Four topics were selected corresponding to the study pro-
files in the upper grades of pre-university education:
Economy and Society (topic: the pay gap), Culture and
Society (topic: the human–wildlife conflict in Africa),
Nature and Technology (topic: self-driving cars), and
Nature and Health (topic: food additives).

2. Two genres were represented for each topic to generalize
across rhetorical aims: argumentation for which students
had to argue a specific position with information from all
sources and an information synthesis task for which stu-
dents had to present a state of affairs on a specific topic
drawing on the sources.

3. Per topic–genre combination, four sets of sources were
composed by crossing two variables: (a) the relation
between the sources varied (contradictory/complemen-
tary) to generalize across information organization load;
(b) the amount of irrelevant information in the sources
varied (high vs. low) to generalize across information
selection load.

This meant that also for the argumentative synthesis task for
which students had to argue a specific position (i.e., pro or con a
specific topic), they had to process both sources in favor and
against that position and they had to consider the multiple perspec-
tives to the issue in the case of contradictory source information.

Each student had to write two argumentative and two informa-
tive syntheses. For practical reasons, the task-sets were randomly
assigned to students, keeping topics constant across the writing
sessions. Across schools, however, the topic order varied at ran-
dom to minimize order effects.

The task design reflects the variety in synthesis tasks and will
thus make it possible to generalize our findings. While previous
studies on source-based writing usually focused on a specific type
of synthesis writing (e.g., an argumentative synthesis text based on
sources with conflicting information), the aim of this study was to
draw conclusions for synthesis writing in general.

Rating. The texts were rated with a holistic rating scale,
accompanied by five benchmark texts, an assessment method
which has been shown to result in high validity and generalizabil-
ity (as evidenced in prior research: Bouwer et al., 2015; Tillema,
2012).

Instrument: Text Scale With Benchmark Texts per Genre. Our
text scale consists of a set of five well-chosen texts, ordered
according to text quality, covering the expected range of quality,
with a rating scale (identifiable aspects of quality), accompanied
by annotations on each of the texts, reflecting the aspects of the
rating scale. For an example, see Appendix C. The selection of the
five benchmark texts for each genre was based on the assessment
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of a subsample of texts, 150 argumentative and 150 informative
synthesis texts, with Comproved, an online tool for comparative
judgment (Lesterhuis et al., 2016). For more information on the
construction of the rating scale see Vandermeulen, De Maeyer, et
al. (2020). The benchmarks represented a range of text quality
scores, with in the middle a text with a score arbitrarily set at 100,
and four text scores one and two SD above and below the average
benchmark. An SD was estimated at 25 points.
The benchmarks contained an annotated explanation of four

quality aspects included in the holistic evaluation: of (a) informa-
tion relevance and correctness, (b) integration of the sources into a
new text with its own structure and overarching theme, (c) coher-
ence and cohesion, and (d) language use. These quality aspects
have been shown to be decisive quality criteria for synthesis writ-
ing tasks (Boscolo et al., 2007; Mateos et al., 2008; Solé et al.,
2013).
Procedure. Sets of texts to be rated were assigned to a panel

of overlapping rater teams (Van den Bergh & Eiting, 1989),
each consisting of three raters. This rater design allows for gen-
eralization across raters. Raters scored the students' texts rela-
tive to the benchmark texts by comparing the students' texts to
the five benchmarks, and then positioning these on the scale. All
possible scores could be assigned (so also scores below and
above the benchmarks).
Raters. A total of 42 trained teachers of Dutch, Master’s stu-

dents and graduate students familiar with the task type subject to
study, were recruited as raters and compensated financially. Train-
ing involved an individual rating session of five texts with the rat-
ing scale (1 hr) and a subsequent online discussion session with
two researchers on the project in panels of two to three raters, dur-
ing an hour to an hour and a half. In line with the design of over-
lapping rater teams, randomly split subsamples of texts-to-be-rated
were distributed across rater teams. As a result, every text was
rated by three raters.
Writing Product Measures. Product measures are holistic

text quality scores with a mean of 90.48 (SD = 18.44) for the argu-
mentative genre and 90.46 (SD = 18.44) for the informative genre.
Average jury reliability was .65, an acceptable level of reliability
in student text rating (Jonsson & Svingby, 2007), especially
because it is a generalizability coefficient across 48 juries (each
time composed of three raters from the pool of 42) with minimal
training. Variation between the 48 different juries is also small
(SD = .08). The final score consisted of the average of the three
separate scores of the three individual raters.

Writing Process

Preparing and Filtering the Behavior Data. Keystroke log-
ging data collected with Inputlog were prepared by using (a) the
time filter and (b) source recoding function. First, the writing proc-
esses were filtered at the last character typed. Students were
instructed to type the sign “=” when they were finished writing
and revising their text. In this way, we could filter out the actions
logged by Inputlog after finishing the text that we considered
“clutter” (e.g., closing the source texts and actions to stop the re-
cording of Inputlog). Second, sources were grouped with Input-
log's source recoding function into either (a) the source texts
writers had at their disposal, (b) the main synthesis task writers
were working on, and (c) off-task sources. Off-task sources were

excluded from the source analyses. Writing behaviors with more
than 10% in off-task sources (n = 67 cases of 2,310 cases) were
discarded.

Writing Behavior Measures. Inputlog provides more than
3,000 behavioral variables. Based on prior research (Vandermeu-
len, De Maeyer, et al., 2020; Vandermeulen, Van den Broek, et
al., 2020), we selected behavioral measures for two aspects of the
synthesis process, that is, source use and text production. Four cri-
teria guided the selection of the behavioral measures for these two
aspects.

1. Measures had been shown to be decisive for the synthesis
writing process and/or product in prior empirical research.

2. Measures had to be easily accessible, clear, unambiva-
lent, and straight-forward indices of a specific synthesis
process or activity devoid of multi-interpretability, that
is, representing clearly observable behavior. The choice
for this criterion is also based in the educational aim of
the study: behavioral measures should lend themselves
for the development of targeted interventions for writ-
ing instruction or for process feedback purposes (cf.
Vandermeulen, De Maeyer, et al., 2020; Vandermeulen,
Van Steendam, et al., 2022).

3. In line with research and recommendations by Breetvelt
et al. (1994), interval-related information for the behav-
ioral measures had to be available reflecting measures'
temporal allocation across the writing process.

4. The selected measures also had to be relative measures,
calculated in proportions or actions per minute, allowing
us to compare writing processes across writers (as time-
on-task was not necessarily the same for all writers) and
to increase generalizability.

Following these criteria, we selected five behavioral measures.
Three of them reflect source use and two production, in principle
for three intervals of equal duration (see Table 2). These three
intervals largely represent the beginning, middle and end of the
writing process. This three-interval division facilitates interpreta-
tion and transfer to an educational setting, and is in line with the
prevalent practice in writing process studies adopting a functional
dynamic approach (Kellogg, 1987; Van den Bergh & Rijlaarsdam,
1999; Van den Bergh et al., 2016). To further validate the choice,
we additionally ran two sets of validation analyses. First, we repli-
cated analyses of Vandermeulen, De Maeyer, et al. (2020) and
Vandermeulen, Van den Broek, et al. (2020) to indicate which be-
havioral measures explained text quality and could also reveal dif-
ferences between genres. Prior analyses (cf. Vandermeulen, Van
den Broek, et al., 2020) showed genre differences in the (effective)
configuration of a specific set of (especially source) behavioral
measures. Second, measures also had to be mutually exclusive for
the most part (that is, with correlation coefficients below .85) as
evidenced by a correlation analysis (cf. Table D1 in Appendix D).
The data-analyses conducted to validate the selection of measures
for subsequent profile analyses, both multilevel models and profile
analyses, are included in Appendix E.
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On the basis of these analyses, we selected those behavioral var-
iables that explained text quality and varied between genres. Con-
sequently, the variable Proportion time in the sources in Interval 2
as opposed to Intervals 1 and 3 was not included. In total, we
included nine behavioral measures in the profile analyses compare
Table 2, which lists both the original Inputlog measure names and
their equivalents throughout the text.

Task Questionnaire

After completing each of the four writing tasks, participants
responded to a short questionnaire about their task experiences.
Four 5-point Likert scale questions (cf. Questions with descriptive
statistics in Appendix F) directly reflect the experiences of the
writer with the task in terms of topic prior knowledge and topic in-
terest, and the writer’s process experiences in terms of experienced
task difficulty and the effort they put into the task.

Analyses

A visual inspection of histograms showed that the transition var-
iables, more specifically Number of transitions per minute between
the sources and Number of transitions per minute between sources
and synthesis text were not normally distributed. Therefore, these
variables were log-transformed to approach a normal distribution.
Analyses were conducted with the log-transformed variables.

Process Configurations and Generalizability

To answer RQ1A and to analyze whether different writing pro-
cess configurations can be distinguished from validated Inputlog
scores, we performed a latent profile analysis (LPA). More specifi-
cally, we used a model-based cluster analysis approach (finite mix-
ture model approach) to detect the optimum number of substantively
meaningful process profiles in the population of writing processes
(Harring & Hodis, 2016; Hickendorff et al., 2018). We use the term
“profile(s)” here in its technical and statistical meaning as referring
to process profiles extracted by an LPA. We shall subsequently refer
to the process profiles as (process) configurations. The Inputlog
scores were all standardized for the LPA. To determine the optimum
number of process configurations we used Saaty’s (1990) analytic
hierarchy process (AHP), as implemented by Akogul and Erisoglu
(2017), in which different information criteria (AIC, AWE, BIC,
CLC, and KIC) on model fit are mathematically combined to coun-
ter subjective decision-making on one (or a selection of) different in-
formation criteria. The AHP methodology is a widely supported
mathematical tool to support multicriteria decision-making.

Deciding on the number of profiles to extract is a such a multicriteria
decision-making problem as multiple information criteria can point
to different conclusions (Akogul & Erisoglu, 2017).

Next, we estimated a mixed effects model for each writing
behavior in which the scores are predicted by process profile mem-
bership, taking into account the complex structure in the data
(writing process scores are the result of the combination of stu-
dents, nested in schools, performing writing tasks). Estimated mar-
ginal means and pairwise comparisons based on these mixed
models were used to test whether and how process configurations
differed significantly on each of the writing behaviors.

To answer the question whether these process configurations
can be considered genre-specific (RQ1B) we used multinomial
generalized linear mixed effects models, using genre as a pre-
dictor for the probabilities to apply a certain writing process
configuration. In these models we took into account the possible
impact of individual writers on the writing process configura-
tions by adding a random effect for student. A null model
(Model 0) is compared with a model with genre as a predictor to
test the effect of genre (Model 1).

To investigate variability or stability in writing process configura-
tions in more depth for RQ1C and to determine whether the process
configurations can indeed be labeled writer-specific process profiles
or so-called “signatures” we tested whether process configurations
are a variable or stable writer characteristic. To that end we con-
structed a variable on the level of the writer, counting the number of
different writing configurations they displayed (nConfigurationsR),
which will subsequently be referred to as the index of writer process
variability. Four different scores were possible varying from a writer
having used one type of configuration for all tasks to a writer having
used four different writing configurations, one for each writing task.

Effectiveness

To investigate the relation between process configurations
and product text quality for RQ2A on Effectiveness, we ran a
mixed effects model with text quality as a dependent variable
and cluster profile as a predictor. Writing behaviors/processes
were classified in a process profile or configuration based on the
most likely class given the posterior membership probability
coming from the LPA. The dependent variable, text quality, was
standardized. As individual text quality scores are the result of
the combination of students, nested in schools, performing writ-
ing tasks, a mixed effects model is applied in which text quality
scores are considered Level 1, students and tasks are crossed at
Level 2, and students are nested in schools at Level 3. Two

Table 2
Overview of Selected Writing Behavior Measures

Process aspect Behavioral measure Interval 1 Interval 2 Interval 3

Source use Proportion time in the sources = Time in sources � �
Number of transitions per minute between the sources = Switches
between sources

� �

Number of transitions per minute between the sources and the
synthesis text = Switches between sources and text

�

Production Proportion of active writing time = Time writing � �
Number of strokes per minute = Speed � �

Note. � = the measure for that specific interval is selected.
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models were estimated: a null model without predictors (Model
0) and a model with configuration membership as a predictor
(Model 1). To answer RQ2B, if process configurations, and their
relation to text quality, are genre-specific, a third model was
added (Model 2) with configuration membership and genre and
the interaction between both as predictors.

Writer-Specific (Uni-)Configuration or Task-Related
Multiconfiguration?

To get a grip on the meaning of writer process variability, we
first investigated the relation between writer process variability
(cf. Process Configurations and Generalizability) and text quality.

1. To explore whether writer process variability predicts text
quality (cf. RQ3A), we added the writer process variabili-
ty index to the best fitting and most parsimonious multile-
vel model predicting text quality (Model 1 or 2) resulting
in Model 3.

2. In a second analysis we studied, conversely, if writers
who exploit multiple process configurations also vary
more in the quality of the texts they write (RQ3B).
Therefore, we created an index of writer product variabil-
ity reflecting the degree of variability in text quality for
each writer. To that end we calculated for each individual
writer the standard deviation of their text quality scores.
We ran a regression model (generalized linear model)
with the SD in text quality for each individual writer as an
index of writer product variability as a dependent variable
and the writer process variability index as a predictor.

Subsequently, we explored if students' perceptions for the spe-
cific task with regard to topic knowledge, topic interest, task diffi-
culty and effort invested predicted the probability that a specific
process configuration would occur (RQ3C). We ran multinomial
generalized linear mixed effects models with knowledge, interest,
effort and difficulty as predictors for the categorical variable “writ-
ing process configuration.” Building further on the models for RQ1
(cf. Process Configurations and Generalizability), three additional
models are estimated: a model with main effects of all four task ex-
perience variables (Model 2b); a model with interaction terms for
all four task experience variables and genre (Model 3b); and a more
parsimonious model with interaction terms (Model 4b).
All analyses were run in R (R Core Team, 2019), making use of

the packages mclust (Scrucca et al., 2016), tidyLPA (Rosenberg,
2019), lme4 (Bates et al., 2015), mclogit (Elff, 2020), and
emmeans (Lenth, 2020). Data and R-scripts for all the analyses are
available at the Open Science Framework (OSF) via (https://osf
.io/hu6rp/?view_only=2dd1c46e178a469da6754dae9a2fff87).

Results

Process Configurations and Generalizability

Process Configurations (RQ1A)

Rather than subjectively deciding on the number of profiles to
extract, we use the AHP approach as suggested by Akogul and
Erisoglu (2017). Integrating these fit indices according to the AHP

approach into the composite relative importance vector (C-RIV;
cf. Table D2 in Appendix D and code on OSF) shows that a model
that estimates four distinct process configurations in the data has
the highest C-RIV. Therefore, we can conclude that we can distin-
guish four distinct writing process configurations based on the
Inputlog measures.

The four process configurations display differences in synthesis
process “behavior.” Table D3 of Appendix D lists per process con-
figuration the estimated marginal means for each writing behavior
and the significant pairwise comparisons to determine the extent to
which the configurations differ from each other. Figure 1 displays
the four different process configurations, each represented by a
different color/symbol. It displays the pattern of distribution of the
behavioral measures for source use and production across three
intervals of the writing process for the four process configurations.
It needs to be stressed that configurations are distilled from behav-
iors/processes per writing task and do not refer to writer profiles.
At this stage we do not know yet whether the configurations are
person-centered. The behavioral measures, represented by their re-
spective centroids and confidence intervals, are expressed in z-
scores meaning that a value of 0 for a specific measure should be
interpreted as an average value (occurrence or number) for that
specific measure. Values above and below 0 represent occurrences
or numbers of a behavioral measure above or below average
respectively.

When interpreting Figure 1 it needs to be emphasized that cent-
roids with confidence bars always need to be interpreted vertically,
that is compared with other configurations, instead of horizontally,
from one interval to the next. Hence, when Process configuration 1
for example scores below average for the time spent in sources in
Interval 3, this means that compared with all other configurations
Process configuration 1 scores lower (or relatively low). It should
not be interpreted as a significant decrease in the time spent in the
sources from Interval 1 to Interval 3.

From Figure 1 we can infer that process configurations show
significant differences in synthesis process behavior. First, we
explain these differences per interval.

In the first interval, the beginning of the process, we see that
Configuration 4 (in lilac/rhombus in all figures) stands out with an
above average time in sources (to the left of Figure 1). This con-
trasts with the below average time in sources of Configuration 2
(in green/square). Both Configurations 3 and 4 (in turquoise/lilac
or triangle/rhombus respectively) display an above average num-
ber of switches between the sources, while both configurations 1
and 2 display a below average number of source switches. More-
over, compared with the other process configurations, Configura-
tion 1 (in orange/circle or dot) is characterized by a high writing
time and a high writing speed.

In the second interval, Configurations 3 and 4 show an above
average number of source switches, whereas Configurations 1 and
2 show an average number of source switches. Configurations 3
and 4 are also characterized by an above average number of
switches between the synthesis text and the sources. For Configu-
rations 1 and 2 this is below average. Regarding the writing speed
in the middle of the writing process, Configuration 1 stands out
with a relatively high speed.

In interval three, the last part of the writing process, Configura-
tion 1 distinguishes itself from the other profiles with a below av-
erage time in sources. In addition, Configuration 1 shows the
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highest time in writing, while Configuration 3 shows the lowest
time in writing.
For a more in-depth discussion and comparison of the process

configurations across intervals, Figure 2 displays the process con-
figurations along three dimensions. Five behavioral measures have
been combined to present the configurations across (a) time with
“time writing” (on y-axis) and “time in sources” (x-axis; left-hand
panel), (b) Production, with “time” and “speed of writing” (middle
panel), and (c) Source (use) behavior, with “switches between
sources” and “between sources and synthesis text” (final panel).

The measures for all three intervals (n = 15) are included of which
only nine, decisive for the configuration comparison, were selected
for the configuration analyses as reflected in Figure 1 (cf. Writing
Behavior Measures).

Configuration 1 “Fast Text Production.” Configuration 1 is
characterized by a focus on text production (in terms of writing
time and speed of writing) throughout the complete writing pro-
cess (cf. Figure 1). Compared with the other configurations, the
time in writing is high in the beginning and at the end of the writ-
ing process. At the end of the writing process, the time in sources

Figure 1
Process Configuration Plot Showing the Average Scores for Behavioral Measures in z-Scores and 95%
Confidence Interval per Process Configuration

Note. Process configurations are represented by colored dots. Bars around each process configuration centroid represent re-
spective 95% confidence intervals. TimeSources = Time in sources; SwitchesSS = Switches between sources; SwitchesST =
Switches between sources and text; I1 = Interval 1; I2 = Interval 2; I3 = Interval 3. See the online article for the color version
of this figure.
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is low. There is also a high speed of writing in Intervals 1 and 2
compared with the other process configurations.
When describing the writing process characteristics for Configura-

tion 1 (circle) over the three intervals, we see that students in this
configuration spend a below average time in sources during the first
interval (see the x-axis in Figure 2.1). They also switch between the
sources below average (Figure 2.3). Their focus is on producing text
as the speed of writing is well above average in the beginning of the
process (Figure 2.2). This focus on text production is also present in
the middle of the writing process as Configuration 1 is characterized
by an above writing speed in Interval 2 (Figure 2.4). Both in the first

and in the second interval, this configuration displays the highest
writing speed of all profiles. Switches between synthesis text and
sources are below average in Interval 2 (Figure 2.5). Given that at
the end of the writing process (Interval 3), Configuration 1 shows a
below average time in sources (the lowest of all configurations), and
an above average time in writing, we can say that also in this part of
the process the focus is on producing text (Figure 2.6).

Configuration 2 “Last-Minute Source Inspecting.” Confi-
guration 2 is characterized by an average text production (in terms
of time in writing and speed of writing) in combination with a
below average source behavior (in terms of time in sources and

Figure 2
Time, Production, and Sources Switches in the Three Process Intervals for the Four Configurations

Note. Configuration 1 Fast text production = circle, Configuration 2 Last-minute source inspection = square, Configuration 3 Quick source use = trian-
gle, Configuration 4 Source use = rhombus.
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switches), except for the last interval as Configuration 2 shows an
above average time in sources at the end of the writing process (cf.
Figure 1).
When we look at the writing process interval per interval, we see

that Configuration 2 displays both a below-average time in sources
(square in Figure 2.1) and a below-average number of source
switches (Figure 2.3) in the first interval. Compared with the other
profiles, Configuration 2 shows the least attention to sources (cf.
Time in sources) in the beginning of the process. In the same interval,
writing time is slightly above average (Figure 2.2). During the second
interval, the switches between the synthesis text and the sources are
below average (Figure 2.5). In the last interval, Configuration 2
shows an above-average time in sources (though not as high as Con-
figuration 4; Figure 2.6).
Configuration 3 “Quick Source Use.” Configuration 3 is

characterized by a high number of switches between the sources (in
the beginning and middle of the process) and between the synthesis
text and the sources (in the middle of the process) as illustrated in Fig-
ure 1. This above average switching behavior is combined with a slow
text production (i.e., low speed of writing) in the middle of the writing
process and little time in writing at the end of the writing process.
When describing the process in more detail, students in Configura-

tion 3 (in Figure 2 in triangle) switch above average between the sour-
ces (though not as much as Configuration 4 in rhombus; Figure 2.3).
Both the time in writing and speed of writing are below average (Fig-
ure 2.2). The second interval is characterized by the lowest writing
speed of all configurations (Figure 2.4). The source switches and the
source-synthesis text switches are above average (though, not as high
as for Configuration 4; Figure 2.5). In the third interval, time in sour-
ces is slightly below average, and also time in writing is below aver-
age (the lowest compared with the other configurations; Figure 2.6).
Configuration 4 “Source Use.” Configuration 4 stands out for

its focus on source use (cf. Figure 1). Of all configurations, Configu-
ration 4 shows the highest time in sources both in Interval 1 and 3,
and the highest number of switches between sources in Intervals 1
and 2, and between synthesis text and sources in Interval 2.
When describing the synthesis behavior characteristics for Config-

uration 4 over the three intervals, we see that students in this configu-
ration start their writing process by spending an above average time
in sources (the highest of all configurations; rhombus in Figure 2.1).
Both time in writing and speed of writing are below average at the
beginning of the writing process (Figure 2.2). The switches between
the sources are above average (and the highest compared with the
other configurations; Figure 2.3). In the middle of the process, we
see a combination of an above average number of source switches
and synthesis text—source switches (both the highest of all configu-
rations; Figure 2.5). Even in the last interval, Configuration 4 shows
the highest time in sources of all configurations (Figure 2.6). The
time in writing is slightly above average (Figure 2.6).

Generalizability

Latent profile analyses are run on a sample of texts and corre-
sponding synthesis behaviors and distil different writing configura-
tions from these writing behaviors. The issue now is whether these
configurations are on the one hand genre-specific (RQ1B) and on the
other hand writer-specific or person-centered profiles (RQ1C).
To answer the question whether configurations are genre-specific

(RQ1B), a multinomial generalized mixed effect model is fitted with

genre as predictor for writing process configurations. Comparing an
unconditional model with a model including the effect of genre indi-
cates that the latter fits the data best (loglikelihood ratio test: v2(3) =
74.16, p , .001) leading to the conclusion that genre is related to the
probability of using certain process configurations (cf. Appendix D,
Table D4 for model comparisons). Figure 3 shows the predicted prob-
abilities for each of the configurations as a function of genre (cf. Ap-
pendix D, Table D5 for the parameter estimates of this model). For
informative texts there is a larger probability that writers engage in a
process characterized by more source use (cf. Source use and Quick
source use configurations). When writers write an argumentative text
the different process configurations are somewhat equally probable.

The question whether the process configurations are participant-
specific profiles (RQ1C) can be answered as well because participants
wrote multiple texts. Profile analyses show that process configurations
occur numerous times with the highest frequencies for both source-
oriented configurations. Frequencies range from 771 times (Process
Configuration 4 Source use) via 651 times (Configuration 3 Quick
source use) to 409 and 405 (Configuration 2 Last-minute source
inspection and Configuration 1, Fast text production respectively).
The evidence suggests that many writers demonstrate more than one
process configuration. The total frequencies of observed configura-
tions exceeded the number of participants and writing tasks, which is
only mathematically possible if some writers demonstrated multiple
configurations across their different tasks. We created an index of
writer process variability counting the number of times a writer dis-
plays a different configuration or process configuration. These analy-
ses (cf. Figure 4) show that about half of the writers (n = 305, 49.4%)
performed two process configurations across the four different synthe-
sis tasks they executed, 150 writers (24.3%) three, and 151 writers
(24.5%) showed only one process configuration. An almost negligible
number of 11 writers (1.8%) displayed four process configurations.

We conclude that the observed process configurations are not
identical with student traits. Instead, variability of process configu-
rations within writers seems to be a (more) prominent characteris-
tic with the majority of students showing (two to three) different
process configurations and about 20% of the students showing
four times the same configuration.

Effectiveness: Process Configurations and Text Quality
(RQ2)

A multilevel model with the different process configurations
(Model 1) shows a better fit than a model without the configurations
to explain text quality (Model 0) (loglikelihood ratio test: v2(3) =
11.30, p = .010). It also shows that especially Configuration 1, Fast
text production, significantly predicts text quality. See Appendix D,
Table D6 for parameter estimates of the fixed part of the model.

Configurations 2, Last-minute source inspection, and 4, Source
use, score significantly lower on text quality than Configuration 1,
Fast text production, as indicated by Tukey post hoc pairwise com-
parisons, t(2022) = 3.227, p = .036, Cohen’s d = .315 and
t(2111) = 3.195, p = .020, Cohen’s d = .312, respectively). The
Cohen’s d values1 for both differences point to a small effect. Previ-
ous research (Vandermeulen, De Maeyer, et al., 2020) showed a

1 Cohen’s d is calculated by dividing differences in text quality by the
standard deviation for participants in the model, indicating the impact of
Configurations on differences between participants.
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grade effect of 6 points on the same text quality scale with students
of grade 12 outperforming students in grade 11 in their turn outper-
forming students in grade 10 for text quality. Using this as a point of
reference, writing a text according to Configuration 1 results in a dif-
ference of approximately half a grade gain in text quality compared
with writing a text according to Configuration 2 or Configuration 4.
Other pairwise comparisons are statistically not significant. Parameter
estimates for the different comparisons can be found in Table 3. This
finding is generalizable across genres (RQ2B). Adding an interaction
Configuration 3 Genre (Model 2) did not significantly improve the
model (compare v2(4) = 1.131, p = .889).

Adaptivity?

Adaptivity A (RQ3A)

Variation of process configurations within writers might point to
task adaptivity, that is, to a writer adapting a process configuration
to the task at hand, to produce the best possible text in different

circumstances. If so, then variation in task configurations should
have a positive effect on text quality. To analyze if this is the case,
we added the index of writer process variability to the multilevel
model with four different configurations (Model 1 cf. Section Effec-
tiveness) resulting in Model 3 (cf. Section Writer-Specific (Uni-)
Configuration or Task-Related Multiconfiguration?). Results (pa-
rameter estimates in Table 4) show no statistically significant
effect of process variability, ranging from 2 to 4, on text quality.
We can see that writers who each time deal with a synthesis writ-
ing task differently, that is, display four different configurations,
score an average 3.86 points lower than writers who adhered to
one and the same configuration for the four different synthesis
tasks (Cohen’s d = .38). However, the difference does not reach
statistical significance, highly likely due to the limited number of
writers who showed 4 different configurations (n = 11) and there-
fore the large standard error of the estimate. Running the model
estimation without these 11 writers did not change any of the
conclusions.

Figure 3
Predicted Probabilities for the Four Configurations per Genre

Note. See the online article for the color version of this figure.
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We conclude that variation in the number of process configura-
tions did not contribute to text quality scores: writers who vary
more in their writing approach or process do not score better.

Adaptivity B (RQ3B)

A second perspective on process variability as a sign of adaptiv-
ity is that variation in behavior configurations may result in low
variation in text quality within students as they try to optimize the
writing process to keep up an internal standard of text quality.
Therefore, we created a product variability coefficient (SD) rang-
ing from 0 (no difference in text quality between the four texts

written by the same writer(s)) to above 40, reflecting a high
amount of text quality variability as shown in its distribution in
Figure 5. Most of the writers as displayed on the y-axis in Figure 5
show a variability from 5 to 15 points on average. A generalized
linear analysis with a gamma distribution and an identity link-
function due to the right skewed distribution of the text quality
variability coefficient shows that no statistically significant differ-
ences are observed in text quality variability (i.e., writer product
variability) between the writers with regard to the number of pro-
cess configurations they executed (i.e., from a single process con-
figuration to four different ones as reflected in the writer process

Figure 4
Bar Chart With Number of Different Process Configurations Used by Writers

Table 3
Post Hoc Comparison of Estimated Marginal Means for Text Quality per Configuration, Based on the Model Including Main Effects of
Genre and Configuration on Text Quality (Model 1 cf. Analyses)

Comparison Estimated difference SE t value p value

Configuration 1 vs. Configuration 2 3.227 1.198 2.693 .036
Configuration 1 vs. Configuration 3 1.471 1.121 1.312 .555
Configuration 1 vs. Configuration 4 3.195 1.103 2.897 .020
Configuration 2 vs. Configuration 3 �1.756 1.089 �1.613 .371
Configuration 2 vs. Configuration 4 �0.031 1.061 �0.030 1.000
Configuration 3 vs. Configuration 4 1.725 0.927 1.861 .245

Configuration 1 Configuration 2 Configuration 3 Configuration 4

Estimated marginal means 92.5 89.2 91.0 89.3

Note. Configuration 1 = fast text production; Configuration 2 = last-minute source inspection; Configuration 3 = quick source use and Configuration
4 = source use.
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variability index; cf. estimates in Appendix D, Table D7). The
results do show, however, that writers who approach writing a
synthesis task differently each time have a smaller intrawriter
variability in text quality scores: their text quality scores vary
less and are more stable. However, again probably due to the low
number of writers in this category (n = 11), the result does not
reach statistical significance (t = .192, p = .847). Running the
model estimation without these 11 writers did not change any of
the conclusions.

Adaptivity C (RQ3C)

In a final exploration to explain variability in writing process
configurations, we relate task configurations to writers’ task experi-
ences, that is, (prior) topic knowledge, topic interest, experienced
task difficulty and invested effort. We used multinomial generalized
mixed effect models to analyze whether the probability to adopt a
certain process configuration is a result of the score for each of the
four perceived task experiences. Based on the model comparisons
we learn that a model with two of the four task experiences, in
interaction with genre, fits the data best (cf. Appendix D, Table D4
for model comparisons and Table D8 for the parameter estimates).
For topic knowledge we observe that there is a significantly dif-

ferent effect on the probability to engage in writing process Config-
uration 3, Quick source use, depending on the genre (p value =
.0271). For argumentative texts topic knowledge is positively related
to the probability to engage in Quick source use while for informative
texts it is the opposite, the higher the topic knowledge the lower the
probability to engage in Quick source use (see Figure 6). All other pa-
rameter estimates of the variable topic knowledge are not statistically
significant.
Two parameters for the main effects of the variable topic inter-

est are statistically significant (cf. Appendix D, Table D8). To aid
the interpretation we plotted the predicted probabilities in Figure 6
(lower panel). Higher task interest increases the probability to
engage in a Source use writing process or a Fast production pro-
cess and decreases the probability to engage in a Last minute
source inspection or Quick source use writing process. Given that
none of the interaction terms are statistically significant we can

conclude that these patterns are similar for both argumentative and
informative texts.

Discussion

Discussion of Findings

This large-scale study has searched for synthesis process config-
urations, based on a national representative dataset of 658 second-
ary-school students responding to four tasks, two in an expository
and two in an argumentative genre. Data were process behaviors,
collected with keylogging software, text quality scores and stu-
dents’ perceptions of each of the four tasks in terms of topic
knowledge, topic interest, effort and difficulty. With this data, this
study addressed three main research objectives: (a) to examine
synthesis writing process configurations, and their generalizability
across genres and writers; (b) to study the relation between config-
urations and text quality and its generalizability across genres; and
(c) to explore factors that could explain the possibility of configu-
rations across tasks.

With regard to the first research objective (RQ1A), a latent pro-
file analysis showed that four synthesis writing process configura-
tions could be distinguished on the basis of an integrative and
validated set of interval-based writing behaviors: (a) a Source use
and (b) Quick source use process configuration characterized by a
recursive and mediated source use, a (c) Fast production configu-
ration which shows relatively speedy production and a (d) Pro-
cess-final source inspecting configuration scoring low to average
on both source use and production with a relatively heavy process-
final source-orientation.

At least two of these process configurations reflect synthesis
writing process configurations identified as student profiles by
Escorcia et al. (2017) on the basis of observational data. Those
two profiles are the Precise Transcribers and the Spontaneous
Writers. Our Source users and Quick sources users, and Escorcia
et al.’s Precise Transcribers share a relative, extensive pattern of
source-related activities both prior to and during writing. Our Fast
producers correspond to Escorcia et al.’s Spontaneous Writers
because they show relatively few source-related activities. Com-
pared with the Spontaneous Writers, however, they are avid and
productive writers. They share some characteristics with profiles
in profile research on other writing genres and task types; for
example, with the Nonstop Writers of Van Waes and Schellens
(2003) who score low for planning and revision and complete the
writing quite quickly, or the Stage II Writers who do not pause a
lot once they have started writing. However, they most resemble
the Doers of Hartley and Branthwaite (1989) who studied the pub-
lication process and productivity of professional academic writers.
To a certain extent, the Doers in their study scoring low on plan-
ning and revision are replicated in the Minimal Drafter by Tor-
rance et al. (2000).

Whereas Torrance et al. (2000) could not statistically show an
impact of a configuration on text quality, Hartley and Branthwaite's
Doers did appear to be successful in their writing. Also, the Fast
producers in the current study proved to be a highly productive and
effective process configuration.

In fact, the texts resulting from the Fast production process con-
figuration were the better texts (RQ2A). However, Hartley and

Table 4
Parameter Estimates (Est.), Standard Errors (SE), t Values, and
p Value for the Estimates of the Fixed Part of the Model
Including Main Effects of Process Configuration and Number of
Distinct Process Configurations Used by a Writer on Text
Quality (Model 3)

Measure Est. SE t value p value

Intercepta 92.767 1.796 51.653 ,.001
Configuration 2 �2.869 1.205 �2.382 .017
Configuration 3 �1.499 1.124 �1.334 .182
Configuration 4 �3.250 1.109 �2.931 .003
Two configurations �0.751 1.410 �0.532 .595
Three configurations 0.083 1.579 0.052 .958
Four configurations �3.862 3.978 �0.971 .332

Note. Configuration 1 = fast text production; Configuration 2 = last-mi-
nute source inspection; Configuration 3 = quick source use and
Configuration 4 = source use.
a Reference category: Configuration 1; one configuration.
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Branthwaite's Doers were professional academic writers who may
have adopted a specific routine for genres they were accustomed to
writing. The secondary school writers in this study were relative
novices to the synthesis task type which is currently not a standard
component of Dutch secondary writing education (Van Ockenburg
et al., 2019; Vandermeulen, De Maeyer, et al., 2020). Despite these
very clear differences in writer population and tasks in both studies,
there is a small point of comparison in that the Fast producers in this
study may have been quite knowledgeable about the topic they had
to write about. As a result, they may have felt quite confident in pro-
ducing the task to the extent that a quick(er) inspection of the sour-
ces was sufficient. However, the analyses also show that the Fast
production configuration does not have a higher probability of
occurring as a result of a (higher) score on reported topic knowledge.
Hence, instead of a possible effect of topic knowledge and/or conse-
quent higher self-efficacy beliefs, it may simply be that the writers
adopting the Fast production writing configuration, were (highly)
proficient readers who as a result could afford to spend less time in
the sources and focused on production instead. That the Fast text
production approach is also a more likely route when writers are
interested in the task (cf. results for RQ3C) may not only lend fur-
ther credibility to the effectiveness of a Fast production configura-
tion but also to the hypothesis that Fast text production is an
approach adopted by the more engaged, interested, and proficient
readers and writers. In any case, the Fast production approach paid
off to the extent that writers who adhered to it wrote significantly
better texts than both writers in the Source use configuration and
the Last-minute source inspection configuration.
From a theoretical perspective on writing process research, three

important issues emerge from these results. First, one type of
behavior could signify two different functions. It seems to be fairly
self-explanatory that to spend insufficient time in the sources pro-
cess-initially and to refrain from comparing sources is not an

effective strategy in terms of resulting text quality for this specific
kind of synthesis task. Therefore, it is hardly surprising that the
Process-final source configuration, which, compared with the other
configurations, scores lowest for source use overall results in the
poorest text (with the exception of the final phase of the writing
process). However, for the Fast text production configuration, the
same source use behavior leads to significantly better texts. Thus,
what for some writers seems to be an indication of a poor organi-
zation of the writing process, for others appears to have the oppo-
site effect, possibly as a result of proficiency differences for
example, in reading (Boscolo & Mason, 2003; Kellogg, 1987;
Solé et al., 2013). The results presented do not support that this
may be the result of differences in topic knowledge.

Second, the results also point out that types of activities do not
stand on their own (cf. Van den Bergh et al., 2016). It is the way in
which writing activities or process components interact that deter-
mines the effectiveness of writing processes. In the same vein as
Van den Bergh et al. (2016), we argue that “it is not the single cog-
nitive activity that contributes to the quality of the resulting text,
but a certain combination, at a certain moment” (p. 68). Whereas
Fast producers combine a low source use with avid production, Pro-
cess-final source inspectors do not but instead turn to the sources at
a moment in the writing process where that might be less effective.

Third, congruent with a functional dynamic view on writing
process research, this last finding clearly illustrates that it is crucial
when and to which extent an activity occurs in the writing process
(Breetvelt et al., 1994).

Contrary to expectations, however, together with the Last-mi-
nute source inspection configuration, the Source use configuration
seemed to be the least successful in terms of text quality. We fol-
low Vandermeulen, Van den Broek, et al.’s (2020) line of reason-
ing in our interpretation of this finding. Given the importance of
source-related activities for the synthesis task, it is hardly plausible

Figure 5
Intrawriter Variability in Text Quality Scores (Measured by the Standard Deviations) Across
Numbers of Writers
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to infer from this result that spending time in the sources and thor-
oughly comparing and contrasting them is not a sensible approach.
On the contrary, in the same vein, we think this result could be
explained by a nonlinear process-product relation. It is possible
that too strong a focus on the sources has gone at the expense of
production for the timed writing tasks in the current study. Alter-
natively, this strong focus may also be indicative of comprehen-
sion problems. However, latent profile analyses do not allow us
“to capture more complex process-product relations by including
curvilinear relations” (Vandermeulen, Van den Broek, et al., 2020,
p. 256) as in LPA we only used the scores on the process measures
as they were (and not in some kind of relation with text quality).
The results also provide us with empirical evidence that writing

processes are genre-specific, which hitherto has only been investi-
gated in a very limited body of research (cf. Beauvais et al., 2011;
Vandermeulen, Van den Broek, et al., 2020) and mostly with a sin-
gle task in a genre (= confounding task and genre effects; RQ1B).
The results show that process configurations such as Source use
and Quick source use with a heavy emphasis on source use are
more likely to occur with informative synthesis tasks. This result
is in line with genre differences in source use in Vandermeulen,
Van den Broek, et al. (2020). The researchers showed that students
displayed a similar source use behavior with regard to time spent
in the sources and switches between them, across the writing pro-
cess in an argumentative and informative genre. However, stu-
dents writing an argumentative synthesis text switched more
frequently between sources and synthesis text in the middle of the
writing process (Interval 2). In the current study, a more intense
switching between sources and synthesis text in Interval 2 com-
bined with a lower time in the sources (across the entire synthesis
writing process; i.e., Quick source use) is more common for the in-
formative genre. Additionally, the Source use configuration, char-
acterized by relatively much time in the sources, and switches
between sources and between sources and synthesis text in the first

and second interval of the writing process, is more probable for
the informative genre.

Sample size and the inclusion of other process measures such as
production in the current study could explain some of the differen-
ces with Vandermeulen, Van den Broek, et al. (2020). The find-
ings, however, also raise several questions about the functionality
of the process configurations. Do writers explore the sources
more/longer or more intensely because the (expository) genre is
less familiar and/or more difficult for them than the argumentative
genre? Do these writers (feel they) lack an overarching organizing
principle such as a standpoint as in the argumentative genre to
guide source exploration? Or, alternatively, do informative synthe-
sis tasks overall require longer, deeper, more thorough source ex-
ploration and comparison than argumentative synthesis tasks?

These speculative questions can only be investigated with think-
aloud protocols, retrospective interviews or eye-tracking. The fact
is that writers who know more about the topic they are writing an
informative synthesis task about, are not more likely to display a
Quick source use approach as is the case for writers with a high
topic knowledge in the argumentative genre. Quick source use may
thus serve a different function between the genres: whereas it seems
to be a strategy for highly knowledgeable (topic) writers in the argu-
mentative genre, the reverse is the case for the informative genre.
Does this mean that for the latter, Quick source use signals (compre-
hension) problems with the task/sources or a coping strategy?

A possible genre-specific functionality, however, does not seem to
be supported by a relation with text quality (cf. RQ2B). Contrary to
Vandermeulen, Van den Broek, et al. (2020), the relation of the pro-
cess configurations with text quality is not genre-specific, although
the selected writing behavioral indices underlying the configurations
(cf. Section Writing Process) were all selected based on a statistically
significant relation to text quality which proved to be partially spe-
cific for genres (cf. Section Writing Process). Thus, that we could not
replicate the genre effect to text quality for the distilled process

Figure 6
Predicted Probabilities Given Task Prior Knowledge (Upper Panel) and Task Interest (Lower Panel)

Note. See the online article for the color version of this figure.
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configurations was an unexpected finding. It is possible that the effect
of single variables is obliterated or obfuscated by compensating
effects of other variables. Hence, whereas in the current study, we
observed clear process configurations instead of person-specific pro-
files, the results also show that process configurations are genre-spe-
cific but their relation to text quality is not.
One of the significant findings to emerge from this study is that—

in line with studies by Van den Bergh et al. (2012), and Van Weijen
(2009)—we were “able to test for, rather than assume, within-writer
consistency in writing behavior” (Torrance et al., 2000, p. 188). That
we were able to do so with two genres and two tasks per genre is a
strength of the study. The results show that most of the secondary-
school writers did not adhere to a single writing configuration con-
firming that, depending on the specific task, writers organize their
writing in a different way (RQ1C). The study thus adds to an increas-
ingly growing body of research establishing intrawriter cross-task
variability and, even more importantly, does so for synthesis writing
configurations which have hitherto remained relatively unex-
plored, at least with different processes per student. This might be
a step toward settling the issue of person-centered versus task-
centered profiles, at the very least for synthesis writing. The
research objective of this study was to investigate whether writers
vary their writing configurations depending on task representa-
tion. We did not aim to closely scrutinize the impact of the differ-
ent specific task characteristics such as number or type of sources
(infographic vs. text) or the relation between these sources (com-
plimentary/conflicting). Further research could study such task
variability characteristics and their effect on writing configura-
tions and more specifically, explore the interaction between task
characteristics and writer characteristics for these writing
configurations.
The main message to derive from these findings is that a fair

degree of intra-individual cross-task variability exists in synthesis
writing confirming the need for multiple tasks, and multiple proc-
esses, per writer to draw conclusions about writing proficiency or
performance (Van den Bergh et al., 2012, 2016).
A question emerging from this intrawriter variability is whether

it reflects adaptivity, leading to the optimal qualitative text, or
rather instability, resulting in poor texts. We explored the question
in two ways. First, we investigated the effect of the number of dif-
ferent writing process configurations per writer (intrawriter pro-
cess variability) on text quality (RQ3A). Second, we explored the
effect of this intrawriter process variability on intrawriter product
variability (operationalized by the individual standard deviation in
text quality; RQ3B). Results show no significant effect of variation
in the number of process configurations on text quality. This
means that for text quality scores it does not make a difference if
writers deploy one, two, three or four different writing configura-
tions. Neither could text quality variation be explained by the
number of process configurations a writer adhered to. Both analy-
ses confirm the same finding: in general, intrawriter variability has
no impact on text quality. This result does not rule out, however,
that for some writers there may have been adaptivity (e.g., to the
task demands) whereas, for others, process variability may point
to random writing process configuration choices (i.e., instability).
A source of uncertainty for example remains for the writers dis-
playing four different process configurations as they seem to score
on average almost 4 points lower (about .20 ES) than relatively
stable writers adhering to a single writing process configuration.

Additionally, their text quality scores seem to be more stable (but
remain lower in comparison). However, as both results do not
reach statistical significance probably owing to the limited number
of writers in the category that showed four process configurations,
caution in interpretation and extrapolation must be applied.

We found indications that task perceptions affect the occurrence
of a process configuration (RQ3C). As mentioned, whereas the
effect for topic knowledge is genre-specific, the effect for topic in-
terest is not. The higher the topic knowledge, the more a Quick
source use configuration is displayed in the argumentative genre;
the reverse is the case for the informative text genre. For both gen-
res, a higher task interest increases the probability that writers
engage in a Source use writing process or a Fast production pro-
cess and decreases the probability that they engage in Quick
source use or Last-minute source inspection. We know from the
relation between process configurations and text quality for RQ2
that students who adopt a Fast text production configuration also
write the better texts when compared with the Last-minute source
inspection process configuration. Surprisingly, students who are
more interested in the task are more likely to engage more with
sources (Source use) but not necessarily effectively, to the extent
that they write better texts as Fast text production also outperforms
Source use. It might of course simply be an indication that topic
interest even if combined with a more thorough source use is not
sufficient to write a better text. These indications provide some
depth to the interpretation of the process configurations. They are
also a springboard for further analyses to explain intra-individual
variation in process configurations and to study the interaction
between writer and task variables that explain adaptivity.

The effect of topic knowledge on writing processes was demon-
strated by Kellogg (1987). Based on two experiments with a
between-subjects design, he observed that high topic knowledge
reduced effort, but he could not demonstrate that topic knowledge
resulted in differences in strategy allocation of planning, produc-
tion and reviewing. His tasks were essay tasks, however, not
source-based writing tasks. In the present study, with a within-sub-
jects design, we found that topic knowledge affects the configura-
tion of writing activities. The issue now is whether writers are
aware of this and consciously adapt their strategy to the topic at
hand. We demonstrated that writers vary their approaches and
found that topic knowledge and topic interest can explain such
variation, but we do now know whether this variation is strategic
variation.

Opportunities for Future Research

This study may constitute a useful starting point for future
research on the effect of person-related variables on (these) writing
configurations. One of these variables could be motivation. Villa-
lón et al. (2015) showed a link between self-efficacy beliefs, writ-
ing conceptions and synthesis writing quality. Cuevas et al. (2016)
looked at the impact of transactional beliefs on collaborative syn-
thesis writing. In future research in line with this study, we aim to
investigate the relation between writers’ motivation (self-efficacy,
intrinsic and extrinsic motivation, learning goals), writing anxiety
and transactional beliefs (White & Bruning, 2005) on the one hand
and effective dynamic writing process configurations on the other.

Other individual characteristics worthy of examination are prior
knowledge and reading comprehension (Plakans, 2009). In this
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study, topic knowledge was measured with a self-report measure.
Prior research (as reviewed by Dochy et al., 1999) shows that in
general, learners may be poor assessors of their own topic knowl-
edge. The topic knowledge measure in the current study may have
been more grounded as students were asked to assess how much
they already knew about a topic after having written a synthesis
task on it rather than prior to the writing task. Nevertheless, further
studies including topic or prior knowledge tests could be carried
out to study the relation between topic knowledge, topic interest
and invested effort (cf. Kellogg, 1987) on the one hand and pro-
cess constellations on the other. Another variable in need of fur-
ther investigation is reading comprehension.
In fact, given the importance of reading for the hybrid reading-

and-writing tasks, a potentially productive avenue for future
research is to study process configurations from both a reading and
writing perspective especially in the light of a state-of-the-art body
of research on multiple document reading (Cerdán et al., 2018),
processing of sources (Anmarkrud et al., 2014), and information
selection (Cameron et al., 2017), also from a profile analysis per-
spective (cf. text navigation profiles by List & Alexander, 2017).
Additionally, future research could replicate this study for other

populations such as university students or expand it to other, timed
and untimed, source-based writing tasks such as academic litera-
ture reviews (Raedts et al., 2017). The results can also inform pro-
fessional writing (e.g., reports) or multimodal writing for which
writers need to process and integrate information from various
audiovisual and written sources (Leijten et al., 2014; Raedts et al.,
2017). Even though the generalizability of effective writing con-
figurations for synthesis writing to other writing tasks or genres,
also nonsource-based ones, was not the objective of this study, we
believe the findings offer a theoretical and methodological surplus
for writing profile research.
In this study, writers wrote four texts at roughly the same

moment in time allowing us to investigate intrawriter variability. It
of course also makes sense to study intrawriter variability as a
result of maturation (in longitudinal profile studies such as Tor-
rance et al., 2000) or learning, instruction and feedback as also
pointed out by Allen et al. (2016) and Snow et al. (2015).
Given the sheer size of the national survey sample, we took our

recourse to unobtrusive keystroke logging software to log students'
writing processes. As a result, we were able to build process con-
figurations on the basis of a “set of variables derived from the writ-
ing process itself” (Van Waes & Schellens, 2003, p. 849),
reflecting directly observable synthesis writing behavior. One forte
of the current study is that this set of variables is validated in mul-
tiple ways. First, variables selected are theoretically grounded and
based on prior research for example, source use variables for a dis-
tinguishing feature of the synthesis task. Second, we took care to
select relative interval-based writing behavioral measures congru-
ent with a functional dynamic view on the writing process. Third,
the variables selected all showed a statistically significant effect
on text quality and a genre effect in separate multilevel models (cf.
Appendix E). Additionally, the variables selected were mutually
exclusive for the most part (cf. correlational analysis Table E1 in
Appendix E).
However, use of keystroke logging also meant we had no imme-

diately accessible information on planning behavior. Of course,
pauses may offer information on cognitive processing and possibly
on planning (Van Waes & Schellens, 2003). However, they are

multi-interpretable and do not allow for an unequivocal interpreta-
tion of the cognitive processes involved, especially in the context
of synthesis writing. Second, the selection criterion of interval-
based process measures also meant that no revision measures were
included as currently no automatically computed interval-based re-
vision measures are available. Furthermore, the revision index cal-
culated by Inputlog does currently not differentiate between copy
paste behavior and pure revision behavior. Differences in revision
behavior, however, clearly mark the profiles by Escorcia et al.
(2017), Van Waes & Schellens (2003) and Torrance et al. (2000).
Revision may have played a crucial role in the Process-final source
inspecting configuration with its high amount of time in the
sources at the end of the process and an average production
throughout (compared with the other configurations). The low
(standardized) scores for both source use and active writing
time process-finally of the Quick source use configuration could
perhaps point to revision. It can be expected that the addition of
revision behavior to the profile analysis will allow us to interpret
and further clarify the process configurations defined rather than
result in completely different ones. We would also like to point
out that the source use behavioral measures in Vandermeulen,
Van den Broek, et al. (2020) already explained up to 24.6% of
the variance in text quality.

On the basis of a relatively limited selection of nine theoreti-
cally grounded and empirically validated behavioral measures, the
profile analysis in this study provides us with a varied, rich, and
integrative window on configurations of writing behavior in syn-
thesis writing and their effect on text quality.

Of course, a writing process is so much more than observable
writing behavior; it involves goal setting, (strategic) decision-mak-
ing and monitoring which cannot be adequately captured by key-
stroke logging measures. Research shows that aligning keystroke
logging measures with (underlying) cognitive processes is compli-
cated (Baaijen & Galbraith, 2019; Baaijen et al., 2012; Wengelin,
2006). That is why we carefully selected the behavioral keystroke
logging measures and when interpreting the results, refrain from
aligning writing behavior with (possibly underlying) cognitive
processes.

This study has gone some way toward enhancing our under-
standing of advantages and limitations of keystroke logging meas-
ures for profile analysis. Future research could triangulate these
measures with other methods or more fine-grained analyses for an
unambiguous interpretation or alignment (cf. Baaijen et al., 2019)
and for additional insight into strategic decision-making and regu-
lation. Such methods could be screen recording (Knospe, 2017),
eyetracking (De Smet et al., 2018), the trace reading methodology
(Merchie & Van Keer, 2014), or even think-aloud protocols
(Lindgren & Sullivan, 2019; Tillema, 2012). However, both their
implementation and the required time-intensive analysis of the
data collected make these methods less suitable for large-scale
studies such as this one. For think-aloud protocols, for example,
there is a potential, but contested, reactivity on writing behavior,
especially in combination with keystroke logging (see also Baaijen
& Galbraith, 2019).

Implications for Theory and Education

With regard to theory, as laid out in the literature review, profile
studies in writing research are scarce. To the best of our
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knowledge, there is no all-encompassing theoretical writing model
including cognitive, affective (interest, attitudes incl. motivation,
dispositions and beliefs), and contextual variables (such as task
and genre) underlying the existence of writing (task or person)
profiles. Especially when adopting a functional dynamic approach
to patterns of larger, functional writing process units “it is impor-
tant to realize that the domain is still in the explorative, observatio-
nal phase, providing us with correlational insights” (Van den
Bergh et al., 2016, p. 69). There is, of course, important theoretical
work (incl. writing models) in writing process research that can
guide writing profile studies in general and the work subject to
review in specific. In drawing on some of this theoretical work, we
intend to contribute to theory-building, by empirically document-
ing an important methodological requirement for drawing mean-
ingful conclusions on configurations or “profiles,” that is, the
administration of multiple texts and genres per students.
With regard to education, this study was part of a larger study to

inform learners about their writing process, relative to the options
possible. The findings of this study will be used to develop tar-
geted interventions for writing instruction or for process feedback
purposes. Instruction or feedback could exploit the different syn-
thesis writing configurations to provide students with an insight
into the writing process and into effective writing process configu-
rations. Especially instruction or feedback aiming to expose stu-
dents 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.

Conclusion

In this study, we pursued a line of writing research that was
started in 1980 when Hayes and Flower (1980) studied different
process configurations on the basis of think-aloud data. In doing
so, we believe to have contributed to a tradition of writing process
typologies and research on writing configurations by showing that
writing configurations are not person-centered or specific signa-
tures but can vary within writers.
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Appendix A

Task Instructions for the Participants

Type of instruction Clarification

Explanation on what a synthesis text is A synthesis is a text based on various sources. Your text brings together the information from the different sources.
When reading a synthesis you should be able to understand the text without having read the sources.

How do you write a synthesis?

- You start by reading the sources

- You select the information you need, to write a new text about theme X.

- You bring together the information from the different sources and connect the sources. In this way you inte-
grate the information from the sources into a new independent text.

- You elaborate your synthesis by writing a text that is understandable for people who have not read the
sources.

Explanation on the characteristics of an
argumentative/ informative synthesis text

- Informative synthesis: Your text gives a concise and at the same time clear overview of the situation. You
describe the situation concerning theme X in a neutral manner, that is, without taking position.

- Argumentative synthesis: In your text you defend the following point of view: X. You support this point of
view with arguments from the source texts.

Instructions on how to deal with the sources Use the relevant information and use information from all offered source texts.

Instructions on the target audience Your text has to be understandable to peers who did not read the source texts.

Instructions on style Use your own words, avoid copying from the sources.

Instructions on text length Write a text of approximately 350 words

Time indication You have 50 minutes to read the sources and to write your text. Divide your time between reading and writing.
Write the best possible text in this given time.

Note. “Mapping Synthesis Writing in Various Levels of Dutch Upper-Secondary Education: A National Baseline Study on Text Quality, Writing Process and
Students’ Perspectives on writing,” by N. Vandermeulen, S. De Maeyer, E. Van Steendam, & G. Rijlaarsdam, 2020, Pedagogische Studien, 97(3), p. 215.
Copyright 2020 by Nina Vandermeulen et al. (LIFT-project). Reprinted with permission.

Appendix B

Visualization of the Task Construction for One Topic

Note. “Mapping Synthesis Writing in Various Levels of Dutch Upper-Secondary Education: A National Baseline Study on Text
Quality, Writing Process and Students’ Perspectives on writing,” by N. Vandermeulen, S. De Maeyer, E. Van Steendam, & G.
Rijlaarsdam, 2020, Pedagogische Studien, 97(3), p. 214. Copyright 2020 by Nina Vandermeulen et al. (LIFT-project). Reprinted with
permission.

(Appendices continue)
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Appendix C

(Appendices continue)

Example of a Rating Scale With Benchmark Texts for Synthesis Texts

Note. “Mapping Synthesis Writing in Various Levels of Dutch Upper-Secondary Education: A National Baseline Study on Text Quality, Writing Process and
Students’ Perspectives on writing,” by N. Vandermeulen, S. De Maeyer, E. Van Steendam, & G. Rijlaarsdam, 2020, Pedagogische Studien, 97(3), p. 217.
Copyright 2020 by Nina Vandermeulen et al. (LIFT-project). Adapted with permission. Alternative file formats for Appendix C can be found in the
Supplemental Materials.
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Appendix D

Statistics

Table D1
Correlations Between Inputlog Writing Behavioral Measures

Measure

Time in
sources

Time in
sources

Switches
between
sources

Switches
between
sources

Switches
between
sources
and text

Time
writing

Time
writing

Speed (strokes
per minute)

Interval 1 Interval 3 Interval 1 Interval 2 Interval 2 Interval 1 Interval 3 Interval 1

Time in sources Interval 1 1.00
Time in sources Interval 3 0.24 1.00
Switches between sources Interval 1 0.27 0.09 1.00
Switches between sources Interval 2 0.08 0.15 0.32 1.00
Switches between sources and text Interval 2 0.15 0.28 0.27 0.34 1.00
Time writing Interval 1 �0.84 �0.22 �0.21 �0.03 �0.09 1.00
Time writing Interval 3 �0.05 �0.41 �0.03 �0.08 �0.11 0.12 1.00
Speed Interval 1 �0.61 �0.22 �0.08 0.04 0.10 0.69 0.06 1.00
Speed Interval 2 0.02 �0.23 0.06 �0.08 �0.05 0.09 0.23 0.36

Table D2
Fit Indices Used for the Analytic Hierarchy Process to Select the Optimum Number of Profiles (Configurations) Based on Finite
Mixture Models Varying in Number of Latent Profiles From 1 to 8a

N Configurations AIC AWE BIC CLC KIC C-RIV

1 46,027.31 46,912.26 46,335.78 45,921.31 46,084.31 0.12,189
2 44,813.22 46,602.23b 45,435.88 44,596.52 44,925.22 0.12,465
3 44,411.91 47,104.32 45,348.75 44,085.20 44,578.91 0.12,524
4 44,031.97 47,627.64 45,283.00b 43,595.35 44,253.97 0.12,581b

5 43,890.84 48,389.94 45,456.05 43,344.16 44,167.84 0.12,568
6 43,686.76 49,089.18 45,566.16 43,030.14 44,018.76 0.12,576
7 43,585.93 49,891.67 45,779.51 42,819.36 43,972.93 0.12,556
8 43,468.30b 50,677.41 45,976.07 42,591.73b 43,910.30b 0.12,541

a These models assume varying variances and covariances for the process measures in each configuration. b Indicates the best fitting model according to
this information criterion.

Table D3
Estimated Marginal Means for the 9 Inputlog Writing Behavioral Measures (as z-Scores) Per Latent Profile Based on Mixed Effects
Models for Each Variable and Significant Contrasts (p , .05) Between Process Configurations Based on Pairwise Comparisons

Measure
Configuration

1
Configuration

2
Configuration

3
Configuration

4 Sig. Contrasts

Time in sources Interval 1 �0.184 �0.463 �0.089 0.407 1 . 2; 1 , 4; 2 , 3; 2 , 4; 3 , 4
Time in sources Interval 3 �0.719 0.354 �0.238 0.377 1 , 2; 1 , 3; 1 , 4; 2 . 3; 3 , 4
Switches between sources Interval 1 �0.257 �0.474 0.348 0.475 1 . 2; 1 , 3; 1 , 4; 2 , 3; 2 , 4; 3 , 4
Switches between sources Interval 2 �0.016 �0.008 0.288 0.414 1 , 3; 1 , 4; 2 , 3; 2 , 4; 3 , 4
Switches between sources and text Interval 2 �0.302 �0.329 0.357 0.443 1 , 3; 1 , 4; 2 , 3; 2 , 4; 3 , 4
Time writing Interval 1 0.419 0.168 �0.148 �0.187 1 . 2; 1 . 3; 1 . 4; 2 . 3; 2 . 4
Time writing Interval 3 0.213 �0.100 �0.209 0.131 1 . 2; 1 . 3; 2 , 4; 3 , 4
Speed Interval 1 0.274 �0.022 �0.022 �0.153 1 . 2; 1 . 3; 1 . 4; 2 . 4; 3 . 4
Speed Interval 2 0.363 0.072 �0.276 �0.013 1 . 2; 1 . 3; 1 . 4; 2 . 3; 3 , 4

(Appendices continue)
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Table D4
Model Fit and Comparisons for Multinomial Models Predicting “Writing Process Configurations”

Model Deviance Comparison Dv2 Ddf p

0 Null Model 4,789.0
1 þ Main effect genre 4,714.8 0 vs 1 74.16 3 ,.001
2b þ Main effects task experiences (Model 2b) 4,621.3 1 vs 2 14.907 12 .247
3b þ Interaction effects all task experiences 3 Genre 4,606.4 2 vs 3 29.99 12 .003
4b þ Interaction Effects Topic Prior Knowledge 3 Genre & Topic interest 3 Genre 4,576.5 3 vs 4 16.15 12 .185

Table D5
Parameter Estimates (Est.), Standard Errors (SE), z Values, and
p Values for the Estimates of the Fixed Part of Multinomial
Model 1 Predicting “Writing Process Configurations”

Measure Est. SE z value p value

Configuration 2 vs. 1
Intercepta 0.335 0.432 0.776 .438
Genre �0.519 0.656 �0.791 .429

Configuration 3 vs. 1
Intercepta 0.507 0.398 1.275 .202
Genre 0.757 0.583 1.297 .195

Configuration 4 vs. 1
Intercepta 0.533 0.402 1.327 .185
Genre 1.281 0.574 2.231 .026

Note. Configuration 1 = fast text production; Configuration 2 = last-mi-
nute source inspection; Configuration 3 = quick source use, and
Configuration 4 = source use.
a Reference category: Configuration 1.

Table D6
Parameter Estimates (Est.), Standard Errors (SE), t Values, and
p Value for the Estimates of the Fixed Part of the Multinomial
Model 1 Predicting “Text Quality”

Measure Est. SE z value p value

Intercepta 92.462 1.347 68.619 ,.001
Configuration 2 �3.227 1.196 �2.698 .007
Configuration 3 �1.471 1.118 �1.316 .188
Configuration 4 �3.195 1.100 �2.906 .004

Note. Configuration 1 = fast text production; Configuration 2 = last-mi-
nute source inspection; Configuration 3 = quick source use, and
Configuration 4 = Source use.
a Reference category: Configuration 1.

Table D7
Parameter Estimates (Est.), Standard Errors (SE), t Values, and
p Value of General Linear Analysis With Gamma Distribution
Including Number of Distinct Configurations Used by a Writer
on Variability (SD) of Text Quality

Measure Est. SE z value p value

Intercepta 12.809 0.598 21.388 ,.001
Two configurations �0.293 0.704 �0.417 .677
Three configurations 0.755 0.828 0.911 .363
Four configurations �0.390 2.024 �0.192 .847

a Reference category: One configuration.

Table D8
Parameter Estimates (Est.), Standard Errors (SE), z Values, and
p Values for the Estimates of the Fixed Part of Multinomial
Model 4b Predicting “Writing Process Configurations”

Measure Est. SE z value p value

Configuration 2 vs. 1
Intercepta 0.335 0.432 0.776 .438
Genre �0.519 0.656 �0.791 .429
Task interest �0.246 0.117 �2.109 .035
Task topic knowledge 0.088 0.116 0.755 .450
Task Interest 3 Genre 0.225 0.179 1.257 .209
Task Topic Knowledge 3 Genre �0.028 0.172 �0.163 .871

Configuration 3 vs. 1
Intercepta 0.507 0.398 1.275 .202
Genre 0.757 0.583 1.297 .195
Task interest �0.216 0.108 �1.991 .047
Task topic knowledge 0.095 0.106 0.896 .370
Task Interest 3 Genre 0.262 0.161 1.629 .103
Task Topic Knowledge 3 Genre �0.345 0.156 �2.210 .027

Configuration 4 vs. 1
Intercepta 0.533 0.402 1.327 .185
Genre 1.281 0.574 2.231 .026
Task interest �0.044 0.108 �0.402 .687
Task topic knowledge �0.096 0.107 �0.897 .370
Task Interest 3 Genre �0.032 0.157 �0.202 .840
Task Topic Knowledge 3 Genre �0.087 0.154 �0.568 .570

Note. Configuration 1 = fast text production; Configuration 2 = last-mi-
nute source inspection; Configuration 3 = quick source use, and
Configuration 4 = source use.
a Reference category: Configuration 1.

(Appendices continue)
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Appendix E

Selection of Writing Behavior Variables for Profile Analysis

Variables Selection

The selection of behavioral variables was based on two pre-
liminary studies on samples of the dataset, published as
Vandermeulen, De Maeyer, et al. (2020) and Vandermeulen,
Van den Broek, et al. (2020). These reports were based on a
subsample of the texts, 150 texts from both genres (Informative,
Argumentative).
We selected five variables from the set of options, based on

two preliminary studies, in which relations were shown
between processes and text quality, and two additional criteria
(see Table E1):

1. Scores must be available on writing process interval level,
as former studies have shown that it is not so much the
frequency of activities that predicts text quality, but the
distribution of these activities across the process, that is,
the frequency per interval, which could result in positive
correlations in one interval, and negative correlations in
another interval. Since Breetvelt et al. (1994) showed via
think-aloud studies the dynamic relation between cogni-
tive behaviors and text quality, many other studies con-
firmed this approach (Rijlaarsdam et al., 2014). This
criterion led to the decision to refrain from revision
scores, as Inputlog did not automatically generate scores
for process intervals. Furthermore, it turned out that for
source-based writing, revision scores were invalid
because copy and paste actions from sources into the text-
so-far were not well-registered.

2. Variables selected must have a communicative value to
students as the study’s larger context is to provide students
with process feedback. For that reason, we needed clear,
unambivalent and straight-forward indices. Therefore, we
refrained from including pause variables in the current
study, while the interpretation of this behavior is multi-
interpretable, and partly covered by the active counter-
parts, which are source activities and production activities.
From the production variables, we selected a fluency or
speed variable, Keystrokes per minute, and a time variable,
actual writing time or Proportion of active writing time, as
a counterpart of actual time in Sources (Proportion time in
the sources).

These choices resulted in three types of variables with five
specific variables:

1. Time: Allocation of time, to Sources or to Text produc-
tion, as proportions of the total process time cf.
Proportion time in the sources and Proportion of active

writing time subsequently referred to as Time in sources
and Time writing.

2. Actions: the switches from source to source, and the
extent to which one mediates from sources to synthesis
text. These correspond to Transitions (per min) between
the sources and Transitions (per min.) between the sour-
ces and the synthesis respectively, referred to as Switches
between sources and Switches between sources and text.

3. Speed: speed of text production which corresponds to
Strokes per minute, subsequently Speed.

Validation of the Selected Variables in the
Total Sample

With these types of variables we analyzed the relation
with text quality, following the procedures we reported in
Vandermeulen, De Maeyer, et al. (2020). We ran analyses
for the source variables and the production variables sepa-
rately, but completely in parallel, and included in all cases
the scores for the three intervals.

1. We compared three models for each variable: a null
model (random components subjects, task, and school,
and no predictors, Genre to control for a genre effect),
Model 1 (added linear relations between the process
scores and text quality), and Model 2 (added curvilinear
relations) (see Table E2).

Source Variables

a. Model 2 fitted best: curvilinear relations between the fre-
quency of processes and text quality.

b. Four out of nine variables did not contribute to the predic-
tion: (Proportion of) Time in (the) sources (Interval 2);
(Number of) Switches between the sources (Interval 3),
(Number of) Switches between the sources and the synthe-
sis text (Intervals 1 and 3).

Production Variables

a. Model 2 fitted best: curvilinear relations between the fre-
quency of processes and text quality.

b. Three variables contributed to the prediction: Time writing
(linear and curvilinear (Interval 1); Speed (Intervals 1 and
2, both linear).

(Appendices continue)
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Appendix F

Descriptives of Task Experiences Questionnaire

Task experience questions M SD

I knew a lot about the subject of the text before writing it (topic knowledge) 2.70 1.02
I find the subject of the text interesting (topic interest) 3.39 1.01
I found the writing task difficult (experienced difficulty) 2.58 0.89
I put a lot of effort into the writing task (effort) 3.50 0.74

Received May 4, 2021
Revision received March 23, 2022

Accepted April 1, 2022 n

Table E1
Writing Behavioral Variables Included in Preliminary Studies (Vandermeulen, Van Den Broek, et
al., 2020, on Source Variables, Vandermeulen, De Maeyer, et al., 2020, on Production Variables)
and the Current Study

Variable Whole process Intervals Current study

Source behavior variables
Proportion time in sources � � �
Transitions between sources � � �
Transitions synthesis–sources � � �

General writing behavior measures
Process time in minutes �
Time spent writing vs. pausing (proportion) �
Total keystrokes produced in phase (proportion) �
Proportion active writing time �

Fluency
Keystrokes per minute � � �
Number of P-bursts per minute �
Length of P-bursts in seconds �
Length of P-bursts in characters �

Pausing
Mean pause time � �
Percentage of total pauses occurring in phase �

Revision
Percentage produced text in final synthesis �

Table E2
Model Fit and Comparisons

Models Comparison

Model v2 df Models v2change dfchange p

Source variables
0. Null model �9,042.5 6
1. Linear effect �9,021.6 15 0 vs. 1 41.934 9 ,.001
2. Curvilinear effects �9,009.0 24 1 vs. 2 25.016 9 .003
2A. Selected variables �9,012.5 16 2 vs. 2A 6.808 8 .557

Production variables
0. Null model �9,042.5 6
1. Linear effect �9,021.9 12 0 vs. 1 41.173 6 ,.001
2. Curvilinear effects �9,004.2 18 1 vs. 2 35.437 6 ,.001
2A. Selected variables �9,011.5 10 2 vs. 2A 14.600 8 .067
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