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Students perform poorly on multiple text reading-writing (MTRW) tasks. To address this issue, we examine
students' strategy engagement during response composition by analyzing five types of data. These include: (a)
log data of text access, (b) the notes that students composed during processing, (c) students' modified thinkaloud reports, (d) screen-capture videos of writing behaviors, and (e) the written products generated. We report
on insights gained by coordinating and juxtaposing these various sources of data on students' writing. Results
showed that while students accessed and took notes on the majority of the texts provided, information from texts
was rarely connected, neither in students' notes nor in the written responses composed. Moreover, students'
effortful engagement in multiple text use, captured via log data, was associated with task performance. Finally, a
number of variables, corresponding to students’ strategy reports during processing, were found to be significant
predictors of writing performance.

1. Introduction
Students today are inundated with information, coming from a
variety of sources (List & Alexander, 2017a; Goldman & Scardamalia,
2013). This requires that they master the skills necessary to comprehend, evaluate, and integrate information coming from these different
sources to develop coherent understanding (Britt & Aglinskas, 2002;
Rouet, 2006; Segev-Miller, 2004). But developing coherent understanding is not enough, today's learners are also required to communicate this understanding in a variety of ways, including through
writing (Leu, Kinzer, Coiro, & Cammack, 2004). Indeed, writing-frommultiple sources, or reading-writing tasks, present challenges distinct
from those arising when students are asked only to write based on their
prior knowledge or experiences or even to write based only on information presented within a single text. Multiple text reading-writing
(MTRW) tasks require that students select, organize, and connect information presented across texts and communicate this information to
an external audience (Spivey & King, 1989). MTRW tasks have been
found to be challenging for learners. Indeed, learners have been found
not only to perform poorly on these assignments (Anmarkrud, Bråten, &
Strømsø, 2014; Anmarkrud, McCrudden, Bråten, & Strømsø, 2013; List
& Alexander, 2017) but also to perceive difficulty when asked to
complete such tasks (Segev-Miller, 2004).
To date, limited work has considered the processes underlying
students’ performance on MTRW tasks. Some studies have found certain
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tasks (e.g., argument vis-a-vis summary tasks) to result in better or
more integrated writing performance (Bråten & Strømsø, 2009; Wiley &
Voss, 1999); however, these studies have not considered why these
differences in performance may arise. Other studies have tried to teach
students strategies to improve their writing based on multiple texts (De
La Paz & Felton, 2010; Martínez, Mateos, Martín, & Rijlaarsdam, 2015;
Segev-Miller, 2004); but further understanding of the MTRW process,
without the implementation of any intervention, is still needed.
In this study we draw on five diverse data sources to capture the
process of students' MTRW task completion. These data sources include:
(a) log data, capturing students' text access during multiple text use, (b)
notes that students composed during reading, (c) strategy reports
during the reading and writing process, as captured via a cued thinkaloud, (d) screen-capture data of students' writing behaviors during
response composition, and (e) students' actual written products, composed following engagement with a set of multiple texts. Moreover, we
examine the associations among these various process metrics and their
contributions to students' writing performance. While (a) log data and
(b) notes were gathered during the research phase of the study, (c)
think-aloud reports were gathered during both the research and response phases, and (d) screen-capture videos and (e) students’ actual
written products were gathered during the response phase of the study.
Please see Table 1 for a summary of the data sources and their corresponding variables analyzed in the present study.
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Table 1
Summary of the five data sources.
Data Sources

Phase of the Study

Description

Log data

Research

Notes

Research

Think-aloud
Screen-capture
Written response

Research and Response
Response
Response

Capturing students' text access during reading. Variables included: (a) time on texts, (b) number of texts accessed, and (c) document
information access.
Capturing students' text processing during reading. Variables included: (a) task requirements, (b) number of texts included, (c)
amount of document information included, (d) number of statements from each text, and (e) degree of information transformation in
notes.
Capturing students' reading and writing processes. Variables included (a) referents and (b) reading/writing strategies.
Capturing students' writing process. Variables included (a) writing time and (b) revision behaviors.
Capturing the quality of students' written products. Variables included (a) holistic scores, (b) number of discourse connectives
included, and (c) number of citations included.

expands on this prior work to more specifically examine the nature of
students’ strategy use when completing an MTRW task.
In this study, we draw on the complementary literatures of learning
from multiple texts and synthesis writing to examine how students
develop an integrative understanding of multiple texts and communicate this understanding through writing. We do this by examining a
host of process variables, including log data of students' text access,
notes composed during multiple text use, and strategy reports and behaviors recorded via screen-capture, during response composition. In
doing so, we examine notions of reading and writing based on multiple
texts as iterative and inter-dependent processes (Rouet & Britt, 2011;
Spivey, 1997). In integrating these two literatures, we dually conceptualize students' written responses as reflections of their understanding of multiple texts (Mateos et al., 2011; Rouet & Britt, 2011) and
as their communication of this understanding to an external audience
(Spivey, 1997). As such, we examine how these dual purposes for response composition may be achieved by students' engagement in
reading and writing during MTRW task completion.

2. Theoretical frame
2.1. Multiple text use
While a variety of theoretical models have been used to conceptualize students' multiple text use, the most prominent of these has
been the Multiple Documents Task-Based Relevance Assessment and
Content Extraction model (MD-TRACE, Rouet, 2006; Rouet & Britt,
2011). The MD-TRACE model posits that students’ multiple text task
completion occurs through a series of five steps. According to the MDTRACE, when students are presented with a multiple text task, they first
construct a mental representation of the given task demands, referred to
as a task model (Step 1). Then, students determine that they have an
information need, given the requirements of the task (Step 2). In Step 3,
students assess the relevance of multiple texts for task completion,
process the content presented across texts, and formulate a documents
model (i.e., an integrated representation of the information presented
within and across texts). Next, students compose a written response to
meet task demands, using information provided across multiple texts
(Step 4) and assess response quality based on task parameters, as defined in their task model (Step 5).
Numerous studies have focused on examining each step of the MDTRACE. These include investigations of students' formulation of task
goals in Step 1 (Van den Broek, Lorch, Linderholm, & Gustafson, 2001);
determinations of an information need in Step 2 (Brand-Gruwel,
Wopereis, & Vermetten, 2005; Hinostroza, Ibieta, Labbé, & Soto, 2018);
and assessments of text relevance (McCrudden, Magliano, & Schraw,
2010; McCrudden & Schraw, 2007) and strategic processing of multiple
texts in Step 3 (Anmarkrud et al., 2014; Strømsø, Bråten, &
Samuelstuen, 2003). Although, the fourth step of the MD-TRACE, involving the production of a written response, has yet to be fully investigated in the literature on learning from multiple texts, it has been
examined in the field of synthesis writing (e.g., Mateos et al., 2011;
Mateos, Martín, Villalón, & Luna, 2008; Mateos & Solé, 2009). For instance, Solé, Miras, Castells, Espino, and Minguela (2013) conducted a
series of case studies to examine the processes and products involved in
students' synthesis writing based on multiple texts. The processes that
students engaged during writing were classified as either (a) linear/reproductive, when students read texts only sequentially, with limited
mediation (e.g., highlighting, note-taking) evidenced, (b) linear/elaborative, when students demonstrated sequential reading, supplemented
with mediation and some rereading; or as (c) linear/elaborative with
recursivity, when students further demonstrated both rereading and a
substantial number of recursions between the texts they were synthesizing and their written products. The products of students' writing
were classified as (a) failed texts, when information was presented in a
sequential and linear fashion with limited transformation (i.e., only
paraphrasing); as (b) juxtaposed summaries, when students identified the
important information included within each text but did not form
connections across texts; and finally as (c) attempted syntheses, when
students both identified important information within each text and
linked such information across the texts presented. The present study

2.2. Theories of writing based on multiple texts
Two conceptions of writing based on multiple texts have been articulated in the literature. The first has focused on students' use of
multiple texts and their translation of text(s)’ content into a written
product, conceptualizing writing as a means of promoting students'
learning from multiple texts. The second has focused on students' process of composing a written product, per se, with writing as the ultimate
goal rather than a means of promoting and assessing comprehension.
Aligned with the first approach, Spivey (1997) conceptualizes writing
based on multiple texts as a synthetic task, whereby students combine
and integrate information, from across separate texts, to formulate a
new product (i.e., a written response). In particular, Spivey (1997)
suggests that writing based on multiple texts is the result of three
iterative processes, namely, selection, organization, and integration.
When writing based on multiple texts, students first identify the relevant information to include within their written response. Students
then change the order or structure of that information, as it was presented across texts, to suit their needs (i.e., organization), and finally
form connections between the information presented across texts and
their prior knowledge (i.e., integration). Within the context of multiple
text use, we can further conceptualize the last step that Spivey introduces (i.e., integration) as reflecting students’ integration of content
across texts, or their formation of cross-textual links.
Offering a complementary approach, Flower and Hayes (1981)
focus specifically on the writing processes involved in students' response composition. In particular, Flower and Hayes (1981) posit a
Cognitive Process model of writing that conceptualizes response composition as requiring (a) planning, (b) translating, and (c) reviewing.
Planning includes behaviors such as idea generation, organization, and
goal-setting, resulting in students' formation of an internal representation of the knowledge that will ultimately be included in their written
responses. Translating involves students putting their ideas, or their
2
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internal knowledge representations, into written language. Reviewing
includes students evaluating and revising their written products. All
three of these processes (i.e., planning, translating, and reviewing), are
controlled by a monitoring process, responsible for transitioning among
these, in a recursive fashion. Moreover, Flower and Hayes (1981)
consider students' writing process to dynamically interact with the task
environment, including the topic of the task and the written products'
intended audience, as well as with students' long-term memory, containing the information to be expressed in a written response. Although
Flower and Hayes's (1981) model has not specifically focused on
writing based on multiple texts, it has served as the theoretical foundation for a number of studies examining such writing (e.g., Breetvelt,
Van den Bergh, & Rijlaarsdam, 1994; Rijlaarsdam & Van den Bergh,
2006; Van den Bergh et al., 2009; Van den Bergh, Rijlaarsdam, & Van
Steendam, 2016). In the next section, we examine students' text processing during the completing of a MTRW task.

across the various texts they used. List & Alexander (2017b) found these
profiles to not only manifest consistently across both discrete and openended multiple text tasks but also to be differentially associated with
the quality of students’ written products, composed in response to the
open-ended assignment.
In this study, we build on these prior analyses to likewise consider
how metrics of text access, including which texts are accessed and text
access duration, are associated with other process measures of multiple
text use and response composition and with overall task performance.
Written notes. As compared to studies examining log data gathered
during students' process of multiple text use, studies of note-taking
based on multiple texts have been considerably rarer. Two primary
studies have examined students' note-taking when asked to compose a
written response based on multiple texts (e.g., Hagen, Braasch, &
Bråten, 2014; Kobayashi, 2009). Hagen et al. (2014) examined students'
spontaneous note taking during completion of a MTRW task on the
topic of climate change. Students’ notes were coded in two primary
ways. Specifically, after segmentation by idea unit, notes were coded as
(a) paraphrased (i.e., taken directly from texts, without any changes in
meaning) or (b) elaborated (i.e., including the formation of novel connections), according to the degree of information transformation that
they evidenced. Notes coded as elaborated in nature were further
classified as reflecting intra-textual elaborations (i.e., when information
from the same text was connected in a novel way) or inter-textual elaborations (i.e., when information from different texts was connected).
Although inter-textual connections in notes were rare, relative to the
number of paraphrases and intra-textual connections included, these
were the only note-taking feature significantly and positively associated
with multiple text task performance.
Kobayashi (2009), rather than examining spontaneous note-taking
during MTRW task completion, randomly assigned students to either
engage in note-taking (i.e., external strategy use) or not, when reading
about the topic of English education in Japan. Like Hagen et al. (2014),
Kobayashi (2009) coded students' notes for their inclusion of (a) textbased information, with limited transformation (i.e., referred to as
discrete summaries) and (b) inter-textual relations. Inter-textual relations were further examined as including students' attempts at crosstextual linking, with no explicit connections identified (i.e., quasi-intertextual notes, when students labeled texts as “approving” or “disapproving” of English education) and actual instances of inter-textual
notes. Although Kobayashi (2009) did not examine the association
among the type of information included in students’ notes and task
performance, note-taking was only found to facilitate multiple text
comprehension when it accompanied a task assignment asking students
to form relations across texts, rather than to form an opinion.
In this study, we build on work by Hagen et al. (2014) and
Kobayashi (2009) to examine the role of students' note-taking in MTRW
task completion. In particular, we code students' notes for their inclusion of information directly from texts, connection formation between
information within the same text, and linking of information across
texts. We associate the information in students’ notes with other process
metrics of multiple text use and, ultimately, with MTRW task performance.
Think-aloud. Think-aloud protocols have been a commonly
adopted methodology in work examining students' multiple text comprehension (e.g., Goldman, Braasch, Wiley, Graesser, & Brodowinska,
2012; Strømsø et al., 2003; Wolfe & Goldman, 2005). By analyzing
students' reports of their thoughts or behaviors during reading, these
studies have identified various types of processing strategies that students engage during reading and associated these processing strategies
with students' multiple text comprehension. For instance, examining
adolescent students' processing and reasoning when reading two conflicting texts about the Fall of Rome, Wolfe and Goldman (2005)
identified five categories of processing strategies based on students'
think-aloud reports. These included (a) paraphrases (i.e., restating text
information), (b) evaluations (i.e., making judgements about text

2.3. Text processing during MTRW task completion
Although text processing and response composition are theoretically
conceptualized as interdependent processes (Rouet & Britt, 2011;
Spivey, 1997), empirical investigations of MTRW task completion have
commonly examined these in an independent fashion.
With regard to students' processing during their reading of multiple
texts, four primary data sources have been used. These have included
studies using eye-tracking, log-data, students' notes, and think-alouds to
capture the process of students' engagement with multiple texts.
Jointly, all four of these data sources aim to create a manifest record of
students' internal, cognitive processing during text access. In this study,
we used three of these four data sources to understand students' engagement with multiple texts. Eye-tracking was not used in this study as
the texts that were presented to students followed a complex, argumentative structure, with varied claims, sub-claims, and evidence introduced, and no clear areas of interest for eye-gaze data able to be
readily identified. As such, we gathered information about students'
processing of multiple texts via log data, students' notes, and the use of
a modified think-aloud protocol. Studies using each of these methodological approaches to understand students’ multiple text use for
written response composition are briefly reviewed.
Log data. Originating in the literature on learning with hypertext, a
number of studies have examined students' text navigation during
multiple text use (e.g., Lawless, Mills, & Brown, 2003; List & Alexander,
2017b; Salmerón & García, 2011). Common metrics of text access examined have included (a) the texts or other media (e.g., animation,
videos) that students access (Lawless, Brown, Mills, & Mayall, 2003),
(b) the order of text access (e.g., Salmerón, Baccino, Cañas, Madrid, &
Fajardo, 2009; Salmerón, Cañas, Kintsch, & Fajardo, 2005), and (c) the
distribution of students’ time across the various texts available (Payne &
Reader, 2006; Wiley et al., 2009; Wilkinson, Reader, & Payne, 2012).
Common in making sense of the wealth of information gathered via
log data has been to identify patterns or profiles in students' text access.
For instance, Lawless and Kulikowich (1996) classified students as
knowledge seekers, feature explorers, or apathetic users according to the
amount of time that students devoted to hypertext use and their accessing of textual information in hypertext vis-a-vis other features, like
videos or sound effects. In a more recent study, examining text access in
response to two different types of multiple text tasks, one discrete (i.e.,
with a single correct answer) and the other more open-ended, List &
Alexander (2017b) found four navigation-based profiles to describe the
nature of students' multiple text use. These included: (a) limited users,
who were restricted in both the amount of time that they devoted to
text access and in the amount of texts that they used, (b) primary users,
who predominantly relied on a single text to gather the information
necessary for task completion, (c) distributed users, who allocated their
time fairly evenly across a number of texts accessed, and (d) discriminating users, who showed a differential pattern of time allocation
3
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information), (c) reports of comprehension problems (i.e., a lack of understanding during reading), (d) reports of comprehension successes (i.e.,
understanding information during reading), and (e) elaborations (i.e.,
explaining text information by connecting it to prior knowledge or to
earlier read content). Specifically, Wolfe and Goldman (2005) identified four different types of elaborations, including (a) self-explanations
(i.e., connecting text-based information with prior knowledge, other
information within the same text, or with information from the previous text), (b) surface text connections (i.e., connecting two sentences
without further explanation), (c) irrelevant associations (i.e., connecting
text-based information to prior knowledge that was not helpful in facilitating understanding), and (d) predictions (i.e., expectations of information to follow). Wolfe and Goldman (2005) found that students’
self-explanations were significantly correlated with their reasoning
about the Fall of Rome, as reflected in the number of causes for the Fall
of Rome that students listed, as well as the degree to which these causes
were elaborated and explained.
Examining undergraduate students' think-aloud reports, Anmarkrud
et al. (2014) identified four types of strategies that students reported
using. These included (a) identifying and learning important information
(i.e., connecting information within or across texts, or connecting textbased information with prior knowledge or with the reading task), (b)
monitoring (i.e., evaluating comprehension and regulating the reading
process), and (c) evaluating (i.e., making judgements about texts'
sources or content). Anmarkrud et al. (2014) found that the number of
monitoring and evaluating strategies that students reported using were
positively associated with argumentative reasoning scores assigned to
the written responses that students composed. High scores reflected
students providing multiple reasons for why cell phones may or may
not be harmful to health, elaborating these reasons, and considering
conflicting points-of-view on this issue. Although both Wolfe and
Goldman (2005) and Anmarkrud et al. (2014) found an association
between students' strategy use and multiple text learning outcomes,
neither of these studies examined the relation between students' processing strategies reported during reading and those used during
writing. In this study, we build on these prior works in two ways. While
we also examine students' multiple text processing and associate this
with task performance, we examine students' strategy reports during
both multiple text reading and writing. Moreover, we associate students' strategy reports with a host of other process metrics including log
data of students' text access and with information recorded in students’
notes.

understanding of the information), (d) intertextuality (i.e., generating
connections either between texts' content or between content and prior
knowledge), (e) reflexivity (i.e., metacognitive reflection), (f) reasoning
(i.e., developing and testing hypotheses), (g) structuring (i.e., organizing
information), and (h) affectively responding to texts (i.e., emotional reactions to text content). Nevertheless, while Yang's (2002) study
showed that students engaged a large number and variety of interrelated strategies during writing, it failed to explicitly connect strategy
use to writing performance.
Using a different data source, Martínez, Mateos, Martín, and
Rijlaarsdam (2015) examined students' reading and writing behaviors
based on a video recording of their synthesis writing. Specifically,
students’ reading and writing behaviors were coded as reflecting 12
different activities. These activities differed according to whether they
involved reading (e.g., reads source text), writing (e.g., writes final text
while referring to source texts) or revising (e.g., revises final texts and
makes changes) and according to whether they involved students referring to the synthesis writing guidelines, source texts, their notes,
their rough drafts, or their final text products. Martínez et al. (2015)
found that the total number of reading and writing activities that students exhibited, and that activities related to revision, in particular,
increased following a synthesis writing intervention, as did overall
writing performance. Nevertheless, the specific types of writing activities that students engaged were not directly examined in relation to
task performance.
Similar to Martínez et al. (2015), Vandermeulen, Van den Broek,
Van Steemdam, and Rijlaarsdam (2019) examined students' reading
and writing processes while completing two types of synthesis tasks
(i.e., argumentative and informative), this time using log data. Specifically, Vandermeulen et al. (2019) examined the association among (a)
the time that students spent on text use, (b) the number of switches
between texts during reading and writing that students exhibited, and
(c) the number of switches between the texts provided and students'
written products recorded, and (d) task performance. Vandermeulen
et al. (2019) found the number of switches between texts, particularly
during the initial phase of writing, to predict students' performance on
the informative writing task. While this association was not found to be
significant for the argumentative writing task, this suggests the promise
of log data in understanding students’ writing based on multiple texts.
In this study, we build on prior work by using modified thinkalouds, screen-capture videos, and log files as data sources to understand students' process of writing based on multiple text. We examine
these various sources of evidence in relation to other process metrics of
multiple text use (i.e., log data of students' text access, students' written
notes) and associate these with students’ multiple text task performance.

2.4. Writing strategies and behaviors during MTRW task completion
Studies examining writing based on multiple texts have found stuents to use a variety of strategies reflective of both Spivey's (1997) and
Flower and Hayes' (1981) perspectives on MTRW task completion. For
instance, Segev-Miller (2004) conducted a seminal study using process
logs, or writing diaries, to capture students' strategy use when engaged
in a MTRW task (i.e., composing a review of the literature). SegevMiller (2004) found students to engage strategies that were both cognitive and metacognitive in nature. Cognitive strategies included students' information selection, connection, and organization. Metacognitive
strategies included both students' self-assessments and self-regulation
during task completion. Self-assessments included students' judgments of
their writing process, written products, and themselves as learners,
while self-regulation included goal-setting, revision, and task representation.
While Segev-Miller (2004) examined strategy use via process logs,
Yang (2002) used think-aloud data to examine students' composition
processes during learning with hypermedia. Yang (2002) conceptualized students' writing as including eight strategies, reflecting: (a)
executive control (i.e., directing and coordinating strategies for problem
solving), (b) information-seeking (i.e., searching for, selecting, and
managing information), (c) interpretation (i.e., developing an

2.5. Present study
The goal of the present study was to examine students' response
composition based on multiple texts. Five types of data sources from
two phases of MTRW task completion (i.e., research and response) were
collected. Specifically, processing variables from the research phase
included (a) log data of students' text access, (b) the notes that students
composed during processing, and (c) modified think-aloud reports
during the research phase. Processing variables from the response phase
included: (a) modified think-aloud utterances reported during students'
written response composition and (b) screen-capture videos of students'
writing behaviors. Finally, students' written products were also collected to examine writing performance. In the remainder of the
manuscript, variables from different data sources will be referred to as
processing variables from the research phase (i.e., log data, notes, and
modified think-aloud reports during the research phase), processing
variables from the response phase (i.e., modified think-aloud utterances
and screen-capture videos), or as indicators of students’ writing performance. By analyzing these various data sources, we aim to address
4
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the following research questions:

difference measures, students were randomly assigned to one of the two
conditions for the multiple text task (i.e., to write an argument or a
research report). Across task assignments, the multiple text task included both a research phase and a response phase. In the research
phase, students were asked to use the source library to research information in order to complete the writing assignment. In the response
phase, students received the writing instructions corresponding to their
assigned task condition. Please see a screenshot for specific instructions
that students received in Appendix A. There was no time limit for task
completion.
Research phase. During the research phase, students were assigned
to one of two task conditions. Specifically, students were instructed
either to write an argument or a research report about the threats of and
solutions to overpopulation. Students were also provided with a library
of six digital texts, presenting partially complementary and partially
conflicting perspectives on the topic of the task (i.e., overpopulation).
For instance, while some texts discussed overpopulation as a major
problem, needing to be addressed either through large-scale or regional
economic development, other texts argued that overpopulation should
not be a major concern since future technological innovations would be
able to mitigate its effects.
All of the texts in the library were constructed to be trustworthy in
nature and to provide information relevant to the task assignment. After
accessing each text, students could retrieve document information (i.e.,
information about author, author's credentials, and publisher) about
each text by clicking a “Click here to learn more about this source”
button. Information provided included title, author, publisher, and
author information. All texts were attributed to reputable publications
in the popular press (e.g., BBC World, The Economist) and authors were
credentialed as knowledgeable experts on overpopulation (e.g., professors, research fellows).
Texts were adapted from the New York Times' Room for Debate
segment: https://www.nytimes.com/roomfordebate/2015/06/08/isoverpopulation-a-legitimate-threat-to-humanity-and-the-planet
and
https://www.nytimes.com/roomfordebate/2011/05/04/can-theplanet-support-10-billion-people. Texts ranged in length from 220 to
274 words and had a Flesch-Kincaid readability level from 44.8 to 23.8.
Order of presentation for the six texts was randomized for each participant. Students were only able to see texts' titles in the digital library
and were free to access any number of texts during the research phase
of the study as well as to revisit texts; however, students were not able
to access any of the texts after moving on to the response phase of the
study. After reading each text selected, students were prompted to rate
the text accessed, before being able to return to the digital library.
Specifically, texts were rated according to their: (a) easiness to understand, (b) relevance to task completion, (c) helpfulness for task completion, and according to (d) the degree of effort that students put into
understanding each text. Descriptives of students’ ratings are presented
in Table 2. The average time students spent on the research phase of the
study was 20.51 min (SD = 11.42).
Response phase. Following the research phase, students were asked
to compose a written response corresponding to their assigned task (i.e.,
either to write an argument or a research report about the threats of and
solutions to overpopulation). Students spent an average of 17.61 min
(SD = 9.85) on the response phase of the study.
Response coding. Students' written responses were scored in three
ways. First, students received a holistic score corresponding to overall
response quality. Moreover, students' responses were scored for the
number of discourse connectives and citations they included. Both of
these metrics have been considered to correspond to the degree of
multiple text integration reflected in students' writing (List, Du, Wang,
& Lee, 2019; Britt & Aglinskas, 2002; Wiley et al., 2009). These three
indicators of writing performance were chosen to reflect students’
communication of multiple text comprehension through writing.
Holistic scores. Students' responses received a holistic score reflecting the volume of arguments (i.e., claims with evidence; e.g.,

1. What processing strategies and behaviors do students engage during
the research and response phases of MTRW task completion?
2. How are MTRW process variables from the research and response
phases of MTRW task completion associated with one another?
3. What is the nature of the association between processing variables
from the research and response phases of MTRW task completion
and students' writing performance?
3. Methods
3.1. Participants
The present study is a follow-up to a larger project examining students’ integration of information across multiple texts (List, Du, Wang,
& Lee, 2019). Students who participated in the present study were not
included in the larger project. Participants in this study were 32 undergraduate students, who were, on average, 20.90 (SD = 4.20) years
old and attended a mid-sized university in the Mid-Western United
States. The majority of the participants were female (73.33%, n = 22;
male: 26.67%, n = 8) and White (75.00%, n = 24). Four students
(12.50%) reported their ethnicity as African American/Black and one
student was Asian (3.13%). The participants represented a variety of
class standings. In particular, 33.33% of students (n = 10) were
freshman, 13.33% were sophomores (n = 3), 23.33% were juniors
(n = 7), and 30.00% were seniors (n = 9). Two students did not report
any demographic information. Due to technical challenges, complete
data are only available for 28 participants in this study. Students participated in the study for extra credit. Informed consent was obtained
from all participants.
3.2. Procedures
The present study had three primary parts. First, students were
asked to complete individual difference measures, including an assessment of prior knowledge. Second, students were asked to use a library of six digital texts to research the topic of overpopulation. Finally,
following the completion of the research phase of the study, students
were asked to compose a written response (i.e., to complete a multiple
text task). Specifically, students were asked either to write an argument
or a research report about the threats of overpopulation and how these may
be most effectively addressed. These two types of tasks (i.e., argument and
research report) were chosen because prior work has found students'
multiple text use to differ across task types (Gil, Bråten, Vidal-Abarca, &
Strømsø, 2010, Gil, Bråten, Vidal-Abarca, & Strø msø, 2010; Wiley &
Voss, 1999). While task assignments asking students to write arguments
and research reports have been found to be conceptualized somewhat
differently by students, we consider these to be similar to one another in
directing learners’ attention toward response composition based on
multiple texts. Indeed, prior work has found students to view these
tasks as requiring information use to a greater extent than other
common academic writing assignments, including summary, opinion,
and narrative essay writing tasks (List, Du, & Wang, 2019).
3.3. Measures
Prior knowledge. Prior knowledge was assessed using a term
identification measure. Specifically, participants were asked to define
each of seven terms related to overpopulation and appearing in study
texts (e.g., population bomb, high-yield crops, fertility rate, and earth's
carrying capacity). Each definition was dichotomously scored as correct
or incorrect, resulting in prior knowledge scores ranging from 0 to 7.
Two raters coded all student responses. Cohen's kappa inter-rater reliability was .78.
Multiple text task. After completing a variety of individual
5
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Table 2
Average ratings for each text.
Texts

Overconsumption is a Grave Threat to Humanity
Building a Less Wasteful Economy
The Violent Side Effect of High Fertility Rates
Technology and Population
Empower Women for the Health of the Planet
More Efficient Food Production

Easy to understand

Relevant to task completion

The degree of effort spent

Helpful for task completion

M (SD)

M (SD)

M (SD)

M (SD)

77.55 (21.62)
62.93 (22.05)
71.33 (28.01)
66.58 (25.12)
60.3 (32.83)
71.58 (20.23)

81.18 (18.75)
59.71 (21.61)
81 (15.63)
70.54 (24.15)
75.9 (19.07)
74.53 (21.24)

77.82
57.25
64.11
69.13
61.55
71.47

78.73 (21.33)
53.51 (23.93)
65.67 (31.27)
64.83 (25.1)
58.6 (35.68)
71.37 (22.69)

(23.71)
(27.62)
(31.3)
(23.56)
(34.36)
(20.8)

Table 3
Rubric for holistic scores.
Score

Category

Description

0
0.5
1
1.5
2
2.5
3
3.5
4

Non-responsive
Marginal
Basic Response

Response including no relevant arguments about overpopulation
Multiple claims with no evidence
Single claim with evidence
Single claim with evidence and other claims without evidence
Multiple claims, all with evidence
Multiple claims, all with evidence, some expanded upon while others are not
Multiple claims, all with evidence and all expanded upon
Multiple claims, all with evidence, majority expanded upon, and with integration attempted
Multiple claims, all with evidence, majority expanded upon, and with fully elaborated integration

Sequential Response
Sequential Partially Expanded
Sequential-expanded
Integrated
Fully Integrated

Across these three indicators of multiple text task performance, our
focus was on capturing students' text-based information use in written
response composition. That is, holistic scores increased as students
provided more elaborated and integrated text-based evidence.
Discourse connectives captured students' connection formation within
and across texts, while the inclusion of citations reflected students
tagging text-based information to its source of origin. Nevertheless, it is
important to note that rather than constituting metrics of exclusively
multiple text processing, all three of these indicators reflected the extent of students’ information use, more generally, as it manifests in the
written responses that they composed.
Process data. As students completed both the research and response phases of the study, four types of process data were collected.
These were: (a) log data of students' accessing of texts in the digital
library, (b) students' notes, composed during the research phase of the
study, (c) students' verbal reports of strategy use, captured via a cued
think-aloud protocol, and (d) screen-capture recordings of students’
response composition.
Log data. During the research phase, log data of students' text
processing were recorded via the digital library. These included (a) the
total time students spent on text access, (b) the total number of texts
visited, and (c) students’ document information access (i.e., whether or
not students elected to access document information, like publisher and
author background, for each text).
Notes. Students' notes were coded for the volume of information
they included (i.e., number of texts featured) and for the degree to
which this information was transformed, relative to content directly
included in texts. Students' notes were coded in five ways. First, notes
were dichotomously coded according to whether or not they included
task directions. Second, the total number of texts reflected in students'
notes was totaled. Third, students received a score for the number of
texts for which they included document information, like author. The
inclusion of such information was intended to reflect an attempt at
evaluation or later information citation. Fourth, the number of statements from each text included in students’ notes was totaled.
Finally, we coded the extent of which information from particular
texts included in students' notes was transformed, rather than transcribed directly from texts. This was done through a two-step process.
First, statements in students' notes were classified based on the specific
text that they were drawn from. Then, statements associated with each

Anmarkrud et al., 2014) that students introduced in their writing, as
well as the extent to which these were elaborated (i.e., explained with
additional examples or evidence) and reflective of multiple text integration (e.g., (List, Du, Wang, & Lee, 2019)). Holistic scores were
assigned using a five-point rating scale, with half points. The rubric
used to assign holistic scores is presented in Table 3. Two raters scored
all student responses. Cohen's kappa inter-rater agreement was 0.72,
indicating moderate agreement. Disagreements were typically within a
half a point of one another and were resolved through discussion. The
same rubric was used for coding students' written arguments and research reports because, across tasks, we were interested in evaluating
these according to similar metrics (e.g., the degree of integration reflected in students' written products). Sample responses receiving low,
medium, and high holistic scores are presented in Appendix B.
Discourse connectives. Discourse connectives are linking words
(e.g., because, although, and) used to connect disparate ideas and to
specify the relations among them. The number of discourse connectives
included in students' written responses was totaled. This is consistent
with prior work using the number of discourse connectives in students'
writing as a measure of multiple text integration (List, Du, Wang, & Lee,
2019; Britt & Aglinskas, 2002; Wiley et al., 2009; Wiley & Voss, 1999).
Discourse connectives examined in this study were drawn from the
Penn Discourse Treebank (PDTB, Prasad et al., 2007). In addition to
examining the total number of discourse connectives reflected in students’ written responses, these were further classified into four categories, consistent with the connectives types identified in the PDTB.
These categories reflected discourse connectives use to specify (a)
comparative (e.g., in contrast, however), (b) contingent (or causal, e.g.,
as a result, because), (c) expansive (or elaborative, e.g., additionally, in
particular), and (d) temporal (e.g., after, when) relations within and
across texts.
Citations. Citations were students' direct references to library
sources in their writing, either by title (e.g., More Efficient Food
Production) or by author (e.g., Goldstone). The number of unique, nonconsecutive citations featured in students' written responses was totaled. In prior work, students’ inclusion of citations has been considered
to correspond to their formation of source-content links and to support
the integration of multiple texts (Britt & Aglinskas, 2002). Two raters
scored each response for the number of citations included. Exact
agreement between raters was 96.77%.
6
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Table 4
Coding scheme for students’ notes.
Category
Task
Texts
Total number of texts
Number of texts identified
Number of texts with identifiable author information
Amount of information drawn from each text
Degree of information transformation from each text
Restating
Organization
Intra-textual connection
Inter-textual connection

Description
When task requirements were mentioned
Total number of texts reflected in students' notes
Total number of texts identifiable by text title or author information
Total number of texts of which any author information was provided
The number of statements drawn from a particular text and total number of text-based statements included
Text-based information is restated or paraphrased
Text-based information is organized (e.g., via numbering or hierarchical structuring) in a manner different than that
introduced in text
When information from the same text was connected in a novel way
When information from across disparate texts was connected

include students’ reporting of more strategic and meta-cognitive processes and reflect a greater attendance to informational or contextual
features prompting particular aspects of processing. At the same time,
because they are reconstructions of processing from episodic memory,
retrospective reports may be inaccurate, incomplete, or positively
biased in the processing that students report.
Although we have used retrospective reporting in prior work (List
et al., 2016), we elected not to do so in this study because we were
principally interested in students’ processing during writing. Because
we found students to struggle with continuously thinking aloud during
response composition, we adopted a cued think-aloud protocol during
writing. Specifically, by prompting students to report what they were
thinking and doing at designated intervals we, in essence, asked students to conduct a series of immediate retrospective reports. As such,
we thought this protocol maximized the advantages offered by both
continuous think-alouds (i.e., data collected during processing) and
retrospective reports (i.e., prompting students to reflect on processing
in a somewhat more deliberate manner). In essence, the cued thinkaloud protocol forced students to stop and report their strategic engagement in a reflective but highly situated manner. Based on further
piloting of 30, 60, and 90 s reporting intervals we found that cuing
students to report processing every 60 s provided the optimal balance
between having frequent reports of strategic engagement and allowing
students some continuity in their writing. The cuing protocol used
corresponded to students reporting their strategy use at roughly every
sentence during writing.
This cuing protocol is similar to others used in prior writing research
(triple task technique, Olive, Kellogg, & Piolat, 2002). In particular,
triple task techniques have been successfully used in prior studies (e.g.,
Fidalgo, Torrance, Rijlaarsdam, Van den Bergh, & Álvarez, 2015), with
the latency of students' responses to think-aloud cues considered to be
indicators of cognitive load in working memory. In this study, because
we were not interested in cognitive load during writing, the triple task
technique was not used. At the same time, advantages of adopting a
cued think aloud protocol were that it served to somewhat standardized
students' strategy reporting during response composition, with students
providing easily segmented verbal reports of strategy use at 60 s intervals, and that it eliminated students' think-aloud reports consisting
only of their reading of what they were typing, commonly found in pilot
data. In the following section, we first report how we coded students'
think-aloud reports in the research phase of the study, followed by
reporting the coding scheme we used for students’ think-aloud reports
in the response phase.
Research phase. Students’ think-aloud reports during the research
phase of the study were coded in two ways, according to the objects
that they were referring to (i.e., referents) and the type of strategies that
students were engaging. As a note, we refer to the processes captured by
the cued think-aloud as strategic in nature. We determined these

text were coded for their degree of information transformation. As such,
students received a transformation score corresponding to each text
included in their notes. Specifically, a zero was given when only the
title of a text was included in students' notes, without any textual
content. A one was given when content in notes directly reflected information included in text, with minimal paraphrasing. A two was
given when content was organized, or structured (e.g., using numbers
or indentations) in a way different from the organizational structure
reflected in text (e.g., paragraphs). A score of three reflected students’
intra-textual connections (i.e., linking of content across two different,
non-sequential sentences in a text) or elaborations (i.e., connecting text
content with prior knowledge, or including information in notes, not
appearing in texts). A four was assigned when inter-textual connections
were formed or when content was linked across texts. Transformation
scores were totaled for all the texts that students included in their notes.
Therefore, a higher transformation score reflected both a higher
number of texts included and a higher degree of information transformation in notes. Please see Table 4 for descriptions and examples of
each category.
Cued think-aloud protocol. A cued think-aloud protocol was
adopted. Specifically, every 60 s students heard a tone cuing them to
report whatever they were thinking or doing at the time. The cued
think-aloud protocol was a modification of traditional think-aloud
procedures commonly used to capture students' processing (Ericsson &
Simon, 1993; Pressley & Afflerbach, 1995). While think-alouds are
commonly used in strategy research, these have also been critiqued as
potentially “reactive” with students’ cognitive processing, yielding either compromised or meta-cognitively improved performance (Russo,
Johnson, & Stephens, 1989; Wilson, 1994).
A challenge unique to using think-aloud methodologies to explore
students' written response composition based on multiple texts is that
thinking-aloud may interfere with higher order, generative cognitive
processing (List, Grossnickle, & Alexander, 2016; Cerdán & VidalAbarca, 2008) and further, may not result in students' spontaneous
reporting of specific processes of interest, even if these are occurring
(D'Mello, Craig, & Graesser, 2009). Indeed, when we initially used a
continuous think aloud protocol with two participants during piloting
we found students to, for the most part, only restate what they were
writing, with no additional strategic engagement reported.
We therefore looked for alternatives to traditional, continuous
think-aloud protocols. Van Gog, Paas, Van Merriënboer, and Witte
(2005), similarly seeking to improve upon traditional think-aloud
procedures, conducted a problem solving study comparing three modes
of strategy reporting, namely concurrent, retrospective, and cued-retrospective think-alouds. Van Gog et al. (2005), in overviewing the relative benefits and limitations of concurrent vis-à-vis retrospective
think-alouds note that while concurrent think-alouds are dominated by
students' reports of actions and behaviors, retrospective think-alouds
7
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Table 5
Coding scheme for writing strategies.
Category
Product composition
Planning
Writing
Organization
Revision
Information use
Source use
Reviewing notes
Content generation
Argument formation
Prior knowledge engagement
Metacognition
Metacognition
Other

Description
Planning or outlining the content that will be included in the task product
Writing or typing the task product
Introducing organizational components into the task product, including adding transitions or re-ordering information
Revising the task product, including content-based and topographical corrections
Referring to specific information from the textual sources provided
Reviewing information in notes
Including specific text content in the task product
Forming an argument or claim in the task product using text-based information
Introducing prior knowledge, experience, or personal opinion in association with text content
Students' reflection on their own composition process or themselves as writers
Utterances that could not be otherwise classified

to go into population growth” were coded as planning. Strategies
concerned with students' information use from the sources provided
included: source use, reviewing notes, content generation, argument formation, and prior knowledge engagement. For example, utterances like “I
have looked back at my notes and I'm going through and reading what I
think is going to be important to put into this introduction,” were coded
as reflecting source use. Finally, metacognitive strategies included students' thinking about themselves as writers and their reflections on
their writing process. Utterances such as “trying to get past writers
block” were coded as metacognitive in nature. When two categories of
writing strategies were identified in one think-aloud report, responses
were placed into the more sophisticated and specific strategy category.
This most commonly occurred when students reported engaging in
writing production as well as some higher-level strategy (e.g., information use or metacognitive strategy use). For instance, an utterance
like “I am just finishing my hook. It's probably not a good one” reflected
strategies related to product composition and metacognition. However,
this utterance was only coded into the metacognitive strategy use category. An utterance like “still typing the introductory paragraph to the
essay. Mentioning some of how according to the More Efficient article
the population will increase” reflected both product-composition and
information-use strategies. Nevertheless, it was coded as reflecting information-use, as the more specific category of strategy engagement.
Strategies not able to be otherwise coded were placed into the Other
category. Detailed information about the coding scheme can be seen in
Table 5. Examples are provided in Table 9. Cohen's kappa inter-rater
reliability for strategy coding, based on two raters, was 0.83. Disagreements were resolved through discussion.
Behavioral data from screen-capture. Students’ process of response
composition was further recorded using QuickTime screen capture
software. This allowed the dynamic nature of writing to be analyzed.
Writing time. Consistent with prior work (Geisler & Slattery, 2007),
we intended to use screen-capture software to determine the amount of
time students devoted to planning, writing, and revision during response composition. However, such distinct stages of the writing process were not able to be clearly identified in our data. In particular,
18.52% (n = 5) of students began writing less than 10s after accessing
the page for response composition and students tended to submit their
responses almost immediately after they finished writing. Because of
this, only two time-related metrics were coded for. These were the total
time students devoted to response composition and the specific time
students devoted to planning, prior to response composition. Specifically, students’ total writing time was defined as the time difference
between when students loaded the page they would use to compose
their written response, exiting the digital library, and when students
clicked the “continue” button to submit their written response. Moreover, time on planning was computed as the difference in time between
when students left the library page to compose a response and when

processes to be strategic because of their conscious or deliberate nature
on the part of students (Afflerbach, Pearson, & Paris, 2008). At the same
time, it is important to note that many of these processes are not only
cognitive, but also behavioral in nature; and for some learners, may be
routine or automatic, more so than strategic.
Referents. During the research phase, three types of referents were
coded for, including (a) sources (i.e., the texts that students were
reading), (b) students’ notes, and (c) task instruction (i.e., the directions
that students received). Referents that could not be otherwise categorized were coded as other.
Strategies. Students' strategy reports during the research phase of the
study were coded into five categories, including: (a) surface-level
strategies (e.g., reading text information or taking notes on information
from texts), (b) deep-level strategies (e.g., connection information with
prior knowledge during reading or taking notes about author information), (c) text selection (e.g., selecting which text to read), (d) text
evaluation (e.g., rating texts' relevance, when prompted), (e) affective
reactions, and (f) metacognitive strategies (e.g., students monitoring
and controlling their reading process). While surface-level strategies
involved only the direct encoding of information or its recording in
students’ notes, deep-level strategies involved some transformation of
text-based information, including its elaboration or evaluation
(Dinsmore & Alexander, 2012).
Response phase. Students’ cued think-aloud utterances during the
response phase of the study were also coded in two ways. Again, every
report was coded according to the object that it was referring to (i.e.,
referent) and according to the cognitive, metacognitive, or behavioral
process that it described (i.e., strategy).
Referents. Four referent codes were used; with students referring
either to their task product or written response, notes composed during
the research phase of the study, the task assignment provided, or sources,
when specific library texts were mentioned. If a referent was not explicitly stated, students' reports were coded as referring to their task
product. When students generally referred to information drawn from
texts, this was coded as their referring to their notes, while specific
mentions of title or author were coded as source-based referents. Two
raters coded all participant utterances and Cohen's kappa inter-rater
reliability for referents coding was 0.94.
Strategies. In addition to coding for students' think-aloud referents,
we also coded for the strategies that students reported engaging during
the writing process. A coding scheme with 10 strategy categories was
developed. Consistent with the literature, the categories identified reflected behavioral and cognitive strategies aimed at (a) composing a
task product and (b) using information from sources, as well as (c)
metacognitive strategy use. Strategies associated with composing a
written product included planning, writing, organization, and revision. For
instance, utterances such as “I'm going to talk about how a lot of the
problems have to do with overconsuming and then after that I'm going
8
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students typed their first word into the response box.
Revision behaviors. Screen capture video also allowed us to capture
students' behaviors during writing. Students wrote in a highly linear
fashion, starting at the beginning of their response and concluding at
the end. As a result, we were specifically interested in students' nonsequential writing behaviors, defined as students' returns (i.e., recursions) to earlier segments of writing. Students’ recursions to earlier
segments of text they had composed were focused on revision.
Specifically, students' recursions to revise previously written segments of text were coded into three categories. These were: (a) revisions
based on organization, which referred to students' changes to the format
or structure of their written products (e.g., adding an introduction or a
subsection); (b) revisions based on word choice, which involved updating a single word or multiple words without changing the meaning
of the sentence; and (c) revisions based on content, which included
students changing more than one word in a sentence so as to change or
update the meaning of the sentence. Revisions based on word choice and
revisions based on content have been distinguished as reflecting editing
and reviewing, respectively, in prior work (e.g., Rijlaarsdam, Couzijn, &
Van Den Bergh, 2004). While Rijlaarsdam et al. consider editing to be
automatically executed during the writing process, they view reviewing
as executed with cognitive effort. In this study, we likewise separated
students' editorial revisions (e.g., correcting typos) from revisions that
changed the meaning of students’ writing (i.e., content-based revisions).
Revisions based on word choice and content were further coded as
referring to the sentence students were currently writing or to earlier
written sentences. Organizational revisions all involved students returning to sentences composed prior to the sentence they were currently writing. See Table 6 for examples and descriptions of each type of
revision.

Finally, we examined the associations among processing variables from
the research and response phases of MTRW task completion. For the last
research question, multiple regression was used to predict the quality of
students’ written responses based on processing variables from both the
research and response phases. Because of limitations in sample size, the
two task assignments are collapsed in this study and only controlled for
in analyses; but analyses examining differences in multiple text use by
task assignment are reported in Appendix C.
4. Results
4.1. Research question 1. Strategies and behaviors during multiple text
reading and writing
The first research question examined students’ strategy use and
behaviors during text processing and response composition. Results are
presented for processing variables from the research phase of the study,
followed by variables from the response phase.
4.1.1. Research phase
Log data of text access. Log data of students’ processing were
analyzed to examine text access. On average, students spent 20.51 min
(SD = 11.42) on the research phase of the study, with an average of
4.65 min (SD = 3.29) spent per text. The total number of texts that
students visited ranged from one to seven (M = 4.90, SD = 1.60),
including revisits. Almost half of students (41.94%, n = 13) visited all
six texts provided in the digital library, at least once.
On average, students accessed document information (e.g., author
credentials, publisher) for 1.77 (SD = 1.98) library texts. Almost half of
students (41.94%, n = 13) did not access any document information,
while 58.06% (n = 18) of students accessed document information for
at least one text.
Notes. We further analyzed students' notes composed during the
research phase of the study. More than half of students’ notes (56.25%,
n = 18) included task requirements (e.g., “search about the problems
and solutions to overpopulation”). On average, students included 3.66
texts (SD = 1.81) in their notes, with information from zero to six texts
recorded. Nevertheless, only an average of 1.31 (SD = 1.75) texts were
tagged with author information, allowing for later citation in the
written responses that students composed.

3.4. Analyses
For the first research question, descriptives are provided for the
strategies and behaviors that students engaged during the research and
response phases of MTRW task completion. For the second research
question, we first examined the associations among processing variables from the research phase of the study. Then, we examined the
associations among processing variables from the response phase.
Table 6
Coding scheme for revision behaviors.

Organization
Organization

Definition

Example Sentence

Description

When students changed the order
or structure of their written
response

In “Building a Less Wasteful Economy” Chandran Nair writes
that the global population is continually rising. It soon will
be over 10 billion people. With Asia have 5 billion residents
by 2050. It is a”

After typing "It is a", the student deleted these three words
and made it a new paragraph, starting with "It is a huge threat
to humanity"

While in some parts of the world, there may be a problem in
the fture, there

After typing the word "there", the student went back to
change the typo "fture" and then went on writing.

The bodies of lifeless children cover the streets in African
countries due to starvation and malnutrition.

The original sentence was "Overpopulation threatens human
life around the world". Then, the student deleted the whole
sentence and changed it into "The bodies of lifeless children
cover the streets in African countries due to starvation and
malnutrition. "

Often times our government looks past … the prevelant
[prevalent] issue that it causes. By addressing sexual
education … we can reduce our population growth
signifigantly [significantly].
I do not believe that overpopulation will be a factor. In my
generation, there are many more of people than in prior
generations.

After this student finished the second sentence in this
example, they went back to the first sentence and corrected
the typo "prevelant" [prevalent].

Within sentence
Word
When students change word(s)
within the sentence they are
currently writing
Content
When students changed words
within the sentence they were
working on, as to change its
meaning
Across sentence
Word
When students change word(s)
across sentences, without changing
their meaning
Content

When students change words
across sentences, so as to change
their meaning

9

The original sentence was "The threats of overpopulation are
obviously a real thing. I believe that the". Then the student
deleted all that content, and wrote "I do not believe that
overpopulation will be a factor. In my generation, there are
many more of people than in prior generations."
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students’ cued think-aloud reports. These were further classified into
three general categories, reflecting: (a) product composition (i.e., including planning, writing, and revision), (b) information use (i.e., including source use and content generation), and (c) metacognitive
strategy engagement. Students most commonly reported engaging strategies associated with information use (46.09%, n = 224), followed by
strategies focused on product composition (39.71%, n = 193).
Metacognitive strategies were reported by students to a considerably
more limited extent (11.93%, n = 58).
Looking at the specific strategies that students reported using, content generation strategies, reflecting students' statements about specific
content to be included in their written responses, were most commonly
reported (25.93%, n = 126). However, only six of these reports
(4.76%) reflected content generation at a deep level, or the formation of
connections across distinct concepts or ideas. More commonly, content
generation reflected students' more direct transfer of text-based information from their notes to the written responses that they composed.
Organization strategies, reflecting students' consideration of the structure
of their writing or students' reports of transitions between different
segments in their writing, were the next most frequently reported
strategy category (16.46%, n = 80). Additionally, strategies related to
source use (15.02%, n = 73), reflecting students' content generation
based on specific information in texts, and writing, capturing students'
reports of typing their task product (13.58%, n = 66), were also wellrepresented in students’ reports. See Table 11 for examples of strategy
reports and their relative prevalence.
Writing strategy use over time. Adopting an analytic approach introduced by Martínez et al.’s (2015), we also examined students'
strategy deployment over time. Specifically, we created a visualization
of students' strategy use throughout the course of response composition.
Fig. 1 includes bar-graphs of each students' strategy use. The colors in
the bar graph correspond to the three different categories of writing
strategies examined in this study. As can be seen in Fig. 1, the length of
each bar reflects the number of strategies that students reported and the
amount of time that students devoted to response composition. Students
demonstrated different patterns of writing strategy use throughout their
composition process, ranging from using one dominant strategy (e.g.,
Students 1 and 2) or composition strategies at the beginning and end of
writing, with information use-related strategies deployed in the middle
of writing (e.g., Students 5 to 8), to iterating across strategy groups
(e.g., Students 9 to 28). One interesting pattern reflected in this visualization is that students engaged in metacognitive strategy use (i.e.,
Students 26, 27, 28) also seemed to spend considerably longer on task
completion and to report considerably more strategies, across categories, as a result. This may be because students who were more metacognitively engaged used a higher number of strategies in more
varied ways during task completion. Indeed, metacognition may have
facilitated students' strategy use by helping them to select which
strategy to use as well as to monitor and evaluate the effectiveness of
strategy use during task completion (Schraw, 1998). Alternatively,
these students may have been more motivation for task completion,
resulting in both a greater degree of metacognitive engagement and in
greater strategy use, more generally.
Based on Breetvelt et al. (1994), we further divided students' writing
strategies into three segments according to how these were distributed
throughout students' writing process. This allowed us to examine

Table 7
Frequencies of transformation scores in students’ notes.
Transformation scores

0

1

2

3

4

Frequencies
Percentages

3
2.56%

64
54.70%

20
17.09%

21
17.95%

9
7.69%

We also examined the amount and degree of information transformation reflected in students' notes. On average, students included 15.66
(SD = 9.73) text-based statements in their notes, reflecting an average
of 4.51 (SD = 2.71) statements recorded per text. Students received a
transformation score for each text featured in theirs notes, as well as a
total transformation score across all of the texts they recorded. Across
all of the texts reflected in students' notes (n = 117), 54.70% (n = 64)
received a score of one, indicating that these notes included information directly taken from a particular text. Further, only 17.09% of texts
(n = 20) reflected in students' notes demonstrated information organization, while 17.95% of texts (n = 21) in notes included intra-textual
connection formation, or received a score of three. Finally, only 7.69%
(n = 9) of texts in students' notes reflected the integration of information across texts. Frequencies for each transformation score assigned to texts in students’ notes are presented in Table 7.
Strategy reports during think-aloud. Students’ think-aloud reports
were analyzed based on the objects they were referring to and the types
of strategies reflected.
Referents. Students mostly commonly referred to the texts (53.50%,
n = 359) that they were reading during the research phase of the study,
followed by references to the notes (39.79%, n = 267) that they were
composing. Only 2.53% of students’ reports (n = 17) were in reference
to the task instructions provided. See Table 8 for descriptive information.
Strategies. The strategies that students reported using during the
research phase of the study were mostly surface-level in nature
(70.86%, n = 467). Only 11.38% of student reports (n = 75) reflected
deeper-level strategy use. A small proportion of the strategies (7.13%,
n = 47) that students reported using during reading were metacognitive in nature. Finally, only 4.25% of students' reports (n = 28) reflected ratings of text relevance, 3.64% (n = 24) of reports reflected
students' text selection, and 2.73% (n = 18) reflected students’ affective
reactions to the texts they were reading. See Table 9 for descriptive
information.
4.1.2. Response phase
Strategy reports during think-aloud. Students’ strategy use during
response composition was analyzed based on their cued think-aloud
reports. Each report was classified according to the object it referred to
(i.e., referent) and the process or behavior that it described (i.e.,
strategy).
Referents. Across 28 subjects, students produced a total of 486
utterances during the writing process. Across utterances, 87.24%
(n = 424) referred to students' task products, with students' notes
(7.00%, n = 34) and the library sources (2.26%, n = 11) referred to to
a considerably more limited extent. Very few utterances explicitly referred to task directions during response composition (0.62%, n = 3). A
summary of students’ referents is presented in Table 10.
Strategies. Ten primary strategy categories were identified in
Table 8
Summary of referents during the research phase.
Category

Sample utterance

N (%)

M

SD

MDN

Sources
Notes
Task instruction
Other

“I have continued to read more on the technology and population”
“still taking notes”
“I am currently reading the directions on how to write the report”
“Hmmm … ok”

359 (53.50%)
267 (39.79%)
17 (2.53%)
28 (4.17%)

11.97
8.9
0.57
0.93

6.95
8.06
0.63
2.50

12.00
6.50
0.50
0.00
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Table 9
Summary of strategies during the research phase.
Category

Sample utterance

N (%)

M

SD

MDN

Surface strategies
Deep-level strategies
Text selection
Metacognitive strategies

“Still reading about overconsumption is a grave threat; ”
“I'm currently back on the Building a Less Wasteful Economy source and getting the”
“currently just picked a second article to read.”
“I've been too worried about getting the information, the title, author, and publisher right, that I don't really
focus on what its actually saying its more just don't, more worried about not plagiarizing”
“I am reading the source, the Violent Side Effects of High Fertility, which I find very interesting”
“I'm answering the questions for the source evaluation.”

467 (70.86%)
75 (11.38%)
24 (3.64%)
47 (7.13%)

15.57
2.50
0.80
1.57

10.11
3.01
1.16
2.46

15.50
1.50
0.50
1.00

18 (2.73%)
28 (4.25%)

0.60
0.93

1.33
1.31

0.00
0.00

Affective reactions
Text evaluation

students' strategy use over three different stages of writing (i.e., initial,
middle, and final). Fig. 2 shows the average number of each writing
strategy category students reported using during each stage of writing.
One interesting pattern emerging from Fig. 2 is that, while productcomposition strategies were most highly reported during the initial
stage of writing, these decreased during the middle stage and then increased again at the final stage of writing to a level approximate to that
exhibited in the initial stage. At the same time, information-use strategies were most highly reported during the middle stage of writing, but
were comparatively less commonly reported during the initial and final
stages of writing. Metacognitive strategies were rarely reported
throughout all three stages. Moreover, given that Breetvelt et al. (1994)
found that the number of strategies students used in different stages of
writing differentially predicted the quality of students' written responses, we further examined the distributions of these strategies over
the three writing intervals and their relation to students’ writing performance. Details are presented in Appendix D.
Writing behaviors from screen-capture. Screen-capture data were
further examined to determine the amount of time students devoted to
response composition and students’ engagement in a variety of revisionfocused behaviors.
Time on writing. In total, students spent an average of 17.61 min
(SD = 9.85) on response composition, including both planning and
writing. On average, students spent 41.36 s (SD = 87.99) on planning,
as reflected in the time difference between when students exited the
source library to load the response page and when they typed their first
word.
Revision behaviors. We further examined the number of revisions
that students made during response composition. Students made an
average of 12.36 (SD = 6.31) revisions during writing. The majority of
revisions (81.21%, n = 281) only involved correcting typographic errors or changing words within a single sentence, without changing the
meaning of that sentence. This type of revision occurred throughout the
process of students' writing, echoing Rijlaarsdam’s (1987) finding that,
automatic corrections (i.e., word-based revisions) occurred alongside
students' content generation or translation during writing. See Fig. 3 for
a visual representation of students' word-based revisions across time.
There were also a small portion of revisions in word choice across
sentences (9.83%, n = 34). Only 4.05% of revisions were content
based, within these 0.58% (n = 2) of revisions occurred within the
sentence that students were currently writing and 3.47% (n = 12)
occurred in previously composed sentences. Please see Table 12 for
summary statistics.

4.2. Research question 2. Associations among processing variables
The second research question examined the associations among
students' strategy use and behaviors throughout the research and response phases of the study. A series of correlation analyses were run to
examine the associations between indices of students' multiple text use
and response composition as captured via log data, students’ notes,
think-aloud reports, and revision behaviors, as documented via screen
capture. Correlations among processing variables are presented in
Table 13.
Associations among processing variables from the research
phase. We first examined the associations among processing variables
from the research phase of MTRW task completion, including log data
of students' text processing, verbal reports, and notes that students
composed. First, there was a significant association between the
number of texts included in students' notes and the total number of texts
that students accessed [r(31) = .68, p < .001] and the total time
students spent on text access [r(31) = .46, p < .01]. Second, as can be
expected, the number of texts in students' notes, for which author information was identified, was significantly associated with students'
accessing of document information [r(31) = .93, p < .001] and with
the total amount of time that students spent on text access [r(31) = .43,
p < .05]. Moreover, both the number of surface and deep-level strategies that students used were also found to be significantly associated
with (a) the total time that students spent on text access [surface-level
strategies: r(29) = .82, p < .001; deep-level strategies: r(29) = .39,
p < .05], (b) the number of sources for which students accessed
document information [surface-level strategies: r(29) = .38, p < .05;
deep-level strategies: r(29) = .42, p < .05], and the number of instances of author information identified in students' notes [surface-level
strategies: r(30) = .42, p < .05; deep-level strategies: r(30) = .39,
p < .05]. Finally, the total time students spent on reading was significantly associated with the number of statements included in students' notes [r(31) = .59, p < .001]. Likewise, the total number of
texts accessed was associated with the degree of transformation in
students’ notes, r(31) = .39, p < .05.
In sum, these results indicate that more extensive information access
(e.g., as captured via log data) was associated with both the volume of
information included in students’ notes and with the quality of this
information, including its degree of transformation. Moreover, a higher
number of strategies reported during the think-aloud was associated
with more document information access during text use and with more
author information included in notes.

Table 10
Summary of referents during the response phase.
Category

Sample utterance

N (%)

M

SD

MDN

Task product
Notes
Source use

“Currently typing up the report starting the introductory paragraph”
“Rereading over my notes to figure out what information to include in the introductory paragraph”
“Right now, I am referencing a certain author from a certain article so I can give the source credibility for their
information”
“Right now, I am trying to understand what I will be writing about. I'm reading what my paper will be about”
“I am trying to figure out how to use a mouse on a mac”

424 (87.24%)
34 (7.00%)
11 (2.26%)

15.14
1.21
0.39

9.49
2.11
0.92

12.00
0.00
0.00

3 (0.62%)
14 (2.88%)

0.11
0.50

0.31
1.11

0.00
0.00

Task direction
Other
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Table 11
Summary of writing strategies.
Strategy

Sample utterance

N (%)

M

SD

MDN

193 (39.71%)

6.89

5.70

4.50

36
66
80
11

1.29
2.36
2.86
0.39

1.51
3.80
4.57
0.83

1.00
0.00
1.00
0.00

224 (46.09%)

8.00

5.16

6.50

“I've now moved on to the James Cascio article from the New York Times and I am using some of his
information.”
“Going over notes”
“I'm writing about how Asia is expected to peak, over 5 billion people in 2050”
“Writing my argument. I'm saying that overpopulation is a political issue that should not be taken lightly”
“I'm trying to figure out how to interject my personal opinion into factual argument”

73 (15.02%)

2.61

3.11

2.00

13 (2.67%)
126 (25.93%)
8 (1.65%)
4 (0.82%)

0.46
4.50
0.29
0.14

1.73
5.10
0.66
0.45

0.00
3.00
0.00
0.00

“I'm just trying to read through my notes. I feel like I have 10 min left. I need to chill.”
“Some woman is walking by and she has really, really loud shoes.”

58 (11.93%)
11 (2.26%)

2.07
0.39

5.35
0.92

0.00
0.00

Product composition
Planning
Writing
Organization
Revision

“I am putting thoughts together to start writing my response”
“I'm writing about the overpopulation argument”
“Starting to write the introduction to the essay in order to explain the threats of overpopulation”
“I am rereading what I just wrote to see if I need to add anything”

Information use
Source use
Reviewing notes
Content generation
Argument formation
Prior knowledge engagement

(7.41%)
(13.58%)
(16.46%)
(2.26%)

Metacognition
Metacognition
Other

Associations among processing variables from the writing
phase. We further examined the associations among processing variables from the writing phase, including the various writing strategies
that students reported using, the time students spent on writing, as well
as students' revision behaviors, as determined via screen-capture. While
students’ reports of all three strategy categories were significantly associated with the amount of time students devoted to response composition [product composition: r(28) = .55, p < .01; information use:
r(28) = .42, p < .05; metacognition, r(28) = .62, p < .001], strategies reported were not associated with revision behaviors during
writing (p-values > .22).

Associations among processing variables from the research and
writing phases. Finally, we examined the associations among processing variables from the research phase and writing phases.
Text access and writing strategies reported. We first examined the
associations among log data of students' text access (i.e., number of
texts accessed, total time on text access, document information access)
and the strategies they reported engaging during response composition.
However, strategies reported during writing were not associated with
log data of students’ navigation, p-values > 0.15.
Text access and writing behaviors from screen capture. We then
examined the associations among log data, capturing students' text

Fig. 1. Time distribution of writing strategy use for each student.
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Fig. 2. Number of strategies used over the three phases of writing.

Fig. 3. Time distribution of students' within-sentence word-based revisions.
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writing was only associated with the number of texts for which students
recorded document information, r(29) = .38, p < .05. No associations
between the content in students’ notes and revision behaviors were
identified, p-values > .09.
Think-aloud reports during reading and writing. We examined the
associations among strategies reported during the research and response phases of the study. Only the number of deep-level [r(28) = .72,
p < .001] and metacognitive strategies [r(28) = .59, p < .01] reported during the research phase of the study were found to be significantly associated with students’ reports of metacognitive strategy
use during the response phase.
Think-aloud reports during reading and writing behaviors from
screen capture. We finally examined the association among strategies
reported during reading and students' revision behaviors during
writing. Although none of the strategies reported during writing were
significantly associated with students’ content-based revisions (ps >
.69), the number of surface-level strategies [r(29) = .46, p < .05],
deep-level strategies [r(29) = .67, p < .001], and metacognitive
strategies [r(29) = .64, p < .001] that students reported during
writing were significantly associated with the total time students spent
on writing.

Table 12
Descriptives of revision behaviors.

M
SD

Within sentence

Across sentences

Organization

Word

Content

Word

Content

10.04
5.23

0.07
0.26

1.21
1.77

0.43
0.63

0.61
0.92

access, and composition behaviors, recorded via screen capture. Total
time spent on text access was significantly associated with the total time
students devoted to response composition, r(28) = .63, p < .001, as
was the number of texts for which students accessed document information, r(28) = .38, p < .05. However, time on texts and the total
number of texts accessed were not associated with students’ revisions,
p-values > .39.
Notes and writing strategies reported. We also examined whether
there was an association between information in students' notes (i.e.,
number of texts in notes, number of statements in notes, transformation
scores) and strategies reported during response composition. However,
the only significant association found was a positive correlation between the number of statements included in students’ notes and their
information strategy use during response composition, r(28) = .43,
p < .05.
Notes and writing behaviors from screen capture. We further examined the associations between information in students' notes and
composition behaviors recorded via screen-capture. This correspondence reflected students' transferring and transforming information
from their notes into the written responses that they composed. Time on

4.3. Research question 3. Processing, writing behaviors, and writing
performance
Our third research question examined the role of processing factors
in students' writing performance. Fig. 4 provides a visualization of
various process variables, capturing students' multiple text reading and
writing, by level of holistic response quality. All metrics are standardized. As shown from Fig. 4, it seems that as students' holistic scores

Table 13
Correlation among text access behaviors from log data, information in students’ notes, strategy use from verbal reports, revision behaviors captured via screen
capture, and writing performance.

Log data
1. Time on reading
2. Number of texts accessed
3. Accessing document information
Notes
4. Number of texts in notes
5. Number of texts with document information
6. Number of statements included
7. Degree of information transformation
Verbal reports during the research phase
8. Surface-level strategies
9. Deep-level strategies
10. Metacognitive strategies
Screen-capture data
11. Content based revisions
12. Total writing time
Verbal reports during the response phase
13. Product composition
14. Information use
15. Metacognition
Writing performance
16. Holistic scores
17. Discourse connectives
18.. Citations
a
b
c

1

2

1
.18
.43a

1
.16

b

3

c

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1
.50b
.43a

1
.15

1

.46
.43a
.59c
.3

.68
.14
.16
.39a

.17
.93c
.12
.11

1
.22
.63c
.70c

1
.16
.21

1
.35

1

.82c
.39a
.56b

.16
.11
.11

.38a
.42a
.26

.51b
.16
.18

.42a
.39a
.27

.66c
.15
.17

.39a
.22
.35

1
.04
.34

1
.65c

1

−.06
.63c

−.04
.20

−.15
.38a

−.09
.21

−.21
.38a

−.08
.33

.18
.29

−.04
.46a

.02
.67

−.05
.64c

1
.10

1

.24
.27
.28

−.01
.01
.17

.26
.04
.09

−.03
.03
.20

.28
.00
.11

−.06
.43a
.12

.26
−.11
.19

.14
.31
.06

.25
.25
.72c

.20
.33
.59b

.30
−.23
.13

.55b
.42a
.62c

1
−.16
.16

1
.06

1

.39a
.38a
.52b

.07
−.10
.24

.28
.10
.48b

.17
−.06
.26

.28
.17
.53b

.32
.28
.21

.39b
.19
.09

.41a
.42a
.29

.41a
.30
.58b

.29
.45a
.37a

−.04
.12
−.21

.56b
.59b
.47a

.29
.31
.17

.29
.34
−.06

.28
.17
.50b

Correlation is significant at the .05 level (2-tailed).
Correlation is significant at the .01 level (2-tailed).
Correlation is significant at the .001 level (2-tailed).
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Fig. 4. Standardized patterns in strategy use for students at different levels of writing performance.

increased, the time students spent on reading, the degree of information
transformation in their notes, and the number of information-use strategies that they reported engaging during response composition also
increased. At the same time, the number of content-based revision behaviors decreased. This suggests that greater strategy use, overall, and
information-related strategy use, in particular, are facilitative for
writing based on multiple texts. Moreover, the amount of time that
students spent reading and the degree of information transformation
reflected in students' notes were indicators that seemed to differ to the
greatest extent between students composing relatively low-level vis-àvis high-level responses. These indicators, in particular, may be considered to reflect the depth or quality of students’ strategy engagement
during reading.
To further examine the association between these processing factors
and students' writing performance, a series of multiple regressions were
run to predict three different metrics of students' writing quality (i.e.,
holistic scores, number of discourse connective, number of citations),
based on students' text access behaviors and note-taking during the
research phase of the study and strategies reported and revisions behaviors manifest during response composition. Specifically, for each
regression model, students' prior knowledge and task condition were
controlled for in Step 1. Variables from the research phase of the study,
including the total time students spent on reading, the number of texts
accessed, and the degree of information transformation reflected in
students' notes, were entered in Step 2. Writing strategies, associated
with response composition, information use, and metacognition, captured by students' verbal reports during writing and students' content
revisions, were entered in Step 3. Not all processing variables were

Table 14
Model summary predicting holistic scores

Step 1: Controls
Prior knowledge
Task condition
Step 2: Processing
Time on reading
Number of texts accessed
Degree of information transformation
Step 3: Writing
Product composition
Information use
Metacognition
Content revision

B

Std. Error(B)

β

Sig

0.39
0.33

0.15
0.31

0.50
0.18

.02
.30

0.01
−0.09
0.05

0.02
0.10
0.04

0.17
−0.15
0.25

.40
.41
.20

0.06
0.05
0.04
−0.44

0.03
0.03
0.03
0.24

0.38
0.28
0.26
−0.33

.04
.13
.13
.09

Final model: F(9, 16) = 3.33, p < .05, R2adj = .46.

included in the regression analyses to reduce multicollinearity.
Nevertheless, variables included were drawn from both the research
and response phases of the study and reflected all of the data sources
examined in this study. Correlation coefficients among students’ text
processing, notes, writing strategies, revision behaviors, and indicators
of writing performance are presented in Table 13.
Holistic scores. A multiple regression was run to predict students'
holistic scores. The overall model was significant, F(9,16) = 3.33,
p < .05, R2adj = .46. Students’ prior knowledge ( =0.50, p < .05)
and strategy use associated with product composition ( =0.38,
p < .05) were found to be individually significant predictors in the
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low degree of motivation, has alternately been referred to as apathetic
users (Lawless, Mills, & Brown, 2002) or as disengaged with multiple
text use (List & Alexander, 2017c, 2018) in prior research.
In addition to examining the extent of text access (i.e., number of
texts accessed, duration of text access), log data collected in this study
allowed us to capture whether or not students elected to access document information in association with each text. Accessing such document information could have served at least two functions. That is, it
could have allowed students to engage in sourcing, or the contextualization and evaluation of texts' content (Wineburg, 1991) based
on relevant publication information, and, later, to engage in citation
(i.e., the attribution of information to documents of origin) during response composition (Brante & Strømsø, 2018). While we were encouraged to find that more than half of students (58.06%, n = 18)
accessed document information in association with at least one of the
texts visited, document information access still demonstrated the same
limitations as have been found in prior work (Britt & Aglinskas, 2002;
List et al., 2017), with a sizable minority of students not seeking out any
information about text origin. It should be pointed out that, while the
texts used in this study were partially conflicting, potentially prompting
students' attendance to document information (Braasch, Rouet, Vibert,
& Britt, 2012), all of the texts were formatted to appear trustworthy in
nature (i.e., including statistics and written in a formal, academic tone),
potentially dampening students’ urgency in accessing information
about text origin. Indeed, List & Alexander (2019) have suggested that
it is only when standards for information quality are violated that
students engage in evaluative practices, such as accessing document
information about texts. More generally, the range of evaluative behaviors demonstrated in this study potentially correspond to different
evaluative profiles of multiple text use introduced in prior work (List &
Alexander, 2017b; Lawless & Kulikowich, 1996).
Results from notes. At least three conclusions may be drawn based
on the information included in students' notes. First, more than half of
students took notes on all (58.06%, n = 18) of the texts they accessed.
Moreover, note-taking volume was reflected not only in the number of
texts from which information was recorded but also in the detailed
nature of this information. That is, students included an average of 4.51
(SD = 2.71) statements for each text they accessed. Looking at the
specific content included in students' notes, some patterns emerge. For
instance, many students recorded quantitative information in their
notes (e.g., “we currently use 33 percent of the Earth's surface for food”
from the text titled More Efficient Food Production). Moreover, when
texts internally emphasized and organized information such information was also reflected in students' notes. For instance, the text titled
Technology and Population listed “five horsemen” as factors accelerating
technological change; many students indeed noted these five factors.
Likewise, the text Building a Less Wasteful Economy offered three approaches to restructuring economic systems to address overpopulation
and numbered these; many students, then, included these three approaches in their notes. Nevertheless, because format of information
presentation was not varied across texts, the content included in students' notes cannot be systematically compared. As such, examining the
specific text-based information that students choose to include in their
notes, or not, remains a direction for future work.
Despite the volume and content of information recorded, this information was only transformed to a limited extent. The majority of
information that students wrote down was drawn directly from the texts
provided and, at times, organized using features like bullets or indentation. But, information was rarely connected across segments of the
same texts (19.57% of texts in students' notes) and almost never linked
across texts (5.32% of texts in students' notes). Prior research on notetaking has considered notes to serve two primary functions, those of
encoding, wherein information that is written down is better

Table 15
Model summary predicting citation use in writing

Step 1: Controls
Prior knowledge
Task condition
Step 2: Processing
Time on reading
Number of texts visited
Degree of information transformation
Step 3: Writing
Product composition
Information use
Metacognition
Revision of content

B

Std. Error(B)

β

Sig

0.75
0.98

0.24
0.50

0.51
0.28

.01
.07

0.10
0.30
−0.15

0.03
0.17
0.06

0.63
0.28
−0.41

.00
.09
.02

0.05
−0.12
0.15
−0.74

0.05
0.05
0.04
0.39

0.16
−0.34
0.46
−0.30

.30
.03
.00
.07

Final model: F(9, 16) = 5.17, p < .01, R2adj = .60.

model. See Table 14 for a model summary.
Discourse connectives. A set of multiple regressions were further
run to predict the total number of discourse connectives included in
students’ written responses and the number of each connectives type
(i.e., comparative, contingent, expansive, and temporal) included.
However, none of the models were significant, p-values > .17.
Citations. A multiple regression was also run to predict the number
of citations included in students' written responses. The overall model
was significant, F(9, 16) = 5.17, p < .01, R2adj = .60. Students’ prior
knowledge ( = 0.51, p < .01), time spent on text access ( = 0.63,
p < .01), degree of information transformation reflected in written
notes ( = -0.41, p < .05), and information use-related ( = -0.34,
p < .05) and metacognitive ( = 0.46, p < .01) strategies were all
found to be individually significant predictors in the model. See
Table 15 for a model summary.
5. Discussion
5.1. Research question 1. Strategies and behaviors during multiple text
reading and writing
Our first research question examined students' strategy use and
behaviors during both text processing and response composition. We
overview the process of students’ multiple text reading writing task
completion based on various variables from the research and response
phases of the study.
5.1.1. Research phase
Text access captured via log data. Log data were used to record
which texts students accessed during the research phase of the study as
well as to capture duration of access. Indeed, the log data collected
confirmed the multi-textual nature of this study, with all students visiting at least two of the library texts provided. At the same time, consistent with prior analyses of navigation data during multiple text use,
students were found to range in the degree of task engagement evidenced (List & Alexander, 2017c; Lawless & Kulikowich, 1996; Payne &
Reader, 2006). That is, while 41.94% (n = 13) of students accessed all
six library texts during task completion, 16.13% (n = 5) of students
accessed only two of the texts available. Likewise, students ranged from
spending an average of 13.80 s to 3.38 min per text. These ranges in
values alone indicate differences in task engagement across learners,
with some students accessing a number of library texts and, correspondingly, spending a comparatively great deal of time on text access,
and other students demonstrating more limited source use, as reflected
in both the number of texts accessed and the amount of time devoted to
text access. This latter profile of learners, potentially characterized by a
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elaborated, and retrieval, wherein notes allow students to have later
access to recorded information (Kiewra, 1989; Rickards & Friedman,
1978). Although students' written notes may have fulfilled both of these
functions in serving as a resource for learners to use during multiple
text task completion, the lack of intra-textual and inter-textual connections manifest suggests that students were not using their notes, as
much as they could, to support more effective task performance. Indeed, prior work has found that providing students with graphic organizers to support inter-textual connection formation (Daher &
Kiewra, 2016; Firetto & Van Meter, 2018) and explicit instructions to do
so (Kobayashi, 2009) may support multiple text integration and improve task performance. More generally, our results can be said to align
with prior work on note-taking which has found students’ notes to be
linear in nature (i.e., reflecting a relatively limited number of switches)
and limited in intra-textual and inter-textual connection formation
(Hagen et al., 2014).
Finally, despite including a large volume of information from texts
recorded, students' notes were limited in tagging text-based content to
information about its source of origin. That is, only a minority of students (41.94%, n = 12) included any document information (e.g., author, publisher) in their notes. This number represents only two-thirds
of students who accessed document information about texts and,
therefore, could have included information about author or publisher.
This suggests that not all students may be cognizant of the conceptual
need to tag information to sources of origin when reading and the
academic conventions of attributing information to sources through
citation. At the same time, students in this study did not receive specific
instructions to cite sources during response composition, although
students were asked to complete the multiple text task as they would “a
typical academic task.” As such, any reference to sources included in
students’ notes may be considered to be spontaneous in nature
(Strømsø, Bråten, Britt, & Ferguson, 2013).
Strategy reports from think-alouds. Various types of referents and
strategies were identified in students' think-aloud reports during the
research phase of the study. As may be expected, students' reports most
commonly referred to the texts that they were reading. At the same
time, a substantial minority of reports (39.79%) referenced the notes
that students were recording while reading. This corresponds to our
analysis of students' notes, indicating that these played an important
role in students’ processing during response composition.
When examining strategy use during the research phase of the study
students most commonly used surface-level strategies (53.50%,
n = 359). While novices' reliance on more surface-level strategies has
been well-documented in prior work on single text reading (Bråten &
Anmarkrud, 2013; Dinsmore & Alexander, 2012, 2016; Parkinson &
Dinsmore, 2018), studies examining students' think aloud utterances
during multiple text use have found these to more commonly be deeplevel in nature. For instance, Wolfe and Goldman (2005) found elaborations, or deep-level strategies, to be reported most commonly
during processing. Similarly, Anmarkrud et al. (2013) found evaluation-related statements to be produced by students most often in their
think-aloud reports, followed by statements related to identifying and
learning important information and monitoring comprehension. And,
the evaluation strategies as defined by Anmarkrud et al. (2014) conceptually differed from the elaboration strategies noted by Wolfe and
Goldman (2005), the majority of which were based in students' prior
knowledge. Given these somewhat distinct patterns of strategy use
found across studies, it seems that students’ strategy engagement is
highly task and text specific (Afflerbach & Cho, 2009). This requires
further investigation, particularly as, in our study, both surface-level
and deep-level strategy engagement were found to be associated with
one another and with indicators of task performance (Parkinson &
Dinsmore, 2018).

5.1.2. Response phase
Strategy reports from the think-aloud. A variety of referents and
strategies were reported by students during the course of response
composition. In terms of the referents featured in students' cued thinkaloud utterances, the majority of these were specific to the written
products that students composed (87.24%). At the same time, students
clearly evidenced referring to and using their notes during written response composition, with 39.29% of students (n = 11) doing so at least
once. This indicates the importance of considering students' note-taking
as a possible mechanism for improving students' multiple text integration and written response composition. Alternatively, because students
did not have the library texts available, students could have used their
notes in a regulatory fashion or as a physical scaffold to aid in the
composition process. In other words, the physical nature of notes, as an
object to refer to, could be viewed as the driver for students’ frequent
referring to their notes during response composition.
Reflective of the nature of multiple-text reading writing task completion, the most prominent category of strategies reported reflected
students' efforts at content generation (25.93%, n = 126), or the reproduction of information from texts into the written responses that
students composed. The nature of such strategic engagement reflects
the primary challenge of MTRW task completion, that of selecting information from across disparate texts and organizing and connecting
this information to form a singular, synthetic unit (Spivey, 1997). Indeed, the transformative nature of this information-use process was
further reflected in the next most prevalent strategy category reflecting
organization, or students’ attempts at systematizing and structuring the
information reflected in the written responses that they composed.
At the same time, it is important to acknowledge that the content
generation-related strategies that students reported were largely of a
superficial nature. That is, such utterances primarily reflected students
directly transferring information from their notes into the written responses that they composed, with limited evaluation or elaboration
evidenced. This echoes prior work documenting students’ challenges
with integration, or the meaningful formation of connections across
texts, even following intervention (List et al., 2019; Britt & Aglinskas,
2002; Segev-Miller, 2004). Nevertheless, to the extent that such crosstextual connection formation remains integral to synthetic writing
(Segev-Miller, 2004; Spivey, 1997), this represents a key area for further instruction and intervention.
Complementing prior work developing interventions to support
students' text-based writing (De La Paz & Felton, 2010), the three
general strategy categories identified in this study offer another approach to improving students’ MTRW task performance. Specifically, to
write effectively based on multiple texts, students should be explicitly
taught to (a) select, organize, and integrate information drawn from
multiple texts, (b) to plan, organize, and revise their task products, and
(c) to actively reflect on their writing process, potentially prompting
more ready and purposeful strategy use. This may be done through
modeling, teacher questioning, or the development of computer-based
scaffolds (e.g., Britt, Wiemer-Hastings, Larson, & Perfetti, 2004; Stadtler
& Bromme, 2007).
Results from behavioral data captured via screen-capture. As a
final process metric, we examined students' time on writing and writing
behaviors as recorded via screen-capture. In prior work, students' process of written response composition has typically been segmented into
three general phases including planning, writing, and revision. In our
initial analysis of students' screen-capture data we attempted to document these three different phases and students’ time allocation across
these. However, in this study, such phases proved difficult to ascertain.
That is, the majority of students demonstrated limited to no planning or
revision. Rather, students started composing their responses immediately after leaving the digital library and submitted their responses
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multiple text integration, included in the written responses that students composed.
In this study, the time that students devoted to text access was
likewise associated with the number of texts that they selected and with
writing time. All told, these behavioral indicators point to the fact that
these various metrics of effort expenditure are all associated with one
another. That is, students who access more texts, may also process these
more deeply, as reflected in the time that they devote to text access, and
may be more thorough in the responses that they compose, as reflected
in writing time. This latter point is notable, in particular, because it
suggests the inter-dependent nature of reading and writing, a cornerstone of theories of MTRW task completion (Spivey, 1997).
Moreover, we find a link in the degree of students' engagement in
text-based information use throughout the research and response
phases of the study. Specifically, the amount of information included in
students' notes was found to be associated with the number of information-use related strategies reported during response composition.
Students including a greater number of text-based statements in their
notes were more likely to report strategies related to information use
during writing. This association may have both pragmatic and conceptual underpinnings. On the one hand, including more text-based
information in notes may have supported students' reporting of a
greater number of information-use related strategies during writing,
when students selected information from notes and included this in the
responses that they composed. In particular, because students were not
allowed to access texts in the digital library during writing, the notes
they took functioned as an essential resource fostering students' inclusion of text-based information in the responses that they composed.
Conceptually, including more information from texts in notes may have
been a manifestation of students' greater attendance to text-based evidence, further reflected in their reporting of information-use related
strategies during response composition. This attendance to and reasoning about text-based information may uniquely contribute to the
quality of students’ written responses composed based on multiple
texts.

almost immediately upon writing completion. Indeed, the majority
(82.14%) of students spent less than 30 s on planning prior to starting
response composition. At the same time, less than half of students
(40.74%, n = 11) demonstrated any content-based revisions.
These limitations in planning and revision may be explained in a
number of ways. For one, although students were not explicitly asked to
plan or revise their written responses, the task instructions (i.e., write an
argument/a research report about the threats of overpopulation and how
these may be most effectively addressed) were presented to students prior
to and during text access. Therefore, students’ response planning may
have occurred during the research phase of the study. Evidence for this
comes from the 56.25% of students who explicitly included task requirements in their notes. For another, students may not have been
sufficiently metacognitively aware to engage in planning prior to response composition. Indeed, only a minority of students (25.00%) reported any metacognitive engagement during the course of task completion.
Much like planning, students' revision behaviors were also quite
limited. To start, rather than revisions happening after initial response
composition, most students revised throughout the course of writing.
Indeed, 81.79% (n = 283) of revisions occurred within the same sentence that students were composing, at any given time, rather than after
writing. Moreover, the revisions that students made, in addition to
being limited in number, were mostly (91.12%, SD = 0.11) editorial
actions, aimed at correcting errors in spelling or grammar. Indeed only
3.75% (SD = 0.05) of students’ revisions, on average, were contentbased. These results indicate that students may need more instructional
support (e.g., modeling, Zimmerman & Kitsantas, 1999) to engage in
more purposeful and meaningful, rather than editorially-focused, revision (Fitzgerald, 1987).
Although this remains a somewhat speculative conclusion, in our
interpretation, students' deficits in revision may stem from their more
general difficulties with written response composition. Students spent
an average of 17.61 min (SD = 9.85) on writing, resulting in responses
that were, on average, 320.68 (SD=161.00) words in length, indicating
that students wrote approximately 18.21 words per minute. These timebased results, alongside students' somewhat limited writing performance, point to the need to further support students’ expository
writing, particularly based on multiple texts. In particular, although
grade-specific benchmarks for compositional fluency (i.e., words per
minute) are difficult to determine, the students in our study wrote only
4.04 more words per minute than 9th grade students in a study by
Berninger, Whitaker, Feng, Swanson, and Abbott (1996). Although the
methodologies in these studies varied widely (i.e., students in our study
did not receive a time limit, were writing only expository essays, and
were writing based on multiple texts), in our opinion, a higher degree of
compositional fluency may be expected from a college level sample.

5.3. Research question 3. Processing, writing, and writing performance
Our third research question examined the associations between the
behaviors manifest and strategies reported during processing and students' overall writing performance. Models including process variables
from log data, students' notes, strategy reports, and behaviors from
screen-capture video were all significant in predicting performance, as
measured via both the holistic scores assigned to students’ responses
and the number of citations that responses included.
We were particularly interested in the model predicting students'
citation use behaviors. Examining citations as an outcome variable
serves at least three functions. First, citations may be considered to be a
metric of students' information use during writing. Second, particular to
learning from multiple texts, citations constitute a device that students
may use to tag information from texts to sources of origin (Britt,
Perfetti, Sandak, & Rouet, 1999; Perfetti, Rouet, & Britt, 1999). Finally,
citations reflect students' attendance to and use of the conventions of
academic writing. As a note, in this study, while students' engagement
in citation may have been facilitated by their accessing of document
information during text use, students were also able to cite sources by
title, making document information access not an essential precursor to
citation. In the model predicting students' citation behaviors, individually significant predictors were drawn from log data, students'
notes, and strategies reported during written response composition.
This highlights the interconnected nature of multiple text reading and
writing and underscores the need to draw on and juxtapose a variety of
process measures to understand the complexity inherent in MTRW

5.2. Research question 2. Association among processing variables
Our second research question examined the associations among
processing variables. While a number of associations were found, two
overarching conclusions about these results may be drawn. First, we
find clear evidence for Bråten, Brante, and Strømsø’s (2018) notion of
behavioral engagement. Bråten et al. (2018) define behavioral engagement as the extent to which participants expend, “time, effort, and
persistence” when learning from multiple texts (p. 681). Across two
tasks, they operationalized behavioral engagement as including the
time that students devoted to text access and writing as well as the
number of texts that students selected. In their study, behavioral engagement was found to be associated with students' justifications for
source selection, and reading time, in particular, was found to contribute to the number of information units and switches, reflecting
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variables capturing students' process of multiple text reading-writing
task completion are also associated with students’ task performance, as
measured via both holistic scores and citation behaviors. The model
predicting citation behaviors, in particular, was found to include individually significant predictors corresponding to both phases of MTRW
task completion (i.e., researching and writing).

Table 16
Students’ first visits and total visits for each text
Texts

First visit

Total visits

Overconsumption is a Grave Threat to Humanity
Building a Less Wasteful Economy
The Violent Side Effect of High Fertility Rates
Technology and Population
Empower Women for the Health of the Planet
More Efficient Food Production

3
8
2
4
5
6

26
30
22
29
23
22

(10.71%)
(28.57%)
(7.14%)
(14.29%)
(17.86%)
(21.43%)

(17.11%)
(19.74%)
(14.47%)
(19.08%)
(15.13%)
(14.47%)

5.4. Limitations and future directions
Despite the strengths of the present study, a number of limitations
must be acknowledged. First, although this study examined the total
number of texts that students accessed, considering which texts students visited first, as reflected in Table 16, does suggest that students
preferred to visit certain texts over others. For instance, there were
considerably more students accessing the Building a Less Wasteful
Economy text on their first visit as compared to the Violent Side Effect of
High Fertility Rates text. However, exactly why students chose to visit
some texts over others remains a question for further study. Second,
while prior work examining students' writing has asked them to complete multiple writing tasks (e.g., Tillema, Van den Bergh, Rijlaarsdam,
& Sanders, 2011; Van Weijen et al., 2008), only one writing task was
used in this study. This decision was made because we were particularly
interested in students' engagement in both the research process and in
writing based on multiple texts. To allow us to capture data about
students' text access and navigation, only one writing assignment was
used in this study. At the same time, using multiple writing tasks, as has
been done in prior work, may have provided us with a more reliability
and valid measure of students' writing process and quality. Additionally, only broad time measures (e.g., time on texts, writing time)
were used in this study. At the same time, more precise time-based data
sources have been used in prior work. For instance, key logging software has been used to more precisely measure students’ behaviors (i.e.,
typing and pausing) during composition. This stands as an important
direction for future work and an especially promising avenue for
helping us to better understand how students move between writing,
referencing their notes, and planning or other cognitive activities, not
able to be behaviorally logged.
Moreover, two types of writing tasks (i.e., argument and research
report) were used in the present study. Differences in task assignment
were initially considered as they have been the focus of much prior
research on students’ learning from multiple texts. At the same time, we
did not have the necessary sample size to truly examine any differences
in processing or performance stemming from differences in task assignment. As such, examining differences in the MTRW process resulting from differences in task assignment remains an area for future
work. Nevertheless, differences in processing metrics and task performance in association with each task are provided in Appendix C.
Fourth, there are a number of limitations associated with our
adoption of the cued think-aloud protocol. The cued think-aloud protocol was adopted as a balance between collecting rich data during
writing and providing students with the opportunity to deliberately
describe their processing. At the same time, the cues used may have
distracted students from their writing processes, slowing down their
process of response composition, while at the same time some information may have been missed because students were only asked to
report their thoughts or behaviors at 60 s intervals. At the same time,
this think-aloud protocol may also have served to improve the nature of
students' processing by increasing students' metacognitive awareness of
their strategy use. Examining snapshots of students' behavioral and
strategic engagement during writing provided us with different information than would have been gained from a continuous or retrospective think-aloud or from examining the duration of students’ engagement in various writing processes (e.g., planning, revision). More

tasks. Looking at the individually significant predictors in the model we
can trace indicators of students' information use throughout the course
of MTRW task completion. Specifically, students spending more time on
text access resulted in a higher degree of citation use. At the same time,
students whose notes reflected a greater degree of information transformation and students who engaged more strategies related to information use demonstrated poorer citation use in their writing. Although these findings were unexpected and certainly require more
investigation, it may be that students expending more effort to process
texts at a deeper level, reflected in the degree of information transformation in notes and information use strategies reported during writing,
do so at the cost of more limited citation use. Braasch, McCabe, and
Daniel (2016) refer to students' attendance to sourcing information at
the expense of other deep-level processing (i.e., integration) as evidence
for a “trade-off’ hypothesis between sourcing and other strategy use.
Nevertheless, the inter-play between deep and more surface-level
strategy use during multiple text processing remains an important area
for future investigation. The significance of students’ metacognitive
strategy use during writing as a predictor of citation use may have reflected the extent to which students made deliberate choices regarding
evidence use during writing.
As a note, the model predicting the number of discourse connectives
in students’ responses was not significant. This may have been the case
of a number of reasons. Primarily this may be attributed to either
limitations in sample size or the coarseness of discourse connectives as
a measure, unable to distinguish among connections drawn within the
same text vis-à-vis across texts.
All told, this study contributes to the literatures on learning from
multiple texts and written response composition in at least three ways.
First, it interrogates a comprehensive amount of data sources to understand students' writing process. These sources include log data of
students' text access, information in students' notes, students' reports of
strategy use during response composition, and students' composition
behaviors as recorded via screen-capture. Using these various data
sources, we draw a number of key conclusions regarding students'
process of MTRW task completion. For one, although students composed extensive notes, recording information from almost all of the
texts that they access, the information reflected in their notes was
connected within the same text or across texts only to a limited extent.
For another, students engage in strategies related to information use
and response composition during writing in roughly equal proportion,
reflecting the role of both reading and writing in MTRW task completion. Finally, during writing, students in our study engaged in planning
only to a limited extent and predominantly made editorial, rather than
content-based, revisions. Second, we provide further evidence of the
importance of students' behavioral engagement during task completion,
with behavioral engagement defined as effortful investment in the demanding processes of learning from and writing based on multiple
texts. Specifically, we found that the time student spent on reading, the
total number of texts they accessed, and the time that students devoted
to written response composition were all significantly associated with
one another. Finally, we demonstrate that the variety of process
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generally, additional work is needed to determine how writing time
data ought to be interpreted, despite more time spent on writing being
associated with a greater degree of strategy use and with improved
writing performance in this study.
Future research should also consider the triple task technique as a
methodological approach to capture students' strategic processing
during writing (Kellogg, 1987; Olive et al., 2002). This procedure involves training students to categorize their own thoughts into a set of
researcher-determined strategy categories. While this represents an efficient way for students to report their strategic engagement during
writing, we elected not to adopt this procedure in this study for three
primary reasons. First, although prior research (e.g., Martínez et al.,
2015) has identified a wealth of processes and sub-processes that may
contribute to students' performance, a comprehensive taxonomy of
writing strategies, able to be shared with students, does not exist, as of
yet. For instance, the writing strategies and behaviors that Martínez
et al. (2015) identified were limited to activities such as reading,
writing and revising while referring to various objects (e.g., source
texts, notes, or their written products). As such, training students on a
set of strategies did not appear to be a feasible approach. Moreover, we
did not want to bias students’ reporting by limiting the strategy categories that they could cite or by encouraging students to over-report
strategy use. Finally, students may have been distracted by being asked
to consult a list of strategies to identify and match the strategies they
were using during writing. Nevertheless, adopting this technique in
future studies, now that a pool of MTRW strategies has been identified,
would allow us to capture both the writing sub-process that students
engage and when, during writing, these sub-processes manifest. Moreover, providing students with an a-priori strategy checklist to report
processing during response composition would address some of the

limitations introduced by our use of the cued think-aloud protocol in
this study (e.g., decrease reporting time).
Finally, within the context of multiple text use, the production of a
written response is not the end. Specifically, Rouet and Britt (2011)
conceptualize the MD-TRACE as a recursive model, with response
composition in Step 4, followed by students' response evaluation in Step
5, and the potential reversion to earlier steps in the model. In our own
data students’ self-evaluated task performance only to a limited extent;
nevertheless, examining this aspect of metacognition remains a critical
avenue for future work.
6. Conclusion
Integrating the literatures on learning from multiple texts and
writing composition, this manuscript combines four data sources (i.e.,
log data, notes, think-aloud reports, and screen-capture videos) to
richly describe students' strategy use and behaviors while completing a
MTRW task and associates these with writing performance. While
providing further confirmatory evidence for findings in prior work on
note-taking (i.e., that students take largely linear notes lacking in
connection formation), sourcing (i.e., that students infrequently access
document information about texts), and revision (i.e., that students'
engagement in revision is limited), this study is unique in integrating
these various findings to formulate a general understanding of students'
response composition based on multiple texts. This understanding introduces a framework for thinking about students' approaches to MTRW
task completion. Such a framework includes students’ behaviors and
strategies aimed at information use, product composition, and metacognition to guide the complex process of writing based on multiple
texts.

Appendix A

Fig. 1. Instructions in the research phase
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Fig. 2. Instructions in the response phase

Appendix B
Score

Sample response

Low (1)

I do not believe that overpopulation will be a factor. In my generation, there are many more of people than in prior generations. Some might view this as a
sign that the population is on an exponential growth track. But this simply isn't true. The overall population is higher, yes, that is evident no matter how you
look at the data. But what the data also shows, is the fact that my generation is also having roughly half as many children as our predecessors. This is why I believe
that there is no threat of overpopulation …
Overpopulation is a threat throughout the world, not just in the United States of America. Overpopulation is described as too many people for the Earth's resources to
sustain. Our world is increasing too quickly to gain the resources. For example, in the article Technology and Population, the author describes as using
technology to teach citizens all over the world on how to use urban farming to help create more resources for the people of their area. Overpopulation is
skyrocketing throughout the world. In the article, Empowering Women, the author fights that we can lessen our overpopulation by providing free contraceptives
for the women of the world. This will help the world's population not get overpopulated, and also, have the women have more of a chance to earn money, go to school, and other
empowering options within their lives.
In a rapidly growing society such as the one we live in today, nearly everything is getting bigger and more advanced …

Medium (2.5)

High (4)

Overconsumption is a huge problem for many places around the world. According to an online article by James Cascio of the New York Times, humanity's
impact combines three different elements, or problems, and those being; our numbers, our consumption patterns, and how we produce what we consume … Therefore,
we should all be more worried about this “consumption bomb”, which is basically humans constant and growing demands demands for both luxuries and necessities. Since society
has these unlimited wants, issues such as the depletion of soil, water, and other life-supporting resources begin to arise.
There is an effective approach to take at this issue, but in order to do this we would have to radically change how we consume. According to Cascio, “The
world chooses to feed its machines and domestic animals before it feeds its people.” … Therefore, if we can change parts of our dietary consumption, we can ensure a
universally higher standard of living.
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Another large issue that comes around with the idea of overpopulation is actually the decline of the working age population. According to an online entry
about violent side effects of high fertility by Jack Goldstone, he states in countries such as Nigeria, Tanzania, and Uganda still have from 5 to 6 children on average …
This issue correlates with the problem of overconsumption [Overconsumption is a Grave Threat] because in areas like this that are a lot less productive, the
population will continue to grow, thus consuming more and more of the Earth's resources in order to support the population …
Now that we understand the issues that come along with overpopulation …

Note: Claims are bolded; evidence are underlined; elaborations are italicized; integrations are bolded and underlined.

Appendix C
Processing, writing, and writing performance across tasks
We further examined differences in students' text access, note taking, reported writing strategy use, revision behaviors, and writing performance
in association with task assignment. Chi-squared tests of independence were used to examine differences in students' inclusion of task instructions in
their notes. Mann-Whitney U tests were used when the assumptions for an independent t-test were not met. Specifically, Mann-Whitney's U was used
to test for differences in the amount of document information and the degree of information transformation reflected in students' notes, the number
of content-based revision behaviors that students exhibited, the total time students spent on writing, and the number of metacognitive strategies
students reported during response composition. However, only the number of texts with document information included in students' notes was found
to significantly differ across tasks, Mann-Whitney U = 7.00, p < .05. Specifically, students in the argument condition included fewer texts with
document information in their notes (M=0.86, SD = 1.49) as compared to students in the research report condition (M = 2.18, SD=1.94). Please
see Table C1 for descriptives by task assignments.
Table C1

Descriptives of processing, writing, and writing performance variables across task conditions.
Argument (n = 21)

Log data
Time on reading
Number of texts accessed
Accessing document information
Notes
Task instruction
Number of texts in notes
Number of texts with document information
Number of statements
Degree of information transformation
Verbal reports during the research phase
Surface strategies
Deep-level strategies
Affective responses
Metacognitive strategies
Screen-capture data
Content-based revisions
Time on writing
Verbal reports during the response phase
Product composition
Information use
Metacognition
Writing performance
Holistic Scores
Discourse connectives
Citations

Research report (n = 11)

Total (N = 32)

M

SD

M

SD

M

SD

19.17
5.05
1.35

12.07
1.57
1.95

22.94
4.64
2.55

10.22
1.69
1.86

20.51
4.90
1.77

11.42
1.60
1.98

0.52
3.57
0.86
15.62
5.86

0.51
1.99
1.49
10.90
5.04

0.64
3.82
2.18
15.73
7.27

0.50
1.47
1.94
7.46
3.85

0.56
3.66
1.31
15.66
6.34

0.50
1.81
1.75
9.73
4.65

15.16
1.74
0.68
1.42

11.22
2.54
1.60
2.41

16.27
3.82
0.45
1.82

8.30
3.43
0.69
2.64

15.57
2.50
0.60
1.57

10.11
3.01
1.33
2.46

0.61
16.91

0.78
11.18

0.30
18.92

0.48
6.99

0.50
17.61

0.69
9.85

6.28
8.61
2.28

6.38
5.30
5.91

8.00
6.90
1.70

4.30
4.98
4.42

6.89
8.00
2.07

5.70
5.16
5.35

2.69
11.05
1.57

0.98
5.17
1.78

3.20
12.10
2.70

0.79
4.18
1.64

2.86
11.39
1.94

0.94
4.83
1.79

Note: A lack of balance across groups may be attributable to data being collected across two semesters.

Appendix D
Writing strategies over time
First a one-way repeated measures ANOVA was run to examine whether the number of surface-level, deep-level, or metacognitive strategies that
students reported engaging differed over the three intervals of written response composition (i.e., initial, middle, final). Descriptives are presented in
Table D1.
Product composition. There was a significant effect of time on the number of product-composition strategies that students reported using during
writing, F(2, 54) = 8.59, p < .01. Post hoc analyses using pairwise comparisons with Bonferroni's adjustment showed that students' productcomposition strategy use in the initial phase of writing (M = 2.96, SD = 2.08) was significantly higher than students’ use of this strategy in the
middle phase of writing (M = 1.50, SD = 1.77).
Information use. There was a significant difference in the number of information-use strategies students reported using over time, F(2,
54) = 6.43, p < .01. Post hoc analyses using pairwise comparisons with the Bonferroni correction showed that students’ information-use strategies
were reported more frequently during the middle phase (M = 3.39, SD = 2.30) of writing, as compared to the initial (M = 2.14, SD = 1.74) and
final (M = 2.46, SD = 2.06) stages of response composition.
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Metacognition. A final one-way repeated measures ANOVA was run to examine the difference in the number of metacognitive strategies
reported over the three phases of writing. Because the assumption of sphericity was not met, X2(2) = 7.92, p < .05, a Huynh-Feldt adjustment was
used, F(1.67, 45.00) = 1.56, p > .05. However, students’ reports of metacognitive strategy use were not found to differ over time.
Association between writing strategy use over time and writing performance
Prior research (Breetvelt et al., 1994) has shown that the effect of different strategies on writing performance differs during different phases of
writing. As such, we further ran multiple regressions to predict students' writing performance based on the strategies reported most commonly within
each phase of writing. Specifically, students' prior knowledge and task conditions were controlled for in Step 1. The strategy category most commonly reported during the initial phase of writing (i.e., product composition) was entered in Step 2. The number of information-use-related strategies, reported during the middle phase of writing, was entered in Step 3. Finally, product-composition strategies, the strategies most commonly
reported during the final phase of writing, were entered in Step 4. Results are presented for each indicator of students’ writing performance.
Holistic scores. A multiple regression was first run to predict the holistic scores assigned to students’ written responses. However, the overall
model was not significant, p = .06.
Discourse connectives. A second regression was run to predict the number of discourse connectives included in students' written responses. The
overall model was significant, F(5, 22) = 3.35, p < 0.05, R2adj = .30. Students' reports of information-use related strategies during the middle phase
( =0.49, p < .05) of writing and product-composition-related strategies in the final phase of writing ( =0.56, p < .05) were significant predictors
of the number of discourse connectives included in students’ written responses. See Table D2 for a model summary.
Citations. A final multiple regression was run to predict the number of citations students included in their written products. However, the overall
model was not significant, p=0.48.
Table D1

Descriptives of writing strategies over the three phases

Product composition
Information use
Metacognition

Initial phase

Middle phase

Final phase

M (SD)

M (SD)

M (SD)

2.96 (2.08)
2.14 (174)
0.57 (1.73)

1.50 (1.77)
3.39 (2.30)
0.86 (2.17)

2.43 (2.63)
2.46 (2.06)
0.64 (1.62)

Table D2

Model summary predicting the number of discourse connectives

Step 1: Controls
Prior knowledge
Task condition
Step 2: Initial phase
Product composition
Step 3: middle phase
Information use
Step 4: final phase
Product composition

Final model: F(5,22)=3.35, p < 0.05,

B

Std. Error(B)

β

Sig

0.17
1.52

0.63
1.70

0.04
0.15

0.79
0.38

-0.70

0.61

-0.30

0.26

1.06

0.38

0.49

0.01

1.05

0.47

0.56

0.04

R2adj=0.30
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