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Higher-order thinking is foundational to deeper learning and has been a major theme in the
philosophical, psychological, and educational literatures. Multiple source use tasks (MSU) offer
a rich context to investigate higher-order thinking, although systematic research on higher-order
thinking in MSU contexts remains scarce. In addition, prior studies were often conducted in
orchestrated settings, limiting their ecological validity. Guided by the Integrated Framework of
Multiple Texts (List & Alexander, 2019), the current study aimed to unearth higher-order
processes that unfolded over the Preparation, Execution, and Production stages of an ecologically
valid MSU task. The study explored how a notetaking scaffold impacted higher-order processes,
as manifested in the notes taken during the Execution stage and the argumentative essays written

during the Production Stage.



Participants were 105 undergraduate students enrolled in a course where MSU tasks are
integral components. Over four class sessions, students completed learner characteristics
measures, searched for sources online while completing a search log (Preparation stage), read
and took notes on documents they selected (Execution stage), and wrote argumentative essays
based on their notes (Production stage). Further, using a quasi-experimental design, students in
the experimental class received a notetaking scaffold that prompted them to attend to key
features of individual documents and integrate information across documents. The comparison
class took notes in their preferred ways.

Analyses revealed a variety of higher-order processes at each task stage. Students seemed
to face more challenges in some processes (e.g., critical analysis, synthesis) than others (e.g.,
documenting evidence, justifying claims). The notetaking scaffold effectively facilitated some
processes in notetaking (documenting source information) and essay writing (sourcing,
counterarguing). Further, associations were found among processes occurring at different stages,
with those related to sourcing and source evaluation being central.

The study contributed to a more comprehensive understanding of students’ higher-order
thinking across stages of a natural, class-based MSU task. Implications for future investigations
using improved MSU tools and alternative analytical approaches and designs are discussed.
Practically, the study pointed to the need for more explicit instructions and support in such areas

as enhancing students’ understandings about argumentation and critical analysis of documents.
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CHAPTERI
STATEMENT OF THE PROBLEM
Introduction

The foundational importance of higher-order thinking for learning, problem-solving, and
decision-making has long been recognized in educational research and practice (e.g., Byrnes &
Torney-Purta, 1995; Mayer, 1992; Newmann, 1988). Higher-order thinking has been embraced
as a major goal of educational programs (Heijltjes et al., 2014; Raudenbush et al., 1993) and
articulated in state and national curricular standards or guidelines (Common Core State
Standards, 2010; Leu et al., 2013). The scholarly efforts to elucidate the nature of higher or
“valued” forms of thinking have been an enduring theme within philosophy and psychology
(Murphy et al., 2023).

Valued thinking is an umbrella label for intentional and reflective thinking that is prized
over intuitive or reactive thinking (Alexander, 2023). This broad label may describe a multitude
of forms of valued mental engagements such as higher-order thinking, critical thinking, and
critical-critical thinking. While these varied forms of thinking can be hard to disentangle, higher-
order thinking may be the broadest among them, encompassing any mental activities that may be
described as contemplative, reflective, effortful, and complex (Alexander, 2023). Critical
thinking involves making purposeful judgments about what to believe or do, with more emphasis
placed on reflective thinking that results in consideration of evidence or criteria (Facione, 1990).
Critical-analytical thinking similarly involves assessing what to believe or do, with even more
emphasis on evidence-based reasoning in one’s formation of an “examined understanding” in
specific situations (Murphy et al., 2014, p. 563). The definition of higher-order thinking chosen

for this study reflects the broad, encompassing nature of this term:



Higher-order thinking is the mental engagement with ideas, objects, and situations in an
analogical, elaborative, inductive, deductive, and otherwise transformational manner that
is indicative of an orientation toward knowing as a complex, effortful, generative,
evidence-seeking, and reflective enterprise (Alexander et al., 2011, p. 53).

Within the educational literature, the notion of higher-order thinking is often associated
with Bloom et al.’s (1956) classic document, Taxonomy of Educational Objectives, in which the
authors delineated and ordered various educational outcomes meant to inform curriculum design
and learning assessment. Although Bloom et al. did not expressly refer to the term higher-order
thinking, their ordering of six cognitive processes (i.e., knowledge, comprehension, application,
analysis, synthesis, and evaluation) has been a long-lasting influence on the conception of what
constitutes higher- versus lower-order thinking. While it can be conceptually challenging to draw
a distinct line between high and low mental processes (the term “higher-order” suggests
relativity), educational researchers often consider memorizing, surface-level comprehension as
basic, or lower than more complex and demanding processes such as analyzing, synthesizing,
evaluating, and creating (Afflerbach et al., 2015; Anderson, Krathwohl et al., 2001; Wimer et al.,
2001; Zohar & Dori, 2003). That influence is also evident in investigations of higher-order
cognitive processes involved in multiple source use research (List & Sun, 2023).

Multiple source use (MSU) refers to one’s engagement in the searching, selection,
interpretation, evaluation, and consolidation of various sources of information to achieve a
certain purpose (Braten & Strgmsg; 2010; Gil et al., 2010; Wiley et al., 2009). The task of using
more than a single document to complete a desired outcome is a demanding undertaking that
requires a series of complex, effortful, and non-routine mental processes (Coiro & Dobler, 2007;

DeSchryver, 2015). Because of this characterization, MSU tasks are fertile ground for the



exploration of students’ higher-order thinking (List & Sun, 2023), with the number of these
studies increasing over the last two decades (Sun & Alexander, 2022). The growth of this
literature may be attributed in part to the ease of access that students have to a universe of
information online, and the concomitant problem of inaccurate, misleading, and false
information that exists alongside more credible and plausible content (Sinatra & Lombardi,
2020). Further, because of the demandingness of MSU tasks, these studies have often focused on
competent and mature readers such as college students (Brand-Gruwel et al., 2005; Braten &
Stremsg, 2011; Linderholm et al., 2014; Mason et al., 2010).

With the prevalence of challenging issues within the public domain, many MSU studies
have revolved around controversial topics that allow students to explore a diversity of
viewpoints, conflicting evidence, and counterarguments (Barzilai et al., 2018; Primor & Katzier,
2018). Because of the prevalence of controversial topics in MSU studies, combined with
researchers’ interest in understanding how students deal with opposing viewpoints and
conflicting evidence, MSU tasks often target written argumentation as the culminating product
(Britt & Aglinskas, 2002; Mason et al., 2020; Wolfe & Goldman, 2005).

Argumentation can be considered as an inter- or intrapersonal dialogic process in which
individuals construct and critique conflicting viewpoints based on evidence and reasoning
(Nussbaum & Edwards, 2011). The study of argumentation has seen a long history in
philosophical, psychological, and educational literatures (Nussbaum, 2021; Toulmin, 1958; van
Eemeren et al., 1996; Walton, 1996). Among the many theoretical models that depict the
structure of argumentation, Toulmin’s (1958) model is perhaps the most prominent. The
components of the argumentative structure that Toulmin identified—claim, grounds, warrants,

backing, rebuttal, and modal qualifiers—have informed the construction of rubrics for assessing



written argumentation in the contemporary research (e.g., Reznitskaya et al., 2009). As the
argumentation research suggests, effective argumentation involves not only developing a claim
and defending it with supporting evidence and reasons. It also requires careful consideration and
critical evaluation of opposing views and evidence to refute or integrate arguments and
counterarguments (Kuhn, 1991; Mateos et al., 2011; Nussbaum & Schraw, 2007). The complex
reasoning processes involved in argumentation are characteristic of higher-order thinking defined
in this study (Alexander et al., 2011).
Limitations of Higher-Order Thinking, Multiple Source Use, and Argumentation Research

Despite the extensiveness of literature on higher-order thinking, MSU, and argumentation
and the attention they have been given in educational research and practice, significant concerns
remain unaddressed. As discussed in Chapter 2, these concerns include a lack of clear and
consistent conceptual definition of higher-order thinking, challenges in unearthing the internal
thought processes during MSU tasks, and difficulty in assessing essential elements of quality
argumentative essay. Finally, because of the highly orchestrated character of most MSU tasks,
students are typically not given the option to choose topics they find controversial, interesting,
and engaging; nor are they free to openly search for relevant sources. These limitations result in
questionable ecological validity (Kihlstrom, 2021). The current study attempted to address these
limitations.

Purpose of the Study

The overarching goal of this study was to employ a more ecologically valid MSU task
carried out in the context of an undergraduate course and intended to unearth the students’
higher-order thinking as those processes unfolded across all stages of task performance (see

Figure 1). Compared to many prior MSU studies that were conducted in more laboratory-style



settings (e.g., Kobayashi, 2010; Leroy et al., 2021), the current MSU task focused on ecological
validity in several ways (Bronfenbrenner, 1977; Kihlstrom, 2021). This included its alignment
with the nature of the instructional environment in which the task occurred, with students
completing the MSU task as an organic learning experience in the course. It also manifested in
the greater autonomy granted to participants in several key dimensions of the MSU task, such as
topic selection and open online searches.

The conceptual model guiding this study and depicted in Figure 1 was illustrative of the
Integrated Framework of Multiple Texts (IF-MT; List & Alexander, 2019). The IF-MT provides
a comprehensive account of the cognitive and affective processes, various outcomes, and
individual and context factors at play in MSU tasks. This framework depicts MSU as unfolding
in three interrelated stages: Preparation, Execution, and Production (List & Alexander, 2019). In
the Preparation stage, students search for information relevant to a topic and identify relevant
sources. Students then read and analyze those sources in the Execution stage and externalize the
result of their analysis in a final product in the Production stage.

In this study, students’ higher-order thinking processes during the Preparation stage were
captured by a search log, in which students documented information about their online search
process, such as the search terms they used and criteria they applied when selecting sources. The
higher-order thinking that occurred during Execution was extracted from the notes students took
when reading and analyzing their selected sources. Finally, in the Production stage, higher-order
thinking was captured in the argumentative essay students wrote based on the multiple sources
they had read. These essays were scored using a componential rubric that assessed elements of

argumentation and key task parameters.



Additionally, the conceptual model of this study included several learner characteristics.
As described in the IF-MT and reflected in Figure 1, learner characteristics such as topic interest,
perceived topic knowledge, perceived competence for online searching, and perceived self-
efficacy for argumentative writing, were hypothesized to influence students’ perceptions of the
task demands, which might subsequently affect their judgments of source relevance, text
processing, and the quality of their written essays. GPA, as an indicator of students’ general
academic ability, was also included.

Lastly, the study incorporated a notetaking scaffold during the Execution stage to explore
its effects on students’ thinking and performance at the Execution and Production stages.
Different from the other components included in the conceptual model, the scaffold was an
instructional tool intended to guide or support students’ mental processing during the
performance of the MSU task. | included this component to explore potential ways to support
students’ higher-order processing in this demanding task, above and beyond understanding the
natural unfolding of higher-order processes across stages of using multiple sources. Specifically,
the notetaking scaffold included prompts for attention to important features of the individual
documents they read and juxtaposition of ideas across documents. Using a quasi-experimental
design, only students in the experimental class received the scaffold, while those in the
comparison class took notes in their preferred ways. The potential effects of the scaffold were
expected to manifest in the notes taken at the Execution stage and in the argumentative essays
written at the Production stage. As these effects were to be empirically ascertained, the links
between the notetaking scaffold and the notes and argumentative essays are represented by

broken lines in Figure 1.



Figure 1

Conceptual Model for the Study
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Research Questions

Reflective of the overarching purpose for this investigation, | aimed to address the

following research questions.

1. To what extent do undergraduate students engage in higher-order thinking at the

Preparation, Execution, and Production stages of multiple source use?

2. To what extent does the presence of a notetaking scaffold during the Execution stage

affect the quality of students’ notes and their argumentative essays?

3. To what extent does students’ engagement in higher-order thinking during a prior stage

of a multiple source use task affect their higher-order thinking at a subsequent stage of

performance?




Definition of Key Terms

Higher-Order Thinking

“Higher-order thinking is the mental engagement with ideas, objects, and situations in an
analogical, elaborative, inductive, deductive, and otherwise transformational manner that is
indicative of an orientation toward knowing as a complex, effortful, generative, evidence-
seeking, and reflective enterprise” (Alexander et al., 2011, p. 53).
Argumentation

Argumentation is defined as “a verbal and social activity of reason aimed at increasing
(or decreasing) the acceptability of a controversial standpoint for a listener or reader, by putting
forward a constellation of propositions intended to justify (or refute) the standpoint before a

299

‘rational judge’” (van Eemeren et al., 1996, p. 5).
Argumentative Essay

An argumentative essay is a written composition in which students present a claim about
their positions on a controversial issue, justify their claims with reasons and evidence, and
discuss opposing views and evidence (Wolfe & Britt, 2008).
Ecological Validity

According to Bronfenbrenner (1977), ecological validity in social-psychological research
refers to “the extent to which the environment experienced by the subjects in a scientific
investigation has the properties it is supposed or assumed to have by the investigator” (p. 516).
Multiple Source Use

Multiple source use refers to the engagement in the search, selection, comprehension,

evaluation, and integration of diverse sources of information to achieve a particular goal (Braten

& Stremsg, 2010; Gil et al., 2010; Wiley et al., 2009).



Topic and Topic Knowledge

For the purpose of this study, a topic refers to an issue that is discussed in verbal or
written discourse, and topic knowledge is the information that individuals possess relative to that
topic (Alexander et al., 1991).
Scaffold

Within the educational literature, a scaffold is an instructional tool intended to guide or

support students’ mental processes during learning or performance (Palinscar & Brown, 1984).
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CHAPTER II

REVIEW OF RELEVANT LITERATURE

This chapter reviews the relevant literature on higher-order thinking, multiple source use,
argumentation, and the intersection of these three bodies of research. A discussion of the
limitations of the research in these three areas will then conclude the chapter.

Higher-Order Thinking

In this section, I first overview how higher-order thinking has been conceptualized in the
extant literature. Then I consider how researchers have operationalized higher-order thinking by
means of their measures and assessment procedures. Finally, | explore lingering issues that
remain to be addressed in future investigations.

Conceptualization of Higher-Order Thinking

Efforts to articulate the nature of higher forms of human thought have occupied the minds
of philosophers, psychologists, and educators for centuries. Within the philosophical literature,
for example, the enduring interest in valued thinking can be traced back to the ancient Greek
philosophers (Murphy et al., 2023). Through the writings of Plato, for example, we see how his
mentor, Socrates, sought to elicit knowledge through provocative dialogues that guided others to
unearth the truths buried within their thoughts and experience (Bostock, 1988). Plato’s student,
Aristotle, on the other hand, introduced a system of formal logic (e.g., syllogism) and
emphasized analysis of causation by specific reasoning techniques that should lead to
knowledge, or justified true beliefs (Cooper, 2002; Dutant, 2016).

Of course, the puzzling over what is valued thinking and how it can be elucidated did not
end with classic philosophers such as Socrates and Plato. The efforts to elucidate the nature of

rigorous, non-pedestrian thinking continued over the centuries (Murphy et al., 2023). For
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instance, just such a focus can be found in the writings of the American pragmatists like James
(1890), Peirce (1878), and Dewey (1910). These philosophers emphasized the importance of
cultivating “habits of thought” (James, 1890, p. 600) that went beyond simple memorization of
information. Among this group, Dewey (1910) promoted reflection as a critical path that leads
one out of the ordinary, pedestrian habits of mind and into what has come to be considered a
“higher order” of human thought. Specifically, Dewey described reflective thinking as “active,
persistent, and careful consideration of any belief or supposed form of knowledge in the light of
the grounds that support it, and the further conclusions to which it tends” (p. 6). He also
highlighted the nature of reflection as being “a conscious and voluntary effort” to build one’s
belief upon reason (p. 6).

With the rise of the cognitive revolution in the mid-20" century, the focus on valued
thought shifted to the inner workings of the human mind that would transform what was sensed
and perceived in the external world into knowledge, understandings, or beliefs stored within the
mind. This cognitive turn could be seen in artificial intelligence researchers’ efforts to devise
“thinking machines” (Newell & Simon, 1972), as well as cognitive and educational
psychologists’ exploration of ways to foster thinking that improved memory, comprehension,
and learning (Bransford et al., 1999; Sternberg, 1977). It was also in the latter part of the 20™"
century that a growing body of psychological and educational literature began to focus on
specific forms of valued thinking such as higher-order, critical thinking, or System 2 thinking
(Ennis, 1962; Facione, 1990; Halpern, 1996; Kahneman, 2011; Resnick, 1987). These forms of
thinking have been globally lauded by educational researchers, administrators, policymakers, and

practitioners (Dwyer et al., 2014; Singh & Marappan, 2020; Zohar & Dori, 2003).
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Among the plethora of writings that sought to depict valued thinking, the document that
is most associated with the higher-order thinking within the education domain was Bloom et al.’s
(1956) seminal report, Taxonomy of Educational Objectives: The Classification of Educational
Goals, Book 1 Cognitive Domain. Bloom and colleagues, most of whom served as College and
University Examiners responsible for assessments within higher education, undertook the task of
classifying educational outcomes in the cognitive domain. Their goal was to provide guidance
for curriculum development and learning assessments. They sought to bring clarity to
educational goals by developing “a precise definition and classification of such vaguely defined
terms as ‘thinking” and ‘problem solving’” (Bloom et al., 1956, p. 20). The result of that effort
was a taxonomy with six core cognitive categories—knowledge, comprehension, application,
analysis, synthesis, and evaluation—organized from “simple to complex” (p. 18), with the
simpler categories considered as prerequisites of the more complex ones. It should be noted that
Bloom et al. did not expressly use the phrase higher-order thinking. Nonetheless, this ordering of
cognitive outcomes has become a benchmark for what constitutes lower-order to higher-order
cognitive processes within the educational literature. The taxonomy has also had a lasting
influence on educational practices (Alexander et al., 2011; Murphy et al., 2023).

Bloom et al.’s (1956) attempt to devise a taxonomy of educational goals was not without
limitations. As Bloom et al. set out with the purpose to inform the development of curricula and
assessments around well-defined educational outcomes, the cognitive categories they described
were cast as tangible, behavioral objectives rather than cognitive processes. Also, knowledge
was classified as the lowest form among the cognitive processes. Recognizing these limitations,
Anderson, Krathwohl, and colleagues (2001) later revised Bloom et al.’s original taxonomy,

separating knowledge from the remaining six cognitive processes and treating it as an
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independent dimension. In this revised taxonomy, the cognitive dimension included six ordered
categories: remember, understand, apply, analyze, evaluate, and create.

Although Bloom et al.’s Taxonomy (1956), as well as Anderson, Krathwohl et al.’s
(2001) revision, covered a range of valued forms of thinking, these documents did not proffer a
precise conception of higher-order thinking. In lieu of a true conceptual definition, educational
researchers often revert to a listing of certain processes as representing the notion of higher-order
thinking (e.g., Afflerbach et al., 2011; Wimer et al., 2001; Zohar & Dori, 2003). Even this
substitute for a clear conceptualization is problematic in that no definitive line can be drawn
between lower- and higher-order thinking processes (Brookhart, 2010; Truong & Tran, 2022).
Some researchers have attempted to make more explicit distinctions between what might be
considered lower-order and higher-order thinking. Iterations of this distinction can be found in
the contrasts between Type 1 thinking (the rapid, automatic, intuitive processing) versus Type 2
thinking (the slow, controlled, and reflective processing; Evans & Stanovich, 2013). Similarly,
Scardamalia and Bereiter (1987) distinguish knowledge-telling (memory-based processes for
information replication) from knowledge-transforming (generative processes for meaning
construction and idea transformation). Despite such efforts, a precise, clear, and consistent
definition of higher-order thinking remains elusive (Marzano & Kendall, 2008; Newmann, 1991,
Richland & Simms, 2015).

For example, some researchers use higher-order thinking interchangeably with critical
thinking (e.g., Paul & Nosich, 1991), which is often described in terms of the employment of
reflective thinking in deciding what to believe or do (Ennis, 1989; Facione, 1990). In contrast,
Lewis and Smith (1993) proposed a broad definition of higher-order thinking that encompasses

critical thinking, problem-solving, and decision-making, as occurring “when a person takes new
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information and information stored in memory and interrelates and/or rearranges and extends this
information to achieve a purpose” (p. 136). Another frequently referenced definition by Resnick
(1987) conceptualizes higher-order thinking as involving “a cluster of elaborative mental
activities requiring nuanced judgment and analysis” (p. 44). Resnick explained that higher-order
thinking is nonalgorithmic, complex, and effortful, involves the application of multiple criteria,
produces multiple solutions to problems, and requires self-regulated thinking processes.

Although no consensus has been reached about the precise nature of higher-order
thinking, the various depictions seem to converge on the perception of higher-order thinking as
involving mental processes that are non-routine, effortful, intentional, reflective, and
transformational (Lewis & Smith, 1993; Newmann, 1991; Resnick, 1987). These processes
appear more likely to arise when the idea, problem, or situation occupying the mind is complex
and challenging (Alexander et al., 2011; Newmann, 1990). Such a process-oriented conception
differs from the depictions of higher-order thinking as skills (Schraw & Robinson, 2011), which
would imply rather effortless and routinized mental engagement (Afflerbach et al., 2008;
Dinsmore, 2018).
Operationalization of Higher-Order Thinking

The difficulty of defining higher-order thinking in a precise manner partly stems from the
variability in the non-routine processes required when dealing with complex problems in
different domains. For example, while thinking processes related to logic and deductive
reasoning may be a primary focus in mathematics (Morsanyi et al., 2018), evaluation of
empirical data and causal mechanisms in justification or falsification of theoretical hypotheses

may be core to science (Dunbar & Fugelsang, 2005). In the discipline of history, reflection on
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the nature of sources (i.e., primary and secondary) and the corroboration of evidence across
sources may be central to interpretations of historical events (Wineburg, 1999).

What further complicates the characterization of higher-order thinking is that, even
within a specific domain, the non-pedestrian processes learners engage in can vary substantially
depending on the specific conditions and context in which a task or problem is situated. These
conditions can include specific task directions, features of the relevant materials (e.g., text,
graphics), and the presence of instructional support (e.g., training, scaffolds). Additionally,
characteristics of the learners (e.g., pertinent knowledge, experience, and cognitive maturity) can
interact with task conditions to facilitate or hinder higher-order thinking (Zohar & Dori, 2003).
Given the diversity in what is considered valued thinking in different domains and the influence
of contextual and learner factors on how valued thought may occur, the exploration of higher-
order thinking might best be situated in a specific task context within a particular domain, in
which the non-routine, effortful, and transformational mental processing is necessitated
(Alexander et al., 2011).

It is because of this situated nature of higher-order thinking that its assessment has
focused on cognitive processes manifested as students complete tasks or solve problems that are
domain specific. For example, higher-order thinking has been assessed by examining the
reasoning manifested in students’ verbal moves during classroom discussions around critical
scientific concepts (Lombardi et al., 2016; Murphy et al., 2018). In the domain of literacy, for
instance, higher-order thinking may entail strategies that students use to interpret and analyze
texts or the way they synthesize information from their readings into a written product (Spivey,

1990).
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Lingering Issues

This overview of higher-order thinking in the philosophical, psychological, and
educational literatures has revealed a lack of conceptual clarity and precision in terms of its
nature and its measurement. The common thread in these various definitions is a general
conception of higher-order thinking as non-routine mental activities called for when the task or
problem is challenging and complex. Therefore, | used the following definition to guide my
investigation of higher-order thinking in this study that well summarizes the core attributes of
such non-routine mental activities:

Higher-order thinking is the mental engagement with ideas, objects, and situations in an

analogical, elaborative, inductive, deductive, and otherwise transformational manner that

is indicative of an orientation toward knowing as a complex, effortful, generative,

evidence-seeking, and reflective enterprise. (Alexander et al., 2011, p. 53)

Moreover, the manifestations of higher-order thinking are presumed to vary across
domains and problem contexts. Thus, in light of the conditional and contextual factors that likely
affect students’ higher-order thinking, | have chosen to situate my investigation in a complex and
relevant task—multiple source use—that is nested in a specific academic context, a course on
“learning how to learn.”

Multiple Source Use

In this section, | briefly explain the nature of multiple source use tasks and overview
prominent theoretical models that have informed MSU research. | then introduce a specific
framework that integrates features of those prominent models and serves as a guide for this

study.
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What is Multiple Source Use?

Multiple source use (MSU) refers to the engagement in the search, selection,
comprehension, evaluation, and integration of diverse sources of information to achieve a
particular goal (Braten & Stremsg; 2010; Gil et al., 2010; Wiley et al., 2009). The task of using
multiple documents can take place in diverse contexts for various purposes, ranging from writing
research reports based in academic settings (List et al., 2019) to carrying out online sources to
solve problems or inform decision-making in daily life (Tarchi & Mason, 2020). The ability to
comprehend and consolidate ideas from multiple documents has been identified as a critical
competency for today’s learners and has been increasingly emphasized in curricula guidelines
and educational policies (Common Core State Standards, 2010; Leu et al., 2013).

The use of multiple documents to produce a final product is a complex and challenging
undertaking that involves a multitude of mental processes (Anmarkrud et al., 2014; Goldman et
al., 2012). Those processes may include locating relevant documents (Metzger et al., 2003),
evaluating the trustworthiness of documents (Britt & Aglinskas, 2002), interpreting and
analyzing individual texts (Braten & Strgmsg, 2003), consolidating content across documents
(Anmarkrud et al., 2013), and monitoring and regulating comprehension and task progress (Cho
et al., 2017). The enactment of these effortful and demanding processes often proves difficult for
students, even those considered as mature readers and thinkers at post-secondary levels and
beyond (Goldman & Scardamalia, 2013).

Models of Multiple Source Use

Several theoretical models have been developed to characterize students’ learning

involving multiple documents (Braasch & Braten, 2017; Brand-Gruwel et al., 2009; Butterfuss &

Kendeou, 2021; Richter & Maier, 2017; Rouet et al., 2017). The more prominent of these models
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are the Multiple Documents-Task-based Relevance Assessment and Content Extraction model
(MD-TRACE, Rouet & Britt, 2011), the Documents Model framework (DM, Britt et al., 1999;
Perfetti et al., 1999), and Cognitive Affective Engagement Model (CAEM, List & Alexander,
2017). The MD-TRACE model describes the cognitive processes involved in students’ multiple
document use, whereas the DM framework depicts the nature of the cognitive representations
constructed as a result of multiple text processing. The CAEM is unique in its attention to
affective engagement, which is not an element of the other strictly cognitive models.
MD-TRACE

The MD-TRACE attempts to capture the processes implicated in MSU tasks as unfolding
in five steps (Rouet, 2006; Rouet & Britt, 2011). In Step 1, students form a mental representation
of task requirements or a task model. Students do this by examining the task directions, as well
as resources and constraints available in the context, against their prior knowledge or experience
with similar tasks. The task model encompasses their conceptions of a set of task goals, criteria
for assessing task outcomes, and plans for subsequent actions. In Step 2, students determine their
information needs based on their task model. This need may be determined through an iterative
process, as students gather information about the topic and assess its adequacy against task
demands until they decide there is sufficient information to produce the required outcome.

Next, in Step 3, students judge the relevance of the multiple texts, process the texts, and
form an integrated mental representation of their contents. This relevance assessment may be
based on judgments about topicality (i.e., relatedness of the text to the task), reliability,
usefulness, or accessibility of the documents (McCrudden & Schraw, 2007; Rouet & Britt,

2011). In Step 4, students produce an externalized response to the task with the integrated
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information from multiple texts. Finally, in Step 5, students evaluate the quality of their product
against task goals.
Documents Model

The DM framework describes four main types of cognitive representations of multiple
documents that students may form in Step 3 of the MD-TRACE and externalize in the products
in Step 4 (Britt et al., 1999; Perfetti et al., 1999; Rouet & Britt, 2011). These cognitive
representations or mental models reflect varying degrees to which students construct an
integrated understanding of the situation described across documents (i.e., an integrated mental
model) and a structural mapping of the relations among sources and between sources and their
content (i.e., an intertext model). A mush model reflects a unified understanding of the situation
or issue discussed across texts but fails to link information to its sources of origin.

In contrast, a separate representations model is marked by adequate understanding of
individual texts and effective mapping between information and its sources of origin. However,
there is no integrated representation of the common issue described across texts. A tag-all model
is considered an expert-level model, reflecting both a well-integrated representation of the
situation across documents and an effective intertext model. But this seemingly ideal model can
be too demanding for novice learners. A preferable model is the documents model, wherein
students successfully aggregate relevant information from different documents into an integrated
mental representation of the focal issue and at the same time, keep track of information’s sources
of origin as well as the connections among sources.

Cognitive Affective Engagement Model
The MD-TRACE and DM account for the cognitive processes and products involved in

multiple source use. A more recent model, Cognitive Affective Engagement Model (CAEM, List
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& Alexander, 2017), adds an affective dimension to the understanding of students’ engagement
with multiple documents. Specifically, the CAEM posits that the cognitive and behavioral
processes students enact during multiple text processing, as well as their ultimate task
performance, are influenced by the motivational and cognitive orientations, or the default
stances, they adopt toward task completion. These default stances are defined by students’
behavioral dispositions to evaluate sources and their motivational and affective reactions to the
task, such as their interest in and attitudes about the topic.

Based on different configurations of students’ behavioral and affective or motivational
characteristics, they are assumed to adopt one of four default stances when called upon to
complete an MSU task (List & Alexander, 2017). The disengaged stance is marked by both a
lack of affective engagement with the topic and a low level of source evaluation skills. Students
who are disengaged are likely to adopt a task-satisficing approach to minimally meet task
demands. The affectively engaged stance is characterized by a high level of affective engagement
but limited habituation in source evaluation. Students exhibiting this stance are considered as
motivated source users who may engage in prolonged information gathering. However, they lack
source evaluation skills. They may not be able to differentiate between low- and high-quality
information, and they are likely to be biased in their information selection (Maier & Richter,
2016; Wolfe & Britt, 2008).

Students adopting an evaluative stance, on the other hand, have well-formed habits and
skills for source evaluation but may exhibit a low interest in the task or topic. These students
may be proficient in checking information validity or identifying author credentials. Yet, with
the absence of strong motivation, they may rely on heuristics and refrain from engaging in more

epistemically complex or cognitively demanding processes needed to resolve conflicts or
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synthesize information across sources (Barzilai & Zohar, 2012; Braten et al., 2011; List et al.,
2016). Finally, the critical analytic stance is marked by both a high level of affective
engagement and well-developed habits and skills for evaluating sources. It is these critical-
analytic students who are most likely to engage in “purposeful, elaborative, and reflective
processing information cross texts” (List & Alexander, 2017, p.187).
The Integrated Framework of Multiple Texts

In this study, | investigated students’ higher-order thinking within an MSU task guided
by the Integrated Framework of Multiple Texts (IF-MT, List & Alexander, 2019). This
framework is a consolidation of existing models that have guided research on MSU, including
the CAEM (List & Alexander, 2017), DM (Britt et al., 1999; Perfetti et al., 1999), and MD-
TRACE (Rouet & Britt, 2011). It thus provides a more comprehensive account of the cognitive
and affective processes, interplay of individual and context factors, and varied outcomes in MSU
tasks. The IF-MT describes three stages in which MSU tasks unfold: Preparation, Execution, and
Production (List & Alexander, 2019).
Preparation

In the Preparation stage, students orient themselves to the MSU task. They may examine
the task parameters, such as directions, text materials, outcome assessments, and instructional
resources, vis-a-vis their personal characteristics, such as knowledge, interest, beliefs, attitudes,
and competencies. This initial task analysis leads them to form a mental representation of the
task and assume a default stance toward task engagement (e.qg., critical analytic, evaluative),
based on what they perceive to be the task demands and their personal goals and motivations
(List & Alexander, 2017). As part of this task analysis, they may go about scanning the available

texts or searching for documents to determine what information they need to meet task demands
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or achieve personal goals (Rouet & Britt, 2011). Guided by their default stances, students may
formulate plans for subsequent steps to complete the task.
Execution

In the Execution stage, students enact a range of behavioral, cognitive, and metacognitive
processes as they interact with the multiple documents. Behaviorally, students may access the
texts they need for the task (Cerdan & Vidal-Abarca, 2008), navigate sections within texts (such
as captured by eye-tracking, Salmerdn et al., 2018b), and traverse between different texts (Mason
et al., 2014). They may also highlight, annotate, and take notes on the texts to facilitate their
processing of documents (Kobayashi, 2009a, 2009b). Cognitively, students may apply a range of
strategies to help them locate, comprehend, and analyze information within texts, evaluate
sources and their contents, and make connections between texts (Cho et al., 2018; Wolfe &
Goldman, 2005). They may also enact metacognitive and regulatory strategies as they monitor
their understanding and sufficiency of their cognitive product in relation to task goals and then
make whatever adjustments deemed necessary. The Execution stage ends when students
determine they have sufficient information to complete the culminating task in the Production
stage.
Production

Finally, in the Production stage, students externalize the internal cognitive and affective
outcomes achieved in the execution stage into some tangible product. While such external
products can take various forms (e.g., written, oral, or video presentation), written products are
the most examined in the MSU research (e.g., Stremsg et al., 2013; van Strien et al., 2016).
Written products such as argumentative essays and summary reports are often analyzed to

evaluate the degree to which students formed an integrated understanding of the multiple texts,
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such as described in the Documents Model (List et al., 2019; Perfetti et al., 1999). They also
serve as sources of evidence of higher-order cognitive processes that have occurred (e.g.,
sourcing, evaluation, integration).

Lingering Issues

The IF-MT provides a broad framework to address the multifaceted, multistage nature of
MSU. Thus, the IF-MT would serve as a useful framework to situate this dissertation study and
guide the assessment of students’ higher-order thinking within the MSU context. Prior research
has documented a variety of mental processes, either manifested during task execution or
evidenced in the outcomes of MSU, that are reflective of higher-order thinking (List & Sun,
2023). However, no study has systematically examined how higher-order thinking unfolds across
the stages of MSU. For that reason, in this study, | documented the occurrences of higher-order
thinking within and across the Preparation, Execution, and Production stages.

Argumentation

Here | discuss the conceptualization of argumentation as found within the literature and
provide a brief overview of theoretical models of argumentation that have been influential in
research and educational practice. These topics are followed by a discussion of the assessment of
written argumentation and lingering issues that informed the design of the study.

What is Argumentation?

Argumentation can be defined as “a verbal and social activity of reason aimed at
increasing (or decreasing) the acceptability of a controversial standpoint for a listener or reader,
by putting forward a constellation of propositions intended to justify (or refute) the standpoint
before a ‘rational judge’ (van Eemeren et al., 1996, p. 5). The “social” element can refer to a

real or imagined audience, emphasizing that argumentation, by its very nature, is an interpersonal
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or intrapersonal dialogic process in which individuals construct and critique various standpoints
(Nussbaum & Edwards, 2011). As van Eemmeren et al. (1996) noted, the consideration of
competing viewpoints and their justifications relies on rationality or the exercise of reason.
Other researchers have also emphasized the importance of evidence as the basis for arguments
(Nussbaum & Edwards, 2011).

Argumentation can be adversarial or collaborative, or a combination of both (Nussbaum,
2021; Nussbaum & Edwards, 2011). Adversarial argumentation is debate-like, where the goal is
to win the argument. In collaborative argumentation, participants work together to explore and
critique arguments and are open to changing sides, making concessions, or adopting in-between
positions (Nussbaum, 2011, 2021). Students participating in collaborative argumentation seems
more likely to engage students in analysis, evaluation, and integration of alternative views
(Mercier et al., 2017; Nussbaum, 2011).

Argumentation, as a form of valued thought, is often considered to be central to critical
thinking (Halpern, 1997). Individuals engaged in argumentation must enact a cluster of effortful
and complex cognitive processes as they generate claims, provide reasons, evaluate evidence,
assess logical soundness, and address counterarguments (Chinn, 2006; Kuhn, 1991).
Psychologists and educators often use argumentation (in oral or written forms) as a way to gain
insights into students’ reasoning processes (Kelly et al., 2007; Reznitskaya et al., 2009).
Argumentation has also been employed in classrooms as a means to foster conceptual learning
and critical thinking (Erduran & Jiménez-Aleixandre, 2008; Mercer et al., 1999; Wissinger & De
La Paz, 2016).

The growing body of research on argumentation has shown robust links between

students’ argumentative abilities and their learning in diverse domains. The ability to construct
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arguments has been associated with students’ mastery of scientific concepts (Asterhan &
Schwarz, 2007), mathematical problem-solving (Vye et al., 1997), and understanding of
historical and social controversies (De La Paz, 2005; Wiley & Voss, 1999). However,
researchers have repeatedly found that students struggle with argumentation. Prior studies have
documented that students are unable to recognize and apply argumentative structures in written
texts (Chambliss & Murphy, 2002); they have difficulty generating and evaluating evidence
(Kuhn, 1991) and struggle with offering relevant reasons, counterarguments, and rebuttals
(Means & Voss, 1996). Increasing instructional effort has been devoted to supporting students’
argumentative reasoning by such means as collaborative classroom argumentation (Clark et al.,
2003; Murphy et al., 2018) and training in argumentative writing (Luna et al., 2022; Nussbaum
& Putney, 2020).
Models of Argumentation

The structure of argumentation has been captured in multiple theoretical models (e.g.,
Kuhn, 1991; Kemp & Tenenbaum, 2009; Walton, 1996). The most prominent and influential
among them is Toulmin’s (1958) model of argumentation. Building upon the normative models
of rational arguments proposed by Toulmin and others (e.g., Walton, 1996), later researchers
developed cognitive frameworks of argumentation meant to inform educational practices.
Exemplars of these later models include Argument Schema Theory (Reznitskaya & Anderson,
2002) and Argument-Counterargument Integration Framework (Nussbaum & Schraw, 2007).

Toulmin’s (1958) model is the foundational account of the rhetorical structure of
argumentation. In his classic book, The Use of Argument, Toulmin (1958) proposed six
interrelated components of an argument: (a) claim or a position or thesis statement; (b) grounds

or evidence in support of the claim; (c) warrants that link the claim and grounds; (d) backing for
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the warrants; (e) rebuttals that represent alternative views; and (f) modal qualifiers (e.g.,
certainly, probably, possible). Among these, the claim, grounds, and warrants are the
components that constitute the core of the argument. By including the elements of rebuttal and
qualifiers, Toulmin's conception of argument acknowledges a degree of uncertainty and
openness around the claim or conclusion, which sets his model apart from argumentation based
in formal logic (Nussbaum, 2011). Toulmin also posited that the evidence used to back a claim
differs between domains, and thus the judgment of argument strength should be based on
domain-specific standards.

Toulmin’s explication of the argumentative components laid the groundwork for later
argumentation models such as the Argument Schema Theory (Reznitskaya & Anderson, 2002).
This theory claims that argumentative knowledge is organized into a skeletal mental structure
called an argument schema. This mental schema contains slots for functional units of
argumentation, or argument stratagems, which represent specific rhetorical or reasoning moves
(e.g., stating positions, providing evidence, and making counterarguments; Anderson, Nguyen-
Jahiel et al., 2001; Reznitskaya et al., 2001). According to Anderson, Nguyen-Jahiel et al.
(2001), a well-developed argument schema encompasses a diversity of argument stratagems that
students can retrieve and activate to engage in specific argumentative discourse. These
stratagems can be developed through social interaction, appropriated into individual cognitive
structures, and transferred to written arguments about new topics (Reznitskaya et al., 2007).

Influenced by Toulmin’s model, Anderson and colleagues’ schema theory, and other
frameworks of argumentation (e.g., Walton, 1996), Nussbaum and Schraw (2007) put forward
the Argument-Counterargument Integration Framework, which provides a pedagogical structure

that centers on the opposition and integration of arguments and counterarguments, especially in
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writing. This framework incorporates specific strategies for developing integrative arguments
that address claims and evidence from both sides of a controversial problem. Those strategies
include: weighing the strengths and weaknesses of the arguments on both sides; synthesizing the
conflicting viewpoints by finding a middle ground; and refuting one side of the argument
(Nussbaum & Edwards, 2011). The application of these strategies is facilitated by a graphic
organizer that juxtaposes arguments and counterarguments with critical questions that prompt
students to evaluate the strength of arguments on both sides of the central issue (Nussbaum,
2008; Nussbaum & Edwards, 2011). The graphic display of the two-sided structure of
argumentation serves to scaffold the activation and development of students’ argumentation
schema.

Written Argumentation

As noted, written arguments are commonly used in educational settings as a means to
gauge and promote students’ reasoning (Kelly et al., 2007; Wolfe et al., 2009). Researchers
typically assess written argumentation with scoring rubrics that capture key elements of
arguments. The assessment methods can be broadly categorized into two types: holistic and
analytic.

Holistic scoring schemes seek to capture the macro-level characteristics of students’
argumentative writing by focusing on the completeness or richness of the argument structure
represented in the writing (Knudson, 1992; Wolfe & Goldman, 2005). For example, Reznitskaya
et al. (2009) constructed a 7-point holistic rubric that reflects varied qualities of argumentation.
The highest point value was given when the essay contained five core elements of argumentation
(i.e., position, supporting reasons, opposing reasons, elaborations, and rebuttals), whereas the

lowest point value represented a poorly developed argument structure with few reasons,
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irrelevant information, and no mention of alternative views (Reznitskaya et al., 2009). Other
holistic rubrics have focused on capturing a one-sided or two-sided representation of the issue
and recognition of the open-ended nature of a controversial issue (Mateos et al., 2011), or the
refutation or reconciliation of arguments and counterarguments (Kobayashi, 2010).

Analytic scoring methods, on the other hand, provide a more detailed look at the
specific information included in the writing at a fine-grained level. Such analysis is typically
done by decomposing the argumentative essay into distinct idea units and coding these units in
terms of the argument parameters represented (Reznitskaya et al., 2009). While analytical rubrics
afford more details about the written argument, they may not be as useful for capturing more
global features of the written argument (e.g., integration of alternative perspectives at a global
level).

Exiting rubrics typically aim to extract traces of students’ engagement in argumentative
processes or mental representations of the argument structure. Assessment of such abstract
cognitive processes and representations through argumentative writing can be challenging. This
challenge partly lies in the inherent complexity and difficulty of writing itself (Ferretti &
Graham, 2019). The quality of the argumentative thinking manifested in essays relies on
students’ ability to effectively communicate their ideas in writing. Low writing proficiency can,
therefore, hinder students’ demonstration of thinking and reasoning. In fact, even students at the
college level have exhibited difficulty in producing articulate, organized, and stylistically
appropriate essays (Alexander et al., 2023).

Another challenge comes from the fact that arguments cannot be generated in a vacuum;
they must be based on some level of knowledge about the central topic or subject domain. This

can add an extra layer of difficulty when students are unfamiliar with the topic or are still
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developing their domain knowledge (Fischer et al., 2018; Garrecht et al., 2021). Further,
argumentative writing is a contextualized activity. Thus, the degree to which students enact their
argument stratagems or strategies hinges on individual and contextual conditions such as the
demands of the task assignment, expectations of the audience, and students’ interest, motivation,
and goals (Wolfe et al., 2009).
Lingering Issues

Existing models of argumentation (e.g., Nussbaum & Edwards, 2011; Reznitskaya &
Anderson, 2002; Toulmin, 1958) primarily characterize argumentation from a cognitive
standpoint. What is left unaccounted for in those models are the individual and contextual
conditions that may impact students’ ability to construct argumentation, especially in a
demanding argumentative writing task. As mentioned, effective construction of argumentation
requires some level of familiarity with the topic and motivation to engage deeply. It may also
depend on students’ knowledge and beliefs about what argumentation means (Christodoulou &
Diakidoy, 2020). To address these elements, | included a series of pre-task measures of students’
perceived topic knowledge, topic interest, beliefs about argumentation, and self-efficacy in
argumentation writing. To motivate students, they investigated a topic they regarded as
controversial, interesting, and familiar for the argumentative task. Additionally, students
gathered relevant information to build a knowledge base for their writing. Students’ written
arguments were assessed using a rubric that has been used in prior MSU tasks with similar
populations (Alexander et al., 2023; Singh et al., 2019).

Higher-Order Thinking Within an Argumentative Multiple Source Use Task

The complex and challenging nature of Multiple Source Use (MSU) and argumentation

make them both ideal grounds for the exploration of higher-order thinking. In this final section, I
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focus attention on empirical research that is situated at the intersection of higher-order thinking,
MSU tasks, and argumentation and that targeted college-age students: the focus of this
dissertation. My purpose was to explore salient trends in that literature that have informed the
research questions, overall design, method, and analytic procedures to be incorporated in the
current study. The particular literature to which | will refer was drawn from a systematic review
of higher-order thinking in MSU tasks conducted in higher education (Sun & Alexander, 2022).
Of the 56 MSU empirical studies that Sun and Alexander identified in their review, 37 (66.1%)
had argumentation as a final product. A number of trends salient to this dissertation study
emerged from the examination of those 37 articles:

e With rare exceptions, the findings of reviewed investigations arose from orchestrated
studies that bear limited resemblance to the type of multiple-document tasks that college
students typically undertake (Gil et al., 2010; Salmerén et al., 2010).

e One feature of the more laboratory-like conditions for these MSU studies was that
students were generally given a topic or issue to investigate that the researchers
considered controversial (Daher & Kiewra, 2016; Ku et al., 2014).

e With rare exceptions, students were also provided with a library of sources they were
allowed to use in preparation for the culminating argumentative task (Bromme et al.,
2015; Stremsg et al., 2008).

e As a consequence of such orchestration, little data on higher-order thinking was gathered
in the Preparation stage of the MSU task (Braten et al., 2009; List et al., 2017).

e In order to gather data on students’ thinking processes during the Execution stage of
MSU, there was a reliance on think-aloud techniques that have been criticized for altering

the nature of the task being investigated (Barzilai et al., 2015; Maier & Richter, 2016).
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e The most frequently used tools for assessing students’ argumentative writing in the
Production stage were holistic rubrics that focused primarily on the structure of
arguments (Du & List, 2020; Mason et al., 2020) without consideration of other pertinent
factors.
Orchestrated MSU Studies

Within the educational psychology literature, there is a growing concern over outcomes
that arise from studies that are expressly designed to focus on specific variables or that are
conducted under conditions that allow for more systematic control of extraneous factors
(Alexander et al., 2023). While such an approach is understandable in certain situations or for
certain investigations, the effect is that the ecological validity of findings is brought into
question. The research on MSU tasks has been growing steadily for the past several decades (Sun
& Alexander, 2022). Yet, there have been limited attempts to situate those studies in actual
classrooms where students are engaged in more naturalistic search tasks that are part of ongoing
course activities. To address this gap in this study, | analyzed data from an MSU task that was an
integral component in an undergraduate “Learning How to Learn” course. The task was carried
out in the classroom as an assignment that aligned with the instructional goals of the course, thus
increasing the ecological validity of the study.
Researcher-Selected Topic

One manifestation of the orchestrated nature of the MSU studies is that students were
commonly required to work with a topic that was chosen by the researchers. In the argumentative
MSU tasks, the topics that have been investigated were typically selected for their controversial
or unsettled nature to instigate argumentation (e.g., Anmarkrud et al., 2014; Ku et al., 2014).

These topics come from a range of domains, including social and historical sciences (e.g.,
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legalization of sex work, List, 2019; historical controversies about Panama Canal, Rouet et al.,
1997), as well as climate and health science (e.g., climate change, Gil et al., 2010; health risks of
cellphone radiation, Stramsg et al., 2013). The controversy was usually reflected in the set of
purposefully chosen texts that contained conflicting views or information about the topic (e.g.,
Barzilai et al., 2015; Britt & Aglinskas, 2002; Salmerodn et al., 2018a). However, it was rarely the
case that students were allowed to expressly judge whether a topic was controversial or not. Nor
were they given the opportunity to choose a topic of interest to them for the MSU task. This lack
of choice in what topic to work with could be detrimental to students’ motivation.

For the current investigation, the choice of topic was informed based on students’
responses to a topic survey that contained 10 potential topics that had been generated during a
brainstorming session in the course the previous semester. For the 10 topics, students were asked
to rate each for how controversial, interesting, and familiar they were. The topic selected for the
current MSU task, whether social media is doing more harm than good to society, received the
highest mean score on all three dimensions. By giving students a say in the topic of the MSU
task, the instructors and 1 felt that students would be more motivated in carrying out their search.
Researcher-Designed Library of Sources

The level of researcher control in the studies reviewed was also evident in the documents
that were processed. Specifically, the majority of studies did not involve an open search for
relevant documents (e.g., Bromme et al., 2015; Stremsg et al., 2008). Rather, students were
required to read the texts that the researchers selected for them. These document libraries were
usually constrained in number, form, perspective, quality, and length. Specifically, within the 37
studies Sun and Alexander (2022) reviewed, text sets largely consisted of 2 to 9 documents of

short (500 words or less) to moderate (500-1000 words) length. Such lengths may have been
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chosen because argumentative MSU tasks are demanding and many of these tasks had to be
carried out within a limited time period (McNamara et al., 2012). Some researchers attempted to
include a diversity of types of documents in the library of sources they assembled (e.g., textbook
excerpts, newspaper articles, popular science articles, blogposts) to resemble the variety of texts
students might encounter (Gil et al., 2010; List et al., 2017).

However, in general, these researcher-designed libraries of sources are ill-matched to the
volume, complexity, and diversity of the sources that students must navigate when carrying out
their own online searches. Therefore, to overcome the oversimplification of a constrained source
library in the study, students were free to conduct an open Internet search for sources they
determined to be relevant to the argumentative task. Students also completed the MSU task in
three sessions that corresponded to the Preparation, Execution, and Production stages,
respectively. Devoting three class sessions to the MSU task provided students with the time
needed to deal with the complexity of the argumentative MSU task.

Limited Attention to the Preparation Stage

Another problem with working with a pre-selected library is that researchers miss the
opportunity to gather information on the higher-order processing that happens during the
Preparation stage of MSU tasks (e.g., Braten et al., 2009; List et al., 2017). It is at this initial
stage that students engage in thinking and decision-making as they search for, locate, and cull
sources to include in the argumentative essay (Sun & Alexander, 2022). In more naturalistic
searches, what transpires during this Preparation stage would likely predict what then occurs
during the Execution and Production stages (List & Alexander, 2019). Thus, by delimiting what
can be learned as students make choices about what to keep or discard as viable sources,

researchers are overlooking critical information.
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One of the objectives of the study was to understand the extent to which students engage
in higher-order thinking at all three stages of MSU. To gather data on the higher-order processes
at the Preparation stage, students documented information about their online search and source
selections in a thoughtfully designed search log. The contents of the search logs were able to
offer insights into how students framed their search terms, how many searches they initiated,
how many documents they scanned, and how many they kept to read in depth, as well as the
reasons why they chose to discard or keep particular documents.

Methodological Challenges Faced in the Execution Stage

To capture students’ higher-order thinking in the Execution stage, researchers have often
relied on think-alouds procedures (e.g., Barzilai et al., 2015; Goldman et al., 2012). In think-
alouds, students are required to verbalize their thoughts as they process the multiple documents
central to a MSU task. This technique allows researchers to gather rich information about
students’ mental processes in real time. Anmarkrud et al. (2014), for example, were able to
identify a variety of cognitive and metacognitive processes students underwent when reading
multiple texts while thinking-aloud. However, think-alouds can be problematic in that they likely
alter the very processes that researchers wish to investigate (van Gog et al., 2005). This
interference can be especially detrimental when students are engaged in cognitively demanding
tasks such as an argumentative MSU task (Magliano et al., 1999).

An alternative method researchers used to assess processing at the Execution stage was a
self-report strategy survey administered retrospectively (Hagen et al., 2014; List et al., 2019). An
example of such a survey was the Multiple-Text Strategy Inventory (Braten & Strgmsg, 2011),
which included a subscale about students’ use of deeper-level strategies to build intertextual

relations. Although such self-report measures would be less disruptive than think-alouds, their



35

retrospective character makes them subject to inaccuracies and thus potentially less reliable
accounts of thought processes that actually occurred (List, 2018; van Gog et al., 2005).

Yet a third alternative, and one that | employed in this investigation, involved gathering
information about students’ processing from notes taken as they read selected sources (e.g., Du
& List, 2020; Kobayashi, 2014). Notetaking and annotations are naturally-occurring activities
that can facilitate students’ recall and support their integration of content from different sources
(Hagen et al., 2014; Kobayashi, 2009a, 2009b). Students’ notes can capture traces of their
thoughts without disrupting the ongoing process. Hagen et al. (2014), for example, found
evidence of textual transformations and cross-text integration in students’ notes. Other
researchers documented students’ attention to source features in their notes (Britt & Aglinskas,
2002; Kobayashi, 2014).

Despite its many methodological merits, notetaking has not been examined frequently in
argumentative MSU tasks. Additionally, research has documented benefits for scaffolding
students’ notetaking by providing matrix organizers that call for students to organize the
information they record in helpful ways (Firetto & VVan Meter, 2018; Mateos et al., 2018).
Informed by these research findings, | examined students’ notes for evidence of higher-order
thinking during the Execution stage. | also administered a notetaking scaffold to students in an
experimental condition to assess the effects that might have on those students’ ability to craft
quality written arguments.

Rubrics for Assessing Arguments in the Production Stage

During the Production stage, students’ argumentative essays have been evaluated

holistically or analytically to uncover evidence of higher-order thinking (e.g., Du & List, 2020;

Nussbaum & Schraw, 2007). Holistic scoring rubrics were used to assess the quality of
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argumentative writing at a global-level integration based on the elements of an argument schema
(Braten et al., 2014; Mason et al., 2020). Examples of such rubrics identified by Sun and
Alexander (2022) included adaptations of Reznitskaya et al.’s (2009) 7-point scale of
argumentative components (Tarchi & Mason, 2020), and Barzilai and Eshet-Alkalai’s (2015)
rubric that evaluated the presence of one-sided or two-sided arguments in students’ essays.
However, these rubrics tend to focus on the presence or absence of components associated with
the structure of arguments (e.g., claim, reasons, counterarguments). What these rubrics did not
typically assess were other higher-order processes, such as synthesis, analysis, and cohesion, that
are critical to producing integrated, written essays (Alexander & the Disciplined Reading and
Learning Research Laboratory, 2020). A rubric that contained both core elements of a
multisource-based argumentative essay task (e.g., claim, justification, counterargument, sources)
and key components for integrating multiple texts (e.g., critical analysis, synthesis, and cohesion)
was applied in an undergraduate “Learning How to Learn” course. The interdependence of these
components for producing multiple-documents-based argumentation was upheld by a Bayesian
Network analysis (Singh et al., 2019).
Learner Characteristics Associated with Argumentative MSU Tasks

Several learner characteristics were examined in this study in relation to students’
performance in an argumentative MSU task. As described in the IF-MT (List & Alexander,
2019), students’ performance in MSU tasks can be influenced by various individual
characteristics. For example, topic interest has been shown to be an important motivational and
affective factor influencing students’ level of engagement in an MSU task related to that topic
(List & Alexander, 2017). Student topic interest has also been empirically linked to citations in

argumentative essays and document evaluations (e.g., List et al., 2019; Tarchi, 2019). Prior
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knowledge is another influential factor that has been found to be a robust predictor of text
processing in general (e.g., Alexander et al., 1994; Kendeou & van den Broek, 2007; McNamara
& Kintsch, 2009). Prior studies on multiple source use have found links between topic-specific
prior knowledge and a range of source use behaviors, from source selection and evaluation to
citations in essays (Mason et al., 2020; Salmerén et al., 2013). These characteristics were
investigated in the current study. As this study featured an MSU task with open search, students’
online search skills became another relevant learner factor. Students’ self-reported online search
experience and perceived competence with such searches have been found to predict their MSU
performance (Kammerer et al., 2013).

Further, what is less studied in the MSU context is individual factors related to students’
performance on an argumentative writing task, although such tasks are often employed as a
culminating product of processing multiple texts (e.g., Braten et al., 2014). This study
incorporated perceived self-efficacy for argumentative writing as one of the learner
characteristics measures. Self-efficacy beliefs about writing have been consistently found to
influence students’ writing quality (Pajares & Johnson, 1994; Prat-Sala & Redford, 2012). Yet
another one was students’ belief about the goal of argumentation. Prior research has reported that
students often profess that the purpose of argumentation is to prove that their stance on an issue
is correct, leading to bias in their search and writing behaviors (Alexander et al., 2023; Wolfe &
Britt, 2008). Finally, due to the constraints of the classroom context in which the study was
conducted, it was not feasible to assess students’ prior writing skills, but GPA was included as a

general academic ability indicator, in addition to other learner characteristics measures.
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CHAPTER IIT
METHODOLOGY

This chapter describes the main components of the methodology of this study:
participants, course context, measures, multiple source use task, and procedures. These are
followed by a discussion of the ecological validity of the task and an overview of the data
analysis for each research question.

Participants

Participants in this study were 110 undergraduate students enrolled in the two classes of a
general education course in a large mid-Atlantic university. One class had 54 students enrolled,
and the other had 56 students enrolled. All students undertook the multiple source use (MSU)
task as a required assignment of the course, but only students who provided consent for their data
to be used for research purposes were included for analysis in this study. As such, four students
did not provide consent and their data were thus excluded from the study. Additionally, one
student did not follow instructions for the task and carried out the task on an irrelevant topic.
This case was also removed from analysis. The resulting sample consisted of 105 undergraduate
students, including 52 students in Class 1 and 53 students in Class 2.

Within the sample, 75.2% of the students identified as woman (n = 79); 23.8% identified
as man (n = 25), and 1.0% (n = 1) identified as non-binary, gender non-conforming, or third
gender. The students were, on average, 20.3 years old (SD = 1.35). In terms of racial/ethnic
backgrounds, the students were 49.5% White (n = 52), 16.2% Asian (n = 17), 13.3% Black (n =
14), and 9.5% Hispanic or Latin (n = 10). In addition, 1.9% of the students reported their
race/ethnicity as “Other” (self-specified as Middle Eastern, n = 2), and 9.5% self-reported as

biracial (n = 10). Most of the students were native English speakers (93.3%, n = 98).
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These students represented varied class standings, including 15.2% in their first year (n =
16), 39.0% in their second year (n = 41), 26.7% in their third year (n = 28), 16.2% in their fourth
year (n = 17), and 2.9% taking courses beyond their fourth year (n = 2). They also came from
diverse disciplinary fields, including 51.4% (n = 54) majoring in social sciences (e.g., education,
psychology, family science, economics, public health, criminal justice), 35.3% (n = 37) in
natural sciences or engineering (e.g., mathematics, physics, biology, computer science,
kinesiology, mechanical engineering), and 3.8% (n = 4) majoring in arts and humanities (e.g.,
English, history, music). Ten students” majors were undecided (9.5%). Students reported an
average GPA of 3.42 (SD = .48).

Undergraduate students were chosen as the population for this study for several reasons.
For one, the task of processing multiple documents to achieve an academic purpose is a
cognitively demanding undertaking that requires a certain level of reading and thinking
capacities. Undergraduate students are typically considered mature readers and thinkers capable
of the higher-order cognitive processes involved in processing multiple texts for the purpose of
preparing written products (Braten et al., 2009; Mateos et al., 2011). In addition, MSU tasks are
prevalent in academic contexts for undergraduate students, and thus the ability to select,
consolidate, and use multiple documents is critical for their academic success. However, research
has shown that undergraduate students are often ill-prepared to carry out MSU tasks effectively
(Goldman et al., 2012; Stremsg et al., 2013), suggesting a need for further investigation of
instructional support for processing multiple documents.

For the purpose of this study, a quasi-experimental design was employed, with one class
randomly assigned to the experimental condition (with notetaking scaffold) and the other class to

the comparison condition (without notetaking scaffold). As a result, the experimental class had
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53 students (Class 2), and the comparison class had 52 students (Class 1). As shown in Table 1,
the demographic and academic backgrounds of the two classes were similar. Chi-square tests of
independence showed no significant differences between classes in terms of gender [?(2) = 1.04,
p = .59], race/ethnicity [x*(5) = 5.69, p = .36], native English speaker status [x*(1) = .13, p = .72],
class standing [¢?(4) = 6.05, p = .20], or major [x*(3) = 2.34, p = .51]. The two classes also did
not differ in age [t(103) = 1.65, p = .10] or GPA [t(103) = .62, p = .54].

The target sample size for this study was determined by conducting an a priori power
analysis for detecting medium effects for between-group differences. The analysis was done
using the software G*Power 3.1.9.7 (Faul et al., 2009). Prior intervention studies examining the
effects of notetaking scaffolds on college students’ multiple source use have reported medium to
large effect sizes (e.g., Firetto & Van Meter, 2018; Kobayashi, 2009a). Daher and Kiewra
(2016), for example, trained undergraduate students to take notes on multiple texts using a
structured matrix and compared their notes and comprehension outcomes with controls who took
notes in their preferred ways. They found medium to large effects on note quality indicators
(Cohen’s d =.55-1.54) and a large effect on the multiple text comprehension test scores (Cohen’s
d = 1.34). Although the notetaking scaffold and outcomes in this study were different from the
study by Daher and Kiewra, it appeared reasonable to expect at least a moderate effect size in the
present study. As the power analysis showed, to detect a moderate effect size (Cohen’s d = .55)
between two independent groups, with a power of .80 and a significance level of .05, a sample
size of 106, with 53 per group, was recommended. The final number of students included in the

study was generally consistent with the desired sample size.



Table 1

Participant Background Information by Class

Experimental Class

Comparison Class

(n=53) (n=52)
N Percent N Percent

Gender

Woman 39 73.6 40 76.9

Man 13 24.5 12 23.1

Non-binary 1 19 0 0
Race/Ethnicity

White 22 415 30 57.7

Asian 10 18.9 7 13.5

Black 9 17.0 5 9.6

Hispanic/Latin 6 11.3 4 7.7

Biracial 6 11.3 4 7.7

Other 0 0.0 2 3.8
Native English speaker

Yes 49 925 49 94.2

No 4 7.5 3 5.8
Class standing

First year 9 17.0 7 135

Second year 17 32.1 24 46.2

Third year 13 245 15 28.8

Fourth year 11 20.8 6 115

Other 3 5.7 0 0.0
Major

Social sciences 28 52.8 26 50.0

Natural sciences/ 16 30.2 21 40.4

engineering
Arts/Humanities 2 3.8 2 3.8
Undecided 7 13.2 3 5.8
M SD M SD

Age 20.51 1.56 20.08 1.06
GPA 3.46 48 3.39 A7

The general education course in which students were enrolled was chosen because it

Course Context
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presented a highly ecologically valid educational setting for the study of undergraduate students’

higher-order thinking during multiple source use. The aim of this course was to help students
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become effective and efficient learners by immersing them in educational psychology research,
combined with rich hands-on learning experiences designed to build knowledge and develop
critical skills associated with learning. The course addressed such topics as reasoning, problem-
solving, knowledge building and information management, and source credibility.

Consistent with the instructional objectives of this course, a multiple source use (MSU)
task, was a course assignment that targeted essential abilities such as locating relevant online
sources, forming a justified stance toward a controversial issue, and crafting a coherent
argumentative essay based on their search. As a typical practice in this course, following the
task, instructors would give students feedback on their task performance and engage them in
class discussions about the topic and reflections on strategies used during the task. This course
thus served as an ideal context to examine higher-order thinking in an organic task that was
directly relevant to students’ learning in that course.

It should be noted that notetaking was a mandatory and regular activity in this course. As
stated in the syllabus, students were required to keep a journal to document their notes on class
readings and their reflections on learning experiences as a routine practice throughout the
semester. Students’ notes might involve summaries of the reading materials, comparisons and
contrasts of concepts or readings, or any information and ideas they found worth noting.
Therefore, by the time the MSU task was administered in the latter half of the semester, students
were somewhat experienced with taking notes on readings, even though they had not received
explicit training on notetaking strategies.

The two classes of the course were taught by different instructors. But both classes used
the same syllabus, implemented similar journaling practices, and incorporated similar assessment

methods on major assignments and learning demonstrations. The instructor of the class that was
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assigned as the comparison class was a senior professor of educational psychology who
developed the course and had been teaching the course for seven years. The instructor of the
experimental class was a senior doctoral student of educational psychology who was a mentee of
the professor. She had served as teaching assistant of the course in previous semesters and thus
was mentored by the professor to deliver the course in a like manner. For example, both
instructors emphasized students’ active engagement, incorporating frequent small-group
discussions and hands-on learning experiences in class. However, there would inevitably be
differences between the two instructors in the specific ways they delivered the content. Another
difference was that the comparison class was equipped with teaching assistants, whereas the
experimental class was not. Therefore, students in the comparison class might have received
more instructional attention and more diverse feedback from both the instructors and teaching
assistants, compared to those in the experimental class, where only the instructor was available.
As a former teaching assistant for this course, | was familiar with the objectives,
structure, and contents of the course. | had also participated in the designing of the MSU tasks in
prior iterations of the course for research purposes. In the semester in which the current MSU
task was administered, my role was a researcher. Specifically, | designed the components and
procedures of the MSU task together with the instructors and teaching assistants of the course. It
should be noted that the instructors, teaching assistants, and I all worked in the same laboratory,
and thus we all had some expertise or familiarity with the MSU research. | also served as the
primary implementer of the task in the classroom with the presence and support of the instructors
and teaching assistants for the respective classes. My role involved explaining the purpose and
directions of the task to the students, monitoring their task completion, addressing their

questions, and ensuring proper submission of data. | had not known the students prior to the
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MSU task. Nor was | involved in any other instructional activities or content planning in the
course. The instructors introduced me to the students as a researcher who worked closely with
them in designing the MSU task. The specific processes of task execution are detailed in the
Procedure section in this chapter.
Measures

Pre-Task Learner Characteristics Questionnaire

The pre-task questionnaire consisted of items about students” demographic backgrounds
and additional learner characteristics deemed relevant for multiple source use: topic interest,
perceived topic knowledge, perceived online search skill, perceived self-efficacy in
argumentation writing, and belief about argumentation. The demographic items took the form of
selected-response or fill-in-blank questions. Students’ topic interest, perceived topic knowledge,
perceived online search skill, and argumentative writing self-efficacy were assessed with self-
report items using 100-point sliding scales. Students’ beliefs about argumentation were measured
by an open-ended item. Appendix A shows the full questionnaire.
Demographics

The demographic questions pertained to students’ age, gender identification, native
language, and race/ethnicity. In addition, students were asked to report their class standing,
disciplinary major, and current grade point average (GPA).
Topic Interest

The topic interest item measured students’ individual interest in the controversial topic of

this MSU task. Students were directed as follows:
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On a scale of 0-7100, rate your interest in the topic “Is social media doing more harm
than good to society?”” (0 = Not interested at all, 100 = Strongly interested)

0 10 20 30 40 50 60 70 80 90 100

Perceived Topic Knowledge

The perceived topic knowledge item measured students’ self-perceptions about their prior
knowledge on the topic of social media for the current MSU task. Students reported their
perceptions as follows:

On a scale of 0-100, rate your knowledge about the influence of social media on society.
(0 = No knowledge, 100 = Expert)
0 10 20 30 40 50 60 70 80 90 100

Perceived Online Search Skill

Students’ self-reported online search experience and perceived competence with such
searches have been found to predict their actual performance (Kammerer et al., 2013). Thus, for
this study, | included an item that gauged students’ perceived skillfulness at conducting online
searches. The direction for this item read as follows:

On a scale of 0-100, rate how skilled you are at searching for information on the
Internet. (O = Not skilled at all, 100 = Highly skilled)

0 10 20 30 40 50 60 70 80 90 100

Perceived Self-Efficacy in Argumentation Writing
| also included an item that assessed how confident students were in their capacity to

write an argumentative essay. Despite the frequent involvement of essay writing as an outcome
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in MSU tasks, students’ perceived abilities in writing have seldom been examined in studies
involving multiple documents. The direction for this item read as follows:

On a scale of 0-100, rate your confidence in writing an argumentative essay. (0 = Not
confident at all, 100 = Highly confident)

0 10 20 30 40 50 60 70 80 90 100

Belief about Argumentation

An item on students’ beliefs about argumentation was included to gauge their
conceptions of the purpose of argumentative writing. Of particular interest was whether students
conceived of the goal of argumentative writing as providing a one-sided defense about one’s
preexisting position or presenting a well-justified argument based on a balanced consideration of
both sides of the issue. In fact, prior research has shown that students often believe the purpose
of argumentation is to prove that their stance on an issue is correct, leading to “myside bias” in
their search and writing behaviors (Alexander et al., 2023; Wolfe & Britt, 2008). In this study,
students were asked to respond to an open-ended item with the following direction:

For this Multiple Source Use task, you will be asked to read about a controversial topic

and produce an argumentative essay. In your opinion, what is the goal of written

argumentation; that is, what are you trying to accomplish when you write an

argumentative essay?

Students’ responses were initially inspected for representation of a one-sided or two-
sided perspective of written argumentation. However, during the process, | identified three
different categories of argumentation goals that students endorsed. The first category was a one-

sided view of argumentation, which considered the goal of argumentation to be defending or

convincing readers to adopt one side of the issue, without any mention of considering or
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addressing alternative or opposing views. An example of this one-sided response was, “The goal
is to support your side by using evidence.”

The second category represented a more open-minded view of the goal of argumentation
as a way to inform or gain an understanding of the topic by presenting both sides or different
aspects of the issue. An example of this category was, “You are trying to argue both sides of an
argument by using sources and alternative points on information. You are trying to provide the
reader with all of the sides of an argument.”

The third category reflected a two-sided but refutational view of argumentation, such that
the goal was to argue for one side of the issue by refuting the opposing side or by showing that
the opposing side was weaker. An example of this category was, “You are trying to make the
reader agree with the point that you are arguing and disprove or make the contradicting argument
seem lesser.”

To establish interrater reliability, the author and a trained second coder independently
coded a randomly selected 20% of responses. The exact agreement between the two coders was
95.2%, with a Cohen’s x of .87, suggesting high reliability. Discrepancies were resolved through
discussion. | coded the remainder of the responses.

Multiple Source Use Task
Task Topic

The topic of the MSU task in this study was: “Is social media doing more harm than good
to society?” As has been typically the case in this course, the MSU task topic was one that
undergraduate students rated as controversial, personally relevant, and one with which they are
reasonably familiar. This was to ensure that students worked on a topic they found motivated to

research about, rather than one imposed by researchers. In looking for a topic with such qualities,
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I administered a topic survey to a similar group of students (n = 40) enrolled in the target course
the previous semester and used their responses to inform the choice of the current topic. The
survey included a list of 10 topics developed based on the ideas these students had generated in a
brainstorming session. Students were asked to rate each on a scale of 0 to 100 in terms of a) how
controversial the topic was for students in their age group, b) how interested they would be to do
research about the topic, ¢) how much knowledge they had about the topic. The chosen topic of
social media’s impact on society had the highest ratings on all three dimensions (perceived
controversy: M = 62.15, SD = 24.66; interest: M = 59.20, SD = 25.73; knowledge: M = 54.87,
SD =21.81).
Task Requirements

The MSU task in this study required students to use information from an online search to
construct an argumentative essay on the topic of social media effects. Students were expected to
select at least four sources from their search, and then read and take notes on those sources. It
should be noted that students routinely recorded information in their class journals on the
readings that were assigned in the course. When they wrote their argumentative essays, they
could refer to those notes but not to the documents themselves.
Search Log

As students conducted the online search, they completed a search log in the form of a
Google spreadsheet. Appendix B includes screenshots of this spreadsheet. This search log was
designed to document key decisions that students made while conducting their online searches. A
number of these decision points would serve as indicators of higher-order thinking during this

Preparation stage of the MSU task.
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Search Log Components. As shown in Figure 2, the log started with a basic information
section that required students to enter their name, UID, and the start and end time of their search.
This section was followed by general directions that introduced the task topic, the goal of the
search, and the procedures that students were to follow. Specifically, students were instructed to
use any search term(s) or phrase(s) they found appropriate as they searched online about the
given topic and to select at least four sources to help them write their essays.

Figure 2
Search Log Directions

Session 1: MSU Search Log

Student Name: Start time:
uUID: End time:

Directions: In this task, you are going to search online about the topic “/s social media doing more harm than good fo society?” Use any
search term(s) or phrase(s) you find appropriate.

As you conduct the search in Google Incognito browser, document your search process by filling out the charts below.

Select at least 4 sources to help you write your argumentative essay. In the next class session (Session 2), you will read those sources and take
notes on them.

The search processes were documented in two sections following the general directions.
In Section A, students reported information regarding each search they did. For each search, they
recorded (a) the search term or phrase used, (b) the number of blurbs (i.e., brief source
descriptions) scanned on the search result page(s), and (c) the number of sources they scrolled
through (i.e., clicked open and skimmed or read through). Figure 3 shows a screenshot of the
questions in this section. As detailed in the Procedure section, | clarified the meaning of each
component to the students in a pre-task demonstration.

Section B asked more specific questions about the sources students scrolled through
during the searches (see Figure 4). For each source students scrolled through, students would
document the source’s title, its URL, and whether they decided to keep this source to read in the

next class (yes or no). They were also asked to report their reasons for keeping or not keeping
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Figure 3
Sample Questions on Search Log Section A

A. Put down all the search term(s) or phrase(s) you used, and answer the questions that follow for the sources you encounter in each search.

Search How many blurbs did you scan on How many sources did

Search# Term(s)/Phrase(s) the search result page(s)? you scroll through?

W N =

a source by selecting from a list: interestingness, relevance, credibility, length, viewpoint(s),
layout, and order on search result page. Students were directed to select all reasons that applied
or enter any other reason(s). This list consisted of a mix of epistemic and non-epistemic
justifications for document selection. Epistemic justifications referred to considerations related to
characteristics of the knowledge, such as considering the relevance to the task, credibility of the
source, and viewpoints offered by authors (Walraven et al., 2009). Non-epistemic justifications
pertained to superficial features of a document, such as its length, layout, interestingness, and
order of presentation on the search result page (Schoute et al., 2021).

Figure 4

Sample Questions on Search Log Section B

B. For each of the sources you scroll through, document the following information.

Did you keep this Why did you NOT keep this source? Why did you keep this source?
Source source to read in (Select all the reasons that apply or provide your own) (Select all the reasons that apply or provide your own)

Source # Title URL Session 27

(YIN) Interestingness Relevance Credibility  Length  Viewpoint(s) Layout CrEEerEn Tz CEEresh  Ci=

resulls page  reason(s) Interestingness Relevance Credibility Length Viewpoint(s)  Layout results page  reason(s)

1
2

oooog
ooooog
ooooao
ooooa
ooooo
ooooao
ooooag
oooog
oooog
oooaoao
oooog
oooaoag
ooooao
ooooao

Scoring. Three primary indicators of higher-order thinking at the Preparation stage were
extracted from the search log. The first indicator was the sidedness of the search terms/phrases,
or the extent to which one side of the controversial issue was predominantly or exclusively

represented among the search terms/phrases thatstudents chose. To quantify this sidedness, the

term/phrase used for each search was first coded into four categories: (a) focusing on the positive
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side of social media (e.g., “benefits of social media”); (b) focusing on the negative side of social
media (e.g., “social media harm”); (c) two-sided, tapping both up and down sides of social media
(e.g., “positives vs. negatives of social media”), and (d) stance-neutral, which did not clearly
indicate a side (e.g., “social media impact on society”). The interrater agreement was established
between two independent coders on a random 20% of the cases. The exact agreement was
97.9%, and x = .97. Discrepancies were resolved through discussion.

Based on these coded categories, the search terms/phrases were subsequently assigned
points for the pro or con side of the issue they represented. For example, a positive term received
one point on the pro side, whereas a negative term got one point on the con side. A two-sided or
stance-neutral term was given one point on each side. | then calculated the absolute value of the
difference between the total points on the pro and con sides for each student as an indicator of
the degree of sidedness guiding the search process. A lower sidedness score would indicate a
more balanced representation of the two sides of the controversy in students’ searches, whereas a
higher sidedness score would suggest a more biased search process. As an example, a student
who got 3 pro points and 3 con points would receive a sidedness score of |3-3| = 0, which
suggests a balanced search. In contrast, a student who got 1 pro point and 4 con points would
receive a sidedness score of |1-4| = 3, indicating a search that was more one-sided. As two-sided
reasoning about a conflicting issue likely required more complex and reflective thought
processes than one-sided thinking, it was assumed that lower sidedness scores were suggestive of
higher-order thinking.

The second indicator of higher-order thinking in the Preparation stage was the proportion
of sources students selected to keep out of the sources they scrolled through. This proportion was

converted into a percentage score, calculated as 100% x (the number of sources selected =+ the
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total number of sources scrolled through). This percentage was indicative of how selective
students were in choosing online documents, with a lower percentage score representing a higher
level of selectivity. Students who browsed many sources but selected a relative few might have
engaged in more effortful and reflective processing, compared to students who browsed a few
sources and kept all or most. Therefore, greater selectivity could be considered as evidence of
higher-order thinking in the source selection process.

The third indicator of higher-order thinking at the Preparation stage was the percentage of
epistemic reasons selected when deciding whether to keep a source. This indicator was computed
as 100% x (the number of epistemic reasons selected for keeping sources + the number of all
reasons selected for keeping sources). Because this percentage indicated the degree to which
students applied epistemic over non-epistemic criteria when evaluating a source, a higher
percentage would signify a greater degree of higher-order thinking. This percentage was initially
intended to be calculated based on reasons selected for both keeping and not keeping the sources
they had skimmed. But a sizable number of students did not record reasons for not keeping (n =
12; 11.4%). Thus, the portion of data on reasons for not keeping were excluded from analysis.
Notetaking

After the online search, students took notes on the sources they selected in the
Preparation stage. For this portion of the MSU task, students were provided with notetaking
templates in the form of Google Docs documents. The experimental and comparison conditions
received different versions of those templates that either contained a notetaking scaffold or did
not. Appendix C shows sample notetaking templates for both conditions. The quality of students’

notes was scored based on a rubric that was applied in both conditions.
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Experimental and Comparison Conditions. The templates for the experimental and
comparison classes both contained general directions for notetaking, along with text boxes in
which students could type their notes. Those general directions appeared as follows:

DIRECTIONS: Read and take notes on the sources you selected in Session 1. When you

write your essay, you will only have access to your notes and nothing else. If you use

exact wording from the sources, make sure you use quotation marks.

Following this general direction, those in the experimental condition were presented with
additional prompts intended to draw their attention to key summary points. Those prompts read

as follows:

In your notes, pay attention to the following:
e Source information (e.g., author or year of publication)
o Authors’ point of view
« Evidence authors use to support their point of view

These prompts were repeated in the text boxes for each document the students selected
(see Figure 5 for an example). These prompts were intended to facilitate students’ analysis of the
individual documents they had chosen.

Figure 5

Sample Notetaking Template for Experimental Condition

Source 1
In your notes, pay attention to the following:
« Source information (e.g., author or year of publication)
e Authors’ point of view
« Evidence authors use to support their point of view
Use all the space you need.
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Further, students in the experimental condition completed an additional Summary Sheet
to help them organize information from the documents that argued for or against the
controversial topic in two columns (see Figure 6). This summary sheet was meant to scaffold the
integration of key information across the multiple sources that students read. Specifically, by
juxtaposing the information on opposite sides of the controversy, students might potentially be
more likely to address the two sides of the controversial issue in their argumentative essays.

Figure 6
Summary Sheet for Experimental Condition

Use this Summary Sheet to organize the information from your sources that relate to each
side of the controversial issue “Is social media doing more harm than good to society? ”
Use all the space you need.

Information FOR Information AGAINST

Students in the comparison condition, on the other hand, were not given the additional
prompts or the summary sheet. For this condition, what followed the general task directions were
text boxes with empty space to take notes on each document in their preferred ways. The only
direction provided within each text box was, “Record your notes here. Use all the space you

need.” Figure 7 shows the sample template for the comparison group.
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Figure 7

Sample Notetaking Template for Comparison Condition

Source 1
Record your notes here. Use all the space you need.

Scoring. Students’ notes were scored based on a rubric developed to capture the presence
of components that would evidence students’ engagement in higher-order thinking when
processing the texts. These components included source information, author viewpoint, evidence,
and evaluative comments. Table 2 presents the note scoring rubric.

Specifically, source information referred to the meta-information students recorded about
the origin of the documents they chose to read. Such information might include author names,
organization, author credentials, time of publishing, publisher/website, document type, and URL.
The notation of source features was seen as reflective of students’ attention to the meta-
characteristics of the document. Consideration of these source characteristics could be important
for evaluation of sources’ credibility, potential bias, and relevance (Kammerer et al., 2021).

Author viewpoint pertained to the authors’ point of view or stance on the controversial
topic that students identified or inferred from the document. For example, a student explicitly
noted: “Author POV: social media is beneficial.” The identification of author viewpoints was

considered as requiring of students’ interpretation or summarization of authors’ position or
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intention at a document level, a process that was central to the integration of multiple viewpoints
or perspectives in subsequent written essays (Barzilai & Eshet-Alkalai, 2015).

Evidence referred to the specific evidentiary details such as facts, data, or research
findings that authors provided to support their claims. For example, a student noted: 2019 study
of 6,500 teens found that 12-15 year olds that spent more than three hours a day using social
media were at heightened risk of mental health problems.” Students taking notes on such
information could reflect their engagement in evidence-seeking processes when reading, a
process indicative of higher-order thinking (Alexander et al., 2011).

Finally, evaluative comments were any additional comments students made that reflected
their evaluation of source or information they recorded in the notes. Examples observed in
students’ notes included comments about the overall document (e.g., “credible but informative”)
or about the content in the document (e.g., “I should note there was little to no evidence past the
time statistics”). Students’ comments regarding the quality of the source or content of the
multiple documents they read have been observed in their notes in prior studies and might be
viewed as evidence of their engaging in evaluation during text processing (e.g., List & Du,
2021).

The current rubric was adapted from the original rubric proposed. The original rubric
intended to assess each component on a 0 to 2 scale, with a score of 0 representing an absence of
the target component, a score of 1 showing a weak presence of the component with limited detail
or clarity, and a score of 2 for clear and rich evidence of the component. However, due to the
variability in the contents students noted, it proved difficult to reliably capture what would

constitute strong versus weak evidence of several components (e.g., clear versus vague reference
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to author viewpoint, substantial versus limited amount of evidence). Therefore, on the revised

rubric, all components were scored on a binary scale as present (1) or not (0).

Table 2

Scoring Rubric for Students’ Source Notes

COMPONENT DESCRIPTION 0 SCORE 1
Meta-information about
origin of the document : . Included at least one
No meta-information | _.
Source (e.g., author names, piece of meta-
. : . about the source : .
Information credentials, organization, . information about the
i . included
publisher, website, year, source
document type)
Reference to authors’
Authors’ overall point(s) of | No identifiable overall point(s) of
Author . , . ) .
) . view or stance on the authors’ viewpoint view or stance on the
Viewpoint . . . .
controversial topic or stance included controversial issue
identified
Specific facts, data, or e Noted specific
. - . No specific evidence N
Evidence research findings provided evidentiary data, fact,
. noted I
in the documents or research findings
Students’ comments that Evaluative
Evaluative reflected their evaluation No evaluative comment(s) about the
Comments about the nature or quality | comments included | source or content
of the source or content included

Interrater reliability was established between two raters based on their independent

scoring of a random 25% of the notes, following several rounds of training. Percent agreement

and Cohen’s kappa were calculated for each component: source information (98.9%, x = .98),

author viewpoint (73.9%, k = .45), evidence (88%, x = .69), and evaluative comment (97.8%, «

=.79). A kappa between .60 to .80 suggests substantial agreement, and one that is above .80 is

considered near perfect agreement (Cohen, 1960). However, the interrater agreement for author

viewpoint was weak (below .60) and removed from subsequent analysis. As students took notes

on different sets of documents of their choice, it was challenging to reliably determine what
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pieces of information in the notes represented author viewpoint or stance. Pooling the three
remaining components together, the interrater agreement for the rubric was 94.9%, x = .89.
Discrepancies were resolved through discussion. | scored the remainder of the notes.

This revised rubric was used to assess the quality of the notes taken for each document
that students chose. An average score for each component across documents was computed to
represent students’ scores on that component (possible range = 0-1). The overall quality of
students’ notes was based on the average of the summed score of all components across
documents (possible range = 0-3).

Argumentative Essay

Students’ argumentative essays were evaluated using a rubric that contained elements
considered core to written argumentation (Nussbaum & Schraw, 2007; Reznitskaya et al., 2009).
The rubric, presented in Table 3, covered several key elements:

e claim (a statement about students’ position on the controversial issue),
e justifications (reasons and evidence that substantiated the claim), and
e counterarguments (opposing views or evidence to the central claim).

The rubric also addressed components that contributed to the production of a quality
argumentative essay based on multiple documents (e.g., Mason et al., 2014; Mateos et al., 2018).
These components included:

e sourcing, which pertained to the degree to which students clearly referenced the sources
of origin of the information they included in the essay;
e critical analysis, which was reflected in students’ evaluation of the quality of sources or

contents they referenced or reactions to the soundness of arguments presented in a

document;
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e synthesis, which represented the degree to which students combined or consolidated
information from multiple documents;
e overall cohesion, which was about presenting ideas in a structured and cohesive manner;
and
e writing quality, which referred to the clarity and coherence of students’ writing.
Together, these elements undergirded a well-integrated presentation of arguments and
counterarguments based on information from multiple documents.

The quality of each component described in the rubric was evaluated on a 0-2 scale. A
score of O represented a lack or poor quality of a component (e.g., no reference to sources;
disconnected ideas). A score of 1 indicated that a component was mentioned but only addressed
in an insufficient or unelaborated way (e.g., counterargument considered but only briefly
mentioned). A score of 2 represented that a component was addressed in a clear and elaborate
manner (e.g., fully elaborated, well-substantiated claim). Table 3 presents the detailed scoring
criteria for each component. The summed score of all components, with a possible range of 0 to
14, served as a measure of the overall quality of the essay.

Interrater reliability was established with two raters independently scoring 25% of the
essays, after several rounds of training of the second rater. Both percent agreement and weighted
Cohen’s kappa (xw), which is appropriate for ordinal scales, were examined for each component
of the rubric: claim (92%, xw = .75), justification (96%, xw could not be computed as one scorer’s
ratings had no variance), counterargument (84 %, xw = .70), sourcing (92%, xw = .90), critical
analysis (88%, xw=.78), synthesis (76%, xw = .68), overall cohesion (92%, xw = .62), and writing
quality (96%, xw=.78). Pooling all components, the agreement for the rubric was 89.5%, xw

=.83. With all discrepancies discussed and resolved, | scored the remaining essays.
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Scoring Rubric for Argumentative Essays
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Justification

support of students’
claim

apparent connection between
claim and reasoning to back
up the claim

claim; substantiation of the
claim was weak and
unelaborated

SCORE
COMPONENT | DESCRIPTION
0 1 2
Statement(s) about
. the position or No claim statement or an Claim statement presented A well-stated, fully articulate
Claim . . . . . A
conclusion about incomprehensible claim but not fully articulated claim was presented
the topic
. No reasoning or support Regsonlng to back up the Reasoning to back up the
Evidence or ; . claim attempted but was only X X
o provided for the claim or no . . claim was fully reflective of
reasoning in partially reflective of the

the claim; substantiation of
the claim was rich and fully
elaborated

was about)

ing or : i
Oppos 19 or : : Evidence of unelaborated Evidence of elaborated
Counter- alternative views No mention of opposing or . : . ) )
: o ; representation of opposing or | discussion of opposing or
argument and evidence to alternative views/evidence L . o i
> la alternative views or evidence | alternative views or evidence
students’ claim
- . Some vague reference to the | Clear reference to the origin
Explicitness and No sources cited, or the .. ) l : . .
: - ; ) origin of information; the of information, typically
clarity of reference | origin of information was . . e
. ; e source information was specifying the
to sources of origin | unidentifiable e NN
X SRS . . specified in a limited way author(s)/institution
. of information cited | (e.g., simply saying « : . s X .
Sourcing o N (e.g., “asurvey in 2018, publishing the information in
(e.g., author, research shows...” without . . k .S .
N o . . with no further information | combination with other
institution, additional information about . :
) about who conducted the meta-information about the
publisher, year of | the research or where the w )
- . . survey or what the survey source (e.g., “according to a
publishing) information came from)

Pew Research Center survey
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SCORE
COMPONENT | DESCRIPTION
0 1 2
of U.S. adults conducted July
13-19, 2020”)
Evaluation and
analysis of quality | No evidence of evaluation or | Evidence of unelaborated or | Evidence of elaborated and
Critical of cited sources or | analysis of the quality of any | superficial evaluation or in-depth evaluation or
Analysis the of the cited sources or their | analysis of the quality of analysis of the quality of
contents/arguments | contents sources or their contents sources or their contents
presented
. Evidence of connecting Evidence of connecting
Connection of . . : . . : . .
. No evidence of connecting | pieces of information from | pieces of information from
: pieces of . . : . : . e
Synthesis : . pieces of information from different documents in only | different documents within
information across . .
different documents part of the essay or in a and across two or more
documents -
limited way paragraphs
Ideas disconnected between | Ideas weakly connected Ideas highly connected
Overall paragraphs (no flow); no within or between within and between the
Overall S I e _ _
. connectedness of identifiable organizational paragraphs (limited flow); document (good flow); clear
Cohesion ) . . .
ideas in the essay structure throughout the weak organizational structure | organizational structure
essay throughout the essay across the essay
. Clarity and Occa5|onall)_/ fully . ngerally c_;ompreher_15|ble, Fully comprehensible, with
Writing comprehensible, with with occasional ambiguous . .
: coherence of : unambiguous and highly
Quality o convoluted and ambiguous | sentences and moderately .
writing coherent writing

writing; mostly incoherent

coherent writing
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Procedure

The study was conducted in four consecutive sessions for the experimental and
comparison classes of the targeted general education course. These sessions took place during
the scheduled class lectures, which occurred twice weekly. The study began with a task
preparation session (Session 0) in which students were given an overview of the MSU task,
learned to use the search log, completed consent forms, and answered demographic questions.
This preparatory session was followed by three primary task sessions (Sessions 1-3) in which the
various components of the MSU task were completed. In Session 1, students responded to
questions on the Learner Characteristics Questionnaire and conducted online searches while
filling out the search logs. Session 2 was dedicated to reading the chosen sources and taking
notes while reading. Finally, in Session 3, students wrote argumentative essays based on their
notes. The four sessions were carried out during four 50-minute class periods over a span of two
weeks. For both classes, Session 1 was five days apart from Session 0. Session 2 took place two
days after Session 1, and Session 3 happened five days after Session 2. Table 4 summarizes the
procedure in chronological order. More detailed descriptions of each session will follow.

In Session 0, the introductory session, students were prepared for the MSU task. With the
facilitation of the course instructors and teaching assistants, | first introduced the task
procedures. Students were provided with a written Multiple Source Use Task Guide (see
Appendix D). This Guide included an overview of the task components, pre-task equipment
preparation tips, and steps to follow in each session.

For example, the Guide began with the following task introduction:

TASK OVERVIEW

For this task, you will search the Internet for information on a controversial topic. You will
then write an argumentative essay about this topic.



The task takes place in three sessions:

e Session 1: Complete a brief questionnaire. Then, conduct an online search and select at
least 4 sources to help you write your essay.

e Session 2: Read and take notes on the sources you selected.

e Session 3: Write the argumentative essay using only the notes you took in Session 2.

63

Students were told to bring a laptop, rather than phones or tablets, to all task sessions, and

to ensure that their laptops were connected to the Internet at the start of class. Detailed directions

on how to (a) access the search log for the online search, (b) use the templates for notetaking on

Google Docs, and (c) submit the products from each session were provided in the Task Guide

and verbally.
Table 4

Procedure of the Study

(5 days after Session 0)

B. Online searching while
completing search log

Session Content
Experimental Class Comparison Class

A. MSU task overview A. MSU task overview

B. Demonstration and practice B Demonstration and practice
Session 0 with search log with search log

C. Consent form and C. Consent form and

demographics questionnaire demographics questionnaire

A. Learner Characteristics A. Learner Characteristics

Session 1 Questionnaire Questionnaire

B. Online searching while
completing search log

Session 2
(2 days after Session 1)

Notetaking with scaffold

Notetaking without scaffold

Session 3
(5 days after Session 2)

Argumentative essay writing
with access to notes only

Argumentative essay writing
with access to notes only

The task overview was followed by a demonstration of how to use the search log when

conducting online searches and a brief practice. For the purpose of demonstration and practice,

students were provided with a mock search log that was identical to the one they would use in

Session 1, except that the topic was different (legalization of marijuana). | walked students
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through the components of the search log, explained the meaning of the variables to be
documented, and demonstrated how to enter the required information while conducting a search
on the practice topic. Students were shown how to use incognito browsers for their searches, to
prevent potential influence of prior browsing histories on their search results. | also modeled the
use of the split-screen function to facilitate the process of searching for information and filling
the search log at the same time.

Instructions for these specific steps were also detailed in the written Task Guide. After
the demonstration, students did a brief online search on the topic of marijuana and practiced
recording required information in the mock search log, with reference to the Guide. Any
questions that arose during the practice were addressed. In addition, a video demonstration of the
search process, which covered the same steps as the in-class demonstration, was made available
to students after class for their review.

For the last part of Session 0, students completed the consent form to indicate their
willingness to participate in the study. As the MSU task was an integral part of the course,
students understood that they would complete the task as a required course assignment. By
signing the consent form, they gave investigators permission to use their data for research
purposes. It was ensured that students’ decision to participate or not would not affect their grades
in the course. Following the consent, students then completed the demographics portion of the
learner characteristics questionnaire on Qualtrics®. The entire Session 0 lasted about 25-30
minutes. Students who could not attend this session were asked to read the Task Guide, watch
the video demonstration, and complete the consent form and the demographic questions before

the next session.
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In Session 1, students started the actual MSU task. In this session, they first completed
the learner characteristics questionnaire on Qualtrics®. Then, students accessed the previously
described search log on a Google spreadsheet and followed the instructions on the sheet to
document required information while searching on the Internet about the topic of social media.
As the instructions specified, they needed to select at least four sources for notetaking in the next
session. At the end of the class, they were asked to record the URLSs of the sources they decided
to keep and submit them to the CANVAS course page, so they could easily re-access these
selected sources in Session 2. They were also directed to upload the link to their search log to the
course page. The session lasted 50 minutes. Based on student reports of their start and end time
on their search logs, the online searches took an average of 35.24 minutes (SD = 8.82).

In Session 2, students read the sources they selected in Session 1 and took notes on
provided notetaking templates in a Google Doc. Students were asked to follow the instructions
on the template to take their notes. As noted, the experimental class was given a template
containing scaffolding prompts, with an additional summary sheet to organize information on
both sides of the controversial topic. The comparison class took notes on a template that did not
contain the scaffolding prompts; nor were they given the summary sheet. Both groups had the
entire 50-minute class session to complete the notetaking. The notes documents were submitted
to CANVAS at the end of the class.

In Session 3, students wrote argumentative essays in class in Word documents. They
were directed as follows:

Write an argumentative essay on the topic “Is social media doing more harm than good to
society?” You can only use the notes you took from the last class. Write as much as you

need to fully articulate your argument.
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Students had the entire 50-minute class session to write the essay. Students were able to
complete their essays within the given time. At the end of the session, essays were submitted to
CANVAS.

Ecological Validity of the MSU Task

The MSU task in the current study afforded greater ecological validity than what is
typical of the literature involving multiple texts in several ways. For one, the study took place in
an undergraduate “Learning How to Learn” course where the MSU task was a standing class
assignment. In fact, the MSU task was integral to the course objective of enhancing critical
competencies for college students’ academic success. Specifically, students completed the MSU
task as a relevant and organic learning experience within the classroom, around which
instructional activities about the effective identification and use of online sources unfolded. This
stood in contrast to prior studies where students completed the MSU task in contrived laboratory
settings (e.g., Barzilai & Eshet-Alkalai, 2015) or in classrooms where the task bore little explicit
relevance to the course curriculum (e.g., Stremsg et al., 2008).

For another, the current MSU task involved conditions resembling those that students
were likely to encounter in real-life contexts of dealing with multiple online documents. For
example, the research topic of the task was one that undergraduate students judged as motivating
to explore, rather than one selected by researchers (Hagen et al., 2014; Stramsg et al., 2013).
Further, the task required students to conduct open online searches as they would commonly do
when trying to learn about a topic they care about, rather than working with a set of documents
carefully designed by researchers (e.g., Bromme et al., 2015; Gil et al., 2010). This allowed
students to experience information sources online in a more naturalistic way, and to enact the

processes of searching, selection, and integration of multiple documents in a less directed



67

manner. Further, these processes were captured with less invasive measures through the use of

search logs and notes. Together, this classroom-based MSU task allowed for investigations of

higher-order processes occurring at all task stages in a highly ecologically valid context.
Overview of Analysis Plan

In this section, | overview the specific statistical procedures to be implemented for each
of the research questions addressed in the study. Before addressing any research questions,
missing data were examined. Two students did not complete the learner characteristics measures
(1.9% of all cases). Three students (n = 1 in experimental class, n = 2 in comparison class; 2.9%
of all cases) completed the notetaking as required but did not submit data properly, resulting in
missing data. Finally, four students (n = 2 in experimental class, n = 2 in comparison class; 3.8%
of all cases) did not complete the argumentative essays. Little’s MCAR test suggested that the
assumption of missing completely at random could not be rejected, ¥* = 30.69, p = .989. Missing
cases were listwise deleted in subsequent analyses.

Research Question 1 entailed the general overview of students’ engagement in higher-
order thinking at the Preparation, Execution, and Production stages of the MSU task. As this
study employed a quasi-experimental design, | inspected the distributions of the pre-task learner
variables to assess if the two classes were comparable. As demographic variables reported in
Table 1 showed no difference between classes, | focused on the learner characteristics variables
(e.g., topic interest, perceived topic knowledge). Then, | primarily examined the descriptive
statistics of the higher-order thinking indicators identified in the search logs, notes, and essays
for both classes to understand the degree to which students employed these higher-order

processes at each stage.
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Research Question 2 addressed the effects of the notetaking scaffold on the quality of
notes and argumentative essays. For this question, I report the bivariate correlations among
learner characteristics and note and essay quality indicators. Learner characteristic variables that
were significantly correlated with the outcomes (notes or essays) were used as covariates in
subsequent analyses. | then moved on to examine any mean differences between the
experimental and comparison classes in their overall note and essay qualities, indicated by the
summed scores of their respective rubrics. To detect between-group differences on continuous
outcome variables (e.g., total essay score, averaged sum score of notes), | conducted
independent-samples t-tests or analyses of covariance (ANCOVA, when meaningful covariates
were identified). For discrete variables, such as essay component scores (on 0-2 scales),
generalized linear models for ordinal responses were conducted (ordinal logistic models). Model
assumptions were examined.

Research Question 3 addressed how higher-order thinking at a prior stage may influence
higher-order thinking at a later stage. To answer this question, | tested a latent variable path
analysis to model the structural relations among higher-order thinking at the Preparation,
Execution, and Production stages. Figure 8 depicts the hypothesized model. Before running the
model, I inspected the correlational structure among the learner characteristics (i.e., topic
interest, topic knowledge, online search skill, and self-efficacy in argumentation writing) and the
manifest indicators of higher-order thinking at each stage. As belief about argumentation was a

categorical variable, its associations with the other learner and outcome variables were examined
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separately using one-way ANOVAs (for continuous variables) or chi-square tests of
independence (for categorical variables). As the committee suggested, an exploratory factor
analysis was conducted to identify potential latent factors for the learner characteristics variables.
Belief about argumentation was left out from the factor analysis since it was a categorical
variable. The identified factor structure would be incorporated into the overall model depicted in
Figure 8. Standardized manifest variables were used for this analysis.

At each stage of the MSU task, a latent higher-order thinking variable was presumed to
underlie the manifest variables considered to represent higher-order thinking at that stage. Given
the temporal sequence of the three stages, | hypothesized that higher-order thinking at the
Preparation stage would be directly linked with higher-order thinking at the Execution stage and
indirectly linked with instances of higher-order thinking at the Production stage. In like manner,
higher-order thinking during Execution would directly predict higher-order thinking at the
Production stage. Further, the notetaking condition (experimental vs. comparison) would be
included as a predictor for higher-order thinking at the Execution and Production stages to
account for any between-group differences at these two stages.

The model would be assessed in two steps. First, a measurement model would be
examined to ascertain viability of the measurement structure of the latent factors. As the learner
characteristics (e.g., topic interest, perceived online skill) were each measured by a single item, it
was suggested that latent learner characteristic factors should be explored and included in the
latent path model. Exploratory factor analyses were performed to identify such latent factors. As
argumentation belief was a categorical variable, it was not included in this analysis. If the
measurement model was viable, I would move on to assess the hypothesized latent paths.

Conversely, if the measurement model was not supported, | would cease the analysis, as the
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latent path model would not be meaningful. Model fits were determined by consulting several
indices: model chi-square statistic, Standardized Root Mean Square Residual (SRMR), Root
Mean Square Error of Approximation (RMSEA), and Comparative Fit Index (CFI).

Analyses for RQ1 and RQ2 were conducted using SPSS 29. The analyses for RQ3 were

performed using the lavaan package in R.
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CHAPTER IV

RESULTS AND DISCUSSION

The overarching purpose of this study was to understand higher-order thinking processes
that unfolded over the Preparation, Execution, and Production stages of a classroom-based
multiple source use task, and to examine the effects of a notetaking scaffold provided at the
Execution stage. | started by examining the pre-task learner characteristics measures and testing
equivalence between the notetaking conditions on these characteristics. Bivariate correlations
among learner characteristics and indicators of task performance at each stage were also
examined. Descriptive statistics for variables at each stage were then inspected to understand the
degree of students’ engagement in higher-order processes at each stage (RQ1). This is followed
by a discussion of the results from analyses on potential differences in the notes and
argumentative essays between the experimental and the comparison classes (RQ2). Finally,
analyses and results for relations among higher-order thinking processes across stages are
reported (RQ3).

Pre-Task Learner Characteristics

Table 5 summarizes the descriptive statistics for the learner characteristics measured
prior to the MSU task. As the data from the 0-100 scales showed, students in this sample
reported moderate levels of topic interest (M = 64.02, SD = 19.98), perceived topic knowledge
(M =55.27, SD = 16.59), perceived online search skill (M = 61.70, SD = 16.94), and self-
efficacy for argumentative writing (M = 58.32, SD = 19.34). Independent samples t-tests
revealed no significant mean differences in these continuous learner variables between classes (ts
< 1.34, ps > .05). Levene’s tests of homogeneity of variance further showed that the two classes

did not differ in their variances on these learner characteristics (Fs < .84, ps > .05).
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Table 5

Descriptive Statistics for Learner Characteristics for All Students and By Class

All Students Experimental Class Comparison Class
(n=103) (n=53) (n =50)

M (SD) Range M (SD) Range M (SD) Range

64.02 65.57 62.38

Topic interest (19.98) 0-100 (20.20) 0-100 (19.81) 5-100
Perceived topic 55.27 57.38 53.04
knowledge 1659) 988 (1786) 1988 (149 1080
Perceived online search 61.70 62.74 60.60
skill 16.94) 0100 (4735 1092 g5 20100
Self-efficacy for 58.32 59.45 57.12
argumentative writing  (19.34) 10190 (203g) 10100 (135  15-100
N Percent N Percent N Percent
Belief about 103 100 53 100 50 100
argumentation
One-sided 72 68.6 38 717 34 65.4
Open-minded 8 7.6 7 13.2 1 1.9
Refutational 23 21.9 8 15.1 15 28.8

Belief about argumentation was a categorical variable reflecting students’ one-sided,
open-minded, or refutational views about the goal of written argument. As shown in Table 5, a
majority of students (n = 72; 68.6%) reported a one-sided understanding. These students reported
that the goal of argumentation was to justify or defend one side of the focal issue while
overlooking opposing viewpoints. In effect, over half of the undergraduate students in this study
had an underdeveloped argument schema (Anderson, Nguyen-Jahiel et al., 2001). A refutational
view was the second most frequently endorsed viewpoint (n = 23; 21.9%). Responses showing
this view took the two-sided nature of argumentation into account while largely reflecting an

adversarial perspective, such that the goal was to win the argument by proving the opposing view
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wrong or weak (Nussbaum, 2021). Only a small percentage of the students (n = 8; 7.6%)
demonstrated a more balanced or neutral view without the assumption that one side must be
favored over the other.

The percentage of students endorsing the open-minded view was higher in the
experimental class (n = 7; 13.2%) than in the comparison class (n = 1; 1.9%). However, a chi-
square test of independence could not be performed, as 33.3% of the cells had expected counts of
less than 5. A likelihood ratio chi-square test, which is robust to low expected cell counts, was
used instead. The test revealed a significant dependency between class and argumentation belief,
¥2(2) = 7.36, p = .025. The adjusted residuals for cells linked to open-minded beliefs exhibited
absolute values exceeding 2, indicating significant discrepancies between observed frequencies
and statistically anticipated counts. The experimental class had a higher-than-expected number of
students reporting an open-minded belief (adjusted residual = 2.1), while the comparison class
had fewer than expected students endorsing this view (adjusted residual = -2.1). There were no
significant deviances from the expected frequencies for the remaining cells (adjusted residuals <
12]).

Bivariate correlations among learner characteristic variables and the variables related to
higher-order thinking at each MSU stage were examined to identify potential covariates for
subsequent analyses on effects of the notetaking scaffold (RQ2). These variables included
sidedness of search terms, percent sources selected out of sources of scrolled through, percent of
epistemic reasons chosen for selecting sources during search, and summed and component scores
on notes and essays. As most of the variables were not normally distributed, as suggested by

Shapiro-Wilk tests of normality (ps < .05), and that the essay component scores were ordinal in
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nature, the non-parametric Spearman’s rho (p) was examined instead of Pearson’s r. Table 6
presents the Spearman’s rank correlation coefficients and their statistical significance.

Table 6

Spearman’s Rank Correlations Among Learner Characteristics and Higher-Order Thinking

Indicators on Search Logs, Notes, and Argumentative Essays

Perceived  Perceived Self-efficacy

Topic . : for
Writing
Search Log
Search term sidedness .08 .06 .03 -.02 A2
% sources selected out
of sources scrolled -.24* -.10 -.15 -.16 -.04
through
% epistemic reasons g% o1 07 10 02
selected
Notes
Avg. notes sum score .06 -.03 -.05 .04 35**
Avg. source information .07 .03 -.10 -.05 35%*
Avg. evidence .00 04 .09 .03 .05
Avg. eveluaive 00 _24% 12 _01 25*
Argumentative Essay
Essay sum score .04 -.03 -.13 01 35**
Claim .05 .08 .02 .06 A1
Justification .02 -.05 -.23* 10 15
Counterargument A1 10 -.03 -.21* 21*
Sourcing -.05 .03 .00 .02 .07
Critical analysis A1 -.04 -.06 .16 14
Synthesis -.07 -.21* -12 -.07 28**
Overall cohesion 15 -.01 -11 .09 37>
Writing quality .06 .03 -.30** -.05 33**

Note: *p < .05, **p < .01 (2-tailed).
A number of significant, small to moderate correlations were found between learner

characteristics and variables at different stages. Topic interest was negatively correlated with
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percentage of sources students selected for subsequent notetaking out of the sources they scrolled
through (i.e., skimmed or read through), p =-.24, p = .016. A lower percentage score represented
greater selectivity during search, so the negative correlation suggested that higher topic interest
was related to higher source selectivity. Topic interest was negatively correlated with percent
epistemic reasons chosen for selecting sources to keep, p = -.22, p = .027. Perceived topic
knowledge was negatively correlated with evaluative comments in notes (p = -.24, p = .018) and
synthesis in argumentative essays (p = -.21, p = .037). Perceived online search skill was
negatively correlated with justification (p = -.23, p = .022) and writing quality (p =-.30, p
=.003) in essays.

Self-efficacy in argumentative writing was negatively correlated with counterargument (p
=-.21, p = .040). Further, GPA was correlated with the overall score for notes (p = .35, p <.001),
and for the source information (p =.35, p <.001) and evaluative comments (p = .25, p = .014)
documented in the notes. GPA was also correlated with essay scores, including the summed
score for the essay (p = .32, p =.001) and component scores for counterargument (p = .21, p =
.040), synthesis (p = .28, p =.005), overall cohesion (p = .37, p <.001), and writing quality (p =
.33, p =.001). These significantly correlated learner variables were incorporated as covariates in
later models to gauge between-class differences for the notes and essays related to RQ2.

Given the disparate proportions of students holding different argumentation beliefs across
the two classes, this learner characteristic warranted further consideration in subsequent analyses
exploring the effects of the notetaking scaffold. However, because of the small number of cases
of the open-minded view (total n = 8), it was not possible to test for differences between those
who endorsed this view and those who reported other beliefs. | examined the other two types of

argumentation beliefs in relation to indicators of higher-order thinking extracted from the search
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log, as well as the total and component scores for notes and essays. The one-sided and
refutational beliefs were dummy-coded into binary variables (yes or no). Point-biserial
correlations did not reveal any significant associations among these binary belief variables and
the dependent variables of interest from search logs, notes, and essays (-.19 <rs < .15, ps > .05).
Thus, argumentation belief was not further taken into account in later analyses. With the learner
variables examined, | moved on to addressing the central research questions.
Research Question 1: Higher-Order Thinking by Stage

The first research question aimed to explore the extent to which undergraduate students
engaged in higher-order thinking at each stage of multiple source use. | examined descriptive
statistics for relevant variables at Preparation, Execution, and Production stages. For several
variables at the Preparation stage (e.g., search term sidedness), inferential statistics were also
examined.
Preparation Stage

To gain a descriptive understanding of students’ processing at the Preparation stage, |
inspected the search process information documented in students’ search logs and indicators of
higher-order thinking extracted from that information. Table 7 displays the descriptive statistics
for variables on the search log for all students and by class. It should be noted that all students in
the sample (n = 105) submitted the search log, but missing values were present for certain
variables, as some students failed to document all required information on the log (e.g., search
time, number of blurbs scanned). The Ns for specific variables are reported in Table 7. Little’s
MCAR test suggested missingness completely at random was upheld, y?>=27.53, p = .776.

Students spent an average of 35.24 minutes on searching (SD = 8.82), and time spent was similar
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Descriptive Statistics for Search Logs for All Students and by Class
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All Students Experimental Class Comparison Class
(n =105) (n=53) (n=52)

N M SD Range N M SD Range N M SD Range
Duration (min) 96 35.24 8.82 10-50 48 34.10 9.88 10-50 48 36.38 7.55 19-50
Total number of search terms 105 444 192 1-11 53 436 1.82 1-10 52 452 202 1-11
Number of positive search terms 105 055 0.76 0-4 53 043 0.64 0-2 52 0.67 0.86 0-4
Number of negative search terms 105 1.18 1.13 0-5 53 1.06 110 0-4 52 131 1.16 0-5
Number of neutral searchterms 105 1.64 1.53 0-6 53 160 1.52 0-6 52 167 154 0-6
N“grbrfl; of two-sided search 105 029 062 03 53 036 074 03 52 021 046  0-2
Search term pro side score 105 248 174 0-8 53 240 177 0-8 52 256 1.73 0-8
Search term con side score 105 310 191 0-9 53 3.02 1.87 0-8 52 3.19 197 0-9
Search term sidedness score* 105 0.93 1.12 0-5 53 0.81 1.06 0-4 52 106 1.18 0-5
Number of blurbs scanned 100 3344 2521 5-145 51 3224 26.68 5-145 48 3525 23.73 8-102
N”{Eﬁf&;}f solrces scrolled 103 1070 495 3-33 53 923 279 316 50 1226 6.16  6-33
Number of sources selected 104 5.44 1.59 3-10 53 530 158 3-10 51 559 1.60 3-10
Percent sources selected outof 5, o7 193 138900 53 606 17.8 26.7-100 49 524 201 13.2-100

sources scrolled through*

Percent epistemic reasons 101 584 159 7.7-100 52 577 171 7.7-100 49 592 146 26.1-100

selected™*

Note. Indicators of higher-order thinking are marked by “*”’.
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for the experimental (M = 34.10, SD = 9.88) and comparison classes (M = 36.38, SD = 7.55),
t(94) = -1.27, p = .209.

Across classes, students used an average of 4.44 search terms or phrases (SD = 1.92). The
range was wide, with a minimum of one search term used to a maximum of 11 different terms
applied. In terms of students’ position on the topic of social media these search terms
represented, stance-neutral terms were used most often (M = 1.64, SD = 1.53), whereas two-
sided (M =.29, SD =.62) and positive terms (M = .55, SD = .76) were the less favored. Also,
these terms were coded for the pro and con sides of the issue represented. A paired-samples t-test
showed that students’ search terms reflected the con side significantly more frequently than the
pro side, t(104) = -4.89, p <.001, with a large effect size (Cohen’s d = 1.32). The average
sidedness score, reflecting students’ bias toward one side of the issue over the other, was .93 (SD
=1.12). A one-sample t-test suggested that sidedness score was significantly different from 0,
which would represent a balanced presentation of both sides [t(104) = 8.54, p <.001, Cohen’s d
=1.12].

Further, students, on average, scanned 33.44 sources (blurbs or snippets of source
information) on the search result pages, but the variance was large (SD = 25.21, range = 5-145).
Among the sources scanned, students clicked open and skimmed or read (scrolled through) an
average of 10.70 (SD = 4.95) sources of which they selected a mean of 5.44 sources (SD = 1.59)
for further reading and notetaking in the next session. As an indicator of their selectiveness, |
calculated the percentage of sources students selected out of total number they scrolled through,
the average of which was 56.7% (SD = 19.3%) across classes. In effect, students kept more than

half of the sources they skimmed for potential use in the argumentative essay.
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Among the reasons students checked for why they chose to keep a source, epistemic
reasons (e.g., relevance, viewpoint, or credibility) were the primary reasons listed (M = 58.4%,
SD =15.9%). A one-sample proportion test showed that the observed percentage of epistemic
reasons chosen was significantly higher than chance (z = 10.05, p < .001). This suggests that
undergraduates considered the epistemic characteristics of the sources more than the non-
epistemic factors such as length or layout, when deciding on which ones to retain for possible
use in their argumentative essays. No significant differences were found for any of the other
search log variables between classes (ps > .05).

Execution Stage

The information students documented in their notes was examined at the Execution stage.
Figure 9 presents the means for the cross-document average scores for source information,
evidence, and evaluative comments recorded in the notes, and summed score for the notes for all
students. For the experimental class, the scoring was based on the portion of notes on the
individual documents only. As the Summary Sheets were only available for the experimental
class, notes on these sheets were not included in this analysis.

Across classes, students took notes on a mean of 4.53 documents (SD = 1.34) they had
selected from the online search. Students scored an average of 1.54 (SD = .52) out of a maximum
of 3 points on overall note score. Looking across the component scores, students did
comparatively well in documenting source information (M =.77, SD =.39) and including
specific evidence from those sources (M = .70, SD = .27). In contrast, students rarely made

evaluative comments in their notes (M = .07, SD =.16).
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Figure 9

Mean Overall and Component Scores of Notes for All Students

Avg. notes sum score 1.54

Avg. source Information _ 0.77
Avg. evidence _ 0.70

Avg. evaluative comments I 0.07
0 0.5 1 15 2 2.5 3

Note. Maximum avg. notes sum score = 3. Maximum score for each component = 1.
Production Stage

The rubric for the argumentative essays written at the production stage captured key
components of a well-integrated written argument based on multiple sources based on the
research literature (Mateos et al., 2011; Reznitskaya et al., 2009). For a cognitively demanding
argumentative writing task, performance on the individual components (maximum score = 2) is
considered evidence of higher-order thinking processes. Figure 10 presents the means of essay
total and component scores for all students. As suggested by the mean summed essay scores
across classes, students did moderately well on the argumentative essays overall (M = 10.96 out
of a maximum of 16, SD = 2.79).

An examination of the mean scores of the components across participants revealed
several patterns. For one, students demonstrated adequate writing quality (M = 1.79, SD = .48),
producing essays that were overall clear, coherent, and comprehensible. Students also were

capable of presenting well-stated claims for their arguments (M = 1.72, SD = .45). Additionally,
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the undergraduates exhibited competence in providing justifications to support and substantiate
their claims (M = 1.80, SD = .40). Overall cohesion of their argumentative writing was
moderately high (M = 1.57, SD =.59). Students did less well in incorporating counterarguments
(M =1.34, SD = .71) and citing sources with clarity and explicitness (M = 1.38, SD =.77). In
contrast, students struggled more to synthesize information across the different sources (M = .88,
SD =.85). Among all components, the degree of critical analysis that students exhibited was the
lowest (M = .48, SD =.72).

Figure 10

Mean Overall and Component Scores of Argumentative Essays for All Students

0 2 4 6 8 10 12 14 16
Essay sum score [ 10.96
Claim I 1.72

Justification [ 1.80

Counterargument I 1.34
Sourcing N 1.38

Critical analysis [l 0.48
Synthesis [l 0.88

Overall cohesion [ 1.57

Writing quality [ 1.79

Note. Maximum for essay sum score = 16. Maximum score for each component = 2.
Summary
These inspections of students’ performance at the Preparation, Execution, and Production

stages revealed several notable patterns in the higher-order thinking processes captured at each
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stage. For one, when searching for sources at the Preparation stage, students showed a bias in
their choices of search terms, in favor of the con side of social media’s effects on society.
However, students were able to consider epistemic reasons more than non-epistemic ones when
deciding which sources to retain for subsequent analysis and use. Also, during notetaking at the
Execution stage, students frequently attended to source information and evidence in the
documents they read, but rarely did they document evaluative comments in the notes. Finally, at
the Production stage, students generally did well in stating claims on the controversial topic and
supporting these claims with justifications. They addressed counterarguments and referred to
source information but to a lesser extent. What seemed most challenging for students was the
critical analysis and synthesis of the arguments or information they referenced in the essays.

These analyses, therefore, allowed for an understanding of the overarching patterns of
higher-order processes students demonstrated at the three stages across classes. The next
research question focused on unearthing potential differences between classes at the Execution
and Production stages.

Research Question 2: Effects of Notetaking Scaffold

The second research question guiding this study explored to what extent the presence of a
notetaking scaffold during the Execution stage influenced the quality of students’ notes and their
argumentative essays. Given the quasi-experimental design of the study, it was necessary to test
for equivalence between the experimental class that received the scaffold and the comparison
that did not. As noted, no significant differences were found between classes in terms of
students’ demographic and academic backgrounds (see Table 1) or learner characteristics

measured prior to the task (see Table 5). Moreover, as the descriptive and exploratory analyses
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for RQ1 showed, students in the two classes seemed to show similar search behaviors and
patterns. Thus, equivalence was considered upheld.
Effects on Notes

The effects of the notetaking scaffold at the Execution stage were examined separately
for the overall note score and the component scores. Table 8 presents the descriptive statistics for
notes by class. ANCOVAs were conducted separately for the overall notes score, source
information, and evaluative comments scores, with notetaking condition (i.e., class) as the
independent variable and learner characteristic variables that were significantly associated with
these outcomes as covariates. As noted, overall note score and source information were
correlated with GPA (ps = .35, p <.001). Documentation of evaluative comments was correlated
with GPA (p = .25, p=.014) and perceived topic knowledge (p = -.24, p = .018). An
independent-samples t-test was conducted for evidence score, as no significant covariates were
found. Model assumptions were checked.
Table 8

Descriptive Statistics for Notes by Class

Experimental Class Comparison Class
(n=52) (n =50)
Possible M SD Range M SD Range
range
Number of documents taken i 450 113 9.9 457 154 2-10
notes on

Avg. source Information 0-1 092 0.23 0-1 0.61 0.47 0-1
Avg. evidence 0-1 0.68 0.27 0.11-1 0.72 0.26 0-1

Avg. evaluative comments 0-1 0.06 0.17 0-1 0.08 0.16  0-0.67
Avg. notes sum score 0-3 166 045 033-3 141 056  0-2.33
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For overall note quality, the results showed a significant effect of notetaking condition
[F(1, 96) = 5.04, p =.027], after controlling for GPA. The experimental class (M = 1.66, SD
=.45) showed higher overall notes quality than the comparison class (M = 1.41, SD = .56),
partial n% = .05 (small effect; Cohen, 1988). As for component scores, after controlling for GPA,
a significant effect of condition was present for source information [F(1, 96) = 15.7, p <.001],
with students scoring higher in the experimental class (M = .92, SD = .23) than in the comparison
class (M = .61, SD = .47), partial 2 = .14 (large effect). For evaluative comments, after
controlling for GPA and perceived topic knowledge, no significant differences were found
between conditions [F(1, 93) = .09, p = .764]. Finally, the t-test for evidence score showed no
significant difference between classes [t(100) = .59, p = .556].

Effects on Argumentative Essays

Total and component essay scores were examined for differences between notetaking
conditions (descriptive statistics presented in Table 9). For the total essay score, an ANCOVA
was conducted, controlling for GPA, which was a significant correlate (p = .35, p <.001). Model
assumptions were checked and satisfied. Results showed no significant effect of notetaking
condition for total essay score, after controlling for GPA, F(1, 95) = 2.07, p = .154, partial n?
=.02.

For the component scores, which were measured on ordinal scales of 0-2, ordinal logistic
regressions were conducted, with each of the components as the outcome, condition as a
predictor, and significant learner characteristic correlates as covariates. Table 10 presents the
model summaries. A significant effect of condition was found for sourcing [exp(p) = 2.49, p
=.022], with the experimental class (M = 1.38, SD = .77) showing better performance than the

comparison class (M = 1.22, SD =.76). No covariate was included in this model, as no



86

Table 9

Descriptive Statistics for Argumentative Essays by Class

Experimental Class Comparison Class
(n=51) (n=50)
Possible SD  Range M SD  Range
range
Essay sum score 0-16 11.37 2.95 3-16 10.54 2.58 5-16
Claim 0-2 1.78 0.42 1-2 1.66 0.48 1-2
Justification 0-2 1.80 0.40 1-2 1.80 0.40 1-2
Counterargument 0-2 1.47 0.70 0-2 1.20 0.70 0-2
Sourcing 0-2 1.53 0.76 0-2 1.22 0.76 0-2
Critical analysis 0-2 0.53 0.76 0-2 0.42 0.67 0-2
Synthesis 0-2 0.86 0.87 0-2 0.90 0.84 0-2
Overall cohesion 0-2 1.59 0.61 0-2 1.56 0.58 0-2
Writing quality 0-2 1.80 0.49 0-2 1.78 0.46 0-2

significant correlations were found between sourcing and any learner characteristics. A
significant difference was also found between conditions on counterargument [exp(B) = 2.33, p
=.037], after controlling for GPA and self-efficacy of argumentative writing. The class receiving
the scaffold (M = 1.47, SD = .70) did significantly better than the comparison class (M = 1.20,
SD =.70) in incorporating counterarguments in their essays. No significant effects were
observed for the other components.
Summary

As these analyses showed, the notetaking scaffold yielded significant differences between
the experimental and comparison classes in some areas of students’ notes and argumentative
essays. Specifically, the experimental class that was prompted to attend to source information in
their notes during the Execution stage, documented meta-information about sources (e.g.,
authors, year of publication) more often than the comparison class. This effect on attention to

source information also transpired in the Production stage, with students in the experimental



87

Table 10

Summary of Ordinal Logistic Regression Models for Essay Component Scores

. . e . Counter- . Critical . Overall Writing
Predictors Claim Justification argument Sourcing Analysis Synthesis Cohesion Quality
B B B B B B B B
ey 2B gy 0B gy xPB) gy B gy DB (gpy xpB) (gpy pB) (gpy xP(B)
Experimental v. .63 16 .85* 91* .28 -.18 .06 .70
Comparison  (.45) 1.87 (52) 1.17 (41) 2.33 (.40) 2.49 (41) 1.32 (39) .83 (43) 1.06 (:60) 2.01
62 .88* 1.48** 1.53**
GPA - - - - (43) 1.85 - - - T (44) 2.42 (48) 4.38 (59) 4.63
Perceived topic i i i i i i i i i =03 97 i i i i
knowledge (.01) -
Perceived online -.04* -.05*
search skill T ) ¥ - - T P
Self-efficacy for - 02*
argumentative - - - - (.01) .98 - - - - - - - - - -

writing
Note. *p < .05, **p < .01 (2-tailed).
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class making more explicit and clear references to sources in their argumentative essays. Another
notable effect of the scaffold manifested in the experimental class’s greater inclusion of
counterarguments in their essays.

However, the scaffold did not yield any significant between-class differences in
documenting evidentiary information at the Execution stage, even though the experimental class
was prompted to pay attention to evidence when taking notes. Further, evaluative comments,
which were not directly prompted in the scaffold condition, did not differ between classes.
Further, the experimental class did not show an advantage in the essay components other than
sourcing and counterarguments in the Production stage.

Research Question 3: Higher-Order Thinking Across Stages

The last research question sought to explore to what extent students’ engagement in
higher-order thinking at a prior stage of MSU affected their higher-order thinking at a subsequent
stage of performance. The hypothesized latent variable path model (Figure 8) assumed latent
factors to underlie learner characteristics, and higher-order thinking indicators at each stage. The
viability of the measurement model was first evaluated.

As the factor structure for learner characteristic variables was not pre-specified, | first
explored potential latent learner characteristic factors. Exploratory factor analyses were carried
out for topic interest, perceived topic knowledge, perceived online skill, self-efficacy for
argumentative writing, and GPA. Table 11 presents the Spearman’s rank order correlations
among these learner characteristic variables. Factors were extracted using the principal axis
factoring method with oblique rotation that allowed factors to correlate. One-factor and two-

factor solutions were attempted but proved unviable as the models did not converge.
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Table 11

Spearman’s Rank Correlations Among Learner Characteristics

1 2 3 4 5
1. Topic interest --
2. Perceived topic *
.20 --
knowledge
3. Percelveq online 14 33" B
search skill
4. Self-efflcacy_f_or 19 03 45 B
argument writing
5. GPA 277 -.09 -.23" -.09 -

A three-factor solution was then examined. This solution extracted three factors with
eigen values higher than 1. These factors accounted for 49.58% of the total variance. A cutoff
value of |.30| for factor loadings was used to identify manifest variables contributing to the
identified factors. As the factor loadings presented in Table 11 showed, a simple structure with
each variable loading highly on only one factor was achieved. Specifically, self-efficacy for
argumentative writing and perceived online search skills were driving the first factor, with
moderately high to high loadings of .67 and .57, respectively. The second factor appeared to be
driven by topic interest (A =.59) and GPA (A = .49). However, the third factor had only one
manifest variable (i.e., perceived topic knowledge) with a loading above the threshold of |.30] (A
= -.73) and thus was not considered a viable factor. The other two factors were also difficult to
interpret considering the conceptual distinctness of the variables (e.g., topic interest and GPA).
Taken together, this factor solution was not conceptually interpretable. Considering the small
number of learner characteristics variables and weak correlations among them (see Table 11), |
did not continue to explore latent learner factors. As it was not viable to model learner
characteristic variables with underlying latent factors, these variables were excluded from the

subsequent latent path analysis.



90

Table 12

Factor Loadings for Three-Factor Solution for Learner Characteristics

Item Factor Loading

Factor 1 Factor 2 Factor 3

Self-efficacy for

argumentative writing 83 05 A7
Perceived online search skill .65 -.09 -.27
Topic interest 16 .59 -21
GPA -11 49 A3
Perceived topic knowledge -.04 .02 -73

Note. Factor loadings above the cutoff value of |.30| are bolded.

The measurement model for the hypothesized latent factors of higher-order thinking
without the latent learner factors was also tested. As illustrated in Figure 11 the measurement
model allowed all latent factors to correlate with one another, saturating the possible latent paths.
Thus, any misfit observed would come from measurement errors. Unfortunately, model fit
indices overall suggested a poor fit for the measurement model, ¥?(74) = 104.26, p =.012, CFI =
.78, RMSEA = .07, and SRMR = .09 (Hu & Bentler, 1999). The chi-square test was significant,
suggesting model misfit. The CFI was below the .90 threshold that is considered acceptable. The
RMSEA was within the range of .05 to .08, which suggests reasonable fit. However, the SRMR
was above the acceptable level of .08, indicating poor fit.

As the measurement structure for the hypothesized model was not held up by the data, it
was not reasonable to proceed to test the latent paths. In seeking an alternative way to explore
potential relations among processes occurring at a prior stage and those enacted at subsequent
stages, | turned to the bivariate correlations among these higher-order thinking indicators across

stages (Table 13).
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Standardized Coefficients for the Measurement Model of Higher-Order Thinking Across Stages
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Table 13

Spearman’s Rank Correlations Among Indicators of Higher-Order Thinking Across MSU Stages

92

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. Search term _
sidedness
2. % sources selected
out of sources -267 -
scrolled through
3. % epistemic 16 19 .
reasons selected
4. Avg. notes sum 210 10 15 -
score
> Avg. source 12 07 200 707 -
information
6. Avg. evidence 03 .01 -03 627" .08 -
7o Avgevaluative o5 4 15 28" 01 -08 -
comments
8. Essay sumscore  -04 .18 .20° 417 30" .16 .18 --
9. Claim -07 07 -15 -04 -14 .01 .06 .16 --
10. Justification .08 .02 .01 .17 .04 .04 .17 537 .03 --
11. Counterargument -.09 .10 -.05 .29 .30™ .09 .02 48™ -04 07 -
12. Sourcing -12 .09 .19 467 357 317 .07 627 .02 26" .16 --
13. Critical analysis .06 .01 .17 .13 .08 -.07 .25° 64 .00 .25° .24 30" --
14. Synthesis .01 11 12 35 28 15 .10 .72 -10 .32° 20" .38 37 -
15. Overall cohesion  -.02 .15 .15 .14 10 .06 .04 51™ 12 37" 10 17 .13 307 -
16. Writing quality ~ -13 .16 23" .13 .14 .04 .02 51" 12 50° 18 .17 228 22" 48" -

Note. “p < .05, “p < .01 (2-tailed).
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Some interesting correlations were present. For example, the percentage of epistemic
reasons students selected when deciding which sources to keep during their online searches (i.e.,
Preparation stage) was positively, although weakly, correlated with the source information score
for the notes (i.e., Execution stage; p = .20, p = .049). Indicators of note qualities were correlated
with several essay components at the Production stage. Specifically, documentation of source
information in notes was positively correlated with demonstrated qualities of sourcing (p = .35, p
<.001), counterargument (p =.30, p =.002), and synthesis (p = .28, p = .006) in argumentative
essays. The degree to which students documented evidence in their notes was also correlated
with sourcing in essays (p = .31, p =.002). Further, the degree to which students recorded
evaluative comments in their notes was correlated with critical analysis in essay (p =.25,p =
.013).

Summary

In sum, the results from the analysis did not support the measurement model of the
proposed latent variable path model, where a higher-order thinking factor was hypothesized to
underlie the manifest variables of higher-order processes at each stage. Therefore, the latent
paths could not be further tested. Exploratory examinations of bivariate correlations revealed
several relations among higher-order thinking indicators across stages. Notably, processes
associated with attending to source information and source evaluation seemed to be central to the
interrelations across stages. For example, recording source information at the Execution stage
was linked to epistemic evaluation of sources at the Preparation stage, as well as sourcing,
counterarguments, and synthesizing document information in the essays written at the Production
stage. Source evaluation during Execution, manifested in evaluative comments in notes, was

linked to source evaluation demonstrated at the Production stage (i.e., critical analysis).
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CHAPTER V

CONCLUSIONS, LIMITATIONS, AND IMPLICATIONS

In this study, I investigated undergraduate students’ higher-order thinking manifested
during a multi-stage multiple source use (MSU) task carried out in an undergraduate classroom
setting. | also explored whether a notetaking scaffold provided during the Execution stage of the
MSU task influenced the quality of notes and the argumentative essays written in the Production
stage. In this chapter, | summarize the major contributions of the study. This is followed by an
acknowledgment of the limitations and implications for future research and practice.

Contributions
Ecologically Valid, Classroom-Based Multiple Document Task

In this study, higher ecological validity was manifested in two ways. First, there was a
more natural fit of the MSU task to what was standard practices in the classroom environments
in which it was conducted. Second, the task procedures enacted were less orchestrated than what
is typical in the MSU literature and, thus, allowed for greater student autonomy and choice.

Specifically, one of the major contributions of this study was that it brought to light
students’ higher-order thinking enacted during a MSU task that was a longstanding component
of a course focused on learning how to learn. The MSU task served curricular instructional goals
of advancing crucial skills for academic achievement, including abilities to select and use online
sources effectively to construct coherent arguments. This context extended what is typical of the
extant literature that has been preponderantly centered on MSU tasks carried out under more
laboratory-style conditions (e.g., Barzilai & Eshet-Alkalai, 2015; Stremsg et al., 2008).

Further, this study investigated students’ open internet searches, in relation to subsequent

text processing and product generation. This contrasts with the majority of MSU studies that
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have presented students with a library of sources that they are expected to use (Sun & Alexander,
2022). By allowing open searches, students had the freedom to choose the documents to
complete the task. Consequently, this procedure allowed for the exploration of processes students
used when they engaged in this less-constrained online search. The components of this more
natural MSU task with open search, such as the search log and students’ notes, also afforded
insights into higher-order thinking not typical in the multiple-document literature.

Collectively, these specific dimensions of the MSU task enhanced the ecological validity
of this investigation by allowing for a more comprehensive and naturalistic understanding of
undergraduates’ higher-order thinking as it unfolded across the Preparation, Execution, and
Production stages of the task.

Manifestations of Higher-Order Thinking Across Stages

From the outset of this study, | expected the argumentative MSU task to be a fertile
context for the investigation of various manifestations of higher-order thinking. This proved to
be the case. Processes such as sourcing, evaluating sources and contents, and considering
arguments and counterarguments were documented at each stage of the MSU task. At the
Preparation stage, for example, the search log documented students’ choices of search terms that
represented the pro and con sides of the effects of social media. The sidedness of the search
terms was reflective of the degree to which students considered arguments for and against a
certain stance on the controversial issue. Moreover, the log recorded the sources students chose
to read and how selective they were in deciding what sources to retain or reject for later use.
More importantly, the log captured the epistemic and non-epistemic rationales underlying their
choices. As the study showed, undergraduate students were able to base their source selection

decisions on epistemic reasons such as source credibility and viewpoints presented in the
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document, more so than non-epistemic, superficial reasons such as length or layout. The
consideration of epistemic rationales for source selection reflected students’ enactment of deeper
level evaluative processes about the documents during online search (Walraven et al., 2009).

At the Execution stage, students’ notes evidenced their engagement in identifying the
source information of the documents they read. Students also demonstrated their ability to extract
evidentiary details, such as facts, data, and research findings, that authors used to support their
views. As was observed in the notes, there was some evidence of students documenting
evidentiary information for both the pro and con sides about social media, reflecting their two-
sided reasoning about the arguments and counterarguments about the topic. Such reasoning
manifested most clearly in the scaffolded group as students juxtaposed the pro and con points
side by side in the summary sheets. Further, the spontaneous evaluative comments students made
about the sources and contents were indicators of their source evaluation at this stage. These
comments often reflected their attentiveness to the epistemic characteristics of the documents,
such as the reliability of the source, credentials of the authors, and presence or absence of data or
empirical evidence.

Finally, at the Production stage, a variety of higher-order processes manifested in the
essays. For example, students were able to make arguments with evidence-based justifications
and discuss counterarguments to some extent. There was also evidence of them referring to the
sources of the evidentiary information they cited and synthesizing such information across
documents with some degree of cohesion. Further, the evaluative processes at this stage were
manifested in students’ critical analysis of the arguments or evidence they referenced in their
essays. Such critical analysis was exemplified in cases where students pointed out that

correlational data could not support causal claims.
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Areas of Challenge

Among the higher-order thinking processes that undergraduate students demonstrated at
different stages of the task, some appeared to be more challenging than others. For example,
during the Preparation stage, students generally exhibited a bias in their choice of search terms,
favoring one side of the issue over the other. Additionally, | noticed a lack of variation in
students’ selected terms or phrases, with many opting to copy and paste segments or the entirety
of the topic statement of the MSU task into the search bar. Alternatively, some students used
generic terms such as “pros and cons of social media” to guide their search. Students who
seemed to be more facile searchers included a variety of terms such as “social media fake news”
or “social media and mental health.” These observations suggest a potential need to enhance
students’ skills at identifying less biased and more diverse search terms relevant to the topic.

At the Execution stage, students were good at identifying and documenting evidentiary
information from the documents, but rarely did they record evaluative comments about what they
noted. It is possible that during notetaking, students were primarily concerned with gathering
information that would inform their argument construction within the time limit of the class
period. Yet, judgments of the quality of the arguments and evidence encountered during reading,
as well as their documentation of such critical reactions in the notes, could be informative for the
formation of counterarguments or demonstrating critical analyses in the essays. As students
could only access their notes during essay writing, these comments could have been helpful in
crafting rebuttals or refutations to certain points.

At the Production stage, students were good at justifying their claims with evidence in the
argumentative essays, but they addressed counterarguments to a lesser extent. Prior research has

found that undergraduate students tended to demonstrate myside bias in argumentative writing,
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where they ignored evidence against the positions they endorsed (Wolfe & Britt, 2008). This bias
was also present to some extent among the undergraduate students in this study. This limited
attention to counterarguments in essays might be a reflection of students’ beliefs about the goal
of arguments. Most students in this study generated an underdeveloped, one-sided, understanding
of argumentation, such that the goal was to support one’s view on the focal issue. This biased
perception of argumentation might have limited the ways they engaged in higher-order processes
required for producing more balanced and fully developed arguments.

What they seemed to struggle with most was critical analysis. As was observed in
students’ essays, students rarely discussed why certain arguments or evidence from the sources
they cited were strong or weak, which is central to critical analysis. In the cases where students
did make evaluative comments about the quality of a source or a piece of evidence, they did so in
an attempt to rebut a counterargument, but often with limited depth or elaboration. As a prior
Bayesian network analysis of components of multiple-source-based argumentation, critical
analysis was pivotal for the production of a well-integrated argumentative essay (Singh et al.,
2019).

Yet another area that proved challenging for students was synthesis. Synthesis has been
repeatedly shown to be a demanding process in the MSU literature (Cerdan & Vidal-Abarca,
2008; Luna et al., 2022). To effectively synthesize from diverse sources, students need to
undergo deep processing of the texts above and beyond surface-level comprehension, identifying
consistencies and disparities among the information within and across documents (Alexander &
the Disciplined Learning and Reading Laboratory, 2020). They also need to keep track of which
sources the information came from in order to present the integrated arguments or evidence in

the written essays (Stramsg et al., 2013). Although the undergraduate students in this study did
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reasonably well in sourcing, there was room for improvement to go beyond presenting
information in relation to their sources to thinking more deeply about the intertextual
associations among the information. For instance, students often recounted views or evidence
from different sources in a disconnected, list-like fashion (e.g., Source A said.... Source B
said...), without explicating how those views or evidence speak to each other. In contrast, greater
synthesis would be achieved when students identified how information from different sources
corroborated or complemented each other in support of a view, or how information contradicted
each other to invalidate a point.
Interrelations of Higher-Order Thinking Across Stages

Looking across stages, there were several significant findings pertaining to the effects of
the notetaking scaffold and the higher-order processes manifested at different stages. For one, the
notetaking scaffold, designed to prompt students’ attention to key information in the texts and to
facilitate intertextual linking, was effective to some extent. Students who received the scaffold
did document some of the information they were prompted to record in their notes (i.e., source
information) more than those who took notes without any prompts. This difference emerged in
the argumentative essays, with students in the experimental class making more specific and clear
references to the source information of the documents they cited. This indicates that while
undergraduate students in this study demonstrated some level of spontaneous attention to source
information, additional support for sourcing could be beneficial.

The effect of the summary sheet that aimed at supporting the comparison and contrast of
arguments and counterarguments by juxtaposing pro and con information about the topic also
transpired in students’ essays. Students who received the scaffold performed better in addressing

counterarguments than those who did not. The scaffold, however, did not seem sufficient for



100

supporting more challenging processes such as synthesis and critical analysis. Although the

summary sheet was expected to have the potential to facilitate the integration of information
from within and across multiple documents, it seemed that more needs to be done to support
these demanding processes among undergraduate students.

The last significant finding was that there were indeed relations among higher-order
thinking processes that manifested at a prior stage and those occurring at a subsequent stage. One
key pattern that emerged had to do with students’ attention to and evaluation of sources. The
epistemic evaluation of source during search was associated with the attention to source
information in notes, which in turn, was related to better sourcing in the essays. Further, those
who took note of source information more often during Execution were also more likely to
address counterarguments and achieve better synthesis across documents at the Production stage.
Students’ evaluative comments in notes, also reflective of a source evaluation process during text
processing, were related to the critical analysis demonstrated in their essays. In the MSU
literature, sourcing and source evaluation have been recognized as critical to the successful
performance of MSU tasks (Barzilai et al., 2015; Strgmsg et al., 2013; Wineburg, 1991). Results
in the current study highlighted the importance of source evaluation as it manifested across
stages of a classroom-based argumentative MSU task.

Limitations

As with any research investigation, this study had several limitations. First, this study
included several single-item learner characteristics measures (e.g., perceived topic knowledge,
self-efficacy for writing). These measures were intended to assess equivalence between
experimental and comparison classes on key individual characteristics that would be influential

for MSU performance. Due to the limited in-class time for administering the learner
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characteristics questionnaire, | was not able to include more items or ask students to provide
explanations for their ratings. Nonetheless, single-item measures have potential reliability issues,
so the results should be interpreted with caution. Attempts were made to use the items as
manifest variables for underlying learner factors, but it proved difficult to extract meaningful
latent factors.

Second, while the search log was a generally effective tool for capturing students’
decision-making during their online searches, challenges did emerge primarily related to missing
data. As the search log had multiple components for students to monitor, explicit training was
required to familiarize them with how to use the log to document their search process. Still, there
were some students who did not complete all parts of the log, especially when it came to
recording the reasons for excluding a potential source. It is possible that students simply
overlooked this portion of the search log or felt pressured by the limited class time to enter all
required information.

A third limitation pertained to the scoring rubrics for notes and essays. Although these
rubrics were based on similar measures in the literature that tapped relevant higher-order
thinking processes, each component was measured on a relatively crude two-point or three-point
scale. Specifically, the scoring rubric for students’ notes documented the presence or absence of
components on a 0-1 scale, while the essay rubric assessed each component on a 0-2 scale. The
relative coarseness of the measures could have constrained their capacity to capture more
variability or nuanced manifestations of the targeted components. This could have been one of
the reasons why the measurement model for the proposed latent path analysis had a poor fit, as

structural equation models are sensitive to measurement issues. More differentiating rubrics with
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additional levels may be developed in the future with more careful training and iterative
reflection and discussion.

Further, as the study employed a quasi-experimental design to test the effect of the
notetaking scaffold in two classes, it was necessary to maintain similar task environments and
times on task between conditions. As a result, students had to complete the task in class during
regular 50-minute class sessions. While most students were able to finish the task in time, these
time constraints might have added to the challenge of this complex task for some students, thus
interfering with their performance across the stages of the MSU task. Additionally, during the
Execution stage, the experimental class was required to finish an extra notetaking component,
the summary sheet, within the same timeframe as the comparison class. This could have
increased the demand for the experimental group.

Another side effect of the administration of the MSU in an ongoing class was that
students had to proceed from one stage of the task to the next in a linear fashion. That is, students
could not go back to a prior stage (e.g., Preparation) when working on a subsequent stage (e.g.,
Execution). In completely unconstrained multiple document tasks, it is conceived that students
would move back and forth between stages until they satisfied their goals for the task. For
example, upon examination, students may determine that the initial sources they chose are
insufficient, leading them to search for additional sources. They might also recognize the
necessity of revisiting documents while composing essays.

Such iterative processes are accounted for in theoretical frameworks of multiple texts
(e.g., IF-MT, List & Alexander, 2019; MD-TRACE, Rouet & Britt, 2011). However, the design

features of this quasi-experimental study did not allow for such recursive processing.
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Nevertheless, this limitation should not discount the greater ecological validity achieved in this
study compared to prior laboratory-style investigations.

Finally, given the study’s quasi-experimental design, it was crucial to ensure
comparability between the experimental and comparison classes. Although the two classes
proved comparable in many important ways (e.g., student demographic backgrounds, and
relevant learner characteristics), full equivalence could not be ascertained. For example, the
instructors for the two classes were different. Thus, while the instructors adhered to the same
syllabus and employed similar classroom organizational structures overall, variations in the
delivery of course content and students’ learning experiences were inevitable. There could also
be unmeasured learner characteristics differences between classes that could have influenced
how students engaged with the MSU task in ways that were not detectable in this study.

Implications for Research and Practice
Implications for Future Research

There are several paths researchers may want to pursue when conducting future studies of
higher-order thinking within tasks involving multiple documents.
Populations and Learner Characteristics

This study focused on undergraduate students who are generally mature readers and
reasoners. As this study showed, even this mature population faced challenges in demanding
processes such as synthesis and critical analysis, despite the support of a scaffold. More research
is needed to understand if younger students who are less experienced readers and reasoners
would manifest similar patterns in higher-order thinking across stages of an argumentative MSU

task such as the one in this study. It also remains to be explored if a notetaking scaffold might
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prove a facilitative tool for younger students who have less proficiency with processing complex
texts or in writing succinct notes from those readings.

Further, in the current study, including explicit prompts about attending to supporting
evidence in the notetaking scaffold did not seem to give undergraduate students an advantage in
extracting evidentiary information from sources or using evidence in their essays. This may be
because students at the college level are likely proficient in identifying evidence and providing
justifications for claims. Research is needed to explore if prompts for evidentiary information, as
well as for sourcing and pro and con comparisons, would be conducive for younger students.

As noted, there were limitations to the learner characteristics measures used in this study.
Future research could expand beyond the single-item measures in this study to facilitate more
rigorous validity and reliability assessments. For example, in terms of students’ perceived online
search skills, more items may be included about different aspects of their experience with online
searching, such as selecting search engines, applying varied search terms, identifying relevant
meta-information about sources, and recognizing document types. Also, items could be added to
the self-efficacy for argumentative writing measure to tap additional dimensions of students’
perceived capabilities for writing arguments. Those items could address formulating and
articulating stances, providing sound justifications and substantiations, addressing opposing
views, and ensuring coherent and cohesive products.

MSU Tools

Future research could also explore adaptations or expansions of the tools employed in the
MSU task including the search log, notetaking scaffold, and rubric.

Search Log. The search log proved demanding for some students. Future iterations of the

search log could be simplified to reduce those cognitive demands. For instance, the current



105

search log required students to count the number of sources they scrolled through, as well as
record the specific details about each of those sources (e.g., title, URL). In contrast, students
could be asked to list each source read without needing to count them. Moreover, less detail
about the sources could be required, such as having them just record the URL. Such
modifications could still provide indicators of higher-order thinking while avoiding burdening
students. For example, as alternatives to the search log, other means of chronicling students’
search behaviors might also be explored (e.g., browser histories). These alternatives could then
be combined with other mechanisms for unearthing their rationales for source selection, such as
semi-structured interviews.

Notetaking Scaffold. As discussed, the notetaking scaffold demonstrated effectiveness in
some areas but not in others. For example, students rarely recorded evaluative comments, but the
evaluation processes evidenced in such comments during the Execution stage would be
precursors to the critical analysis to be manifested in the argumentative essays in the Production
stage. Future research could investigate the effectiveness of incorporating prompts in the scaffold
about evaluative processes that pertain to the source and evidentiary information. These prompts
could potentially draw students’ attention to the epistemic nature of the sources (e.g., author
credibility and document type). Although prior research has documented benefits of prompting
students’ evaluation processes during reading, those studies were conducted in laboratory
settings with prompts embedded in software (e.g., met.a.ware, Stadler & Bromme, 2007). More
research is needed to understand the effectiveness of prompts incorporated in notetaking
scaffolds in a classroom setting.

Rubrics. As | indicated, there were certain issues related to the scoring rubrics for notes

and argumentative essays. Alternative assessment or analytical methods could be considered to
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supplement or replace these rubrics. For example, more fine-grained content analyses of the
notes and essays might further quantify the occurrences of components of interest. This approach
might include identifying the number of specific source features and pieces of evidentiary
information documented in the notes. Analysis of essays could also involve documenting the
number of sources cited, reasons provided to justify claims, pieces of evidence discussed,
counterarguments, and evaluative comments made about sources. Such a scoring procedure
could uncover more distinguishing markers of target higher-order thinking embedded in those
written products.

Varied Analytical Approaches and Designs

There are also several directions that could be pursued with regard to the analytical
approaches and corresponding study designs.

Person-Centered Approach. The current study employed variable-centered analyses,
focusing on how particular processes of higher-order thinking manifest and interrelate at
different stages of MSU. Future research can take a person-centered approach to investigate
student profiles of higher-order thinking engagement across task stages. Such person-centered
analyses might be achieved through cluster analytical methods such as cluster analysis and latent
class analysis, with relevant indicators of higher-order thinking at each stage serving as
clustering variables. Results from such analyses might identify groups of students who
demonstrate distinct patterns of specific higher-order thinking processes across various stages of
performance. Those resulting patterns would then enhance researchers’ understandings of varied
strengths and weaknesses in multiple text processing displayed by students. Those findings could
then guide the development of more tailored scaffolds or instructional strategies in subsequent

iterations.
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Bayesian Networks. As an alternative to regression-based analytical approaches,
Bayesian network analyses could be employed to explore the dependencies among higher-order
thinking processes that unfolded sequentially across stages. Unlike generalized linear models that
enable the exploration of the impact of one variable holding all other variables constant,
Bayesian networks allow researchers to examine the impact of changes in a subset of variables
(e.g., higher-order processes occurring at a prior stage) that are part of an entire network of
variables (Pearl & Russell, 2001).

In a previous investigation, Singh et al. (2019) used Bayesian networks to model
componential processes in college students’ written argumentation based on multiple documents.
They found that when students faltered at critical analysis and counterarguing, the quality of
other essay components (e.g., justification, synthesis) then suffered. However, that study focused
solely on components within the Production stage of the MSU task and did not involve the
Preparation stage. For the current study, Bayesian network analysis could be a suitable method
for exploring how higher-order processes emerged at a later stage, given manifestations at a prior
stage.

Mixed-Methods Design. A mixed-methods approach is yet another fruitful direction for
future investigations (McCrudden et al., 2019). Within the current study, there is potential to
incorporate qualitative analyses of rich textual data in complement to the quantitative analyses
that have been done. It may be informative to purposefully sample higher- and lower-performing
students in both the experimental and comparison groups and take a deeper dive into their data to
understand their thought processes over stages. This might involve analyzing the types of
documents searched, taken notes on, and cited in essays as a factor in students’ document

selection decisions.
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It is also important to examine the nature of the information students documented in their
notes (e.g., main ideas, expert quotes, research data) and the pro and con stances represented in
such information. Moreover, evaluating any organizational structure in students’ notes and the
degree of transformation of the original contents can provide information about how students
analyzed the content while reading. Further, it is critical to understand what information recorded
in the notes transitioned into the essays and how students analyzed and synthesized that
information in their written argumentation. These analyses could uncover patterns of multiple
text processing during the Execution and Production stages and potential similarities and
differences between students who received the scaffold and those who did not. These qualitative
patterns can be critical supplements to the quantitative findings.

In future iterations of this study, the qualitative component can also involve post-task
interviews that delve into students’ task experiences. Interview questions could probe students’
thought processes or strategies during each task stage, with the presence of the products they
generated at those stages (search logs, notes, or essays). For example, students could be asked to
explain their choices of search terms and their specific considerations when retaining or rejecting
a source based on epistemic reasons such as credibility and viewpoint. It would also be
informative to learn about how their perceptions of the goal of argumentation influenced their
processes and performance. Additionally, interviews offer opportunities to delve into the
challenges students face during the task and identify areas where the scaffold may or may not be
facilitative. Such qualitative data can allow for a deeper understanding of students’ higher-order
processes beyond what the quantitative analyses can reveal and further shed light on potential

improvements for future iterations of the MSU tools and scaffolds.
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Implications for Educational Practice

This study offers several implications for educators. As noted, argumentative MSU tasks
hold potential for engaging students in multiple higher-order thinking processes that are
important for deeper learning. As such, an MSU task can be a highly complex and demanding
undertaking, students can benefit from instructional support in several areas.
Teaching Argumentation in Classroom Settings

For one, the undergraduate students in this study tended to hold a biased perception of the
purpose of argumentation. This could have led to their insufficient addressing of
counterarguments and inadequate synthesis of contrasting views, resulting in underdeveloped
arguments. Educators may need to explicitly teach students about the nature of argumentation
and argumentative strategies that allow better argument-counterargument integration (Mateos et
al., 2018; Nussbaum & Schraw, 2007). Additionally, argumentation can be a social process
(Anderson, Nguyen-Jahiel et al., 2001; van Eemeren et al., 1996). Prior research has shown the
benefits of collaborative argumentative discussions in classroom settings (Clark et al., 2003).
The argumentative MSU task may afford valuable instructional opportunities for incorporating
argumentative discussions in the classroom space.
Supporting Multiple Source Use in Classrooms

Students need support for multiple source use, perhaps at all stages of the task. For
example, at the open search stage, teachers may need to help students to identify useful search
terms to diversify the information they may find online. One area they especially need help with
is critical analysis. Educators can provide explicit instructions to students on how to evaluate

sources and information based on epistemic rationales. This may include distinguishing between
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reliable and unreliable sources based on metainformation about those sources and corroborating
and verifying information across sources.
Training on Componential Writing Task

Finally, the performance of a multiple-source-based writing task requires many
componential skills, and training can take time. Educators who wish to utilize MSU tasks in
classrooms may consider training students to perform different components of the task. For
example, in a study that incorporated MSU tasks in an undergraduate “Learning How to Learn”
class (Alexander et al., 2023), instructors trained students on different writing tasks that proved
facilitative for performing a culminating MSU task. For example, students practiced writing
summaries of individual texts and learned to write comparisons and contrasts about different
texts. These summary and comparison writings were helpful ways to develop students’ analysis

and synthesis skills that are crucial for multiple source use.
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Appendix A: Pre-Task Learner Characteristics Questionnaire

Part 1: Demographics
1. You identify as:

o O O O O

Man
Woman
Nonbinary/Gender non-confirming/Third gender

Prefer to self-describpe [ ]

Prefer not to answer

2. Whatis yourage (inyears)? [ 1|

3. Choose one or more races/ethnicities that you consider yourself to be:

Ooo0Ooooon

White

Black

American Indian or Alaska Native
Asian

Native Hawaiian or Pacific Islander
Hispanic or Latin

Other (please specify) [ |

4. Are you a native English speaker?

©)
®)

Yes
No

5. What is your class standing?

(@]

O O O O O

First year
Second year
Third year
Fourth year
Graduate student

Other (please specify) [ |

6. Whatisyourmajor? [ 1]
7. Whatisyour GPA? [ ]
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Part 2: Additional Learner Characteristics

In the Multiple Source Use task, you will be asked to search the Internet about the topic
“Is social media doing more harm than good to society?”” Then you will be asked to write an
argumentative essay on this topic.

1. Topic Interest
On a scale of 0-100, rate your interest in the topic “Is social media doing more harm than good
to society?” (0 = Not interested at all, 100 = Strongly interested)

0 10 20 30 40 50 60 70 80 90 100

2. Topic Knowledge
On a scale of 0-100, rate your knowledge about the influence of social media on society. (0 = No
knowledge, 100 = Expert)

0 10 20 30 40 50 60 70 80 90 100

3. Online Searches
On a scale of 0-100, rate how skilled you are at searching for information on the Internet. (0 =
Not skilled at all, 100 = Highly skilled)

0 10 20 30 40 50 60 70 80 90 100

4. Self-Efficacy in Argumentation Writing
On a scale of 0-100, rate your confidence in writing an argumentative essay. (0 = Not confident
at all, 100 = Highly confident)

0 10 20 30 40 50 60 70 80 90 100

5. Belief about Argumentation

For this Multiple Source Use task, you will be asked to read about a controversial topic and
produce an argumentative essay. In your opinion, what is the goal of written argumentation; that
is, what are you trying to accomplish when you write an argumentative essay?
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Appendix B: Online Search Log

Session 1: MSU Search Log

Student Name: Start time:
UID: End time:

Directions: In this task, you are going to search online about the topic "/s social media doing more harm than good to society?” Use any search term(s) or phrase(s)
you find appropriate.

As you conduct the search in Google Incognito browser, document your search process by filling out the charts below.
Select ar /east 4 sources to help you write your argumentative essay. In the next class session (Session 2), you will read those sources and take notes on them.

A. Put down all the search term(s) or phrase(s) you used, and answer the questions that follow for the sources you encounter in each search.

How many blurbs did you scan on How many sources did

Searchs Search Term(s)/Phrase(s) the search result page(s)? you scroll through?

[T o R = T I o B A

T e Sy
L R S N
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B. For each of the sources you scroll through, document the following information.

Did you keep this Why did you NOT keep this source? Why did you_keep this source?
s 4 Source URL source to read in (Select all the reasons that apply or provide your own) (Select all the reasons that apply or provide your own)
ource -
Title Session 27
(YIN) Interestingness Relevance | Credibilly  Lengin | Viewpointis) ~ Layour  Oroeronsearch  OMer | octingness Relevance Credibilty Length Viewpoiniis) Layout  Crocromsearch  — Oiner

results page | reason(s) results page  reason(s)

O
O
O
O
oo

R = S R TR VR

R
=)

[ R R R X e g gy
L R g R e R S

DOO00000000000O00O00O0O00O00O0OO00oOooO
DOO00000000000O00O00O0O00O00O0OO00oOooO
DOO00000000000O0O00O0O0O00O0OoOoOooO
O00000000O0000000OOOOooOOOo
DOO00000000000O0O00O0O0O00O0OoOoOooO
O00000000O0000000OOOOooOOOo
DoOO0OO0000O000O00O0O0OOooooooo
0000000 00000000OOO00o0OOO
DOO00OO00000000O0O00O0O00O0O0O0OoOoOooO
o oo
DoOO0OO0000OO000O0DO0O0OOooooooo
DOO00OO00000000O0O00O0O00O0O0O0OoOoOooO
L o o )
O0000000000000000000o0DO



115

Appendix C: Sample Notetaking Templates
1. Experimental Condition

DIRECTIONS: Read and take notes on the sources you selected in Session 1. When you write
your essay, you will only have access to your notes and nothing else. If you use exact wording
from the sources, make sure you use quotation marks.

In your notes, pay attention to the following:
o Source information (e.g., author or year of publication)
e Authors’ point of view
o Evidence authors use to support their point of view

After you have taken notes on all your sources, you will complete a Summary Sheet to organize
the information for or against the topic: “Is social media doing more harm than good to
society?”

Source 1
In your notes, pay attention to the following:
« Source information (e.g., author or year of publication)
e Authors’ point of view
o Evidence authors use to support their point of view
Use all the space you need.
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SUMMARY SHEET
Use this Summary Sheet to organize the information from your sources that relate to each side of
the controversial issue “Is social media doing more harm than good to society? ” Use all the
space you need.

Information FOR Information AGAINST
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2. Control Condition

DIRECTIONS: Read and take notes on the sources you selected in Session 1. When you write
your essay, you will only have access to your notes and nothing else. If you use exact wording
from the sources, make sure you use quotation marks.

Source 1
Record your notes here. Use all the space you need.
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Appendix D: Multiple Source Use Task Guide

TASK OVERVIEW
For this task, you will search the Internet for information on a controversial topic. You will then
write an argumentative essay about this topic.

The task takes place in three sessions:

e Session 1. Complete a brief questionnaire. Then, conduct an online search and select at least
4 sources to help you write your essay.

e Session 2: Read and take notes on the sources you selected.

e Session 3: Write the argumentative essay using only the notes you took in Session 2.

PREPARATION:
Before you begin, make sure that you have:

e A laptop with internet connection (no phones or tablets)
e Access to Google Suite through your umd.edu or terpmail.umd.edu account
e MS Word on your laptop

Session 1: Questionnaire and Online Search

1. Complete a brief questionnaire on Qualtrics (link to be given in class).
2. Search the Internet about a given topic and fill out a search log while you search:
Step 1: Access the search log:
a. Open the Google spreadsheet through the assignment on ELMS called “Link

MSU Search Log”.
b. Google will ask you to “make a copy” - click yes (see screenshot):

Google Sheets

Copy document

Would you like to make a copy of MSU Search Log_your UID?

c. Insert your UID in the name of the file
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Step 2: Set up an incognito browser and use the split-screen function:
a. Open an incognito tab in your internet browser:
m Mac: Command + Shift + n
m  Windows (Edge/Internet Explorer): Ctrl + Shift + p
m  Windows (Chrome): Ctrl + Shift + n

b. Using the split-screen function, put the incognito tab on the left half of your

screen and the Google spreadsheet on the right half. This will look something
like this:

o wcsgomecn G| 0] = O |6 O O
MSU Search Log_Fall 2019_revised.xism - Google Sheets +

crat maces 3 [N h MSU Search Log_Fall 2019_revised =] m g

File Edit View Insert Format Data Tools Help Allch =

anges saved in D,
12 B

@ P 0% - § % 0 00 125+ TimesNew. ~ rs A - ~

Google Pt 4 M e Lo e
= Start time
Name: 1

uID: End time:

Directions: In this task, you are going to scarch online about the topic "Srudents today
al, emotio 5

are overly dependent on techi
detriment of their social, physic ind academic can use an;

y search termis) or phrase(s)

well-being". You

reh process by filling out the follow
ces you have selected to summarize

Part 1 (A). Put down all the search ter

How

Search Search ources did .
#  Term(s)Phrase(s) ottt
1
2
3
4
s
6
7
8
9
10
11
12
+ = Sheet 1_General Search Log ~ Sheet 2_Source Se » <

Step 3: Fill out the MSU Search Log while you conduct the search:

a. Follow the directions in the Google spreadsheet to start your search

b. To submit your search log, click “Share” in the top right corner of your Google
sheet and retrieve a shareable link (see screenshot below):
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Share with others Get shareable ink ()
Link sharing on Learn more
Anyone with the link can edit - Copy link
htips:/'docs.google.comispreadsheets/d/ 1 vdAd4AyuOquwFup4mDRSWHNsdusSxTvi
People
»
/
Shared with Yuting Sun, Anisha Singh and one other

C. Submit the link to ELMS under the “MSU Search Log” assignment
d. Document the URLSs of the sources you choose to read in the next session under

the MSU Search Log” assignment

Session 2: Reading and Notetaking

1. Download the MS Word document titled “MSU Notetaking Document” from ELMS.

2. Follow the instructions on the document to take notes on the sources you selected in
Session 1.

3. Rename your Word file as “MSU_Source Summaries_YourUID” (e.g., MSU_Source_
Summaries_123456789).

4. Upload your note document to ELMS under the “MSU Notetaking” assignment.

Session 3: Argumentative Essay Writing
1. Write your argumentative essay in an MS Word document
2. Save it under the filename “MSU_Essay YourUID” (e.g., MSU_Essay 123456789).
3. Upload your Word document to ELMS under the “MSU Argumentative Essay”
assignment.
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