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Abstract

This research examines the role of a metacognitive prompting intervention based
on Winne and Hadwin’s (1998) model of self-regulated learning. Using a pretest-
posttest design, undergraduate learners were randomly assigned to one of three
conditions: metacognitive prompting, metacognitive prompting with an integra-
tion reminder, and a control group. Learners in the treatment conditions received
scaffolded prompts as they read three informational texts. Outcomes measured
after learners engaged in study included a Metacognitive Awareness Inventory
(MALI), a self-efficacy measure, a knowledge assessment, an adapted version of
Braten & Stromse’s (2011) Multiple-Text Strategy Inventory (MTSI), and an in-
tegrative essay. Learners’ knowledge improved significantly from pretest to post-
test across all conditions. However, after controlling for prior knowledge, the con-
ditions did not differ significantly on any post-intervention outcome. Descrip-
tively, the metacognitive prompting group tended to score at or above the other
groups and the group receiving additional integration reminders tended to score
lowest. Prior knowledge and self-reported strategic processing were the strongest
correlates of comprehension and integration performance. Findings suggest that
engaging learners in an integrative multiple-text task supports content learning
regardless of prompting, and that individual differences in prior knowledge and
strategic processing relate to integration performance.

Keywords

Multiple-Text Integration, Self-Regulated Learning, Reading Intervention,
Reading Strategies, Metacognition

1. Supporting Multiple Text Integration: The Role of

Metacognitive Prompting in Reading Comprehension

With access to nearly endless resources, students and lay citizens alike are chal-
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lenged to find ways to create a cohesive understanding of information from vari-
ous sources. Whether researching a new medical diagnosis or looking for advice
on gardening, people frequently search for multiple resources to learn more and
make decisions. Reading multiple text sources to gain information is cognitively
demanding because readers must go beyond understanding a single text to con-
struct a coherent understanding by connecting ideas across sources. The complex-
ity of knowledge integration tasks has increased with the availability of almost
unlimited complementary and conflicting sources and is now further complicated
by an increase in Al-generated content. To navigate this challenging landscape
effectively, readers must develop strategies to manage and deepen their learning
from multiple text sources.

In the context of student learning, learning from multiple texts is also im-
portant, as State and National reading standards emphasize source integration as
a key component of reading comprehension and include related assessments that
incorporate source evaluation and integration outcomes (e.g., PA State Standards
(Pennsylvania Department of Education, 2013) and NAEP (National Assessment
for Educational Progress, 2019)). Nonetheless, students often struggle with learn-
ing from multiple texts, including evaluating credibility and quality of sources
(Anmarkrud et al., 2013; Brante & Stromso, 2017), and they are particularly chal-
lenged with integrating content across texts (Barzilai et al., 2018; Mahlow et al.,
2020).

Recent research has examined the role of reading comprehension strategies
known to be effective in single text comprehension, such as summarization, as
applied to multiple texts (e.g., Haverkamp et al., 2024; McNamara et al., 2024).
Such strategy use is a component of effective self-regulated learning, and prior
research supports that when learners engage with self-regulation strategies while
reading, they perform better on learning outcomes (List & Alexander, 2019;
McCrudden et al., 2010; Stromse et al., 2008). Yet, the role of self-regulated learn-
ing (SRL) in facilitating learning from multiple texts specifically has been largely
overlooked (Denton et al., 2020).

The existing multiple-text research explores interventions aimed to support
processes and strategies to improve source evaluation (Braasch et al., 2013; Britt
& Aglinskas, 2002; De La Paz et al., 2017; Rouet et al., 2021) and integration (Bar-
zilai & Ka’adan, 2016; Boscolo et al., 2007; Darowski et al., 2016; Haverkamp et
al., 2024; Firetto & Van Meter, 2018; McNamara et al., 2024). However, existing
interventions to support students’ integration of text sources are generally specific
and lack a holistic focus on SRL components or grounding in SRL models. Alt-
hough some scholars have explored specific SRL components, such as metacogni-
tion, within multiple-text contexts (e.g., Stadtler & Bromme, 2007, 2008), these
efforts have not consistently used comprehensive SRL theoretical frameworks.
Given the inherently goal-directed and strategic nature of integrating information
across sources, multiple text research should develop and evaluate interventions

that are explicitly aligned with established SRL models. Such work is essential to
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advancing our understanding of how to scaffold student’s regulation of cognitive,

motivational, and behavioral processes during multiple-text reading.

1.1. Theoretical Development of Multiple-Text Reading

The study of multiple-text reading has evolved considerably over the past two dec-
ades, moving from isolated examinations of comprehension processes from single
text to more integrated investigations of how readers engage with multiple sources
(i.e., texts, graphics, visuals). Multiple-text reading refers to the process of reading,
evaluating, and integrating information from two or more texts, often with differ-
ing perspectives, sources, or rhetorical purposes (Perfetti et al., 1999; Wiley et al.,
2009). Unlike single text comprehension, which primarily involves constructing a
coherent mental model by integrating text information with readers’ prior
knowledge, multiple-text comprehension requires readers to engage in additional
processes such as source evaluation and intertextual integration (Braten et al.,
2009; Barzilai & Zohar, 2012).

Early reading research was largely grounded in cognitive theories of reading
comprehension, such as Kintsch’s (1998) Construction-Integration mode, which
emphasized the construction of mental representations of text meaning. This
model provided a foundation for understanding how readers process individual
texts but lacked a more authentic reading context where multiple texts regarding
a single topic are more often accessed to study a topic. To address this limitation,
the Document Model Framework (DMF; Britt et al., 1999; Rouet, 2006) posits that
readers must not only construct a situation model for each text but also create a
meta-representational structure that includes information about each source (e.g.,
author, reliability, date, text characteristic) to support readers in comparing and
integrating multiple texts. A central feature of this model is the concept of sourc-
ing, which refers to readers’ ability to interrogate, evaluate, and use source infor-
mation in constructing a coherent and accurate understanding across texts. Build-
ing on this work, the MD-TRACE model extends the DMF by emphasizing the
goal-driven and task-based nature of multiple document comprehension (Rouet
& Britt, 2011). It proposes that readers engage in cycles of assessing task relevance,
selecting and processing documents, and integrating extracted content based on
both text and task representations. Similarly, the RESOLV model provides a
broader account of the situational and motivational factors that guide multiple
document reading (Rouet et al., 2017). It highlights how readers construct dy-
namic representations not only of the documents themselves but also of the read-
ing purpose or task, contextual constraints, and their own goals and beliefs during
reading text and synthesis.

Some scholars have considered multiple-text reading within the broader theo-
retical SRL framework (Azevedo et al., 2005; Greene & Braten, 2016; James &
Goldman, 2020). From this perspective, reading across multiple texts is regarded
as a goal-directed activity that requires regulation of cognitive, metacognitive,

motivational, and behavioral processes. For example, students must set reading
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goals, select relevant strategies, monitor their understanding, and revise their in-
terpretations when they engage in multiple-text reading. While some work has
considered the importance of SRL constructs within multiple source comprehen-
sion, in this work we specifically ground a multiple text integration intervention
within an SRL model.

1.2. SRL in Multiple-Text Reading

SRL involves actively managing the learning process through strategic use of aca-
demic strategies, metacognition, and motivation directed toward achieving spe-
cific learning goals (Sperling et al., 2004; Zimmerman, 2001). Effective self-regu-
lated learners select and implement appropriate strategies, monitor their compre-
hension and performance, make necessary adjustments, and reflect on their learn-
ing progress (Winne, 2001). The importance of self-regulated learning for multi-
ple text integration tasks lies in learners developing an understanding of how to
approach the task and then determining study techniques and learning strategies
that would best support learning from the specific types of texts they are reading.
Building on this importance, we argue that approaching interventions for multi-
ple-text learning from an SRL perspective could support students’ goal-directed
learning.

Our study contributes to the broader literature on multiple-text learning by ex-
amining a metacognitive prompting intervention grounded in Winne and Had-
win’s (1998) SRL model. While there are numerous models of SRL (Panadero,
2017; Puustinen & Pulkkinen, 2001), this study employs Winne and Hadwin’s
(1998) model of self-regulated learning (SRL), because it leans heavily on the met-
acognitive and strategic processing elements of SRL and focuses on how learners
control their own learning process. The model gives attention to the learner’s task
and cognitive conditions and therefore aligns with multiple document models.
The model focuses on four phases of self-regulated learning: task definition
(where learners interpret the task and identify available resources); goal setting
and planning (where learners establish goals and devise plans to reach them); en-
acting strategies (where learners implement their plans using cognitive and met-
acognitive strategies in their learning repertoire); and adaptation (where learners
monitor and evaluate their progress and adapt strategies as necessary). Each phase
incorporates processes rooted in information-processing theory (Atkinson &
Shiffrin, 1968; Mayer, 2012; Simon, 1979).

Winne and Hadwin categorize these processes using the acronym COPES (con-
ditions, operations, products, evaluations, and standards). Conditions encompass
the cognitive resources available to learners (e.g., knowledge of study tactics) and
the situational factors affecting the task (e.g., time). Operations refer to specific
cognitive processes—termed SMART processes (searching, monitoring, assem-
bling, rehearsing, and translating)—that learners use to manipulate information.
These operations result in Products, which are the tangible outcomes of each

learning phase. To compare products against standards, learners engage in cogni-
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tive evaluations through ongoing monitoring of their progress. Standards are the
criteria learners set to guide their goals, and evaluations involve judgments about
the extent to which these standards have been achieved.

The highly iterative, cyclical nature of the Winne and Hadwin (1998) model
means that learners may cycle through these four phases multiple times as they
refine their approaches to learning. In the current study, the treatment condition
received prompts during study that targeted the four phases and COPES processes
within each phase. The MP condition was developed to examine general metacog-
nitive prompting. The MP + I condition included language to make task condi-
tions explicit.

In this research, we investigated how a metacognitive prompting intervention
impacts learning outcomes and SRL competencies using a pretest-posttest design
with three conditions: metacognitive prompting (MP), metacognitive prompting
with integration reminders (MP + I), and a control condition. We were particu-
larly interested in how the intervention may impact an authentic integration task,
like those expected in K-16 learning environments and those faced by adults in
“real life” settings, where learners are engaged in understanding a topic across
complementary texts about an important, relevant construct. This context con-
trasts with much of the existing multiple text and multiple source comprehension
research that focuses on emotionally laden constructs (Danielson et al., 2023),
non-text sources (Cromley et al,, 2021), and/or refutational texts (Braten &
Braasch, 2018). Learners in this study were able to re-visit and access the texts to

which they had been exposed as they completed an authentic essay task.

1.3. The Present Study

The current study addressed three main research questions. The first research
question (RQ 1) was: Does students’ knowledge improve after metacognitive in-
tervention, and do these changes differ across intervention groups? With this
question, we examined whether students demonstrated measurable learning after
engaging in a multiple-text reading and integration task, considering the type of
intervention received. We divided the question into two sub-questions:

RQ1la: Is there a significant main effect of time on knowledge?

RQ1b: Is there a significant interaction between time and instructional group?

We anticipated that the intervention would promote students’ deeper compre-
hension of the topic, thereby enhancing learning outcomes. Specifically, we ex-
pected that the groups receiving metacognitive prompts would demonstrate more
improvements and that the extent of these improvements would vary by group
conditions. Investigating learning in this context provides insight into whether
multiple-text integration tasks serve not only as an assessment tool but also as an
effective instructional strategy.

The second research question (RQ 2) was: What are the differences in knowledge,
self-efficacy, metacognitive awareness, strategic processing, and integration scores

across instructional groups? We expected that groups receiving metacognitive in-
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terventions would outperform the control group, with those receiving both meta-
cognitive and integrative prompts (i.e., MP + I) realizing the highest levels of
knowledge, self-efficacy, strategic processing, and metacognitive awareness at
post-test. By comparing different groups exposed to varied instructional methods,
this question examines how specific interventions influence students’ strategic
processing and their efficacy in navigating complex reading tasks. Understanding
these differences can provide valuable insights into which instructional approaches
most effectively support students’ engagement and performance in multiple-text
integration.

The third research question (RQ 3) was: What factors are associated with stu-
dents’ multiple-text comprehension and integration? This research question in-
vestigates the cognitive, metacognitive, and motivational factors that relate to stu-
dents’ success in comprehending and integrating information across multiple
sources. Specifically, it examines how variables such as prior knowledge, self-effi-
cacy, and metacognitive awareness are associated with reading comprehension
and integration performance. We anticipated that these variables would be related
to students’ multiple-text comprehension and integration based on evidence from
prior studies (Demir et al., 2024; Lee & List, 2021; List, 2025). Clarifying these
relationships provides both theoretical and practical implications, supporting the

development of more tailored instructional strategies.

2. Method
2.1. Participants

Undergraduates enrolled in educational psychology courses at a large research
university were randomly assigned to conditions outside of instructional time.
The project was approved by the Institutional Review Board at the corresponding
author’s university. Participants received extra course credit for completing the
study. A total of 466 students completed the pretest before the intervention, and
following the pretest, participants were randomly assigned to one of three condi-
tions. Consistent with the demanding, multi-stage nature of the task, attrition was
higher in the two intervention conditions over control condition and occurred
primarily during and after the intervention with many more students completing
the pre-survey items. Because the integrative essay was the study’s primary out-
come, students who did not submit an essay were treated as non-completers (1 =
266). Completed essay responses were obtained from 200 students (control = 79,
MP =60, MP + I = 61 students respectively), and 6 of these were excluded due to
incomplete responses. We applied listwise deletion for the missing data, so only
data for those who completed the study (1= 194) were included in the final anal-
yses. To evaluate whether listwise deletion biased the results, we compared com-
pleters with non-completers on all baseline measures. The groups did not signifi-
cantly differ on any pretest measure: metacognitive awareness (M = 69.5 vs. 69.4;
t =0.06, p=0.95,d = 0.01), pretest self-efficacy (M = 72.9 vs. 73.6; t = —0.46, p=
0.64, d = —0.04), or pretest knowledge (M = 12.7 vs. 13.0; t = —0.85, p=0.39,d =
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—0.09). The sample was primarily first and second year students (79%), female
(81%) and White (78%). Descriptive statistics for all primary variables by condi-

tion are found in Table 1.

Table 1. Descriptive statistics by condition.

n Pre_ K Post_K Pre_MAI Post_ MAI Pre_SE Post_SE
Control 77 12.82 (2.72) 15.14 (4.30) 71.30 (11.74) 71.97 (11.55) 73.69 (16.97) 78.71 (16.87)
MP 57 13.14 (3.31) 14.65 (4.78) 70.33 (12.30) 73.68 (12.16) 72.63 (16.52) 79.44 (14.73)
MP +1 60 12.15 (3.48) 14.23 (4.24) 65.85 (11.76) 68.33 (11.64) 71.45 (13.81) 75.20 (16.21)

2.2. Procedure

This study was presented to participants using Qualtrics. All participants signed
an informed consent form prior to entering the study materials. At pretest, par-
ticipants completed the shortened Metacognitive Awareness Inventory (MAI;
Harrison & Vallin, 2018; Schraw & Dennison, 1994), a self-efficacy inventory for
learning from multiple sources inventory, and a knowledge assessment. Learners
were then assigned to one of three conditions and completed the multiple-text
learning task. Instructions were consistent across conditions. Learners (a) read the
task and writing prompt, (b) were given as much time as needed to learn from the
three texts, and (c) completed the final questionnaires. Participants were provided
with three texts, one at a time, in the same order regardless of condition. Through-
out the learning task, the treatment conditions received their respective metacog-
nitive prompts. At post-test, learners completed the shortened MAI, the self-effi-
cacy measure, a knowledge assessment, wrote a short integrative essay response,
completed an adapted version of Braten & Stromse’s (2011) Multiple-Text Strat-

egy Inventory (MTSI), and answered demographic questions.

2.3. Materials

2.3.1. Texts

Participants read three texts about the importance of sleep (i.e., Explaining Sleep,
Sleep Stages, and Sleep Quality) modified for the study from authentic and trust-
worthy information found on the Internet. Texts were similar in length and read-
ability (see Table 2). Readability levels were deliberately chosen to ensure that
participants would be able to engage reasonably with the texts. Each text repre-

sented various aspects of the topic, but their relationship was complementary.

2.3.2. Intervention

Intervention materials included metacognitive prompts grounded in the four
phases of Winne and Hadwin’s (1998) model. As learners progressed through the
learning task, both intervention conditions received prompts at four points that
corresponded to the model’s phases: (1) task definition, in which learners restated
the task in their own words; (2) goal setting and planning, in which learners de-

scribed the strategies they would use; (3) enacting strategies, in which, after read-
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ing each of the three texts, learners rated their comprehension and elaborated on
how the text connected to their knowledge; and (4) adaptation, in which, after
drafting the essay, learners evaluated how well their response met their goals and
reflected on what they would repeat or change in the future. The number, type,
and placement of prompts were identical across the two intervention conditions;

the conditions differed only in the wording of the prompts.

Table 2. Sleep text word counts and readability.

F-K Grad
Topic Words Lev::? ¢ Original Sources
https://www.ninds.nih.gov/health-information/public-educa-
Text 1 Explaining Sleep 481 8.7 tion/brain-basics/brain-basics-understanding-sleep
https://www.nhlbi.nih.gov/health/sleep-deprivation
Text 2 Sleep Stages 453 8.1 https://www.thensf.org/what-are-the-sleep-stages/
Text 3 Sleep Quality 468 8.5 https://www.thensf.org/what-is-sleep-quality/

In the MP (i.e., general metacognitive prompting) condition, prompts used
general self-regulatory language. For example, at the task-definition prompt,
learners were asked, “The directions above describe your learning task. Put your
task in your own words,” and during reading they were asked, “How does this text
connect to your knowledge or experiences with sleep?”

In the MP + I condition, each prompt was reframed to make the cross-text in-
tegration goal explicit while holding the prompt’s metacognitive function con-
stant. For example, the parallel task-definition prompt asked, “The directions
above describe your learning task. Put your task that is focused on making con-
nections across texts in your own words.” and the during-reading prompts asked
learners to connect each text not only to prior knowledge but also to “what you
learned in the previous text(s)” (e.g., “How does this text connect to what you
learned in the previous text and your knowledge or experiences with sleep?”). The
full set of prompts for each condition mapped to the four phases of Winne and
Hadwin’s (1998) model.

2.4. Measures

Multiple-text learning and SRL outcomes were of interest. Reliability coefficients
for instruments are measures of internal consistency reported as Cronbach’s al-

pha.

2.4.1. Knowledge

At pretest and post-test, learners completed a 24-item 4-point, multiple-choice
researcher-developed measure that assessed declarative (12 = 14) and conceptual
(n=10) knowledge. As anticipated, the measure demonstrated weak reliability at
pretest (Cronbach’s a = 0.521), because learners lacked essential prior knowledge,

but stronger reliability at posttest (Cronbach’s a = 0.765).
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2.4.2. Metacognitive Awareness

At pretest and posttest, learners completed the shortened 19-item Metacognitive
Awareness Inventory (MAI) (Harrison & Vallin, 2018; Schraw & Dennison, 1994).
The widely administered and established MAI assesses learners’ knowledge of
cognition (KOC) and regulation of cognition (ROC). Reliability was strong at pre-
test (Cronbach’s a = 0.925) and at posttest (Cronbach’s a = 0.94).

2.4.3. Self-Efficacy

Guidelines for the development of self-efficacy scales were implemented (Ban-
dura, 2006) and at pretest and posttest, learners completed a 9-item researcher-
developed self-efficacy measure in which they rated their confidence on aspects of
reading and understanding texts about sleep. For example, learners were asked to
rate their confidence levels for comprehending all tests, relating texts to prior
knowledge, evaluating information from the texts, synthesizing across texts, and
generating unique connections from the texts. Reliability was strong at pretest
(Cronbach’s a = 0.94) and at posttest (Cronbach’s a = 0.96).

2.4.4. Strategy Use

At posttest, learners completed an adapted version of Braten and Stremse’s (2011)
MTS]I, rating the extent to which they used each strategy during study on a 10-
point scale. The MTSI measures two types of multiple-text strategy use: accumu-
lation and cross-text elaboration and is widely administered in multiple text inte-
gration studies (Braten et al., 2014; List et al., 2019a, 2019b; Tarchi et al., 2024).
Consistent with previous practice (e.g., Follmer & Tise, 2022), we revised six items
to align the MTSI with content-specific references from texts in the items. Relia-
bility for this measure was strong (a = 0.96).

2.4.5. Integrative Essay Measures

After reading the multiple texts and the intervening prompts, students wrote an
integrative essay following a writing prompt (i.e., “Write an essay making connec-
tions across all three texts you read. Describe the relationship among sleep, sleep
stages, and sleep quality. Cite the texts in your essay”). They could access the texts
while writing the essay and also could use any notes they had taken while reading.
Students’ integrative understanding of multiple texts was evaluated using a 4-
point analytic rubric designed to capture both the depth of content integration
and the quality of cross-textual reasoning holistically. The rubric assessed essays
with respect to the extent to which students incorporated information from the
source texts, cited or referenced those texts, and meaningfully demonstrated rela-
tionships among them (see Table 3 for the entire rubric). Scores ranged from 0
(No Integration) to 3 (Full Integration), with the following criteria.

Essays at the 0-point level demonstrated little to no effort in responding to the
integration task. In such responses, no citations or references to specific texts were
provided. Students made no explicit relationships among texts and offered no ev-
idence of integration. Responses at this level were often superficial, off-topic, or

fragmentary. Essays at the 1-point level included some textual information, but
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Table 3. Essay scoring rubric.

the content was minimal and lacked elaboration. These responses also provided
no citations or references to specific sources. The structure of the essays was
strictly linear, typically presenting information from each text in isolation without

connecting ideas or demonstrating synthesis.

Score

0 (No integration)

Criteria (Updated)

Little to no effort in writing the integration essay
No citations or references to specific texts provided
No explicit relationships among texts

No demonstration of integration

1 (Minimal Integration)

Some information from the texts is included, but the information provided is minimal

No citations or references provided

Essay follows a linear structure without integration (e.g., summarizing texts separately rather
than connecting ideas)

2 (Partial integration)

3 (Full integration)

Information from all three texts is clearly provided

Citations (or at least references to specific texts) are provided

There is some integration between at least two texts, but most of the essay follows a linear struc-
ture

Limited demonstration of relationships between texts (i.e., what relationships are being made are
very general)

Essay is written in a coherent and well-structured manner

Citations (or at least references to specific texts) are provided

STRONG demonstration of relationships across texts, with ideas meaningfully connected (some
examples: tying multiple texts together and citing not linearly; providing introduction and/or
conclusion that reflects relationships between the texts; specific language that refers to the rela-
tionship between texts; a universal idea or leveraging sentence that ties things together)

Essays at the 2-point level drew on content from all three texts, with at least
some citations or textual references included. While some integration was demon-
strated, typically between two texts, the overall structure remained mostly linear.
Connections across texts were general and lacked specificity or depth, with limited
use of language that highlighted explicit relationships.

Essays receiving the highest score were coherent, well-structured, and demon-
strated strong integration of ideas across all three texts. Citations or specific ref-
erences to the source materials were present. Students clearly conveyed relation-
ships among texts through cross-textual reasoning (e.g., linking ideas across mul-
tiple sources within or across paragraphs), intertextual connections (e.g., “In con-
trast to...”), conceptual synthesis (e.g., identifying a unifying contents), and inte-
grative framing (e.g., introductory or concluding statements that reflect holistic
understanding of relationships among texts).

Two raters (i.e., the first and second authors), both of whom were blind to par-
ticipants’ condition assignment, independently scored the essays after completing
a training and calibration process. During training, both raters reviewed and dis-

cussed exemplar essays representing each score level to ensure shared interpreta-
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tion of the rubric. Then the two raters scored the first 20 essays independently,
each recording a written justification, and met to resolve discrepancies and refine
their shared interpretation of the criteria before scoring the remaining essays.
Across the full set of essays, the two raters agreed exactly on 55.8% of essays and
were within one scale point on 97.8%. Discrepancies greater than two scale points
(1 = 8) were reconciled through discussion with the corresponding author, with
reference to the written justifications and the rubric criteria. The intraclass corre-

lation coefficient between two raters was 0.74, indicating good agreement.

2.4.6. Data Analysis

For RQ 1, we conducted repeated measures to compare students’ pre- and post-
knowledge scores. This analysis allowed us to examine whether students indicated
overall learning gains over time regardless of condition group, and whether there
were significant main effects of intervention condition, as well as an interaction
effect between time and intervention type. For RQ 2, we employed a Multivariate
Analysis of Covariance (MANCOVA) to compare students’ post-intervention
scores on knowledge, self-efficacy, metacognitive awareness, strategic processing,
and integration across intervention groups, while controlling for prior knowledge.
We selected prior knowledge as the sole covariate because prior knowledge is
widely recognized and consistently identified as one of the most influential pre-
dictors of both learning processes and outcomes of multiple-text reading (Hagen
et al., 2014; List & Alexander, 2019). Therefore, it was included as a covariate to
ensure that group differences in post-intervention performance were not con-
founded by initial knowledge levels. We retained this single, theoretically moti-
vated covariate, rather than matching each posttest outcome to its own pretest
score, to maintain a parsimonious model applied consistently across all dependent
variables. For RQ 3, we conducted multiple regression to examine how prior
knowledge, self-efficacy, metacognitive awareness, and strategic processing were
associated with students’ multiple-text comprehension and integration perfor-
mance. Because strategic processing and the comprehension and integration out-
comes were all assessed within the same posttest session, we interpret these rela-
tionships as concurrent associations rather than as prediction in a temporal or
causal sense. To determine whether these associations were independent of the
experimental manipulation, we also entered instructional condition (dummy-

coded, with the control group as the reference) as a covariate in each model.

3. Results
3.1. Learning Occurred Regardless of Group Conditions (RQ 1)

A repeated-measure ANOV A was conducted to examine the effect of instructional
condition on students’ knowledge scores measured at two different time points
(i.e., pre-test and post-test). Box’s M test indicated homogeneity of covariance
matrices across groups (p = 0.25).

A significant main effect for time was observed, indicating that students’
knowledge significantly increased from pre (M = 12.71, D = 3.16) to post (M =
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14.72, SD=4.42), 1, 191) = 59.73, p < 0.001, partial n* = 0.238. Students showed
significant gains in learning from multiple sources regardless of condition. How-
ever, there was no significant main effect for intervention type (Control: n =77,
MP: n=57, MP + I n=60); (F2, 191) = 1.02, p = 0.36; partial n* = 0.011), sug-
gesting that the magnitude of knowledge gains did not differ significantly across
the three groups. Furthermore, there was also no interaction between time and
condition (A2, 191) = 0.90, p = 0.41; partial n* = 0.009).

3.2. Differences across Instructional Types (RQ 2)

A MANCOVA was conducted to examine differences in students’ post-interven-
tion knowledge, self-efficacy, metacognitive awareness, multiple-text strategic
processing, and integration scores across the three instructional conditions, while
controlling for pre-intervention knowledge scores. The assumption of equality of
covariance matrices among the groups was satisfied (Box’s M = 31.04, p = 0.47).
At the multivariate level, the omnibus effect of instructional condition was not
statistically significant, Wilks’ A = 0.93, 10, 372) = 1.46, p = 0.15, partial n* =
0.04. Because the multivariate test did not indicate reliable differences among con-
ditions, we interpreted univariate and pairwise results with caution.

Consistent with the non-significant omnibus test, the follow-up univariate AN-
COVAs demonstrated no significant effect of intervention condition on any out-
come after adjusting for prior knowledge: post-knowledge, (F(2, 190) = 0.79, p =
0.46), partial n* = 0.01 (adjusted Ms = 15.05, 14.27, and 14.71 for the Control, MP,
and MP + I groups, respectively); self-efficacy, A2, 190) = 0.66, p = 0.52, partial
n? = 0.01 (adjusted Ms = 78.57, 78.88, 75.92); metacognitive awareness, H2, 190)
= 2.65, p = 0.073, partial n* = 0.03 (adjusted Ms = 71.92, 73.47, 68.60); strategic
processing, A2, 190) = 2.25, p = 0.11, partial n* = 0.02 (adjusted Ms = 114.51,
116.12, 106.71); and integration, A2, 190) = 2.79, p = 0.064, partial n?> = 0.03 (ad-
justed Ms = 1.90, 1.91, 1.54).

Bonferroni-corrected pairwise comparisons of the adjusted means yielded no
significant differences between any pair of conditions on any outcome (all cor-
rected ps > 0.07). The largest differences were small-to-moderate and consistently
involved the MP + I group scoring lower than the MP group: on metacognitive
awareness (MP vs. MP + I, adjusted mean difference = 4.87, d= 0.42, p = 0.079)
and on integration (Control vs. MP + I, difference = 0.36, d = 0.36, p= 0.11; MP
vs. MP + I, difference = 0.37, d=0.38, p=0.13).

Overall, after controlling for prior knowledge, the three intervention conditions
did not differ significantly on any post-intervention outcome. However, the de-
scriptive pattern was broadly consistent with the MP group scoring at or above

the other conditions and the MP + I group scoring lowest.

3.3. Factors Influencing Students’ Multiple-Text Integration

(RQ3)

A multiple regression analysis was conducted to investigate how pre-intervention
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knowledge (Pre_K), self-efficacy (Pre_SE), metacognitive awareness (Pre_MAI),
and post-intervention multiple-text strategic process (MTSI) were associated with
students’ comprehension score (i.e., Post_K) and integration essay performance.
Correlation analysis revealed that all variables were significantly correlated with
one another and with the integration score (see Table 4), confirming theoretical
associations between these constructs and the outcome of integration perfor-
mance. The regression models were statistically significant for both outcome var-
iables (see Table 5).

Table 4. Correlations among primary variables.

1 2 3 4 5
1. Integration -
2. Pre_Metacognitive awareness 0.12% -
3. Pre_Self-efficacy 0.11* 0.59*** -
4. Pre_Knowledge 0.25%** 0.15* 0.15* -
5. MTSI 0.25%** 0.59%** 0.45%** 0.17* -

*p < 0.05, **p < 0.001.

Table 5. Multiple regression results for the outcomes.

Predictor Unstandardized Coefficient Standardized Coefficient t pvalue
B SE B B
Dependent: Post-Knowledge
(Constant) 2.05 1.68 - 1.22 0.225
Pre_K 0.83 0.080 0.59%** 10.36 <0.001
Pre_ MAI -0.01 0.03 -0.03 -0.39 0.699
Pre_SE -0.02 0.02 -0.06 -0.79 0.429
Post_ MTSI 0.04 0.01 0.22** 3.07 0.002

Dependent: Integration

(Constant) 0.12 0.48 - 0.24 0.81
Pre_K 0.07 0.02 0.22** 3.11 0.002
Pre_ MAI -0.01 0.01 -0.08 -0.83 0.406
Pre_SE 0.00 0.01 0.04 0.43 0.669
Post_ MTSI 0.01 0.00 0.25** 2.84 0.005

Note: *p < 0.05, **p < 0.01, ***p < 0.001. Post-knowledge: F(4, 189) = 32.69***, R* = 0.409 (AR* =0.396); Integration: A4, 189) =
5.93¢ R =0.111 (AR =0.093).

The overall model for post-knowledge was statistically significant, /(4, 189) =
32.69, p<0.001, with an explained variance of &* = 0.409 (AR = 0.396), indicating
that approximately 41% of the variance in post-knowledge scores was accounted

for by the four predictors. Among them, prior knowledge was the strongest cor-
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relate (f = 0.59, p < 0.001), followed by strategic processing (p = 0.22, p = 0.002).
Neither metacognitive awareness (p = -0.03, p = 0.699) nor self-efficacy (B = -
0.06, p = 0.429) was significantly associated with post-knowledge. The Durbin-
Watson statistic was 2.06, indicating no serious concern for autocorrelation, and
there was no multicollinearity observed. When instructional condition was added
as a covariate, this pattern was unchanged (prior knowledge = 0.60, p < 0.001;
strategic processing B = 0.22, p= 0.002; & = 0.42). Also, condition was not signif-
icantly associated with post-knowledge (MP vs. control: p = -0.20, p = 0.15; MP
+ I vs. control: p = -0.03, p= 0.83).

The regression model for integration was also significant, /(4, 189) = 5.93, p<
0.001, accounting for 11.1% of the variance (& = 0.111; AR* = 0.093). Both prior
knowledge (p = 0.22, p=0.002) and strategic processing (B = 0.25, p=0.005) were
significantly associated with integration performance. Metacognitive awareness
(B =-0.08, p=0.406) and self-efficacy (B = 0.04, p = 0.669) were not significantly
associated. The Durbin-Watson statistic was 2.24, suggesting no violation of in-
dependence assumptions and no multicollinearity was observed. Adding instruc-
tional condition as a covariate left these associations essentially unchanged (prior
knowledge P = 0.20, p = 0.004; strategic processing = 0.23, p = 0.008; R* = 0.13).
Also, condition itself was not significantly associated with integration (MP vs.
control: f = -0.01, p=0.97; MP + I vs. control: p = —0.32, p = 0.056).

4. Discussion

For RQ 1, learning gains were observed across all groups, indicating that the mul-
tiple-text integration task itself fostered knowledge gains, regardless of instruc-
tional condition. This supports the pedagogical value of integrative reading and
writing as a generative learning activity may be inherently valuable for promoting
content learning, consistent with theories of active and constructive learning (Chi,
2021).

For RQ 2, after controlling for prior knowledge, the three conditions did not
differ significantly on any post-intervention outcome, and the multivariate omni-
bus test was likewise non-significant. Thus, contrary to our expectations, provid-
ing metacognitive prompts did not yield measurable advantages over the control
condition on knowledge, metacognitive awareness, self-efficacy, strategic pro-
cessing, or integration. The descriptive pattern was suggestive of small differences,
with the MP group tending to score at or above the other groups and the MP + I
group tending to score lowest. One tentative interpretation of the consistently
lower MP + I means is that layering integration reminders onto the metacognitive
prompts may have raised processing demands without a commensurate benefit.
Given the absence of significant effects, however, this remains a hypothesis for
future research. Considered alongside the null time-by-condition interaction in
RQ 1, these findings indicate that the integrative multiple-text task supported learn-
ing across conditions, but that the prompting manipulations, as implemented, did

not differentially enhance outcomes.
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For RQ 3, the regression results highlight the strong association of prior
knowledge and strategic processing with both knowledge acquisition and integra-
tive understanding from multiple text sources. Prior knowledge demonstrated the
strongest association with post-knowledge scores, underscoring the well-estab-
lished notion that learning is more efficient and effective when new information
can be anchored to an existing knowledge base (Alexander, 2017; Chi, 2023).
These associations were independent of instructional condition, which was not
significantly related to either outcome.

Strategic processing, as measured by the MTSI, was also significantly associated
with both outcome measures, suggesting that students who actively monitor, plan,
and evaluate their learning processes also tend to demonstrate deeper integration
of information. This finding aligns with the literature on self-regulated learning
(Pintrich, 2000), which emphasizes the importance of active cognitive engage-

ment in tasks that require synthesis and integration.

5. Conclusions, Limitations, and Future Directions

In this study we found that college students, when provided multiple text sources
and an integration task, learned from the sources regardless of instructional con-
dition. Further intervention, which included prompting, did not benefit learning,
integration, nor reported strategic processing and indeed resulted in poorer out-
comes. We attribute this finding to the likelihood that the additional prompting
resulted in cognitive load challenges as students engaged with the already chal-
lenging multiple integration task. One conclusion is that metacognitive prompt-
ing may suffice in supporting students as intervention during multiple text com-
prehension. Future research should replicate this finding with novel texts and
tasks, and with multiple source documents that include diagrams and other sup-
ports generally found in authentic expository texts.

Further, all students learned from exposure to the multiple texts. The selected
complementary expository texts, on the topic of sleep, had been used in previous
research and we knew that students engaged and learned from the texts. While we
intentionally gauged reading level, it may be that the benefit for the metacognitive
intervention on knowledge learning would be stronger with more difficult or chal-
lenging texts. Future research should consider this finding and engage more dif-
ficult texts.

In this work, college students volunteered to complete the study for a small
amount of extra credit. There was considerable attrition and students assigned to
the intervention conditions dropped out at greater rate. It is likely that students
perceived the difficult task of integration, and writing the essay, in addition to the
knowledge and self-report items too arduous for the extra credit that they would
receive for participation. This likely also resulted in sample characteristics of those
who completed the study. It is possible those who completed represented students
who were more interested in the topic, more diligent students, or more compliant

students. All students received credit whether they completed the entire study, so
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motivation to complete all phases of the study may not be representative of all
students. Future research should test the intervention with authentic learning
tasks, perhaps with within-subjects cross over design with multiple tasks so all
learners can realize the benefit of the intervention. Given the established chal-
lenges of multiple text integration, the important findings from this study indicate
promise for a metacognitive prompting intervention to support students’ multiple
text integration on an essay task. Future directions that further expand these find-

ings to additional readers, texts, and tasks are warranted.
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