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Abstract

Document-based environments and human interaction both give access to knowledge beyond individual
memory, but they impose different learning constraints. External representations stabilize information and
make it revisitable. Human sources add reciprocity, social comparison, and the need to identify who knows
what. Using CAVL (Cognitive Architecture for Vigilant Learning), we compared these two configurations
within the same 96 participants in MOVICI. Participants first completed an approximately 20-minute open
Web search followed by source/argument recall and evaluation before T2. They then completed a 20-minute
cooperative or competitive debate followed by parallel partner/argument recall and evaluation before T3.
Factual scores increased from T1 to T2 by 1.396 points out of 20 and remained 1.167 points above T1 at T3;
score variance fell by 55.3% at T2 and remained 40.4% below baseline at T3. Subjective knowledge
increased more gradually and was 0.198 points above T1 at T3 (p = .0056). Attitudes shifted in both periods
and were 4.281 points lower at T3 than at T1 (p < .001), with the larger adjacent-period change occurring
before T2. Cooperation/competition was much more strongly associated with epistemic credit for human than
for recalled Web sources (interaction b = 1.019 SD, p = .0017), and cooperation was associated with lower
self-calibration error after the interactional sequence. Measured factual knowledge in partners was only
weakly related to perceived expertise and to others' final factual level; robustness analyses using the highest-
scoring partner led to the same conclusion. The findings distinguish information availability from epistemic
uptake and show that factual, metacognitive, and attitudinal change follow different temporal profiles across
the same sequential learning protocol.
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1. Introduction

Much human learning depends on knowledge that is not already stored in individual memory. That
knowledge may be carried by other people or by inscription systems such as writing, books, databases, search
engines, and digital environments. These resources are not neutral containers. They change how information
can be preserved, compared, revisited, and coordinated with what a learner already knows (Donald, 1991;
Hutchins, 1995; Salomon et al., 1991). They also allow socially produced knowledge to remain available
beyond the interaction in which it was produced.

Externalization does not make document-based learning asocial. A document condenses prior social work:
production, selection, validation, classification, and diffusion. Its distinctive property is that information
becomes partly decoupled from an immediate reciprocal relationship with its author. A reader can inspect
content, provenance, and coherence without simultaneously managing a present interlocutor. Distributed
cognition and cognitive-offloading approaches describe this redistribution of processing across internal and
external resources (Clark & Chalmers, 1998; Hollan et al., 2000; Risko & Gilbert, 2016).

A medium does not produce learning by itself. Effects depend on the task, methods, prior knowledge, and
learner activity (Clark, 1983). Educational technologies show positive but heterogeneous average effects



(Tamim et al., 2011). Prior domain knowledge strongly predicts later knowledge levels, although its relation
to learning gains is heterogeneous across tasks and learners (Simonsmeier et al., 2022).

Human interaction offers a different cognitive power. Humans learn extensively from others and coordinate
knowledge through joint attention, language, reasoning, and cultural transmission (Tomasello, 1999; Heyes,
2020). Cooperative learning has positive average effects on achievement and attitudes (Kyndt et al., 2013).
ICAP likewise predicts an advantage for interactive engagement when participants genuinely co-construct
new inferences (Chi & Wylie, 2014). Yet this power is conditional. Collaboration can distribute processing
across people while also adding communication and coordination costs (Janssen et al., 2010; Kirschner et al.,
2018). Partners must establish common ground, identify who knows what, and coordinate contributions.
Janssen and Kirschner (2020) describe this requirement as mutual cognitive interdependence. Collaboration
scripts show the same principle: effects on domain knowledge are more favorable when interaction becomes
genuinely transactive and one participant's reasoning builds on another's contribution (Vogel et al., 2017).
Social processes are therefore neither noise added to knowledge nor a guarantee of knowledge. When
competence, trust, and epistemic goals align, they can make collective learning highly effective.

MOVICI provides an opportunity to observe these two configurations within the same participants. The first
sequence combines open Web search, evaluation of recalled sources, and recall/evaluation of their arguments
before T2. The second combines cooperative or competitive debate, evaluation of partners, and
recall/evaluation of their arguments before T3. The post-activity structure is deliberately parallel, while each
activity retains its functional properties.

Separate analyses of the two sequences are reported in companion manuscripts (Vayre et al., 2026a, 2026b).
They answer phase-specific questions. The present study has a different goal: it uses a common comparative
framework to examine how two external epistemic environments are associated with different forms of
factual, metacognitive, attitudinal, and social change in the same learners.

We use CAVL, the Cognitive Architecture for Vigilant Learning, as an integrative framework (Vayre et al.,
2026c). CAVL links mechanisms documented in established traditions: prior knowledge, distributed
cognition, epistemic vigilance, metacognitive monitoring, source representations, transactive memory, and
social goals. It distinguishes structural social embedding, which shapes resources and credibility criteria
before an episode, from interactional embedding, which acts through a present reciprocal relationship. The
central claim is not that knowledge and sociality oppose each other. Knowledge is socially produced. Rather,
immediate interaction adds coordination, comparison, trust, reputation, and status. These mechanisms can
strengthen learning when they track competence and accuracy. They can also redirect processing toward
other social goals.

2. Theoretical framework and predictions

2.1. Cognitive technologies and external epistemic environments

Writing, books, and digital systems stabilize representations beyond an individual's biological memory.
Donald (1991) described external symbolic storage, while Hutchins (1995) and Hollan et al. (2000) showed
how public representations participate in distributed cognitive systems. Externalization does not replace
internal memory. It changes the activity. Searching, selecting, comparing, annotating, revisiting, and linking
representations become cognitive operations in their own right.

Digital environments amplify availability, but they also increase heterogeneity and provenance problems.
Web search requires learners to formulate a need, choose intermediaries, select documents, assess sources,
and decide when to continue or stop (Marchionini, 1995; Pirolli & Card, 1999; Rieh et al., 2016). Multiple-



document comprehension further requires learners to represent content and sources together and to coordinate
relations across documents (Perfetti et al., 1999; Rouet, 2006; Braten et al., 2011; Anmarkrud et al., 2022).

This perspective avoids a simple technology-versus-human contrast. Documents are social products, but they
stabilize information and reduce its dependence on immediate reciprocity. A human source can adapt an
explanation, answer, challenge, and correct. The same source also becomes a social partner. The functional
question is therefore which operations each environment facilitates and which additional operations it
requires.

2.2. CAVL: vigilant learning and dual social embedding

CAVL defines vigilant learning as the regulated integration of socially available information. It separates
exposure, comprehension, evaluation, acceptance, and uptake. Information may be encountered without being
understood, understood without being accepted, or used to update a source representation without changing
factual knowledge (Vayre et al., 2026c; Sperber et al., 2010).

Two distinctions matter here. First, measured or effective competence, subjective competence, perceived
competence in others, and epistemic credit are related but not equivalent. Second, structural and interactional
embedding act through different routes. Structural embedding includes prior learning trajectories, institutions,
credibility norms, and verification costs. Interactional embedding emerges when the source is a present
partner who can respond, judge, cooperate, compete, and change the learner's relative social position.

Moving from a document to an interlocutor is therefore more than changing channels. It adds social
coordination to an epistemic task. Human cognition is highly adapted for social learning and cultural
transmission (Tomasello, 1999; Heyes, 2020), and reasoning itself can serve argumentative exchange
(Mercier & Sperber, 2011). These mechanisms do not serve accuracy alone. They also serve coordination,
affiliation, reputation, and disagreement management. Social cues may therefore be epistemically diagnostic
or non-diagnostic.c. When they track competence and goals favor accuracy, social learning can be
exceptionally effective. When they diverge, relational regulation and factual integration can compete.

Figure 1. Two routes from external information to epistemic uptake.

Document-based environment Interactional human environment

. . . . Knowledge embodied in others -> recognition of who knows
Socially produced information -> search / selection / provenance what & &
Epistemic credit -> factual / metacognitive / attitudinal Epistemic credit -> factual / metacognitive / attitudinal
integration integration
Distinctive affordances: stable, revisitable, self-selected Distinctive affordances: adaptive explanation, reciprocity,
representations correction, comparison
Main coordination problem: selecting and evaluating external Main coordination problem: identifying competence while
representations managing social interdependence

Note. Conceptual synthesis from CAVL, distributed cognition, collaborative cognitive load theory, and
transactive-memory perspectives.

2.3. Factual transformation: document availability, prior knowledge, and score homogenization

In the document-based sequence, participants can stabilize activity around self-selected information. Search
organizes exposure. Recall and evaluation then require reconstruction of sources and arguments before T2. In
the phase-specific analysis, the number of recalled sources did not explain T2 once prior knowledge, SES,
and condition were considered, whereas average epistemic evaluation of retained sources remained associated
with T2 (Vayre et al., 2026a). External information therefore does not become knowledge through exposure
alone.



Prior knowledge remains an important learner characteristic, although its relation to learning gains is
heterogeneous (Simonsmeier et al., 2022). In multiple-document settings, topic knowledge is also associated
with how learners evaluate and use source information (Braten et al., 2011; Anmarkrud et al., 2022). Open
information access therefore does not place learners on equal footing. Yet a common external environment
can still reduce observed score differences if initially less-informed participants gain relatively more from
accessible, revisitable representations.

The interactional sequence has another potential. Collaborative Cognitive Load Theory proposes that a group
can distribute task elements across multiple working memories, creating a collective working-memory
resource (Kirschner et al.,, 2018). The gain is conditional. Collaboration also creates transaction costs:
communication, coordination, common-ground construction, and monitoring of others' contributions (Janssen
et al., 2010). Mutual cognitive interdependence adds a further requirement: members must learn where
relevant expertise resides and when to rely on it (Janssen & Kirschner, 2020). Experimental work has shown
that collaboration can be more efficient than individual work for complex tasks yet less efficient for simpler
tasks (Kirschner et al., 2011). The balance between collective resources and coordination costs therefore
matters.

This condition is central to MOVICI. Debate can be highly productive when partners hold complementary
knowledge, make it visible, and build on one another's contributions. ICAP and collaboration-script research
predict precisely this advantage when interaction becomes constructive and transactive (Chi & Wylie, 2014;
Vogel et al., 2017). A meta-analysis of CSCL argumentation interventions likewise found more consistent
effects on argumentation than on domain-specific knowledge, with equivocal evidence that improved
argumentation mediates knowledge gains (Wecker & Fischer, 2014). The MOVICI debate did not force this
level of transactivity. It also required argument production, social comparison, and cooperative or
competitive goal management. In addition, it followed a first sequence that could already change the
knowledge state. Our prediction is therefore specific to this sequential design.

H1 - Factual transformation. In the MOVICI sequence, factual scores should increase and become less
dispersed from T1 to T2. The T2-to-T3 period should not add a substantial positive factual gain and should
show weaker maintenance of that homogenization. We also examine T1-to-T3 change to determine how
much of the first-period difference remains visible at protocol end.

2.4. Distinct forms of integration: facts, subjective knowledge, and attitudes

A factual score does not exhaust learning. CAVL separates factual knowledge, monitoring of one's own
competence, evaluation of the topic, and updating of source representations. These outcomes can change
differently because they rely on different cues and functions.

Metacognition provides one example. Judgments of knowledge are inferred from cues such as familiarity,
fluency, difficulty, and perceived performance rather than read directly from memory (Nelson & Narens,
1990; Koriat, 1997). Online search can inflate a feeling of internal knowledge because information is easily
accessible (Fisher et al., 2015). Discussion adds social-comparison cues that may change self-evaluation even
without adding factual content.

Attitudes are another form of integration. They are neither factual scores nor purely private preferences. In a
sociotechnical controversy, attitudes combine factual information, values, and norms. Persuasion models
distinguish argument quality from source cues (Chaiken, 1980; Petty & Cacioppo, 1986). A sequence may
therefore change attitudes without reproducing the profile of a factual inventory. The direction of change can
also be informative when some items concern domains in which scientific evidence and assessment
frameworks have evolved, but an attitude score should never be treated as a global truth score.



H2 - Differentiated outcomes. Factual knowledge, subjective knowledge, and attitudes should follow
different trajectories across the protocol. We therefore examine each outcome over the first period (T1-to-
T2), the common-baseline interval (T1-to-T3), and the second period (T2-to-T3). The factual profile should
not be reproduced identically by subjective knowledge or attitudes, and individual changes across these
dimensions should remain weakly coupled without assuming strict independence.

2.5. Human sources: transactive memory, social comparison, and epistemic credit

When knowledge is carried by present people, learners must also locate expertise socially. Transactive-
memory theory frames this requirement as a representation of who knows what (Wegner, 1987;
Hollingshead, 2000). Collaborative Cognitive Load Theory poses a related problem through mutual cognitive
interdependence (Janssen & Kirschner, 2020). The presence of knowledge in a group therefore guarantees
neither its recognition nor its use.

This coordination is sensitive to social goals. Cooperation can make another person's competence useful to
one's own success, whereas competitive interdependence can make relative standing more salient (Johnson &
Johnson, 2009). More specifically, competence comparisons can become threatening depending on the
structure of resource interdependence (Buchs & Butera, 2009). Motivated information processing and
sociocognitive-conflict research likewise show that social goals change how information and disagreement
are regulated (De Dreu et al., 2008; Darnon et al., 2006, 2007). Sociality is not opposed to knowledge. It can
become a powerful route to knowledge when relationships make competence visible and reward accuracy. It
can also shift attention toward ranking, self-defense, or relationship management.

In MOVICI, the cooperative or competitive framing was announced before search. It could therefore shape
expectations during the document-based phase. Only during debate, however, did the source become fully
reciprocal: a partner spoke, responded, judged, and became an object of judgment. If structural and
interactional embedding differ as proposed by CAVL, the condition should affect epistemic credit more
strongly for human sources than for recalled Web sources. The same logic predicts better self-calibration
when others' competence can function as a cooperative reference rather than a relative threat.

H3 - Interactional reconfiguration. The cooperation/competition condition should be more strongly associated
with epistemic credit when the evaluated source is human than when it is document-based. Cooperation
should also be associated with better calibration between objective and subjective knowledge after the
interactional sequence.

2.6. Complementary analysis and the human epistemic bottleneck

CAVL also proposes a more specific relation between prior knowledge and attributed authority. When
learners have little valid knowledge for direct content evaluation, source cues may carry more weight; as
expertise increases, direct evaluation becomes more accessible (Vayre et al., 2026c). Complementary analysis
C1 therefore tests whether the Web-credit association with T2 varies with T1 factual knowledge. This is not
one of the three central comparative hypotheses.

Transactive memory and CCLT lead to a distinct research question. For knowledge in other people to become
a resource, at least two transitions are required. First, measured factual knowledge must be recognized as
expertise. Second, the knowledge available in partners must be associated with the learner's final state. We
test this possible bottleneck using partners' T2 factual scores, measured before debate.

RQ1 - Human epistemic bottleneck. To what extent is factual knowledge available in partners before debate
(a) recognized through perceived expertise and (b) associated with the evaluator's final factual knowledge?
We also examine whether the evaluator's own factual knowledge improves recognition, whether human



epistemic credit predicts T3 beyond the evaluator's own T2, and whether results change when the highest-
scoring partner rather than the mean partner score is used.

Table 1. Summary of predictions and analyses.

Block Central question Primary test Status
Do the two periods show the Within-person T1-T2, T1-T3, . .
H1 . and T2-T3 change; variance Main hypothesis
same factual transformation? -
ratios
T1-T2, T1-T3, and T2-
Do factual, subjective, and T3 mean change;
H2 attitudinal ogtcomes follow dispersion; associations Main hypothesis
the same trajectory?
among changes
e reliand albton | e e conidon 3
H3 . calibration error adjusted for Main hypothesis
structure with a human ™
source?
Does initial factual knowledge T1 x Web credit, controlling
C1 moderate the Web-credit - Complementary
. . SES and condition
association with T2?
Fs factual knowlgdge available Partner T2 -> perceived
in others recognized and L .
RQ1 - R expertise; partner knowledge Research question
transformed into an individual .
->T3; human credit -> T3
resource?
3. Method

3.1. Participants and design

The analytic sample comprised 96 participants recruited in the Université Cote d'Azur environment: 94
students and two recent graduates. Age ranged from 18 to 42 years (M = 20.45, SD = 3.41). The sample
included 62 women and 34 men. Forty-nine participants were in the cooperative condition and 47 in the
competitive condition. The 96 participants were distributed across 34 debates, which were used as clusters for
participant-level inference.

Condition allocation followed participant enrolment and session-entry order rather than strict random
assignment. Debate groups were then composed with reference to T1 attitudes so as to favor, where feasible,
diversity of initial positions within each discussion. This procedure was intended to preserve the possibility of
genuine disagreement on the controversy. Because condition allocation was not strictly randomized,
condition coefficients are interpreted as associations under an experimentally manipulated framing rather
than as pure randomized causal effects.

Baseline checks showed no clear condition differences in T1 factual knowledge (standardized b = -0.065, p =
.750), T1 subjective knowledge (b = 0.177, p = .336), or family SES (b = -0.035, p = .860). The global T1
attitude score was somewhat more negative in cooperation (standardized b = -0.372, p = .059); none of the
four attitude subscales differed clearly between conditions.

The protocol received a favorable opinion from the Université Cote d'Azur Research Ethics Committee on
March 9, 2024 (file no. 2024-037). All participants received written information and provided free and
informed consent. Sessions took place at the CoCoLab of Université Cote d'Azur. Announced compensation
included EUR 20 fixed plus up to EUR 10 variable by condition; all participants ultimately received EUR 30.



3.2. Procedure, parallel structure, and ecological validity

One to several weeks before the laboratory session, participants completed a pre-questionnaire containing the
first factual-knowledge test (T1), subjective knowledge, and attitudes. At the laboratory, the cooperative or
competitive framing of the upcoming debate was announced before search.

Participants then had approximately 20 minutes to search the Web freely for information about animal-
protein consumption. They formulated their own queries and selected their own tools and sources. After
search, they recalled and evaluated sources, then recalled and evaluated arguments. The second factual test
(T?2), subjective knowledge, and attitudes were administered after this sequence and before any discussion.

The debate lasted approximately 20 minutes and involved two to four participants. In the competitive
condition, participants were instructed to convince others of the accuracy and merits of their own position,
and individual persuasive performance was announced as the evaluation target. In the cooperative condition,
the goal was to improve knowledge collectively and build areas of agreement, with group performance
announced as the evaluation target. After debate, each participant evaluated partners, then recalled and
evaluated their arguments using a structure parallel to the post-search sequence. Participants then reassessed
their own knowledge and attitudes and completed T3.

MOVICI deliberately balances experimental comparability with ecological validity. The two sequences share
a parallel post-activity structure: source or partner evaluation, followed by argument recall/evaluation and
post-sequence measures. Their constitutive properties are not artificially made identical. In open Web search,
learners choose queries, tools, and sources. In debate, partners are given by group composition and become
reciprocal sources. Making the environments fully isomorphic would remove the selection processes that
characterize search and the reciprocity that characterizes interaction. This design choice follows ecological-
validity and representative-design arguments that experimental tasks should preserve functionally relevant
features of the environments to which they are meant to speak (Brunswik, 1956; Schmuckler, 2001; Cicourel,
2007). It supports ecological plausibility, but does not by itself guarantee broad external validity.

Thus, T1-to-T2 covers search -> recall/evaluation -> measurement, and T2-to-T3 covers debate ->
recall/evaluation -> measurement. The parallel processing structure strengthens comparability. It does not
identify a pure causal effect of search or debate because each period is composite and the order is fixed.
Because environment type and sequence position are perfectly confounded, no statistical adjustment can
identify an order-independent document-versus-interaction effect in this design. T1-to-T3 analyses provide a
common-baseline description of the final state; they do not neutralize the order effect.

Table 2. Experimental sequence and measures.

Measures

Stage

Activity

Post-activity processing

T1

Pre-questionnaire

Factual knowledge, subjective
knowledge, attitudes

Document-based sequence

Open Web search (~20 min)

Source evaluation; argument
recall and evaluation

T2

Post-document sequence
assessment

Factual knowledge, subjective
knowledge, attitudes

Interactional sequence

COOQOP or COMP debate (~20
min)

Partner evaluation; argument
recall and evaluation

T3

Post-interaction sequence
assessment

Factual knowledge, subjective
knowledge, attitudes




3.3. Measures

3.3.1. Factual knowledge

Factual knowledge was measured with a 20-item inventory developed for MOVICI. Each correct response
scored 1; incorrect, 'T do not know', and missing responses scored 0. The same inventory was administered at
T1, T2, and T3, with question and response-option order randomized. The score is treated as an inventory of
factual knowledge relevant to the controversy, not as a unidimensional scale of general expertise.

3.3.2. Subjective knowledge and calibration

Subjective knowledge was self-rated from 1 (‘'very low') to 4 ('very high') at T1, T2, and T3. For calibration
analyses, objective and subjective scores were standardized within time. Absolute calibration error was
defined as |z(subjective knowledge) - z(factual knowledge)|. It captures the magnitude of mismatch without
conflating magnitude with the direction of bias.

3.3.3. Attitudes

Eight attitude items, rated from -4 ('strongly against') to +4 (‘strongly in favor'), formed four canonical
subscales: SSA (science, health, and consumption), VAHC (animal-use and consumption practices), VASA
(animal suffering and slaughter), and EP (environment and political regulation). Analytic variables retain the
canonical directional scoring. Under this scoring, the global total has a theoretical range from -42 to +22.
More negative global values broadly indicate a more critical position toward animal-protein
consumption/uses and/or stronger support for animal protection and environmental regulation. Subscales are
interpreted according to their own direction.

3.3.4. Document-based and human epistemic credit

After search, recalled Web sources were evaluated on two dimensions: expertise/competence and
benevolence/honesty. A participant-level mean was computed for each dimension. For cross-environment
comparison, the dimensions were standardized within environment and averaged into document-based
epistemic credit. This indicator describes evaluations of retained sources; it does not measure their objective
quality or claim-by-claim uptake.

After debate, participants evaluated each partner on parallel dimensions of expertise and benevolence, then
recalled and evaluated partner arguments. For comparison with Web sources, partner evaluations were
aggregated at evaluator level, standardized, and averaged into human epistemic credit. Dyadic RQ1 analyses
retain each evaluator-partner relation. The dyadic dataset contains 212 ordered relations; 196 have perceived-
expertise data and involve 91 evaluators across 29 debates.

The two credit indicators use parallel evaluative dimensions, but their source sets are not generated in the
same way. Web sources are self-selected and then recalled; human partners are determined by debate
composition and become reciprocal. The comparison therefore concerns common dimensions of epistemic
credit in two ecologically different environments, not strictly isomorphic source sets. Argument processing is
more closely parallel: in both sequences, participants recalled arguments actually encountered during the
activity and then evaluated them.

3.4. Analysis strategy

The study was not preregistered. H1-H3 are theory-guided predictions derived from CAVL and established
literatures on document learning, distributed cognition, collaborative cognitive load, transactive memory,
metacognition, and epistemic vigilance. They should be read as non-preregistered theory-guided tests, not as
preregistered confirmatory tests. Inference uses CR2 cluster-robust standard errors with Satterthwaite degrees



of freedom, clustering by debate (Pustejovsky & Tipton, 2018). Continuous predictors are standardized
within the relevant analytic sample when required.

For H1, we estimate factual change from T1 to T2, the common-baseline change from T1 to T3, and
incremental change from T2 to T3. We also estimate the direct within-person contrast between the two
adjacent changes. Dispersion is compared with the Pitman-Morgan test for paired measures, and cluster
bootstrap is used for direct contrasts in log variance ratios. Distribution diagnostics check for floor or ceiling
compression. For T2-to-T3 change, one-sided sensitivity tests compare the estimate with candidate positive
gains from +0.10 to +1.00 points.

For H2, the same temporal logic is applied to subjective knowledge and attitudes: T1-to-T2, T1-to-T3, and
T2-to-T3 mean changes are estimated, together with the direct contrast between the two adjacent periods.
Dispersion is assessed for all three pairwise intervals with Pitman-Morgan tests. Cluster bootstrap compares
factual dispersion change with subjective-knowledge and attitude dispersion over both T1-to-T2 and T1-to-
T3. The four attitude subscales are tested for T1-to-T2, T1-to-T3, T2-to-T3, and the adjacent-period contrast,
with Benjamini-Hochberg correction within each predefined family. Associations among factual, subjective,
and attitudinal changes are examined separately for T1-to-T2, T1-to-T3, and T2-to-T3 using correlations and
standardized CR2 slopes. Post hoc equivalence sensitivity uses symmetric standardized bounds of +/-0.10,
+/-0.20, and +/-0.30; these are sensitivity benchmarks, not preregistered smallest effects of interest.

For H3, a long dataset compares standardized document-based and human credit. The primary test is the
source-type x condition interaction. Secondary analyses separate expertise and benevolence. A sensitivity
model adds the number of recalled Web sources, and a stronger model also allows its association to differ by
source type. Post-interaction calibration is modeled as T3 error adjusted for T2 error and condition. Objective
knowledge x condition at T3 is used as a diagnosticity analysis.

C1 tests T1 x Web credit in a T2 model controlling SES and condition. RQ1 uses partners' T2 factual
knowledge measured before debate. We test whether partner knowledge predicts perceived expertise, whether
evaluator knowledge moderates recognition, whether mean partner knowledge predicts T3 beyond own T2,
and whether human credit predicts T3. Robustness analyses replace mean partner knowledge with the
highest-scoring partner, the highest-scoring partner's advantage over the evaluator, mean partner advantage,
and the proportion of partners scoring above the evaluator. Post hoc equivalence sensitivity is applied to the
two central near-zero RQ1 links.

4. Results

4.1. Baseline balance

The two conditions were similar at baseline on factual knowledge, subjective knowledge, and family SES.
The global attitude score was descriptively more negative in cooperation (Competition M = -20.66,
Cooperation M = -24.14; standardized b = -0.372, p = .059), while no attitude subscale showed a clear
condition difference. These checks do not substitute for randomization, but they indicate no large baseline
separation on the central knowledge variables.

4.2. H1 - Different factual trajectories across the protocol

Mean factual scores were 9.00/20 at T1 (SD = 3.21), 10.40 at T2 (SD = 2.14), and 10.17 at T3 (SD = 2.48).
From T1 to T2, the mean increase was 1.396 points, 95% CI [0.755, 2.036], p < .001. Relative to the same T1
baseline, the final T3 score remained 1.167 points higher, 95% CI [0.503, 1.831], p = .0012. Thus, the factual
difference visible after the first period remained clearly present at protocol end.



Incremental change from T2 to T3 was -0.229 points, 95% CI [-0.567, 0.109], p = .176. The one-sided 95%
upper bound was +0.052 points. Candidate positive gains of +0.10, +0.25, +0.50, and +1.00 points were
rejected; for +0.10, p = .028. On this metric, the interactional period was therefore not compatible with a
mean positive gain of at least +0.10 points. The direct within-person contrast, (T3-T2) - (T2-T1), was -1.625
points, 95% CI [-2.405, -0.845], p < .001.

Score dispersion changed in the same asymmetric way. Variance fell from 10.29 at T1 to 4.60 at T2, a 55.3%
reduction, Pitman-Morgan p < .001. At T3, variance was 6.14: still 40.4% below T1, p = .0051, but 33.5%
higher than at T2, p = .0146. Thus, the strong homogenization of observed factual scores after the first period
was only partly reversed after the second. Distribution diagnostics showed no ceiling compression: maxima
were 16, 15, and 16 at T1, T2, and T3, respectively, and only one participant was at the floor at T1.

Pre-post rank continuity was also stronger in the second period. In the stacked standardized model, the pre-
post slope was .494 for T1-to-T2 and increased by .331 for T2-to-T3, interaction p = .0018. T3 therefore
remained strongly anchored in the level reached at T2.

4.3. H2 - Factual, subjective, and attitudinal trajectories differ across T1, T2, and T3

Subjective knowledge showed a gradual cumulative increase rather than the factual profile. The T1-to-T2
increase was 0.115 points, 95% CI [-0.008, 0.237], p = .066. Relative to the same baseline, subjective
knowledge was 0.198 points higher at T3, 95% CI [0.063, 0.333], p = .0056. The incremental T2-to-T3
increase was 0.083 points, 95% CI [0.002, 0.164], p = .044. The two adjacent-period changes did not differ
directly, p = .688. Thus, unlike factual knowledge, subjective knowledge did not show a sharp first-period
increase followed by no additional gain; instead, it increased modestly across the protocol.

Attitudes also showed a cumulative trajectory, but with a larger first-period shift. The global score decreased
by 3.260 points from T1 to T2, 95% CI [-4.733, -1.788], p < .001, and by 4.281 points from T1 to T3, 95% CI
[-5.746, -2.816], p < .001. The additional T2-to-T3 decrease was 1.021 points, 95% CI [-1.843, -0.199], p =
.0167. Under the canonical scoring, lower values broadly indicate more critical positions toward animal-
protein consumption/uses and/or greater support for animal protection and environmental regulation. The first
adjacent-period change was larger: the second-minus-first contrast was +2.240 points, 95% CI [0.357, 4.122],
p =.0214.

Subscales refined this cumulative pattern. From T1 to T2, SSA decreased by 1.406 points (q = .0010) and EP
by 1.229 points (q = .0010). From T1 to T3, SSA remained lower by 1.750 points (q = .00118) and EP by
1.625 points (q < .001), whereas VAHC and VASA did not show corrected changes. During T2-to-T3, only
EP showed a robust corrected decrease (-0.396, q = .0087). Direct adjacent-period contrasts for SSA and EP
were nominal but just above the adjusted threshold (q approximately .059). The durable global attitude shift
was therefore concentrated mainly in SSA and EP.

Dispersion profiles also differed across outcomes. From T1 to T2, subjective-knowledge variance decreased
by 24.4% (p = .121) and attitude variance by 19.6% (p = .152), compared with a 55.3% reduction in factual-
score variance. Cluster bootstrap confirmed that the T1-to-T2 factual reduction was larger than the reductions
for subjective knowledge (difference in log variance ratios = -0.526, 95% CI [-0.989, -0.062]) and attitudes
(-0.587, 95% CI [-1.076, -0.176]). From T1 to T3, subjective-knowledge variance was 25.7% lower (p =
.117) and attitude variance 17.0% lower (p = .175). Factual variance remained 40.4% below baseline, but its
relative reduction was no longer clearly distinguishable from the T1-to-T3 reductions in subjective
knowledge (bootstrap difference = -0.220, 95% CI [-0.654, 0.221]) or attitudes (-0.331, 95% CI [-0.775,
0.109]).

Individual changes remained weakly coupled. For T1-to-T2, CR2 standardized slopes were beta = .100 for
factual-to-subjective change, beta = -.105 for factual-to-attitude change, and beta = -.060 for subjective-to-
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attitude change; none was significant. Across the full T1-to-T3 interval, factual and subjective change
showed a small positive association, beta = .185, 95% CI [0.001, 0.370], p = .049, whereas factual-to-attitude
(beta = .049, p = .667) and subjective-to-attitude change (beta = -.077, p = .342) remained weak. T2-to-T3
couplings were likewise weak and non-significant. Given the borderline T1-to-T3 factual-subjective result
and the post hoc equivalence analyses, these findings are best interpreted as weak coupling rather than
evidence of independence or a robust common change factor.

4.4. H3 - Human credit and calibration are more sensitive to social structure

The primary model compared standardized epistemic credit for recalled Web sources and human partners.
The source-type x condition interaction was positive, b = 1.019 SD, SE = 0.290, 95% CI [0.422, 1.616], p =
.00165. Cooperation/competition was therefore much more strongly associated with credit when the
evaluated source was a human partner than when it was a recalled Web source.

The result held for both components. For expertise/competence, the human-source x cooperation interaction
was b = 0.760, 95% CI [0.145, 1.376], p = .0174. For benevolence/honesty, it was b = 1.068, 95% CI [0.519,
1.618], p < .001. Among the 85 participants with both evaluations, the human-minus-Web contrast was
-0.645 SD under competition, p = .020, and was 1.124 SD larger under cooperation, p = .0010.

The interaction was virtually unchanged after accounting for the number of recalled Web sources: b = 1.004,
95% CI[0.398, 1.611], p = .0022. In the stronger sensitivity model that also allowed recalled-source count to
differ by source type, the interaction was b = 1.040, 95% CI [0.387, 1.694], p = .0030. Recalled-source count
itself did not show a clear association with credit in the first sensitivity model (p = .221). The H3 result
therefore does not appear to be explained by how many Web sources a participant recalled.

Self-calibration showed a parallel pattern. T2 calibration error predicted T3 error, b = 0.466, p = .0013, but at
equal T2 error, cooperation was associated with 0.351 lower T3 error, 95% CI [-0.601, -0.100], p = .0079.
Raw error increased by 0.181 under competition, p = .030; the difference in raw change between conditions
was marginal, p = .060. The longitudinal model is therefore the main test.

At T3, self-evaluation diagnosticity also differed by condition. Under competition, the slope linking factual
and subjective knowledge was near zero, b = -0.016, p = .917. The objective-knowledge x cooperation
interaction was b = 0.562, 95% CI [0.190, 0.933], p = .00535. A similar difference was already suggestive at
T2 (interaction b = 0.408, p = .056), and the objective x condition x time interaction was not significant (b =
0.153, p = .347). We therefore do not claim that debate alone created the diagnosticity difference.

4.5. C1 - Document-based credit and initial factual knowledge

In the model controlling T1, SES, and condition, Web credit remained positively associated with T2, b =
0.452 points per SD, 95% CI [0.074, 0.829], p = .0219. The T1 x Web-credit interaction was not supported, b
=-0.315, 95% CI [-0.723, 0.092], p = .116.

Simple slopes followed the CAVL-predicted gradient: b = 0.767 at -1 SD of T1 (p = .004), b = 0.452 at the
mean (p =.022), and b = 0.136 at +1 SD (p = .657). Because the interaction was not significant, this gradient
remains descriptive. The study supports a general Web-credit association with T2, but not formal moderation
by initial factual knowledge.

4.6. RQ1 - Does factual knowledge available in others become a learning resource?

At the dyadic level, a partner's T2 factual score was only weakly related to the expertise attributed to that
partner: b = -0.168, 95% CI [-0.849, 0.514], p = .607, N = 196 relations in 29 debates. On a standardized
metric, beta = -0.036, SE = 0.069, 95% CI [-0.183, 0.111]. Post hoc equivalence was not established within
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+/-0.10 (p = .184), but was established within +/-0.20 (p = .0155) and +/-0.30 (p < .001). The evaluator's own
factual knowledge did not improve this recognition relation, interaction b = -0.090, p =.783.

At evaluator level, mean partner T2 factual knowledge was also only weakly related to T3 after control for
the evaluator's own T2: b = -0.013, 95% CI [-0.345, 0.320], p = .935, N = 91. The standardized effect was
beta = -0.005, 95% CI [-0.139, 0.129]. Equivalence was not established within +/-0.10 (p = .074), but was
established within +/-0.20 (p = .0039) and +/-0.30 (p < .001). By contrast, the evaluator's own T2 strongly
predicted T3 (standardized beta = .830, p <.001).

Robustness analyses showed that the near-zero result was not an artifact of averaging partners. The highest-
scoring partner's T2 factual knowledge was not positively associated with T3 after own T2 was controlled, b
=-0.176, 95% CI [-0.466, 0.113], p = .211. The factual-knowledge advantage of that highest-scoring partner
over the evaluator was likewise not associated with T3, b = -0.305, 95% CI [-0.805, 0.196], p = .211, and did
not predict T2-to-T3 change (same coefficient and p value). Mean partner advantage was near zero, p = .935,
and the proportion of partners scoring above the evaluator was also unrelated to T3, p = .607. Thus, the result
does not appear to arise because a group mean hides one particularly knowledgeable partner.

Finally, human epistemic credit had a positive but uncertain association with T3 after own T2 was controlled,
b =0.254, 95% CI [-0.067, 0.574], p = .113, N = 89. We did not test equivalence for this relation because the
positive signal remained compatible with a non-negligible effect. RQ1 therefore does not demonstrate an
absence of local transmission during debate. It shows more specifically that measured factual knowledge
available in partners was neither well recognized nor reliably associated with the evaluator's final factual
level on the global measures used here.

Table 3. Main results.

Block Analysis Estimate p / equivalence Interpretation
Factual change T1- | +1.396 [0.755,
<
Hi1 T 2.036] .001 Increase
H1 Factual change T1- | +1.167 [0.503, 0012 Increase remains at
T3 1.831] protocol end
H1 Incremental factual | -0.229 [-0.567, 176 No substantial
change T2-T3 0.109] ' positive gain
H1 Variance TI-T2 | -55.3% <.001 Strong score
homogenization
H1 Variance TI-T3 | -40.4% 0051 Homogenization
partly maintained
. N .
o Subjective change | +0.198 [0.063, 0056 F}radual cumulative
T1-T3 0.333] increase
Global attitude | -3.260 [-4.733
H2 | <.001 R h
change T1-T2 -1.788] 00 obust change
H2 Global attitude | -4.281 [-5.746, | < .001 Cumulative change
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Block Analysis Estimate p / equivalence Interpretation
change T1-T3 -2.816] maintained
o Global attitude | -1.021 [-1.843, 0167 Smaller additional
change T2-T3 -0.199] ' change
Human source x| +1.019 SD [0.422
H3 ’1.00165 S ted
cooperation, credit | 1.616] upporte
Same interaction +
+
H3 recalled-source 1.004 5D {0.398, .0022 Robust
1.611]
count
Cooperation -> T3
-0.351 -0.601
H3 calibration  error, 0.100] [ >1.0079 Better calibration
adjusted for T2 ’
T1 x Web credit -> | -0.315 [-0.723, Moderation not
C1 .116
T2 0.092] supported
RQ1 Eﬁgj}i doe factua>1 beta = -0.036 | equiv. +/-0.20: | At most small
. & . [-0.183, 0.111] .0155 association
perceived expertise
RQ1 Mean partner | beta = -0.005 | equiv. +/-0.20: | At most small
factual knowledge | [-0.139, 0.129] .0039 association
->T3| own T2
RQ1 Highest-scoring -0.176 [-0.466, | .211 Robustness also
partner -> T3 | own | 0.113] null
T2

5. Discussion

5.1. External representations can support domain knowledge without removing the social

The first result is an asymmetric factual trajectory. Factual scores increased markedly from T1 to T2 and
became much less dispersed. At T3, the score remained clearly above T1 and dispersion remained
substantially below baseline. The second period therefore did not erase the earlier transformation. It added no
positive mean factual gain, but it partially re-differentiated trajectories. This is not evidence that 'digital
learning is better than human learning.' The order was fixed, the periods were composite, and T1 was
temporally more distant from T2 than T2 from T3. The result is better read as a difference in the
transformations observed across a sequential protocol.

The pattern nevertheless highlights the cognitive value of stable external representations. Writing, books, and
digital systems preserve socially produced information beyond the interaction in which it emerged (Donald,
1991). Learners can revisit and compare such representations without depending on a partner's immediate
memory or social position. In MOVICI, the first period may have supported factual change because relevant
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information was selectable and revisitable. This remains a theoretical interpretation because interactional load
was not directly measured.

The strong T1-to-T2 reduction in observed score variance, together with the absence of floor or ceiling
compression, is compatible with a meaningful homogenization of factual performance. We deliberately
describe this as homogenization of observed scores rather than as direct proof that latent knowledge became
equally distributed. At T3, much of that homogenization remained. The interactional period therefore appears
less as a reversal of learning than as a period in which factual rank differences became more pronounced
again.

5.2. Human interaction can amplify learning when social and epistemic processes align

The absence of an additional mean factual gain during the second period does not make debate cognitively
sterile. Human interaction can be a powerful amplifier. It enables explanation, challenge, correction, and
pooling of resources. Cooperative-learning meta-analyses and ICAP document this potential (Kyndt et al.,
2013; Chi & Wylie, 2014). CCLT clarifies its condition: the benefit of collective working memory must
exceed transaction costs, and members must know where useful expertise resides (Janssen et al., 2010;
Kirschner et al., 2018; Janssen & Kirschner, 2020). When these conditions hold, social interaction and
knowledge can reinforce one another. When they do not, interaction can remain rich in argumentation or
relation regulation without producing the same immediate factual increase.

Metacognition illustrates this differentiated temporal profile. Subjective knowledge was only weakly higher
at T2 but was clearly higher at T3 relative to T1, indicating a gradual cumulative increase across the protocol.
At comparable T2 calibration error, cooperation was also associated with lower error at T3. Under
cooperation, subjective knowledge tracked factual knowledge more strongly; under competition, the relation
was close to zero. Other people can therefore provide information about one's own epistemic position, but the
diagnostic value of that information depends on social structure. This is consistent with social-comparison
theory (Festinger, 1954) and with evidence that competitive versus cooperative mindsets moderate the effects
of social comparison on self-evaluation (Colpaert et al., 2015).

Attitudes add another layer. Their global shift accumulated across the protocol: the score was 3.260 points
lower at T2 and 4.281 points lower at T3 relative to T1, with the larger adjacent-period change occurring
before T2. The durable T1-to-T3 change was concentrated mainly in SSA and EP. Its direction is not
epistemically arbitrary: several items moved toward lower endorsement of some animal-protein consumption
practices, stronger animal-protection orientations, and greater environmental regulation. These directions are
partly congruent with contemporary evidence concerning health risks associated with red and processed meat
and food-system environmental impacts, and with established frameworks for animal-welfare assessment
(Bouvard et al., 2015; Poore & Nemecek, 2018; Clark et al., 2020; Mellor et al., 2020). The attitude score is
not a truth score, however. Some items include normative judgments, and no global position is scientifically
univocal. The temporal asymmetry therefore raises, rather than resolves, the possibility that stabilized
document-based representations and immediate social exchange support different forms of attitude revision.
Because environment and sequence position are confounded, the present design cannot attribute that
asymmetry to source environment independently of order.

5.3. Moving from documents to interlocutors adds an epistemic-coordination bottleneck

The most distinctive result concerns epistemic credit. Cooperation/competition was much more strongly
associated with evaluations of human partners than with recalled Web sources. This interaction remained
almost unchanged after the number of recalled Web sources was controlled. The result therefore appears
robust to a simple difference in document-search breadth. It should not be treated as an ontological property
of 'humans versus documents.' The two environments differ in reciprocity and in how sources are selected.
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The finding is better stated as follows: within these ecologically distinct activities, human credit was far more
sensitive to relational structure.

That non-isomorphism is partly a feature of the design, not only a limitation. Search normally includes source
selection and abandonment. Discussion normally includes copresence, reciprocity, and less control over who
speaks. MOVICI standardizes operations that can reasonably be standardized - especially the post-activity
recall/evaluation structure - while preserving mechanisms that constitute the activities themselves. This
compromise is important for ecological validity (Brunswik, 1956; Schmuckler, 2001; Cicourel, 2007).

Transactive memory and CCLT identify the functional problem. To benefit from distributed knowledge, a
group must know sufficiently well who knows what (Wegner, 1987; Hollingshead, 2000; Janssen &
Kirschner, 2020). Yet partners' measured factual knowledge was only weakly related to the expertise
attributed to them. Mean partner knowledge was also only weakly related to T3 once the evaluator's own T2
was controlled. Importantly, the same conclusion held when the highest-scoring partner and the highest-
scoring partner's knowledge advantage were examined. The result is therefore not simply an artifact of
averaging several partners.

This bottleneck does not make human interaction inferior. It identifies a condition of its power. A document
can be reinspected once selected. In a group, useful knowledge may exist without being functionally
accessible if learners do not identify who holds it, do not grant that person appropriate credit, or must manage
competing relational demands. When measured competence, recognition, epistemic credit, and social goals
align, distributed knowledge can become an exceptionally efficient collective resource. When they do not,
part of that potential remains unused.

5.4. What the comparison contributes to CAVL

The comparison places four constraints on CAVL. First, factual knowledge, subjective monitoring, attitudes,
and epistemic credit do not behave as a single learning outcome. The full T1-to-T3 analyses reinforce this
point: factual knowledge showed an early increase with marked score homogenization, subjective knowledge
increased more gradually, and attitudes accumulated change across both periods. The architecture must
therefore retain distinct transitions between exposure, evaluation, factual integration, self-evaluation, and
attitudinal change.

Second, interactional embedding is not a passive context. It changes the relation between source and credit
and is associated with self-calibration. The distinction between documents and people is therefore not the
presence versus absence of the social. Both are socially produced. The difference lies in the degree of
reciprocity, social comparison, and coordination required during processing.

Third, the sequence measured factual knowledge -> perceived expertise -> epistemic credit is empirically
useful. Human social-learning capacities can make learning from others highly effective, but they do not
guarantee that factual knowledge is correctly recognized. Learning environments can intervene precisely at
this interface by making evidence visible, clarifying domains of expertise, and reducing non-diagnostic status
cues.

Fourth, the more specific prediction that lower-knowledge learners would depend more strongly on
document-based credit was not formally supported. Web credit predicted T2, and simple slopes followed the
predicted gradient, but the interaction with T1 was not significant. This proposition should therefore remain a
hypothesis for designs that manipulate content quality, attributed authority, and prior knowledge
independently.
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5.5. Implications for instruction

The results argue against two symmetrical prescriptions: 'searching online is enough to learn' and 'having
students debate is enough to learn." Document-based environments can support domain-knowledge
construction when information is relevant, verifiable, and connected to prior knowledge. Instruction should
therefore organize search goals, provenance, comparison, and verification rather than provide access alone.

Debate should be designed not only to increase participation, but to align social coordination with epistemic
goals. Useful procedures include independent initial judgments, explicit evidence requirements, visible
mapping of expertise, source comparison, and protected opportunities to revise. The goal is to make
competence legible and disagreement informative. When those conditions are met, interaction can combine
collective memory, explanation, correction, and metacognitive calibration. These are design implications, not
causal effects established by MOVICI.

More broadly, documents and human interaction are complementary. Documents stabilize socially produced
knowledge and make it revisitable. Human interaction adds adaptation, explanation, challenge, calibration,
and socialization. Instruction can distribute these functions across a sequence: document before discussion,
make expertise explicit during discussion, and return to evidence afterward. The problem is not to choose
between knowledge and the social. It is to organize social mechanisms so that they reinforce epistemic
quality rather than compete with it.

6. Limitations and future directions

¢ The design is sequential and not counterbalanced. All participants completed the document-based period
before the interactional period. T1 was also administered one to several weeks before the laboratory
session, whereas T2 and T3 were collected within that session. We do not have a sufficiently usable
participant-level measure of that interval or of possible topic exposure between T1 and the session.
Environment type and sequence position are therefore perfectly confounded: no statistical adjustment in
the present data can estimate what would have happened had the debate occurred first. T1-to-T3 analyses
place final outcomes on the same baseline and improve trajectory description, but they do not neutralize
this order effect. T1-to-T2 change cannot be attributed exclusively to the document-based sequence, and
adjacent-period contrasts should be interpreted comparatively rather than as pure causal estimates of
document versus human learning.

® Both periods are composite. T1-to-T2 combines search, active recall, and source/argument evaluation;
T2-to-T3 combines debate, partner evaluation, and argument recall/evaluation. The parallel post-activity
structure is a strength for comparison, but it does not isolate the effect of search or debate. Retrieval itself
can support retention (Roediger & Karpicke, 2006).

¢ Condition allocation followed enrolment/session entry rather than strict randomization. Groups were
composed using T1 attitudes to favor position diversity. Baseline knowledge and SES were similar across
conditions, but the global T1 attitude score showed a modest descriptive difference. Condition
associations, including H3, should therefore not be interpreted as pure randomized causal effects.

¢ Document-based and human-source measures are structurally parallel but not isomorphic. Web sources
are selected and recalled by participants; human partners are given by group composition and are
reciprocal. This limits a pure type-of-source interpretation. At the same time, preserving these properties
supports ecological validity because source selection is constitutive of Web search and reciprocity is
constitutive of live interaction.

¢ The 20-item factual inventory samples only part of the controversy. It does not measure argumentative
learning, fine-grained conceptual synthesis, tacit knowledge, or awareness of the limits of one's own
understanding. The minimized Article 3 reproducibility dataset contains total factual scores rather than
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item-level responses, so the present package does not estimate internal-consistency reliability.
Distribution diagnostics nevertheless showed no meaningful floor or ceiling compression at T1, T2, or T3.

¢ Immediate attitudes should not be equated with durable private beliefs or stable public expression. Their
direction is not a truth test. Some changes can be interpreted relative to contemporary evidence in health
and environment and to established animal-welfare assessment frameworks, but that interpretation must
remain dimension-specific.

¢ Equivalence analyses are post hoc. The +/-0.10, +/-0.20, and +/-0.30 bounds are standardized sensitivity
benchmarks, not preregistered smallest effects of interest. The strongest conclusion is compatibility with
effects inside +/-0.20 for two RQ1 associations, not prospective proof of an exactly null effect.

® The sample is mainly composed of university students and the task concerns one controversy. Replication
is needed across domains, populations, and instructional settings. A decisive follow-up would randomize
or counterbalance environment order, match target content across document and partner conditions, and
link specific claims to specific sources. It could then trace exposure -> recognition -> credit -> retention
-> integration directly.

7. Conclusion

Within the same participants, the MOVICI periods were associated with different learning configurations.
Factual scores increased and strongly homogenized from T1 to T2; at T3, the mean remained above T1 and
dispersion remained below baseline, showing that the earlier transformation was not erased. Subjective
knowledge increased more gradually and was clearly above T1 only when the full T1-to-T3 interval was
considered. Attitudes shifted in both periods and showed a larger cumulative T1-to-T3 change, especially on
SSA and EP. The interactional period did not add a positive mean factual gain, but it re-differentiated factual
scores while other dimensions continued to change.

The central distinction is not knowledge versus socialization. Human knowledge is deeply social. It is
produced, transmitted, and stabilized by collectives. External representations have a particular property: they
preserve part of that knowledge while partly decoupling it from immediate reciprocity. Human sources offer
something else. They can explain, answer, challenge, and correct, but they also engage comparison, trust,
status, and coordination. These mechanisms are powerful. Their epistemic effect depends on how well they
align with measured competence and knowledge-oriented goals.

For CAVL, vigilant learning is therefore the regulation of dependence on external resources. Documents and
people are not two versions of one mechanism. They distribute processing differently across content, source,
self, and others. When social mechanisms make competence visible and reward accuracy, collective learning
can be exceptionally powerful. When they answer to other goals, available knowledge may remain poorly
recognized or poorly integrated. This distinction provides a framework for linking domain learning,
metacognition, cognitive technologies, and epistemic coordination in contemporary instruction.
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