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Abstract
Learners often have difficulties comprehending ipldttexts about controversial scientific
issues. In particular, learners with strong prielidfs tend to construct a one-sided mental
representation that is biased towards belief-ctersisnformation (text-belief consistency effect).
In the present study we examined the effectivenésdgormation of three metacognitive
strategies tailored to strengthen the compreherndibelief-inconsistent information during
multiple text comprehension. According to theownéself-regulated learning, knowledge about
relevant metacognitive strategies improves compr&ba only when learners are also motivated
to use these strategies. These hypotheses wesdigated in an experiment in which 85
participants read one belief-consistent and oniefbi@lconsistent text about a controversial
scientific issue. Participants either received linfation about three metacognitive strategies or
no additional information. In addition, participahinotivation was manipulated by providing
them with either negative or positive performareedback or no feedback. As predicted, a text-
belief consistency effect was found, which was glated by strengthening the situation model
for the belief-inconsistent text only when learnerseived information about relevant
metacognitive strategies and were motivated tcdhese strategies after positive performance
feedback.

Keywords beliefs, metacognition, multiple text comprehensimotivation, validation
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Fostering Multiple Text Comprehension: How Metadtiga Strategies and Motivation
Moderate the Text-Belief Consistency Effect
When learners use the World Wide Web to inform thelres about currently debated

scientific topics, they normally read more than ted¢. Comprehending multiple texts from the
Web not only requires learners to comprehend in&tion from each text but also to integrate the
contents of different, sometimes contradictorygento one coherent referential representation of
the scientific topic (Perfetti, Rouet, & Britt, 199 Hence, learners also need to evaluate the
plausibility of information when they use the WoWilde Web to acquire new knowledge about
a scientific topic (Mason, Boldrin, & Ariasi, 201®rior research indicates that learners often
have great difficulties in understanding controian®pics on the basis of multiple texts (Rouet,
2006). In particular, they frequently fail to codesi and integrate alternative explanations and
interpretations into their mental representatiothefsituation (Britt, Perfetti, Sandak, & Rouet,
1999). One aspect of this problem may be that éxaroften possess prior beliefs that are closer
to one argumentative position in a controversytéatl memory is biased toward belief-
consistent informatiortéxt-belief consistency effeetg., Eagly & Chaiken, 1993; Maier &
Richter, 2013a; Wiley, 2005). The present reseaxamined whether the comprehension of
multiple texts on conflicting issues can be impibby attenuating the text-belief consistency
effect. In other words, we attempted to foster aentimlanced mental representation of a
scientific issue by providing information about m@ignitive strategies directed at a rational
evaluation of the plausibility of information (Maset al., 2010). Previous research has shown
that training of metacognitive strategies can pewerful means to foster comprehension of
multiple texts (Stadtler & Bromme, 2007). Takingnhare specific focus, the present study tested
the combined effects of information about relevaetacognitive strategies for comprehending

belief-inconsistent multiple texts in combinatiofttwlearners’ motivation to use these strategies.
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Multiple Text Comprehension and Prior Beliefs

Comprehending multiple texts requires that learnetsonly accumulate facts from texts,
but also relate and integrate conflicting argumémais several texts. For example, a student
interested in the risks and benefits of vaccinationght encounter texts arguing that vaccinations
are the only means to prevent the spread of infestdiseases. The student might later read a
contrasting view that the use of polyvalent vacsioeerstrains the infantile immune system and
some children have died after getting vaccinatedethe plethora of information on the World
Wide Web and the ease to obtain conflicting viewsavide range of topics, it is an important
question under what conditions learning with mugtigexts and conflicting information is
successful (Perfetti et al., 1999). In generalcsssfully comprehending multiple texts and, more
specifically, creating a balanced mental represiemaf the discussed issue is a challenging task
and demands cognitive, metacognitive and motivaticgsources that learners frequently are not
able or willing to invest (Britt et al., 1999; Rdu2006).

Learners, however, in many instances seem to relymore superficial processing
guided by their beliefs. Learners often hold fadtheir beliefs even when they are confronted
with new information that explicitly corrects orsdredits them (Chinn & Brewer, 1993; Johnson
& Seifert, 1994; Kardash & Scholes, 1995; Limon &#&dn, 2002; Ross, Lepper, & Hubbard,
1975; Vosniadou, 1994; Wiley, 2005). For examplédeW(2005) asked learners to read a text
about a controversial topic (e.g., whether or matrion should be legal in the U.S.) that
included short arguments which were either consisieinconsistent with learners’ prior beliefs.
After reading the text, learners were able to teuake belief-consistent than belief-inconsistent
arguments. Thus, evidence has shown that not balgvaluation but also the comprehension
and memory for conflicting information is subjeatdome type of myside bias (confirmation

bias, Nickerson, 1998) which favors belief-consistaver belief-inconsistent information.
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Schema theory provides a framework that can be tasexiplain the advantage of belief-
consistent information in memory construction. Acting to schema theory, prior beliefs can be
construed as a knowledge-based structure, cresgimgific expectations which then guide the
encoding, the interpretation and also the retrie¢ahformation (Pratkanis, 1989). Accordingly,
prior beliefs can be seen as a conceptual fili@r gbverns the perception and memory of belief-
consistent information (i.e., schema-relevant imfation). Moreover, schema theory predicts that
prior beliefs can bias learners’ memory in partcwhen prior knowledge plays a strong role in
the processing of incoming information (Bartle®32). For that reason, the advantage of belief-
consistent information is likely to be tied to @lmer amount of knowledge-based processing
during comprehension.

Such processes are believed to occur during th&tremtion of asituation mode(van
Dijk & Kintsch, 1983). The situation model refecslearners’ understanding and their
construction of a referential representation ofdtate of affairs described in a text. Thus, the
situation model goes beyond memory for informagaplicitly stated in the text (i.e., the
propositional text bagebecause it involves the integration of new infation into learners’
knowledge base and the production of inferences.

The hypothesis of a text-belief consistency effie¢he situation model construction
during multiple text comprehension was supportea iacent experiment by Maier and Richter
(2013a). In this experiment, university studenedrewo belief-consistent and two belief-
inconsistent texts about a currently debated séietdpic (e.g., the causes of global warming) in
different presentation orders. After reading the,tthey worked on a recognition task with
inference items that were used to assess the #trehthe situation model and with paraphrase
items that were used to assess memory for textilResvealed that the situation model for texts

consistent with participants’ prior beliefs wasosiger compared to the situation model for the
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texts that were inconsistent with participantsbpbeliefs. In contrast, the authors found a
reverse effect for memory about information exgliygprovided by the text (i.e., the
propositional text base, Kintsch, 1988). Learnexd & better memory for texts that were
inconsistent with their prior beliefs in contrastthe texts that were consistent with their beliefs
This finding is in line with the schema-pointer-pitag model, which assumes that schema-
incongruent information receives a promingag(ed status in the memory representation of a
text (Graesser, 1981; Schank & Abelson, 1977).

However, a text-belief consistency effect in sitatmodel construction might not only
result from schema-driven encoding and retrievatesses. Alternatively, learners might also
use prior knowledge and beliefs to validate theigilaility of incoming text information
(epistemic validationRichter, 2011). The term plausibility has beefindel in the literature as
the “relative potential truthfulness of incomingarmation compared to our existing mental
representations” (Lombardi, 2012, p. 3, see alseriger & Richter, in press). Hence, plausibility
can be understood as an individual’'s subjectivéglodity judgment that a piece of information
is true. Research suggests further that the vadidaff text information is an integral part of text
comprehension (e.g., Isberner & Richter, 2013; RigiSchroeder, & Wéhrmann, 2009; Singer,
2006) and is strongly linked to the constructioraaituation model (Schroeder, Richter, &
Hoever, 2008; Singer, 2006). For example, infororajudged as implausible has a smaller
likelihood of being integrated into learners’ siioa model (Schroeder et al., 2008; see also
Lombardi, Sinatra, & Nussbaum, 2013; Maier & Rich913b). Provided that prior beliefs are
easily accessible during reading, a text-beliesgiancy effect in the situation model
construction may also result from fast and effitieadidation processes during reading.

In sum, both schema theory and research on epistatidation may contribute to an

explanation of the finding that when learning withiltiple texts, prior beliefs often lead to a
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biased, one-sided mental representation. This septation may be coherent but only provides
half of the story about a controversial topic. Heneducing the text-belief consistency effect in
multiple text comprehension is important in ordeehsure that learners understand arguments
and evidence that are consistent and that runamyriio their beliefs. The present research
addressed the question of how learners can bdexbgisusing their prior knowledge and beliefs
optimally such that a text-belief consistency dffean be avoided.

Previous training studies have revealed that #iaitrg of sourcing strategies (paying
attention to source information and using it foaleration and interpretation of text information)
while reading multiple historic texts (Britt & Aglskas, 2002; Nokes, Dole, & Hacker, 2007) and
the prompting of metacognitive learning strategttadtler & Bromme, 2007) can improve
multiple text comprehension. Moreover, evidencenfiaprrelational studies has shown that
sourcing strategies benefit the comprehension dfipfeidocuments in history (Wineburg, 1991)
as well as science-related texts (Stramsg, Brét@ritt, 2010). In contrast to these studies, the
focus of the present study was not on source etiatubut on processes obntent evaluation
To be precise, we investigated metacognitive gjresethat ensure the strengthening of belief-
inconsistent information comprehension.

M etacognition and (Multiple) Text Comprehension

Learners’ multiple text comprehension benefits fikmowledge of the cognitive
processes involved in comprehension and the alditpntrol the direction, intensity and
persistence of these cognitive processes. Thertestacognition refers to both of these aspects of
skilled information processing—the knowledge abmgnition and the regulation of cognition
(Baker & Brown, 1984; Baker & Beall, 2009; FlavelB76).

Comprehension monitoringfers to the control component of metacognitioat t

combines evaluation and regulation of comprehen&an, Baker, 1985, 1989; Myers & Paris,
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1978). For example, Baker (1985) assumed that celmemsion problems, such as an awareness
of an inconsistency between two text passagespuigrbe detected by learners when they
evaluate their performance with regard to speeialuation standards. Baker (1985) identified
seven different evaluation standards that reféexal, syntactic and semantic categories. Two
of these standards, the internal and external stamsly standards of the higher-level semantic
category, are likely to play a critical role folopessing belief-inconsistent information. The
external consistency standaf@cuses on the detection of inconsistencies betwed
information and learners’ prior knowledge wherdasiiternal consistency standarsl directed
at inconsistencies between ideas in a text. Bak85) used the error-detection paradigm with
expository texts that contained nonsense worddteatl applications of the lexical standard),
prior knowledge violations (to detect applicatiaighe external consistency standard), or textual
inconsistencies (to detect violations of the indé¢consistency standard). Using this method,
Baker (1985) found that 95 percent of the studantigpants applied the lexical standard,
whereas the external and the internal consistetarylards were applied infrequently unless
participants were explicitly instructed to use thétowever, using the external and internal
consistency standards was associated with bettepratension. Similarly, Stadtler and Bromme
(2004) found that lay people often failed to use¢anegnitive strategies (as revealed by think-
aloud protocols) while searching the World Wide \Melnt prompting learners to use
metacognitive strategies in comprehending multipkts on the World Wide Web supported
their learning processes and knowledge acquisjtadtler & Bromme, 2007).

The results are noteworthy compared with studiessssng learners’ comprehension
monitoring during reading with more indirect measusuch as reading times or eye-tracking.
These studies suggest that learners—even wheridihéy verbally report inconsistencies—

seem to still encounter comprehension problems, @aker & Anderson, 1982; see also the
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reading time studies reviewed by Baker, 1989; Sirg@06). Accordingly, comprehension
problems appear not to be the result of inconsisteetection failures (comprehension
monitoring) but instead are due to insufficientulagjon of comprehension after noticing that
coherence formation is disrupted.

M etacognitive Strategies for Comprehending M ultiple Textswith Conflicting I nfor mation

We assumed that three metacognitive strategiestiemtgthen the comprehension of
belief-inconsistent text information are particlijamportant to counter the text-belief
consistency effect (Richter & Schmid, 2010). Fiifstputine validation processes are one source
of the text-belief consistency effect, learnersaagness of their prior beliefs and their biasing
influence on comprehension become relevant. Ineckagetacognitive awareness of one’s beliefs
and their role in comprehension is also a precadibr deliberating on the plausibility of
belief-inconsistent information. Hence, becomingesof the biasing influence of one’s prior
beliefs was the first metacognitive strategy wesidered relevant for the comprehension of
multiple belief-consistent and belief-inconsistets.

In addition, following Baker's (1985) distinctioetween the internal and external
consistency standards, two further metacognitiketesgies were deemed as highly relevant for
multiple text comprehension. The second metacagngirategy consisted of identifying textual
inconsistencies (internal consistency standard)emfieading multiple documents, identifying
inconsistencies should include both, detectingnsiencies within and across documents.
When processing multiple texts with conflictinganation, the detection of intertextual
inconsistencies can be fostered by actively judgiegplausibility of the arguments in one text
from the perspective of the other text.

In contrast, the use of the external standardrectid at relationships between prior

knowledge and text information (Baker, 1985). la tdontext of reading belief-consistent and
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belief-inconsistent texts comprehension, monitokirggations of one's knowledge and beliefs
appears to be crucial. Applying the external steshdaring multiple text comprehension can be
fostered by actively using one’s prior knowledgetitically evaluate the plausibility of the
claims made by both belief-consistent and beliebirsistent texts. This evaluation should
enhance an elaboration of belief-inconsistent m&tron and also its integration into learners’
mental representation of the scientific issue.

These three metacognitive strategies—awarenese affluence of prior beliefs,
monitoring for intertextual inconsistencies and tise of prior knowledge for argument
evaluation—should help students to evaluate thesibdity of web-based scientific information
(Mason et al., 2010) and should lead to a stroogesideration of belief-inconsistent
information during multiple text comprehension. Mdreless, a lack of relevant knowledge
about necessary metacognitive strategies is nairtlyepossible cause of failures to regulate
comprehension of multiple texts with belief-incatent information. Such failures might also be
due to the fact that learners are not sufficientbtivated to invest the cognitive effort necessary
for applying the metacognitive strategies just desd. The cognitive effort required should be
particularly high if these strategies are not (yet)l practiced.

Motivation and (M ultiple) Text Comprehension

Motivation is the main prerequisite for learnerattivate and sustain cognitive and
metacognitive resources during text comprehensee, (for example, the concept of strategic
reading, Paris et al., 1983; see also Schunk & Amman, 2009). But what motivates learners to
invest resources in their comprehension procesgerearal, social cognitive theory predicts that
motivation and performance in a new task is infeezhby past performance and performance
feedback (Bandura, 1997; Bandura & Locke, 2003ljip&i Hollenbeck, & ligen, 1996). From

this perspective, intra-individual goal regulatican be explained by the link between goal
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attainment in a previous task and the setting afgtor subsequent tasks. Goals determine the
performance levels that learners are trying taraftarenn, Wurth, & Hergovich, 2013). After
successfully meeting or exceeding a goal, that dgsired level of performance, learners adjust
their goals upward. They set a higher goal comparékeir previous performance which
“creates new motivating discrepancies to be magtéBandura, 1997, p.131). In other words,
attaining a goal by successfully executing releions in a given task will create a positive
discrepancy between past performance and the dsggaedard. This discrepancy, in turn, leads
to positive expectations of success (Bandura, 1B8npvan & Williams, 2003; llies & Judge,
2005; Krenn et al., 2013; Phillips et al., 1996|liT& Schmidt, 2008). In contrast, negative
feedback, i.e., failing to master a previous tasis been shown to lead to downward or no
adjustment of future goals, such as maintaininigwering the difficulty level or effort in the
subsequent task (Donovan & Williams, 2003; llieSudge, 2005; Krenn et al., 2013; Phillips et
al., 1996; Tolli & Schmidt, 2008).

A longitudinal field study investigating goal satiiof college athletes supported this
general prediction (Donovan & Williams, 2003). Thtsdy found that individuals set lower
goals after failing to meet the desired performaiecg., negative feedback) and higher goals
after positive feedback (for similar results, deesl& Judge, 2005). In the same vein, research on
self-regulated learning suggests that subsequefarpance depends on learning effectiveness
feedback. In his social cognitive theory of selfuation, Zimmerman (2000) proposed self-
regulation as a cyclical open-loop process in wiggdback on previous performance is used to
proactively adjust subsequent performance andmaabit. Thus, mastery experiences should
enhance a learner's belief to be capable of afgpaction, but negative feedback should
decrease a learner's success expectation in dispeaining situation (Bandura, 1986;

Zimmerman, 2000).
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In sum, this research suggests that learners’ atodiv to engage in more challenging
tasks, such as using new metacognitive strategiesgimultiple text comprehension, should
depend on prior performance feedback. Successdekdl previous tasks is likely to enhance
learners’ motivation for further engagement (eagplying metacognitive strategies to a
subsequent task), whereas failure feedback showlerllearners’ motivation to engage in new
challenging tasks.

The Present Study

The present study followed two related gogisst, we attempted to replicate the text-
belief consistency effect found by Maier and Ricl{#913a) on situation model strength in the
comprehension of multiple texts with conflictingarmation. Second and more importantly, we
aimed at testing the hypothesis that providingriees with information on relevant
metacognitive strategies combined with favorabléivational circumstances will strengthen the
processing of belief-inconsistent information dgrocomprehension and thus should eliminate the
text-belief consistency effect.

To this end, we conducted an experiment in whiatigpants read two texts, one arguing
for the belief-consistent and one arguing for tekdb-inconsistent argumentative stance on the
controversial topic of whether vaccinations arenifal or beneficial. Based on schema-
theoretical assumptions and the idea of epistealidation, we expected that in the control
group, which did not receive information about ngetmitive strategies, the situation model for
the text communicating belief-consistent informatwould be stronger compared to the situation
model for the text communicating belief-inconsisteformation (text-belief consistency effect).

To pursue the second goal, three groups of leaatlersceived information on the three
metacognitive strategies 1) becoming aware ofrifieence of prior beliefs, 2) monitoring for

intertextual inconsistencies and 3) using prionidealge for argument evaluation, all of which
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should be particularly relevant for processingédfalnconsistent information. To investigate the
role of motivation, participants’ motivation to uges information about the metacognitive
strategies during reading the multiple texts wagedabetween the three metacognitive strategy
groups. In particular, two of the three metacoggistrategy groups received feedback regarding
their performance, which was either a failure suacess feedback on participants’ performance
in a practice trial. The third group received nedieack about their performance in a practice
trial. We assumed that only learners receiving sssd¢eedback in the practice trial would set
themselves higher goals. That is, they would feefident in using the metacognitive strategies
during the subsequent test trial. In contrastufeifeedback in a practice trial would lead to
downward goal revision and would thus make theafishe metacognitive strategies and the
construction of balanced situation models lesdylikdoreover, we expected that learners
receiving only information on the metacognitiveagtigies without feedback should also be less
likely to use the metacognitive strategies. Thigestation is based on the assumption that such
participants are also less likely to set highedgjoahich would be necessary to implement the
metacognitive strategies. In sum, we predictedldahers in the metacognitive strategy
groups—even when receiving the same informatiomuinetacognitive strategies—would differ
in the strength of the texts’ situation models. foeas receiving success feedback should achieve
equally strong situation models for both the betiefsistent and the belief-inconsistent text,
whereas learners receiving failure feedback anthéza receiving no feedback similar to the
control group should achieve a stronger situatiod@ehfor the belief-consistent text.

We also investigated the joint impact of metacageistrategies and motivational
conditions on the memory for text (propositionaitlease, Kintsch, 1988). First, we assumed that
as predicted by the schema-pointer-plus-tag maatkanilar to findings from Maier and

Richter (2013a), belief-inconsistent informatiomsld receive priority (tagged) status in the
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memory representation of the text (Graesser, 198fank & Abelson, 1977). Moreover, we
assumed that the metacognitive strategies, whielliaected at a strategic evaluation of the
plausibility of belief-consistent and belief-incastent information, should only affect the
construction of the mental representation formeahuttiple text comprehension. Thus, memory
for text will be unaffected.

In addition, we investigated whether learners’ neggbatterns differed as a function of
text-belief consistency and experimental conditioonger reading times often indicate that
readers spend more cognitive resources on strakegeledge-based activities such as drawing
inferences (Magliano, Trabasso, & Graesser, 19@ading times are also prolonged when
readers attempt to resolve inconsistencies inta(fapp & Mensink, 2011). These types of
elaborative processing should occur in particulaemvlearners receive information about
relevant metacognitive strategies and are motivimtee these strategies. Moreover, we
expected the three metacognitive strategies tdanghe experiment are particularly relevant for
processing belief-inconsistent texts. Combining#evo assumptions, we expected longer
reading times for the belief-inconsistent texthie experimental condition with positive
feedback.

Given that learners’ commitment to their beliefikely to impact the processing of
belief-consistent and belief-inconsistent inforraat(Pomerantz, Chaiken, & Tordesillas, 1995),
the effect of the extremity and certainty of leash@rior beliefs as the two key indicators of
learners’ commitment to their beliefs were assesselincluded in all analyses. In addition, we
included learners’ reading skills (operationalizedthe efficiency of basic cognitive processes in
reading, Richter & van Holt, 2005) in the readiimge analysis to control for skill-based

individual differences in reading times.
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M ethod

Participants

Eighty-five university students (66 women and 1%jnearticipated in the study. Their
average age was 23.5 yea@®®E 2.9) and they were majoring in different disaigls within the
social sciences (e.g., sociology and education)paticipants were native German speakers and
received a small monetary reward (8 Euros per Houarticipation.
Text Material

Text material for thetest trial. Two texts discussing the risks and benefits of
vaccinations were used as experimental texts ite$tetrial. Vaccination was selected as a topic
because for this topic, an independent sample iésity students in a pilot studi & 55) had
indicated an overall strong agreement with oneragniative position (pro positiosaccinations
are necessary and benefigiand only weak agreement with the contrary arguais® position
(contra positionyaccinations are unnecessary and harmfioit similar results in an independent
survey with 10,000 German respondents, see StifiMagentest, 2012). In the pilot study,
participants read short statements of two conflgiirgumentative stances in different scientific
controversies and then reported the extent to wihiej agreed or disagreed to the statement
(ratings on a scale from @d not agregto 6 fully agreg). A paired samplestest revealed that
learners favored the pro vaccination positish<4.16,SD= 1.40) over the contra vaccination
position M = 1.85,SD=1.48,t(54) = 6.13p < .001,d = 0.83). Based on these results, we
constructed one text arguing that vaccinationsapessary and beneficigr¢ vaccination tejt
and one text claiming that vaccinations are unrezgsand harmfuldontra vaccination text In
all other respects we tried to keep the texts eallphas possible to ensure their comparability.
Both texts were constructed based on the informdtmm freely accessible websites from

reputable German magazines (e.g., Spiegel Onlttie//mww.spiegel.de; Deutsches Arzteblatt,
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http://lwww.aerzteblatt.de) that are likely to beasolted by the general public for informal
learning on scientific topics. Moreover, writinglgt, structure and length of all texts were held
strictly parallel. A short statement of the textigjor claim appeared at the beginning of the texts.
Afterwards, the four key arguments consisting ofeam followed by supporting evidence were
presented, separated by subheadings. At the eslmbrassummary of the arguments and a
conclusion reflecting the text's major claim wasgented (a sample text translated into English
is available from the authors upon request). Trexaye length of the text was 888 words and the
mean readability score was 49.5 (moderate diffjcaletermined with the German adaption of
the Flesch's Reading Ease Index, Amstad, 1978¢n$are the comparability of the text content
we conducted a pilot-test with an independent sarap28 university students. In this test,
students rated the two texts as understandableidorg high-quality arguments and representing
a clear stance toward the issue (see Table 1 fovarview of the text characteristics).

Text material for the practicetrial. For the practice trial we used two texts debatiiveg
causes of climate change. Similar to the test tiejetl material, the two texts used in the practice
trial took opposing positions in the scientific tmversy. Thus, one text argued that global
warming was caused by mankind (315 words) and tifier dext claimed that natural phenomena
are the causes of global warming (321 words).

Comprehension Measure

Comprehension was measured on the levels of thatisih model and memory for text
with 24 test items per text with a recognition-fiedtion task (modified after Schmalhofer &
Glavanov, 1986). In this task, participants deciflest whether or not three different types of test
items represent information explicitly providedane of the textsrécognition question
Participants were informed that foyasresponse to the recognition question the teseseat

does not have to be a verbatim copy of a sentenoedne of the texts, but rather needs to
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correspond in content to a sentence from the téxesddition, participants judged whether or not
three different types of test items contained imfation that matched the situation described by
the texts Yerification question The three test items were paraphrases of téxtnmation,
inferences matching the text content and distra¢és test items in total, eight items per item
type and text). Table 2 presents examples fortiteettypes of test items. Paraphrase items
contained information that was explicitly provideglthe text. Hence, paraphrase items were
constructed by replacing the key content words tefasentence with synonyms and changing
the word order of the sentence. Responses to taplpase items were used to assess the
memory for text. In contrast, inference items corgd information that was not explicitly
provided by the text. Instead, these items weratcocted on the basis of possible inferences that
could be drawn from the texts. These items aldectsd the text's argumentative stance, i.e.,
they were controversial in their main predicatibloreover, participants needed to infer this
information to build an adequate mental represemtatf the text content. Responses to these
items assessed the strength of the situation mbuotellly, distracter items communicated
information that was neither an explicit contentlod text nor a sensible inference from the text.
In other words, the information communicated byrdister items was not part of text memory or
the situation model. Rather, these items share@ superficial content aspect from the text by
providing additional information about vaccination.

The measure for the memory for text was based @ptbportions ofesresponses to the
paraphrase items and the inference items in thegreéton question. For this measure, the probit-
transformed proportions gesresponses to the inference items (false alarmtseinecognition
task were subtracted from the probit-transformexpprtions ofyesresponses to the paraphrase
items (hits) in the recognition task. This procedlyields comprehension scores corrected for

response tendencies (similar to the signal detectieasurel’, see Schmalhofer & Glavanov,
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1986, for details). In the same vein, the measarrsifuation model strength was based on the
proportions ofyesresponses to inference items and distracter itertie verification task.
Similar to the measure for the memory for text, ghebit-transformed proportions gés
responses to the distracter items (false alarmsy sugbtracted from the probit-transformed
proportions ofyesresponses to the inference items (hits).
Reading Times

Reading times were recorded for each paragraphmsahup for each text and
standardized by the number of syllables to acctarrdifferences in text length.
Feedback Manipulation

Learners’ motivation to use metacognitive strategvas varied by the valence of an
evaluative feedback in the practice trial. The pxdefeedback provided participants with
information about the actual response accuracycémage of correct responses) to the situation
model question in the practice trial. Moreover tiggrants were provided with a prearranged
standard of comparison to capture the quality eifrtherformance in reference to the
performance of other students. The standard of eoisgn was varied in accordance to the
planned valence of the evaluative feedback. Tmmddfiis standard, the mean accuracy of
responses in the verification task was estimatedriorming studyN = 39). Given the high
percentage of correct responses in the normingy $Md- .88,SD = .07), we used more difficult
distracter items in the experiment proper. Givenriatively easy distracters in the norming
study, participants in the failure condition weokltthat on average students’ accuracy in this
task was 88%. In addition, they were told thatia lower performance quartile students
answered less than 85% correctly and in the higegormance quartile more than 93% were
answered correctly. Hence, participants that did@ach at least 88% correct responses in the

practice trail received negative performance feeklbl contrast, in the success condition the
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standard of comparison was lowered compared tawbeage performance of students in the
norming study. In the success condition, participavere told that on average students’ accuracy
in this task is 67%. This reference score was bgeduse it was the minimal score achieved by
participants in the norming study. Similarly, thegre told that in the lower quartile students
answered less than 60% correctly and in the highartile students answered more than 70%
items accurately. Under the assumption that masicgeants will have more than 67% correct
responses in the practice task, this standardrapadson was supposed to lead to positive
performance feedback. In sum, this procedure wed tesensure that although participants
received feedback on their actual performanceptheome feedback and thus learners’
motivation to use metacognitive strategies wasedaindependently of participants’ actual
performance.
M etacognitive Strategies

Learners in the metacognitive strategies groupsived information about three
metacognitive strategies that were expected t@fdbke integration of belief-inconsistent
information into the mental representation of @stific topic. The first metacognitive strategy
(becoming aware of the influence of prior beliefg)s used to make participants aware of their
prior beliefs and their influence on the processifitext information. The second metacognitive
strategy (monitoring for intertextual relationshg®d inconsistencies) focused on the detection
of intra- and intertextual inconsistencies andkimg about argumentative relationships between
texts. Finally, the third metacognitive strateggifg prior knowledge for argument evaluation)
addressed the use of prior knowledge to criticeMgluate the plausibility of the claims made by
belief-consistent and belief-inconsistent texts tradetection of prior knowledge violations.

The wording of each instruction is provided in T@BI(translated into English).
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Learner Characteristics

Extremity of prior beliefs. Participants’ prior beliefs concerning vaccinatiovere
assessed with 10 statements (response categargsgdrom 1 {otally disagree}o 6 fotally
agreq). Five statements claimed that vaccinations acessary and beneficigrp vaccination
belief scalee.g., “I think that vaccinations are the mostamant and most effective method
against infectious diseases”, Cronbach=s .77)whereas the other five statements argued that
vaccinations are unnecessary and harnoihira vaccination belief scakg., “I am against
vaccinations because they might overstrain my imemsystem”, Cronbachs=.79). The
difference in the mean agreement to the two betiafes (mean agreement to pro vaccination
belief scale — mean agreement to contra vaccinagtief scale) served as indicator of the
extremity of participants’ prior beliefs.

Certainty of prior beliefs. We also assessed the certainty of participaeigfs
(response categories ranging from ttery uncertairto 6 =totally certain). To this end,
participants stated for the ten belief-items howtaie they were about their dis-/agreement to the
belief item directly after responding to the copasding belief item (“Please indicate how sure
you are in your agreement to the former stateme@tdnbach’sx = .83).

Reading skills. Reading skills were assessed with the sentendegaton subtest of the
German reading test ELVES (Cronbach’s alpha =R&dhter & van Holt, 2005). In this task,
participants were asked to judge whether simplertieas about abstract and concrete concepts
are true or false. Test scores combine the accaagyhe speed of a given response for each
item (see Richter & van Holt, 2005, for detailshug, this subtest measures learners’ efficiency
in using propositional strategies for reading coshpnsion on the sentence level (i.e., lexical
access; syntactic and semantic integration). Rgaskitl was included as a covariate in the

analysis of reading times.
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Procedure

Approximately one week prior to the experiment goarticipants’ prior beliefs
(extremity and certainty) and their reading skillsre assessed. The experiment consisted of a
practice trial and a test trial that were eachd#diinto a reading phase, a recognition task, and a
verification task. During the reading phase inph&ctice trial, participants read two scientific
texts on climate change in a self-paced fashioa,garagraph at a time on a computer screen.
Participants were instructed to read the textsfellydor comprehension. After participants
completed the reading phase, the correspondingé¢ess were presented in the recognition-
verification task of the practice trial. In the ogmnition task, participants indicated for each test
item whether or not the sentence was explicitlyjaied in one of the texts. In the subsequent
verification task, participants judged whether ot the test item matched the situation that was
described in the texts. Participants respondedégsing one of two response keys (marked
green foryesand red fono). The sentences were presented one at a timadk Hdtters (font
type Arial, average height 0.56 cm, bold) on a ehiackground and in random order.
Immediately following the recognition-verificatiagask, participants in the two feedback groups
received feedback regarding their performanceertask. One group received feedback that
compared their actual performance to a high stahdfacomparison (failure feedback), whereas
the other group received feedback that comparedpgbgormance to a lower standard of
comparison (success feedback). Afterwards, theféadback groups as well as the third
metacognitive strategies group received informagibout the three metacognitive strategies and
were told to monitor the strategic influences oritiple text comprehension during the test trial.
Participants in the no training group neither reedifeedback nor information about the three
metacognitive strategies. After the practice tiadll participants completed the test trial. Similar

to the practice trial, the test trial consistedoéading phase (assessment of reading times for
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each paragraph) and a recognition-verification faskessment of memory for text and situation
model). At the end of the experiment, participamese thanked and debriefed.
Design

The experimental design was at@x{-belief consistencgonsistent vs. inconsistent;
varied within participants) X 4ekperimental conditiarcontrol group vs. knowledge about
metacognitive strategies without feedback vs. kedgé about metacognitive strategies with
negative feedback vs. knowledge about metacogrstnagegies with positive feedback; varied
between participants) design. The text order (sbest-inconsistent vs. inconsistent-consistent)
was counterbalanced between participants and iadlad a control factor. In all analyses, the
extremity of participants’ prior beliefs and theteenty of their prior beliefs were included as
covariates. In addition, for the analyses of treeneg times, reading skills were included as
additional covariate.

Results

The hypotheses pertaining to effects of text-bal@fsistency and experimental condition
were tested with an ANCOVA for designs with betweand within-subjects factors. The
reading order of the texts was included as a cbfaotor in the analysis. Moreover, the
extremity of participants’ prior beliefs (differeman agreement to belief scalestandardized)
as well as the certainty of prior beliefsstandardized) were included as covariates. In the
ANCOVA for the reading times as dependent varidela;ners’z-standardized scores in the
reading skill measure (sentence verification teste included as a covariate.

The application of ANCOVA with non-varying slopestiyeen groups is based on the
assumptions that the residuals are distributed altyrand that the regression slopes of the
covariates should be equal in the different graqypexwell & Delaney, 2000, Ch. 9). The first

assumption was fully met in the present data det.distributions of the residuals of all
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dependent variables did not differ significantlgrfr a normal distribution (Kolomogorov-
Smirnov testsZ < 0.89,p > .41). The second assumption of the homogenégiopes was tested
by including the interactions of the covariatedwmilie experimental groups. With one exception,
these analyses did not indicate heterogeneityopies (allF < 1), implying that the second
assumption was met as well. The exception occunrdte ANCOVA for reading times as the
dependent variable with the covariate differencagreement to belief scales, which marginally
failed to reach significancg, (3,67) = 2.4p = .08. To be on the safe side, we included the
interaction term of this covariate with experimémtandition in the ANCOVA of the reading
times, allowing the slopes to differ between thpegimental groups (see Maxwell & Delaney,
2000, pp. 406-420).

All hypothesis tests were based on type | errobabdity of .05. Under the assumptions
of a medium effect sizd € .25 according to Cohen, 1988) and medium cdrosla p = .5)
between the levels of the independent variabléisdrpopulation, the design and sample size of
the experiment yielded a power [§lof .98 for detecting the focal interaction of tdselief
consistency and experimental condition (power veasputed with the software G*Power 3;
Faul, Erdfelder, Lang, & Buchner, 200Descriptive statistics and intercorrelations of all
variables are provided in Table 4. For clarity oégentation, occasional significant results for
control variables which are irrelevant for our hipses are not reported (the full set of results is
available from the authors upon request).
Manipulation Check for Text-Belief Consistency

Before analyzing the effects of text-belief cormigty and the experimental condition on
situation model strength and the memory for text,investigated participants’ initial beliefs. A
paired samplétest revealed that participants overall more giipagreed with the

argumentative position that vaccinations are necgsd beneficial| = 4.00,SD= 1.03) but
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tended to disagree with the position that vacoomatiare unnecessary and harmil< 2.53,SD
=1.04),1(84) = 7.12p < .001,d = 0.77. However, a closer investigation of théeddnces in
agreement to the belief scales revealed that Licip@nts more strongly agreed to the claim that
vaccinations are unnecessary and harmful. Fordhaison, text-belief consistency was defined on
an individual basis. Accordingly, we defined thette®s whose argumentative position learners
more strongly agreed to as indicated by the pretiebscales, as the belief-consistent text. For
instance, for participants who believed that vaattons are harmful, i.e., which more strongly
agreed with the contra belief scale, the text axgdor this argumentative position was
considered as belief-consistent text.
Validation of Evaluative Feedback

Participants in the feedback conditions receivediback for their performance accuracy
for the situation model question during the practital compared to the average accuracy of a
comparison group. To vary the feedback conditiaependently of learners’ actual performance
in the task, the standard of comparison was deetde@siccess) or increased (failure). However,
learners could still have been better or worse tharprovided standard of comparison. To
investigate if the planned valence of the feedl{aukcess vs. failure) was consistent with the
actual valence, we examined whether participarggfopmance was lower or higher than the
standard of comparison in the respective conditiothe success condition, the performance of
six participants was lower than the average perdoice of the comparison group, yielding a
failure feedback. In the failure condition, thefpemance of one participant was better than the
average performance of the comparison group, yigldisuccess feedback. Given that the actual
feedback (success vs. failure) did not result emglanned feedback condition for these

participants, the seven outliers were reclassified.
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Resultsfor Situation Model Strength

In the analysis of situation model strength, theGXDWA revealed a main effect of text-
belief consistencyr (1, 75) = 15.8p < .001,np2 =.17. The situation model for the belief-
consistent text was stronger overdl € 1.75,Sk, = 0.09) than the situation model for the
belief-inconsistent text = 1.39,Sky = 0.08). However, the effect of text-belief cotsimcy
was moderated by experimental conditiB(8, 75) = 2.7p < .O5,r]p2 =.10 (Figure 1). In line
with our assumptions for the control group, thaatibn model for the belief-consistent telt €
1.59,SKk, = 0.15) was stronger than the situation modetHerbelief-inconsistent texi= 1.26,
SEBy=0.14),F(1, 75) =4.2p < .O5,r]p2 = .05. Similarly, in the metacognitive strategpuyp
with failure feedback, learners’ situation modeltiee text communicating belief-consistent
information M = 1.76,Sk, = 0.15) was stronger than the situation modettfertext
communicating belief-inconsistent informatidvl € 1.37,Sk, = 0.14),F(1, 75) = 5.9p < .05,
r]p2 = .07. For the metacognitive strategy group witfeadback, we found the same pattern,
F(1, 75) =16.7p< .Ol,r]p2 =.18. Participants in this group had a strongeagon model for
the text communicating belief-consistent informat{®d = 1.88,Sk, = 0.18) than for the text
communicating belief-inconsistent informatidl € 1.12,Sk, = 0.16). In contrast, in the
metacognitive strategy group with success feedliaeke was no significant difference in the
strength of the situation model for the belief-detent text M = 1.74,Sk, = 0.20) and the
situation model for the belief-inconsistent tedt € 1.80,Sk, = 0.19),F(1, 75) = 0.7p=.78. To
sum up, in line with the hypotheses, we found &bekief consistency effect in all experimental
conditions except for the group that received imfation about metacognitive strategies and
positive performance feedback. In the latter gr@asticipants were able to construct a strong

situation model for the belief-consistent as wslttge belief-inconsistent text.
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Resultsfor Memory for Text

For the memory for text, the main effect of textidfeconsistency reached significan€e,
(1,75)=4.0p= .05,r]p2 = .05. Overall, participants’ memory for the bélieconsistent text was
stronger M = 0.63,Sky = 0.08) than their memory for the belief-consistext M = 0.44,Sk, =
0.08). However, there was an interaction betwegtielief consistency and experimental
condition,F (1,75) = 3.4p< .05,r]p2 = .12 (Figure 2). In the control group, particitgmemory
for the belief-inconsistent text was slightly stgen (M = 0.60,SE, = 0.14) than for the belief-
consistent text\] = 0.40,SE, = 0.15) but this difference failed to reach sigiaihceF (1,75) =
1.3,p = .26. For the metacognitive strategy group witHeadback, as well as the metacognitive
strategy group with negative feedback, there wadiffierence in the memory for the belief-
inconsistent (without feedbackt = 0.64,Sk, = 0.16; negative feedbadkt = 0.39,SE, = 0.14)
and the belief-consistent text (without feedbddk= 0.65,Sky = 0.17; negative feedbadkt =
0.55,SBy = 0.15), allF’'s < 1.0, nonsignificant. In contrast, participamiso received the
metacognitive strategies with positive feedback &attonger memory for the belief-inconsistent
text M = 0.90,Sky = 0.18) than for the belief-consistent tet € 0.15,Sk, = 0.20),F (1,75) =
10.4,p<.01,n,° = .12.
Resultsfor Reading Times

Reading times per syllable deviating more than $temdard deviations from the mean of
the experimental condition (as defined by our expental design) were discarded from the
analysis (4.2% of the data). The repeated-measmsm&COVA on reading times revealed a
main effect of text-belief consistendy(l, 70) = 10.7p < .Ol,np2 = .13 (Figure 3). In general,
participants spent more time reading the beliebiststent textN = 178.4 ms/syllableéSg, =

4.9) than the belief-consistent tekt € 172.4 ms/syllabléSk, = 4.7). Moreover, there was a
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main effect of training conditiork(3, 70) = 3.3p < .05,r]p2 =.12. The reading times increased
monotonically from the control group(= 153.8 ms/syllableéSk, = 8.1) over the groups that
received information on metacognitive strategienloimed with no feedbach{= 176.2
ms/syllable SE, = 9.6) or failure feedbach = 177.5 ms/syllableéSk, = 7.8) to the group that
received information about metacognitive strategias the positive feedbacki(= 194.1
ms/syllable Sy = 11.6).

These main effects were qualified further by aenattion between text-belief
consistency and the training conditidi{3, 70) = 3.4p < .05,r]p2 =.13. In line with the
hypothesis, participants in the control group speadmparable amount of time reading the
belief-consistentN] = 155.1 ms/syllableéSk, =8.1) and the belief-inconsistent tekt € 152.4
ms/syllable SBy = 8.4),F(1, 70) = 0.8p = .38. In contrast, participants who received
information about metacognitive strategies andtp@sfeedback spent longer reading the belief-
inconsistent textdM| = 198.4 ms/syllabléSk, = 12.0) than the belief-consistent texs£ 189.7
ms/syllable Sk, = 11.6),F(1, 74) = 7.7p < .05,r]p2 = .05. Unexpectedly, a similar difference
occurred in the group that received negative feekifdaelief-consistent textd1 = 173.2
ms/syllable SBy = 7.8; belief-inconsistent textst = 181.8 ms/syllableéSg, = 8.1;F(1, 70) =
8.3,p< .Ol,r]p2 =.11) and in the group that received no feedlfbekef-consistent textd =
171.7 ms/syllableSE, = 9.5 ms; belief-inconsistent textd: = 180.8 ms/syllable&Sg, = 9.9),
F(1, 70) = 6.2p < .05,n,? = .08.

Thus, the hypothesis concerning reading timesoméspartially corroborated: Reading
times were prolonged for the belief-inconsistertden all groups that received information on
metacognitive strategies, regardless of the natuperformance feedback.

Discussion
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The primary purpose of the present study was tedtigate the extent that information
about metacognitive strategies and motivation ®these strategies moderate the text-belief
consistency effect in multiple text comprehensiRasults revealed that learners in the control
group and learners who had received informatioruab@tacognitive strategies in combination
with a failure feedback in a preliminary practidaltor no feedback built a stronger situation
model for the text communicating belief-consistafrmation compared to the text with belief-
inconsistent information (text-belief consistenéfget). In contrast, learners receiving
information about metacognitive strategies in camabon with success feedback achieved
equally strong situation model representationgHertexts with belief-consistent and belief-
inconsistent information. We also found that leasmeceiving information about the
metacognitive strategies in combination with susdesdback had a stronger memory for the
belief-inconsistent text. In addition, analyseshaf reading times revealed that learners in the
control group spent equal amounts of time readalghconsistent and belief-inconsistent texts,
whereas learners in the groups that received irdbom about the metacognitive strategies
devoted significantly more time to read the beirefensistent text.

The observed text-belief consistency effect indtwetrol group and in the metacognitive
strategy group with no or failure feedback is dicagpion of earlier findings (Maier & Richter,
2013a). Apparently, prior beliefs bias the situatiodel in the comprehension of multiple texts
and can lead to a one-sided mental representdti@mcantroversial scientific issue. Two types of
processes might underlie this effect. One possibgithat prior beliefs serve as schemata and
facilitate the integration of belief-consistentanhation into long-term memory (Schank &
Abelson, 1977; Smith & Graesser, 1981). Accordingblief-inconsistent information should be
remembered better because it cannot be integra®alfing in a prominent memory

representation. Such a reverse text-belief comgigteffect should have occurred in the control
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group (replicating the results found by Maier & Rier, 2013a), but it was not significant.
However, a trend was found in the expected diracimthat the failure to establish a reverse
text-belief consistency effect might be due to lmower associated with the relatively small size
of the control group.

Another possibility—compatible with the schema-ttegiz explanation—is that the
advantage of belief-consistent information resfutimn using prior beliefs to validate the
plausibility of incoming text information as aneagfral part of text comprehension (epistemic
validation; Richter et al., 2009; Singer, 2006)idgmic validation might lead to perceiving the
belief-inconsistent information as less plausibithwthe consequence that it is less likely to be
integrated into learners’ situation model (Schroedeal., 2008; see also Lombardi et al., 2013).

Our results further suggest that learners can omeeche text-belief consistency effect by
using metacognitive strategies that directly adsltbe challenges of comprehending multiple
belief-consistent and belief-inconsistent texteypied that they are motivated to accept these
challenges. Comprehension benefits gained fromgugtative processing are widely accepted
(e.g., Zimmerman, 2000), especially in ill-struetdiiearning domains such as multiple text
comprehension (Stadtler & Bromme, 2007), and mativas crucial for successfully applying
these strategies (e.g. Zimmerman, 2000). The presgy advances this research by testing the
effectiveness of three metacognitive strategieswieae designed specifically to assist learners in
a rational evaluation of information to overcomesidg biases at the comprehension stage.
Remarkably, under favorable motivational conditigm®viding concise information on the three
metacognitive strategies was sufficient to compyezminate the text-belief consistency effect.
These conditions not only yielded a strong andrizadd situation model but also a better memory
for information explicitly provided by the beliefi¢onsistent texts. This suggests that the

metacognitive strategies might cause readers éztdinore attention to belief-inconsistent
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information, creating a better propositional teasé that serves as the basis for elaborative
processes. However, it is important to note theatlers need to be motivated to engage in the use
of metacognitive strategies for processing behebnsistent information. All three

metacognitive strategies are likely resource-denmgnduch that learners need to be willing to
spend the necessary cognitive effort to implemieaistrategies. As a consequence, teaching
oneself metacognitive strategies is not sufficterreduce the text-belief consistency effect.
Instead learners need to be given the expectdtairtiiey are likely to succeed in engaging in the
new and challenging task to apply the strategiesnwbading. Performance feedback is not the
only way to induce such a favorable motivationatest For example, teachers can use the
positive-discrepancy assumption proposed by thesoognitive theory (Bandura, 1997) in such
a way that goal attainment leads to new and motatams goals which in turn motivates the
engagement in new cognitively challenging tasks.

The reading time data partly supported the intéatian provided for the comprehension
data. Reading times were longer for belief-incaesiscompared to belief-consistent texts for
participants receiving information on the metactignistrategies and positive performance
feedback. Unexpectedly, however, the same effettroed for all participants receiving
information about the metacognitive strategiesareigss of whether they received positive,
negative, or no performance feedback. Thus, thenmdtion on metacognitive strategies seems
to have increased learners’ processing of beliedisistent information, but this increase only
paid off in terms of a better situation model whiea information about metacognitive strategies
was paired with favorable motivational conditio@sven that reading times are a rather gross
indicator of cognitive effort, the explanation this pattern of effects remains unclear at this
point. One possibility is that participants in thetacognition groups with failure feedback and

no feedback made some attempts to apply the nategies to reading the texts with conflicting
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information. However, these attempts might havenbeeonsistent because the participants in
the groups with no feedback or failure feedbackedddhe expectation that the metacognitive
strategies would really increase their comprehengaformance (similar to th@oduction
deficitobserved in young children’s use of memory stragdHasselhorn, 1996). This
interpretation is backed up by the observation thadling times were longest overall in the
metacognition group that received positive feedbdtdee informative indicators of cognitive
processes such as think-aloud data might helpatifycthis issue in future studies.

It is important to note that reducing the text-bketionsistency effect is not an end in
itself. When reading about currently debated stfier@ontroversies for which there is no
definitive right or wrong, acknowledging and conpeading arguments from both sides of the
controversy is important. For example, the questibether or not vaccinations are harmful or
beneficial is critically discussed among scholarg scientists, but this scientific issue is also
highly relevant for everyday decision making of fsople (e.g., deciding whether or not one
should get vaccinated). The rationality of suchiglens is hampered by the text-belief
consistency effect. Thus, achieving a balancedesgmtation of controversially debated scientific
topics is an important educational goal. Reducivegtéxt-belief consistency effect by increasing
learners’ understanding of belief-inconsistent infation should lead to a comprehensive
understanding of the scientific issue and possildy to a justifiable point of view. Note, though,
that the latter aspect was not investigated diyectthe present study. Furthermore, we cannot
draw any conclusions about the extent learnerdweddhe inconsistencies and related the
contradictory information to each other. This issbeuld also be investigated in future studies,
for example, by using tasks that require infereramgess texts (Streamsg et al., 2010).

Even though the present study provides new insigbtthe comprehension of multiple

texts, several limitations need to be addressest, e were interested in the combined
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effectiveness of the three metacognitive stratedibs first strategy, becoming aware of prior
beliefs and their influence on comprehension preegsappears to be the most fundamental of
the three strategies, because insight in potdmgigf biases is a precondition for monitoring
one’s comprehension process for the occurrenceabf Biases and for taking regulatory actions.
The second strategy, checking for intertextualti@ships and inconsistencies, encompasses
comprehension monitoring according to the intestahdard of consistency (Baker, 1985) but
extends this notion to monitoring inconsistencied argumentative relationships between
multiple texts. The strategy overlaps with thetsys of corroboration, which Wineburg (1991)
identified as one of the strategies expert histariase to extract factual information on historical
events out of multiple documents (see also Briiglinskas, 2002). Nonetheless, the intertextual
relationships that can exist between multiple t®duments on science-related topics clearly
differ greatly from those relevant for history (g e relationships of theoretical claim to
evidence and counter-evidence are specific to seteglated texts). The third strategy, using
prior knowledge for a thorough evaluation of argntseresembles the intentional application of
Baker's (1985) external standard of consistencyalsat adds a new aspect. Rather than merely
scrutinizing the texts to detect information thairiconsistent with prior knowledge, the strategy
also implies an active use of prior knowledge &ohee the inconsistencies. This type of
processing can be accomplished, for example, kirsgpan explanation that accommodates the
inconsistent propositions (Walsh & Johnson-Lai@)2). However, given that learners received
information on three different metacognitive stgis, we cannot be sure which strategy might
have been especially helpful for learners to commgme the belief-inconsistent text. We assume
that a combination of all three metacognitive siyas is particularly effective but this issue has

not been resolved at this point. Therefore, furtkeearch should investigate the role of the three
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metacognitive strategies to assess how they adrioert in the comprehension of multiple texts
with conflicting information.

Another limitation is that the present study foaisa performance feedback as a means
to increase the motivation to use the metacogndikegegies during comprehension. The effect
of such an intervention is likely to be short-liv@the impact of motivational factors that foster
long-term learning with belief-consistent and bleireonsistent multiple texts remains an open
question that should be addressed in future reselsi@reover, in our study learners were given
only one belief-consistent and one belief-incomsistext. One reason for using only two texts
was that such a minimalistic design would allovirargger test for the effectiveness of the
metacognitive strategies in combination with pesifieedback. Although the text-belief
consistency effect has already been establishegpariments with four experimental texts
(Maier & Richter, 2013a), the moderating role oftaw®gnitive strategies (plus motivation) is a
new finding. For this reason, investigating the acipof text-belief consistency and
metacognitive strategies in a learning scenaricenypical of multiple text comprehension in
which belief-consistent and belief-inconsistenbmfation is spread across several texts and
sources is likely to advance the literature on tibjisc.

In sum, the present study provides additional sttdpothe assumption that prior beliefs
bias the comprehension of multiple texts aboutrometrsial scientific issues. However, it also
suggests a means by which a text-belief consistefiegt in multiple text comprehension can be
reduced through simple information about metacognitrategies when confronting belief-
inconsistent information. Such information mustseompanied by measures to ensure that
learners are also sufficiently motivated to invést cognitive effort needed to implement these
strategies. Given that learners were only provigihd information about the metacognitive

strategies without direct training, the resultsgasgj that strategies—if they are used—effectively
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boost the comprehension of belief-inconsistentstekssessing whether the effectiveness of the
metacognitive strategies can be enhanced wheratieeyirectly trained would be informative.
Comprehending multiple texts about science tog@shighly relevant but difficult task for many
learners (including university students). Thusyfatstudies should focus on the training of
multiple text comprehension when assessing thaenfte of learners’ prior beliefs, their

knowledge about metacognitive strategies and &aksio tnotivation.
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Table 1:

Text characteristics of the experimental texts

Lengtf Read- Plausibility ~ Understand-  Number of Clarity of Interestingness
ability” ability® argument$ stancé
M SD M SD M SD M SD M SD
Belief-inconsistent text 921 50 4.10 0.92 4.27 80.7 3.85 0.88 4.86 1.18 4.29 1.21
Belief-consistent text 854 49 4.40 0.89 459 0.67 3.54 1.10 5.46 1.07 23 4. 0.99

Note Plausibility = measured with five items (responategories ranging from @dt at all)to 6 fotally); Cronbach's. = .79). Understandability
= measured with nine items (response categoriggmgifrom O (ot at all)to 6 totally); Cronbach'ss = .80). Number of Arguments = number of
identified arguments in an open answer questicaritglof Stance and Interestingness were assestiedne item each (response categories
ranging from Oifot at all)to 6 totally)).

2 Number of words per textDetermined with the German adaption of the FlesReading Ease Index (Amstad, 197&esults of the pilot-

testing with ratings of 28 university students.
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Table 2:

Examples of test items used in the recognitiorfigation task (translated into English)

Sentence type

Original text part

Paraphrase

Inference

Distracter

Additionally, a high vaccination rate offers thenbét of double protection. First, vaccinationsyide direct
protection against an epidemic infection. Secoredd immunity also protects those who could not be
vaccinated such as infants or immune-compromiseglpeas emphasized by Prof. Battegay, chief
physician of the department of Infectiology at haversity of Basel. Herd immunity is defined as th
protection of the whole population through the pres of vaccinated individuale: an unvaccinated
population, the epidemic has a snowball effeltiwever, with a large number of vaccinated peahie
chance of avoiding wide-spread epidemic outbreskegligible. This protection is possible because
vaccinated people do not excrete causative organishich in essence protects non vaccinated peoule
in turn prevents the distribution of epidemics.

Infectious diseases spread in form of a chain i@aat an unvaccinated population.

People who choose not to be vaccinated endangéetith of elderly people and infants.

In the case of a congenital immune deficiencydibesion for or against a vaccination with a liaeeine

must be made individually.

Note In the original text part, theentence used for the paraphrase item is italicized
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Table 3:

Wording of the instructions on the three metacaogaistrategies (translated into English)

Metacognitive strategy

Instruction

Becoming aware of the

influence of prior beliefs

Monitoring for intertextual
relationships and

inconsistencies

Using prior knowledge for

argument evaluation

Become aware of your own beliefs regarding thensifie topic before you start reading the textsr @rtior beliefs
often automatically determine whether we percaia®ining information as plausible or implausibleeiidby,
information that is inconsistent with our prior ieét may be rejected without further reasoning afioel
plausibility of this information. If you are awaoé your prior beliefs, you are able to criticalgason about the
plausibility of the information rather than jusjeeting it.

Try to integrate the arguments from different térte one overall picture of the scientific iss&en if the texts
argue for different standpoints in the controvetbgjr arguments might be related to each othdr migards to
content. Figure out which parts of the texts areanflict with each other and which parts are cstesit with each
other. Become aware of the relationships betweenetkts and think about ways to combine the argtsneith
each other. Critically evaluate the arguments foora text in the light of the arguments of the otiest.

Examine the quality of arguments in the text baseglour prior knowledge. Prior knowledge is a gsodrce to
deliberately decide whether or not new informai®plausible and credible. However, it is importemhote that
prior knowledge differs from mere opinion! Use thets and evidence you know about the topic tacatlty
evaluate the texts. Analyze all new informatiereven the information that might at first sight bdine with what

you believe to be true.
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Table 4:

Descriptive statistics and intercorrelations of @méndent variables, covariates, and dependent bkasa

Correlations

M SO 1 2 3 4 5 6 7 8 9 10 11 12

1 Experimental
0.44 091 1

condition

2 Metacognition | 0.06 0.71 .03 1

3 Metacognition Il -0.29 079 -23* -04 1

4 Text order 0.45 0.50 -.01 .09 -17 1

5 Extremity of
1.47 1.89 -.03 .08 A7 .04 1
prior beliefs

6 Certainty of prior

4.67 0.86 -.06 -.07 .04 .13 33 1
beliefs
7 Reading skills 18.83 553 .01 .19 .21 .02 .10 5-1
8 Situation model
1.76 0.75 -.00 -.07 .04 -11  -.04 -19 .04 1
strength (BC)
9 Situation model
1.37 0.74 .01 .06 24 -11  -29* -10 .13 371

strength (BIC)
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10 Memory for text

0.47 0.74 .08 -06 -14 -01 -04 -01 -14 .10 .05
(BC)
11 Memory for text
0.62 0.70 .02 -08 .22 .17 .15 .07 .18 .20 -009 11
(BIC)
12 Reading times
167.71 4265 .21 -04 -105 -06 -.16 -15 -.44*15 . -03 .20 .19 1
(BC)
13 Reading times
17258 46.43 .29* -03 -14 .13 .04 -03 -44** 7.0 -13 .25* .28* 91*

(BIC)

Note BC =belief-consistent text, BIC = belief-inconsistesxit Experimental condition: contrast coded, -1 = cdrgroup vs. 1 = experimental
groups. Metacognition I: contrast coded, -1= magadore Strategies without feedback vs. 1= metadognStrategies with failure feedback.
Metacognition II: contrast coded, -1= metacognitBteategies without and with failure feedback vetdtognitive Strategies with positive
feedback. Text order: contrast coded, -1 = belfststent/ inconsistent vs. 1 = belief-inconsisteansistent)Situation model strength:
biased-corrected proportion of correctly inferreerence items. Memory for text: biased-correctexpprtion of correctly recognized
paraphrase items. Reading skills: assessed witbetiiience verification subtest of the ELVES (RicBtean Holt, 2005). Reading
times: Reading times per syllable in ms.

* p<.05, **p<.01 (two-tailed).
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