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Abstract
When reading multiple texts about controversiaéstfic issues, learners must construct a
coherent mental representation of the issue basedrlicting information that can be more or
less belief-consistent. The present experimentsitigated the effects of text-belief consistency
on the situation model and memory for text. Stusle@ad four texts about a scientific
controversy. Learners’ situation model was biasedhtds their beliefs when belief-consistent
and belief-inconsistent texts were presented blmekiock. When the texts were presented
alternatingly, situation models for belief-consigtand belief-inconsistent texts were equally
strong. Moreover, the text base was better foebalconsistent texts. These results support the
idea that prior beliefs influence the processingafflicting information in multiple texts
differently on the level of the situation model amdthe propositional text base. A more
balanced situation model of scientific controvessian be promoted by presenting belief-

consistent and belief-inconsistent texts in arriadténg sequence.
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Text-Belief Consistency Effects in the ComprehengibMultiple Texts with Conflicting
Information

Lay people, students, and scientists alike ustiaity to web-based sources when they
want to learn more about a scientific issue culyatgbated in public (such as global warming,
renewable energies, or health issues). More oftan hot, they will study several texts that
argue for different positions in the controversy(tiple texts, Perfetti, Rouet, & Britt, 1999).
For example, learners researching information errigks and benefits of vaccinations will
encounter texts arguing for the benefits of reguéacinations as well as texts arguing that
vaccinations bear health risks that outweigh theirefits. In addition, most learners will not be
fully impartial when they read about a topic bull wome equipped with beliefs that may be
closer to some positions in the controversy thasthers. The scenario just described raises the
guestion central to the research reported here: tHopreviously held beliefs affect the mental
representation of science-related texts with cotirfig information?

Research in the areas of text comprehension amal ggformation processing indicates
that the memory representation of controversialasss biased towards belief-consistent
information whereas belief-inconsistent informattends to be represented to a lesser extent
(congeniality hypothesis, Eagly & Chaiken, 1993)r Example, Levine and Murphy (1943)
presented procommunist and anticommunist messagesticipants who held procommunist or
anticommunist views. In a later recall task, pgraats who held beliefs consistent with the
arguments presented in a message showed betterrgnEimexactly this message.

Schema theory provides a framework for understansirch text-belief consistency
effects. According to a schema-theoretic explanagoior beliefs might serve as a knowledge

structure that guides the interpretation and thecten of information for encoding and also
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facilitates the integration of information (Pratiar989). All of these processes can contribute
to a memory advantage for belief-consistent infaroma Thus, the effects of prior beliefs on
reading recall might be similar to perspective &Ben reading recall (e.g., reading a story from
the perspective of a burglar or a buyer of a hoAségrson & Pichert, 1978). In this research,
perspective not only affected recall but also tiecation of attention during comprehension,
with sentences relevant to the current perspeotiseiving longer reading and fixation times
(Goetz, Schallert, Reynolds, & Radin, 1983; KaakiBeHyona, 2005; Kaakinen, Hyon&, &
Keenan, 2002).

In addition to recall tasks, recognition tasksfaeguently used to investigate the
influence of text-belief consistency on memoryefdts. Recognition tasks require participants to
make a judgment about whether the critical inforamahas been encountered in the text. For
such tasks, the particular type of items useddbrezognition memory is critical for knowledge-
based biases to occur. When information from tkeiseto be recognized, the target information
can serve as a direct retrieval cue. Several gutige even found the recognition memory for
atypical information (which does not confirm tochema or script) to exceed recognition
memory for schema-congruent information even agéomtervals between learning and test
(e.g., Davidson, 1994; Smith & Graesser, 1981)pAtyl information is often unexpected,
surprising, and cannot be integrated easily intstiedg knowledge structures, all of which may
lead to a privileged memory representation. Howewben schema-congruent foils are
presented, these are often falsely recognizedf@asmation that has been presented in the text
(Maki, 1990; Smith & Graesser, 1981). These findingn be explained with a schema-pointer-
plus-tag model in which information from the textimtegrated with the schema but schema-

incongruent information receives a promingagfed status in the memory representation of
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the text (Graesser, 1981; Schank & Abelson, 197vided that learners’ prior beliefs may
serve as a schema in the comprehension and rétwievailtiple texts on controversial issues, it
seems plausible to assume that text-belief comgigteffects in this type of learning situation
follow a similar pattern.

In text comprehension research, there is a congigtimction made between two
representational outcomes of comprehension proge&gehe propositional text base and (b) the
situation model or mental model of the text con{dothinson-Laird, 1983; Kintsch, 1988; van
Dijk & Kintsch, 1983). The text base is usually ceived of as a representation of the semantic
structure of a text. Its construction requiresripttetive processes such as assigning meaning to
words, identifying and extracting propositions, aatnecting these propositions to a coherent
network. As a result, the propositional text basfeects memory for text and can be used, for
example, to recognize or recall information exgliycstated in the text. However, in order to gain
a deep understanding of a text, learners have tegond the propositional text base by
integrating text information with their prior knogdge by way of knowledge-based inferences.
The representational outcome of such integratieegssing is called a situation model (van Dijk
& Kintsch, 1983) or mental model (Johnson-Laird83pPbecause it is a representation of the
state of affairs (the situation) described in d taiher than a representation of the text itself.

For assessing the strengths of the text base arsitttation model, Schmalhofer and
Glavanov (1986) have proposed a technique thadsdon bias-corrected recognition scores
(similar to the signal detection measdig According to this proposal, the estimate of texse
strength is based on the (bias-corrected) propodiaorrectly recognized paraphrases from the
text whereas the estimate of situation model sthrersgbased on the (bias-corrected) proportion

of inferences (falsely) recognized as coming fromntext. Thus, the method proposed by
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Schmalhofer and Glavanov (1986) for assessingo@se strength resembles essentially a
recognition task where information from the text-e-theaning of the text rather than direct
guotes—is to be recognized. In contrast, giventtiainference items represent knowledge-
based inferences, they largely correspond to schimsed foils used in studies on the schema-
pointer-plus-tag hypothesis (e.g., Smith & Gragsk@81). These items can activate available
knowledge and beliefs, which, in turn, may leadbalse-positive recognition responses because
the inferences fit well with what participants knawd believe about the topic (Reder, 1982).

In sum, if prior beliefs on controversial sciertifssues serve as schema-like knowledge
structures, text-belief consistency effects (eeamemory advantage for texts consistent with
learners’ prior beliefs) may be expected to oceuth® level of the situation model. In contrast,
on the level of the text base representation, ersevtext-belief consistency effect (i.e., a
memory advantage for texts inconsistent with le@’rgior beliefs) may be expected. At first
glance, assuming opposite belief effects on theldéeof the text base and the situation model
may seem a little far-fetched because the proposititext base provides the textual input for
constructing the situation model (Kintsch, 1988)ug, learners are unlikely to build a strong
situation model from a poor text base. Howeves Hasic relationship notwithstanding, the
pattern of opposite effects on the two types ofgspntations can occur whenever an
intervention increases the impact of knowledge-thgmecesses which strengthens the situation
model but, at the same time, weakens the propoaitiext base (see, for example, the reverse
coherence effect; McNamara, Kintsch, Songer, & $6ht 1996).

Text-Belief Consistency Effectsand Text Order
Apart from the type of text representation thaadslressed by a memory task, the way in

which multiple texts on controversial scientifisi®s are presented might also play a moderating
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role for text-belief consistency effects. In pautar, presenting belief-consistent and belief-
inconsistent texts in an alternating order rathantblock-by-block might be a way to create
more balanced situation models for belief-conststel belief-inconsistent information.
Theoretically, this assumption can be justifiedcbpsidering that alternating and block-by-block
presentations differ in the relative memory strartgat has been established for the belief-
consistent position at the time that a learnergeabelief-inconsistent text. In most cases, the
relative strength of the belief-consistent posit®iikely to be weaker in the alternating
compared to the block-by-block presentation. As@sequence, it may be less likely overall that
information from belief-inconsistent texts is igadr

Computational modeling work based on the constuaadtitegration model allows a more
precise formulation of these assumptions (Goldiwanma, & Coté, 1996). From this
perspective, reading belief-consistent and betiebnsistent texts block-by-block would lead to
a strong network of interrelated propositions fritnva belief-consistent texts. If this network
stays active in working memory, less activatioavailable for processing new information from
the belief-inconsistent texts and connecting prior knowledge. In contrast, reading belief-
consistent and belief-inconsistent texts in arriadtiéng sequence increases the activation of
propositions from belief-inconsistent texts andher knowledge activated during processing
of these texts, leading to a stronger situationehddowever, due to the fact that an alternating
presentation should also decrease the activatioprépositions from belief-consistent texts, the
situation model for these texts should also be weed.

To the best of our knowledge, there are no experisnen order effects in the
comprehension of multiple texts with conflictingarmation. However, in a series of careful

experiments, Wiley (2005) investigated the rechbbaief-consistent and belief-inconsistent
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arguments on controversial topics. She found a mgavantage for arguments consistent with
one’s own position only when supporting and oppgsirguments were presented block-by-
block. When the arguments were presented in amatiag fashion, participants were able to
recall belief-consistent and belief-inconsistemgfuanents equally well. For comprehension of
multiple texts on controversial scientific topitisese results suggest that presenting belief-
consistent and belief-inconsistent texts in arriadting sequence rather than block-by-block
might have a similar effect by reducing the textiddeconsistency effect, leading to equally
strong situation models for belief-consistent arlidb-inconsistent texts.
Rationale of the Present Experiment

The aim of the present experiment was to invesibatv learners studying multiple texts
about a scientific controversy remember informafiom texts that are consistent or inconsistent
with their own stance on the issue. To this endj@pants read four texts that represented
opposing positions on an issue currently debatguailic (causes of global warming or
risks/benefits of vaccinations). The texts werdglesd in such a way that the broad majority of
participants strongly favored one position in tbatcoversy over the other. For example,
concerning global warming, all participants held thew that the current trend in global
warming is the result of man-made rather than mattauses. Likewise, concerning
vaccinations, all participants endorsed the vieat the individual and social benefits of
vaccinations by far exceed their risks. As a coneage, two of the four texts that each
participant received were consistent or inconstsigtin their prior beliefs concerning the issue.
In addition to text-belief consistency, we alsoi@drthe order in which the texts were read.
Thus, the experiment created a scenario which moless resembled situations in which

learners use the World Wide Web to research infaomabout scientific issues.
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For this scenario, the assumption that learnersr peliefs on the controversial issue can
serve as a schema-like knowledge structure fordingand retrieval of text information implies
a number of predictions. First, information fromiéeconsistent texts should be integrated with
learners’ prior beliefs. In contrast, for beliet:ansistent texts, fewer and possibly less accessibl
beliefs are available to integrate information frimase texts. As a result, the situation model for
texts communicating belief-consistent informatitwwwld be stronger overall compared to texts
communicating belief-inconsistent information (Hyjpesis 1). However, the activation available
for processing belief-inconsistent information miglk increased when texts taking opposite
stances are presented in an alternating fashisedReh on memory for arguments on
controversial topics (Wiley, 2005) suggests thaspnting belief-consistent and belief-
inconsistent information in an alternating ordeghtibe a way to foster comprehension and
memory for belief-inconsistent information. Againisis background, we assume that the
predicted advantage for belief-consistent comptodxklief-inconsistent texts for the situation
model should be reduced by an alternating presentat belief-consistent and belief-
inconsistent texts (Hypothesis 2).

The hypothesized memory advantage of belief-carsisiver belief-inconsistent
information should hold for the situation modelnegentation only. For the memory for the text
itself (i.e., the text base representation) we nthkeeverse prediction: texts with belief-
inconsistent information will have an advantagerdegts with belief-consistent information
(Hypothesis 3). This hypothesis can be justifieddgearch on memory for schema-inconsistent
information. Despite the fact that information frdmalief-inconsistent texts is less likely to be
integrated into the situation model, it may neveless be remembered as part of the text that has

been read. Moreover, belief-inconsistent informatimght receive a privileged (tagged) status
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in the memory representation of the text (cf. ttleesna-pointer-plus-tag model; Graesser, 1981,
Schank & Abelson, 1977). One variant of Hypoth@&sis that the source memory (i.e., memory
for the particular text from which a piece of infaation is taken or can be inferred) will be better
for belief-inconsistent information compared toiektonsistent information (Hypothesis 4).
This hypothesis is also motivated by research oltipteitext comprehension for which the
representation of source information is an impdrissue (cf. the notion of the intertext model in
Perfetti et al., 1999). Belief-inconsistent infotioa might increase attention for the source of
the information and, hence, the encoding of soummemation along with the text information.

In order to get an idea of the cognitive processdsnd the hypothesized effects of text-
belief consistency on the situation model and mgrfmrtext, we also analyzed the reading
times for belief-consistent and belief-inconsistiexts. Reading times can be regarded as a gross
measure of the amount of cognitive effort duringdiag (e.g., Graesser, 1981)—in this case,
participants’ cognitive effort to process beliefaststent and belief-inconsistent texts. The
analyses of the reading times were guided by tlestgan of whether and to what extent the
magnitude of the text-belief consistency effect lddue associated with differences in the
reading times for belief-consistent vs. belief-insistent texts. Theoretically, two basic patterns
of effects may occur. First, text-belief consisteetfects might be associated with longer
reading times for belief-inconsistent comparedebd-consistent texts. This pattern would be
expected from the perspective of schema theorjefbieconsistent texts should be more
difficult to process than belief-consistent tex@ernatively, it seems possible that text-belief
consistency effects occur if participants invessleognitive effort (i.e., spend less time when
reading belief-inconsistent texts). This patternuldchint at a strategic process of information

selection that favors belief-consistent informatiser belief-inconsistent information (selective



TEXT-BELIEF CONSISTENCY AND MULTIPLE TEXTS 11

exposure; see, for example, the theory of cogndissonance; Festinger, 1957).
M ethod

Participants

Participants were 79 psychology undergraduatesv(dBen and 20 men) with an average
age of 24.7 yearsSpD = 5.86).
Text Material

Eight generally accessible texts about currentlyatied scientific issues were used as
experimental texts. Four of the texts referredaases of global warming whereas the other four
texts discussed the risks and benefits of vacanatiThese controversies were selected because
participants of the target populatiad £ 18) had rated them as interesting in a pilotystuith
18 topics (global warmingvl = 4.22,SD = .73; vaccinationM = 3.83,SD= 1.02; ratings on a
scale from 1not interesting at allto 5,very interestiny In addition, for these two topics the
vast majority of the German population stronglyesgrwith one argumentative position and at
the same time disagrees with the contrary argurtieataosition. Thus, concerning global
warming, large parts of the general public in Gemylaold the view that the current acceleration
in global warming results from man-made rather thatural causes. Likewise, concerning
vaccinations, most people hold the view that veatoims are more beneficial than risky. Based
on this preference for one argumentative positiothése two controversies, we constructed two
texts for each topic that were clearly consisteitth whe beliefs of the vast majority of the
general public and two texts that were clearly mgistent with the beliefs of the vast majority of
the general public.

Accordingly, two of the texts on global warmingioked that mankind is responsible for

global warming (belief-consistent stance) wherbéasother two texts took the opposite stance
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that natural phenomena are the causes of globahiwgr(belief-inconsistent stance). Likewise,
two of the texts on vaccinations argued for théntldat vaccinations are necessary and
beneficial (belief-consistent stance) whereas theradwo texts claimed that they are
unnecessary and harmful (belief-inconsistent sharides texts were constructed on the basis of
science-related journal articles from reputablen@er magazines that are freely accessible over
the Internet (e.g., Spiegel Online, http://www.gjglede; Deutsches Arzteblatt,
http://lwww.aerzteblatt.de). These websites arecglmources used by the general public for
informal learning about science topics. To enshieecomparability of the texts, writing style,
structure, and length of all texts were held diriparrallel (see Table 1 for a synopsis of text
characteristics).

----INSERT TABLE 1 ABOUT HERE----

All texts started with a short statement of the’semajor claim and key arguments. In
the body of each text, the four key arguments \peesented separately, with each key argument
under a subheading. The arguments that were pegsenéach text supported the text's major
claim and were unique to this text (for an overvigwthe arguments for each text see Table 2).
As a consequence, all texts contained new infoonmatiat was not presented in any of the other
texts. Four arguments for each text were usedaaige sufficient arguments and evidence for
the text's major claim. In each text, each arguncentsisted of a claim that was followed by
supporting evidence. At the end of each text atshonmary of the arguments and a conclusion
reflecting the text’s major claim were presentad égample of the text materials is available in

the Appendix).



TEXT-BELIEF CONSISTENCY AND MULTIPLE TEXTS 13

----INSERT TABLE 2 ABOUT HERE----

The average length of each text was 899 wordsaVvbeage readability score
(determined with the German adaptation of the HesReading Ease Index; Amstad, 1978) was
48.8, indicating that the texts were of moderaticdity. To further ensure the comparability of
the text content, the texts were pilot-tested w&ithndependent sample of 106 university
students. Each of the participants in the pilotigtiead two of the four texts on the same topic.
Participants perceived all eight texts as easitjeustandable and providing high-quality
arguments that represented a clear stance towaidgshe (see Table 1 for results of these
students’ ratings during the pilot study). In orttedetect possible differences between the texts,
we performed 60 paired sampteests (all 6 possible pairs of texts for eachheftivo issues: 12
text combinations x 5 text characteristics; HolmaBwroni correction for multiple tests; Holm,
1979). None of these tests revealed a significeéf@rdnce between the texts.
Dependent Variables

Situation model strength and memory for text. Memory was measured on the levels of
the situation model and memory for text (proposiilatext base) with a recognition task
modified after Schmalhofer and Glavanov (1986u&ibn model strength and memory for text
were assessed with 24 test items (sentences)xtéexamples of the item materials are
available in the Appendix). Participants had togeigvhether the information expressed in the
test item was explicitly provided in the text ott.ndore specifically, they were told that for a
positive response, the test item was required t@spond in content (but not verbatim) to one
sentence in the text. Eight of the sentences wer@phrases of sentences from the text, eight

were inferences from the text, and eight were ali$érs. For paraphrase items, a sentence from
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the text was altered by varying the word order mapllacing key content words with synonyms.
As a consequence, the similarity of the sententleedext surface was reduced while leaving the
explicit content of the sentence (i.e., its sentastiucture) intact.

In contrast, inference items contained informatiohexplicitly mentioned in the text.
Rather, the information needed to be inferred leyghrticipants to build an adequate mental
representation of the state of affairs describdtiéntext. The items required four different types
of inferences: explanations, associations, premtistiand superordinate goal associations
(Graesser, Singer, & Trabasso, 1994; Narvaez, garBtoek, & Ruiz, 1999). Explanations or
backward inferences include causes—such as mativesnditions—that explain why events or
circumstances mentioned in the texts might havermed. Associations or concurrent inferences
provide additional information about specific funcis or characteristics of concepts and objects
discussed in the texts. Together, explanationsagadciations accounted for two thirds of the
inference items. Predictions or forward inferenstase consequences that might occur in the
future as results of circumstances mentioned ingkis. Finally, superordinate goal associations
are statements about motives and goals that capsedic behavior of agents mentioned in the
texts. These last two types of inference items actEn for approximately one third of the
inference items. The inference items never requitedntegration of information across
different texts.

Finally, the distracter items communicated inforiorathat was loosely related to the
topic described in the text but was neither exgjichentioned in the text nor a sensible
inference from the text. Thus, the information commimated by distracter items was not part of
the memory for text or the situation model. Ratlteshared some superficial content aspects

with the text.
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The idea behind using a recognition task adaptad fschmalhofer and Glavanov (1986)
is that it allows for assessing the strength of wnfior text (the propositional text base) as well
as the situation model with one single task. Pigditts can provide a yes-response to a
paraphrase item simply by retrieving informatioonfrthe propositional text base and
determining that this information matches the conté the test item. In contrast, yes-responses
to inference items must be based on a differentiar@sm. They are likely to be based on a
consistency check of the information in the tesmitwith the situation model constructed by the
text. Following this logic, we constructed measuwoksituation model strength and memory for
text (the propositional text base) based on thegeition responses to the three sets of items that
were corrected for response tendencies (simildrésignal detection measute see
Schmalhofer & Glavanov, 1986, for details).

The measure for situation model strength was basdte proportions of yes-responses
to inference items and distracter items. Theseq@itmms were probit-transformed to normalize
their distributions. Based on the assumption thataroportion reflects the cumulative
proportion of a normally distributed variable, fn@portion is transformed by determining the
corresponding-value to which 5 is added to avoid negative valeeg., Cohen, Cohen, West, &
Aiken, 2003, p. 241). The probit-transformed prajoois of yes-responses to the distracter items
(false alarms) were subtracted from the probitdfammed proportions of yes-responses to the
inference items (hits).

Likewise, the measure for memory of text was basethe proportions of yes-responses
to paraphrase items and distracter items. This mneagas computed by subtracting the probit-
transformed proportions of yes-responses to theadigr items (false alarms) from the probit-

transformed proportions of yes-responses to thepgbaase items (hits). In contrast to the
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original method proposed by Schmalhofer and Glavdh®86), yes-responses to the distracter
items rather than to the inference items were €meblias-correction of the memory for text
measure. This modification was applied to avoiddtigicial negative dependency between this
measure and situation model strength that woukafiyes-responses to the inference items
were counted as hits on the situation model leuebl false alarms on the level of the
propositional text base.

Source memory. As an additional indicator of memory for text iretcontext of multiple
text comprehension, we used a source memory taskid task, participants were provided with
the title of the text and had to indicate by pnegshe appropriate key (number key 1 to 4) to
which text the paraphrase and inference items elbnThe number did not indicate the order in
which participants read the texts but was randambigned to each of the texts. As indicator of
the strength of source memory we measured the gropof correctly assigned paraphrases for
each text.

Reading times. Participants read the texts paragraph-by-paragrep self-paced
fashion on a computer screen (20-24 paragraphepi@gr For exploratory analyses, we recorded
the reading times for each paragraph. This meagasestandardized by dividing the raw reading
time by the number of syllables in the paragragte Standardized reading times per paragraph
were inspected for outliers. Reading times dewiatimore than two standard deviations from the
mean of the experimental condition (3.7% of alldiag times) were discarded (Ratcliff, 1993).
Finally, the mean outlier-corrected standardizexlireg time was computed for each text and
each participant.

Learner Characteristics

Prior beliefs. Participants’ prior beliefs about the two issdesussed in the



TEXT-BELIEF CONSISTENCY AND MULTIPLE TEXTS 17

experimental texts were assessed by asking thémde their agreement with ten statements
per issue (response categories ranging frototally disagreeto 6,totally agreg. Five
statements claimed that mankind is responsiblgltdral warming (e.g., “I believe that humans
are the cause of the global warming”) whereas andibe statements claimed that natural
phenomena are the causes of global warming (é.gefieve that the climate on earth has
always changed from time to time as long as théhédes existed”). Likewise, five statements
claimed that vaccinations are necessary and bégldfcg., “I think that vaccinations are the
most important and most effective method agairfstiious diseasestyhereas another five
statements represented the position that vaccimatice unnecessary and harmful (e.g., “l am
against vaccinations because they might overstngimnmune system”). The internal
consistency of the scales (Cronbaef)'svere .79 (global warming) and .90 (vaccination).

Prior knowledge. Prior knowledge concerning the two issues wassorea by multiple
choice tests (one correct answer, two distractbeg)referred to knowledge about basic concepts
and technical terms mentioned (but not explainedhé texts (e.g., “Why is it necessary to
renew vaccinations?”; “Where is the ozonospherattxt?”). The scales consisted of nine
(global warming) and seven items (vaccination}thia present sample, they reached rather poor
internal consistencies of .50 (global warming) a4zl (vaccination). The mean item difficulty
was .22 (global warming) and .19 (vaccination)jéating an overall low prior knowledge on
the issues discussed in the texts. Given the lavadMevel and the resulting low variance of
prior knowledge, the measure was not included éretiralyses.
Procedure

Learner characteristics were measured on a separedsion four weeks prior to the

experiment in order to minimize carry-over effedtsthe experiment proper, participants read
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either the four texts on global warming or the feaxts on vaccinations in a self-paced fashion.
The texts were presented paragraph by paragraptcomputer screen. Participants were
instructed to read the texts carefully. After tmegentation of each text, the corresponding test
items of the recognition task were presented onertgyin black letters (font type Arial, average
height 0.56 cm, bold) on a white background andhiimdom order. Participants were asked to
indicate whether or not the information expressethe test item was explicitly provided in the
text by pressing one of two response keys (markeengand red foyesandno, respectively).
After all four texts, source memory was assesséd e same set of paraphrase and inference
items. Participants gave their responses by prgssie of the four response keys. Finally,
participants received an argument generation tadlaaeading strategy questionnaire (data for
these tasks are not reported here). At the endecéxperiment, participants were thanked and
debriefed.
Design

The core experimental design was a 2 (text-bebekistency: consistent vs. inconsistent)
X 2 (order of presentation: block-by-block vs. ati&ing) design. The first variable was varied
within subjects and the latter was varied betwesdrests. In addition, the topic of the texts
(global warming vs. vaccination, varied betweenjsciis) and the text order (consistent-
inconsistent vs. inconsistent-consistent, varigthiwisubjects) were included as control factors.
Results

The hypotheses concerning effects of text-beliessiency and order of presentation
were tested with an ANOVA for designs with betweand within-subjects factors. The order of
belief-consistent vs. belief-inconsistent textg, tixt topic (global warming vs. vaccinations),

and the texts itself were included as control fecto the analysis. The between-subject factors
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were entered into the model as contrast-coded @redi(-1 vs. 1). All hypothesis tests were
tested based on type-I-error probability of .05s®#otive statistics and intercorrelations of all
variables are provided in Table 3. The means ofgbegnition scores, which were used to
compute the dependent variables, are providedlaeTa Text topic as well as the texts itself
were controlled for as independent variables inAN©VAs but did not exert any significant
effects that would alter the interpretation of hypsis-relevant effects. Hence, effects of these
variables are not reported here. Under the assampfia medium effect sizé £ .25 according
to Cohen, 1988) and medium correlations (5) between the levels of the independent
variables in the population, the design and samigke of the experiment yielded a poweif{1-

of .99 for detecting the focal interaction of téadlief consistency and order of presentation

(power was computed with the software G*Power 3l Hardfelder, Lang, & Buchner, 2007).

----INSERT TABLE 3 ABOUT HERE---

----INSERT TABLE 4 ABOUT HERE----

Manipulation Check of Text-Belief Consistency

Prior to investigating the effects of text-belensistency on situation model strength
and memory for text, we checked whether or notigpents’ initial beliefs conformed to the
text-belief consistency definition used in this exment. Paired sampteest revealed that for
participants reading texts about global warmingytstrongly agreed with the idea that mankind
is responsible for global warminlyl(= 4.85,SD = 0.91), but they tended to reject the idea that

natural phenomena are the causes of global warfMng2.64,SD= 0.77,t(78) = 13.32p <
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.001,d = 2.62). Both belief scores differed significarftlgm the theoretical midpoint (3.5) of the
response scale (mankind responsible for global weymt(78) = 13.14p < .001,d = 2.01;
natural phenomena cause global warmi(ig8) = -9.93p < .001,d = -1.58). Similarly, for the
vaccination issue, participants favored the pasiti@t vaccinations are necessary and beneficial
(M =3.81,SD= 1.18) and at the same time disagreed with tiséipo that vaccinations are
unnecessary and harmfifl = 2.64,SD= 1.10,t(78) = 4.89p < .001,d = 1.03). Again, both
belief scores differed significantly from the thetical midpoint of the response scale
(vaccinations are necessary and benefit(aB) = 2.33p < .05,d = 0.37; vaccinations are
unnecessary and harmfe(78) = -6.97p <.001,d =-1.01).
Effects of Text-Belief Consistency on Situation Model Strength

Hypothesis 1 predicted that the situation modetdats communicating belief-consistent
information should be stronger than the situati@det for texts communicating belief-
inconsistent information. An ANOVA on the signaltéletion measure of situation model
strength revealed a main effect of text-belief estescy,F(1, 71) = 11.3p < .Ol,np2 =.14.1In
line with Hypothesis 1, the situation model foribEtonsistent texts was strongét £ 2.29,
Sk, = 0.06) than the situation model for belief-inastent texts ¢ = 2.09,SE, = 0.06).
However, the main effect of text-belief consistem@s qualified by an interaction with the order
of presentationt-(1, 71) = 4.3p < .05,r]p2 = .06 (Figure 1). When the texts were presented
block-by-block, there was a strong advantage ftiebeonsistent textsM = 2.37,Sk, = 0.09)
over belief-inconsistent textd(= 2.05,Sky = 0.08),F(1, 71) = 13.5p < .OOl,r]p2 =.16. When
the text were presented in an alternating orderattvantage of belief-consistent tex¥s= 2.20,
Sk, = 0.08) over belief-inconsistent texitd € 2.13,Sk, = 0.07) was smaller and no longer

significant,F(1, 71) = .92p = .34. In sum, the order of presentation modertteceffects of
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text-belief consistency as predicted by Hypoth&sis

----INSERT FIGURE 1 ABOUT HERE----

Effects of Text-Belief Consistency on Memory for Text

Memory for text (propositional text base). Hypothesis 3 predicted that memory for
belief-inconsistent texts will be better than meynfar belief-consistent texts. In an ANOVA on
the signal-detection measure of text memory, theg a large main effect of text-belief
consistencyF(1, 71) = 13.4p < .OOl,np2 =.16. In line with Hypothesis 3, the memory for
belief-inconsistent texts was considerably strorflyer 2.41,Sk, = 0.05) than the memory for
belief-consistent texts\ = 2.22,Sk, = 0.05).

The interaction between text-belief consistency amir of presentation (block-by-block
vs. alternating) failed to reach significanE€], 71) < 1p = .68. Instead, there was an
interaction with whether the belief-consistentlor belief-inconsistent text was presented first,
F(1,71)=7.8p< .Ol,np2 = .10 (Figure 2). This interaction was due toftet that the memory
advantage of belief-inconsistent texts over balmfsistent texts was particularly pronounced
when belief-inconsistent texts were presented (ivst 2.55,Sky = 0.07 vsM = 2.22 Sk =

0.07),F(1, 71) = 21.9p < .001.

----INSERT FIGURE 2 ABOUT HERE----

Source memory. In an ANOVA with source memory (proportion of cartly assigned

paraphrase items) as dependent variable, thera Vaage main effect for text-belief consistency,
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F(1,71) =30.0p< .001,r]p2 = .30. As predicted by Hypothesis 4, the sourcenorg for belief-
inconsistent texta = .65,Sk, = 0.02) was stronger than the source memory kis t&ith
belief-consistent informatiorM = .51,Sk, = 0.02). There was no interaction of text-belief
consistency and presentation ord€d,, 71) = 0.1p = .75.
Exploratory Analyses of Reading Times

In order to explore how effects of text-belief cistsncy covaried with the amount of
cognitive effort in reading belief-consistent areliéf-inconsistent texts, we took a closer look at
the relationships of the differences in the readimgs for belief-consistent vs. belief-
inconsistent texts with the magnitude of the betefisistency effect in the individual
participants' memory scores. Separate correlati@ne computed for block-by-block and
alternating presentation.

Situation model strength. The magnitude of the text-belief consistency dfiec
reflected in the difference score of the situatimodel strengths for the belief-consistent vs.
belief-inconsistent textblief-consistent belief-inconsistent Under the block-by-block
presentation, the difference in situation modedrggth was correlated negatively with the
reading time difference between belief-consistawl lzelief-inconsistent texts € -.33,p < .05,
two-tailed). In contrast, under the alternatingspreation, there was no significant relationship
between the difference in situation model stremgtth the reading time difference< .18,p =
.24, two-tailed). In sum, the text-belief consistgeffect became stronger the less time
participants devoted to processing the belief-istsient compared to the belief consistent texts,
but this relationship occurred only under the blbgkblock presentation of belief-consistent and
belief-inconsistent texts.

Memory for text (propositional text base). The reverse text-belief consistency effect
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(i.e., the stronger memory for belief-inconsistExts) is reflected in a (negative) difference
score of the memory for the belief-consistent aglieBinconsistent texts. Under the block-by-
block presentation, the difference in memory fott teas correlated positively with the reading
time difference between belief-consistent and batieonsistent textsr(= .34,p < .05, two-
tailed). In contrast, under the alternating prestm, there was again no significant relationship
between the difference in memory for text and #aing time difference € -.05,p = .24, two-
tailed). Thus, similar to the text-belief consistgmffect for the situation model, the reverse-text
belief consistency effect became stronger thetless participants devoted to processing the
belief-inconsistent compared to the belief consistexts, but this relationship occurred only
under the block-by-block presentation of belief-sistent and belief-inconsistent texts.

Overall, this pattern of results fits well with eéh@ma-theoretic interpretation in which
prolonged reading times for belief-inconsistentserdicate difficulties in the comprehension and
integration of the information conveyed by theségeBoth the text-belief consistency effect for
situation model strength and the reverse text-betiasistency effect were associated with longer
reading times for belief-inconsistent comparedeabdb-consistent texts. In other words, the more
time participants devoted to reading the beliefststent compared to the belief-inconsistent texts,
the more likely it was that they achieved a baldmsituation model and memory for texts.
However, it is important to note that an alterngmesentation leveled out these relationships.

Discussion

! Moderated regression analyses (Cohen et al., 2808jled the same pattern of differential
effects. Importantly, these analyses revealed fsogmnit interactions of the reading time

difference with presentation order bettih the differences in situation model strengdh=(0.14,
SE=0.06,t(71) = 2.1p < .05,AR? = .05) and with the differences in memory for t&t -0.15,
SE=0.06,t(71) = -2.7,p < .01,AR? = .08) as dependent variables. Presentation aruéall

other independent variables varied between-subyeets entered as contrast-coded predictors in
the regression models.
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This study was conducted to investigate the roleamers’ initial beliefs on the situation
model strength and the memory for text (propos#lidext base) in the processing of multiple
science texts with conflicting information on twontroversial topics (causes of global warming
and risks vs. benefits of vaccinations). Resukgated that learners’ situation model of the
controversy was biased towards belief-consistests fgext-belief consistency effect) whereas
their memory for information explicitly mentioned the text was better for belief-inconsistent
texts (reverse text-belief consistency effect). ldoar, the situation model bias towards belief-
consistent texts disappeared when learners re&d-behsistent and belief-inconsistent texts in an
alternating manner. Exploratory analyses examittiegelationships of the memory data with
reading times revealed that both the text-beliefssiency effect for the situation model and the
reverse text-belief consistency effect for memdriegt disappeared when participants spent more
time reading the belief-consistent compared td#lef-inconsistent texts.

These findings are in line with the idea that teeayal stance a learner takes in a scientific
controversy operates like a schematic knowledgetire, possibly guiding encoding. According
to our results, the pattern of memory for beliefigigtent vs. belief-inconsistent texts bears a
striking resemblance to the results of earlier expents on recognition memory for typical
(schema-congruent) and atypical (schema-incongyirgotmation (e.g., Smith & Graesser,

1981). Compared to belief-inconsistent informatiofprmation from texts that argue for a
position consistent with learners’ beliefs is mldkely to be integrated into a situation model of
the text content. As one consequence, inferene¢sith based on learners’ prior beliefs but are
not part of the text are falsely recognized asrimttion coming from the text. The reading time
data for a block-by-block presentation of beliefisistent and belief-inconsistent texts indicate

that the better situation model for belief-consistexts is associated with less cognitive effort i
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reading these texts. Accordingly, the advantageetiéf-consistent texts in terms of situation
model strength disappears when participants hagpdnd more cognitive effort—as indicated by
longer reading times—to process these texts cordparkelief-inconsistent texts.

In contrast, recognition memory for informationrfrahe text itself (i.e., the text base
representation) was better for belief-inconsistamipared to belief-consistent texts. This reverse
text-belief consistency effect coheres well witegarch that demonstrated an enhanced memory
for schema-inconsistent information (Davidson, 1,9%9ith & Graesser, 1981). According to
schema-theoretic explanations (the schema/scriptgyeplus-tag hypothesis, Graesser, 1981;
Schank & Abelson, 1977), recognition memory foresoh-inconsistent information is better than
that for schema-consistent information becausemnmftion that cannot be integrated into the
schema is stored separately from the schema aatvesa privileged representation in memory.
Similar to the text-belief consistency effect fbetsituation model data, the reverse text-belief
consistency effect was associated with longer rgptiines for belief-inconsistent compared to
belief-consistent texts, suggesting that the taggginschema-inconsistent information requires
cognitive effort. Thus, belief-inconsistent infortiea is by no means ignored. It is less likely to
have an influence on the situation model of thergdic controversy, but seems to be more likely
to be included in the text base representation.

A bias towards belief-consistent information, samito the one reported here for situation
model strength, was found by Wiley (2005) who irtiggged how well participants can recall
controversial arguments presented in a single bexXter study, high-knowledge learners were
able to recall conflicting arguments on both sidethe issue whereas low-knowledge learners
recalled more arguments in line with their own éfksli According to these results, prior

knowledge seems to moderate the effect of texebetinsistency. In the present experiment,
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participants’ level of prior knowledge was low oaki(despite the fact that participants had strong
beliefs), suggesting that most learners had prablgaborating on belief-inconsistent information
in order to form an integrated model of the conérsial issue. However, future studies should
explore this issue further by comparing low-knovge@nd high-knowledge learners. Presumably,
the text-belief consistency effect found in theserg experiment would be weaker or even
disappear for learners with high prior knowledge.

Presenting belief-consistent and belief-inconsistiexts in an alternating order enabled
learners to construct a situation model for théelb@hconsistent texts that was on par with that fo
the belief-consistent texts. Notably, the asscmmlietween prolonged reading times and the text-
belief consistency effect, which we found for adidy-block presentation of belief-consistent
and belief-inconsistent texts, disappeared undaitamating presentation of these texts. The
moderating role of a block-by-block vs. alternatprgsentation of conflicting arguments is in line
with previous research on the memory for contraaéesguments (Wiley, 2005). One possible
mechanism behind this effect is that an alterngbiregentation of belief-inconsistent texts leads to
a weaker memory strength of the belief-consistesttipn than the block-by-block presentation.
This, in turn, increases the activation availablepgrocessing the information from belief-
inconsistent texts, leading to a more balancedessmtation.

The moderating effects of the block-by-block vs$eialating presentation did not occur for
the memory for text. One interpretation of thigdfimg is that the knowledge-based processes that
might have been facilitated by the alternation @néstion were relevant for the situation model
representation but not as much for memory for tdrivever, the reverse text-belief consistency
effect on memory for text was especially marked lifelief-inconsistent text was presented first.

This pattern of effects might be due to the faat thformation provided by the belief-inconsistent
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texts was perceived as novel and surprising whesast presented at the beginning of the
experiment.

In the present study, a specific method was usedsgessing comprehension outcomes
(i.e., a variant of the recognition method propolsg&chmalhofer and Glavanov, 1986). One
particular asset of this method is that it allow8reating the strength of the propositional text
base and the situation model with one single taska result, hypotheses concerning both levels
of representation can be tested in a methodoldgisalngent way because differences in the
results for measures of the situation model andsorea of memory for text cannot be attributed
to methodological factors. However, it must be ddtet the recognition method assesses
situation model strength only indirectly througkstapositive responses to inference items. Thus,
despite its advantages, this method is likely tesnaiertain aspects of situation model strength that
may be captured by some of the numerous other vasich have been proposed to assess
comprehension on the situation model level (fomeple, inference questions, recall tasks, essay
tasks, or sorting tasks; McNamara et al., 1996gWiP005). In particular, the recognition method
is not suitable to assess the integration of infdiom across texts (at least not with the teststem
used in this study), which is one of the major Emges of multiple text comprehension (Perfetti
et al., 1999).

The present experiment concentrated on a thoraugdsiigation of how text-belief
consistency affects the construction of situatiadets for individual texts. The strength of the
individual situation models are likely to be a mrajeterminant of the contribution of each text to
the documents model (in particular, its situaticc@hponents; Perfetti et al., 1999) which learners
construct in comprehending texts on controversigrgific issues. However, future research

should investigate effects of text-belief consisiean the integration of information across texts
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more directly. For this purpose, tasks that requiferences across different texts (belief-
consistent and belief-inconsistent) seem to be sugleéd (such as the intertextual inference
verification task proposed by Stremsg, Braten, & B2010).

A second and more general limitation of the presardy is that it offers no direct insight
into the cognitive processes involved in the corhpnsion and retrieval of conflicting
information from multiple science-related textstlia than investigating the moment-by-moment
processes involved in situation model constructind updating, this study conceptualized and
assessed readers' situation model as a memorjuséticat is the cumulative outcome of
numerous cognitive processes taking place duriading. It is conceivable that additional
mechanisms apart from the schema-driven encodidgedrieval processes contribute to the text-
belief consistency effect in learning with multipéxts. For example, readers can use their prior
beliefs not only to interpret, enrich, and encduegresented text information but also to validate
incoming text information (i.e., assess its trutlplausibility; Isberner & Richter, 2013; Richter,
Schroeder, & Wohrmann, 2009; Singer, 2006). Intéix¢ comprehension literature, the role of
such validation processes has been investigatethply as one aspect of (metacognitive)
comprehension monitoring (cf. the standards ofrirdtleand external consistency proposed by
Baker, 1985, 1989). Previous research on the ffdleeccredibility of document sources and the
perceived plausibility of the information commurte@ by these sources suggests that these
variables might also mediate the impact of textdf@onsistency on comprehension (e.g., Braten,
Stramsg, & Salmeron, 2011; Maier & Richter, in gjes

In order to clarify the mechanisms underlying tegtief consistency effects, further
experiments should use on-line methods such agragking and think-aloud protocols to capture

the cognitive processes that underlie the compberof conflicting information from multiple
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texts (Hyona, Lorch & Rinck, 2003; Kaakinen & Hy$r2®05). Such experiments should also
vary text-belief consistency on a trial-by-trialsi|g with more fine-grained belief measures
directed at the level of individual arguments weasons rather than at learners’ global stances
toward an issue.

Despite the fact that the underlying cognitive gsses are still in need of clarification, the
results of the present study make clear that legrpgor beliefs can have a considerable impact
on the comprehension and memory of multiple tertsantroversial issues. The present study
goes beyond existing research in two ways. Firstas demonstrated that learning with multiple
texts on publicly debated scientific controversiaa be subject to a belief bias which is similar to
biases found in the processing of social infornraficevine & Murphy, 1943). Second, the belief
bias seems to depend on the memory task: Whendh®ony task taps into a learners' situation
model, there is an overall memory advantage fdebebnsistent texts. In contrast, when
information provided in the text simply needs toreeognized, belief-inconsistent texts show an
advantage. The possibility of these two counteealional types of belief biases should be kept in
mind when multiple texts are to be used in instamztl contexts to inform students about different

views on controversial scientific issues.
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Table 1:

Text Characteristics of the Eight Experimental $ext

Length Readabilit} Plausibility Understandability Number of Clarity of Interesting-
Scalé Scalé Arguments§ Stancé nes$
Text Topic Argumentative Stance M (SEy) M (Sky) M (Sky) M (SKy) M (SEy)
Global warming Belief-consistent 1 898 48 417 (.15) 4.29 (.13) 4.48 (.31) 4.79 (.31) 3.61(.23)
Belief-consistent 2 927 46 3.87 (.19) 4.01 (.15) 3.96 (.20) 4.65 (.31) 3.92 (.27)
Belief-inconsistent 1 894 47 3.28 (.19) 4.12 (.16) 3.50 (.22) 4.67 (.36) 4.25 (.23)
Belief-inconsistent 2 903 49 3.02 (.22) 3.96 (.23) 3.54 (.27) 3.50 (.40) 3.54 (.33)
Vaccination Belief-consistent 1 905 49 4.00 (.17) 4.42 (.15) 4.17 (.30) 5.19 (.26) 4.04 (.24)
Belief-consistent 2 854 49 4.40 (.18) 4.59 (.13) 3.55 (.23) 5.46 (.21) 4.23 (.19)
Belief-inconsistent 1 894 52 3.80 (.16) 4.20 (.13) 4.44 (.24) 5.52 (.22) 4.24 (.24)
Belief-inconsistent 2 921 50 4.09 (.17) 4.27 (.15) 3.85(.17) 4.86 (.22) 4.29 (.23)

aNumber of words per textDetermined with the German adaptation of the FlasBeading Ease Index (Amstad, 197Bsults of the pilot-testing with
ratings of 106 university students (response categjoanging from Onot at all, to 6 totally; the plausibility scale consists of five items (Qranh'sa = .83),

the understandability scale consists of nine ité@renbach'st = .80). Each entry represents the average judgnaenodss all participants).
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Table 2:

Summary of the Arguments Presented in the Eight Tex

Text Argument Number

Global warming

Belief-consistent 1 The IPC@stimates the Greenhouse gases wreck the Human behaviors increase the Cirrus clouds created by
percentage of human natural thermic climate amount of greenhouse gases. aviation lead to local and
influences on the global balance. global warming.

warming at over 90 percent.

Belief-consistent 2 Carbon dioxide is not the The natural carbon dioxide Brightness of the sun and Simulations only fit actual
effect of global warming but  cycle is destroyed. temperature on the earth climate change when man-
its cause. develop asynchronously. made causes are included.
Belief-inconsistent 1  The climate has been changirghort-term fluctuations of Cyclical changes in sun There is an interplay of sun
as long as the earth has existedlimate are meaningless. activity are the main cause of activity and water temperature.

climate change.

Belief-inconsistent 2  The Hockey Stick curve There are methodological There is a one-sided coverage Global warming satisfies the
(global climate reconstruction) errors in the NOAA study. of global warming in science need for recognition of some
is inaccurate. journals. researchers.

Vaccination



TEXT-BELIEF CONSISTENCY AND MULTIPLE TEXTS 37

Belief-consistent 1 No relationship between Permanent improvement of  Advantages of polyvalent Dangers for unvaccinated
autism and vaccinations. vaccines. vaccines. children.

Belief-consistent 2 Failed extermination of Increased amount of outbreaksPrevention of epidemic Protection of un-inoculable
infectious diseases. of infectious epidemics. outbreaks with a high individual through herd

vaccination rate. immunity.

Belief-inconsistent 1 Interference of vaccinations  Differences between Dangers in the production of Noxious consequences of

with the immune system. vaccinations and natural vaccines. combined vaccines.
infections.

Belief-inconsistent 2  Effects of vaccines cannot beCooperation between Long-term consequences are Fading immunization from
examined in experimental field researchers and the unknown at the time of market vaccines.
studies. pharmaceutical industry. authorization.

Note The belief-consistent texts argued that humansexhglobal warming and that vaccinations are rhereeficial than risky; the belief-inconsistent text
argued that the global warming is based on naplr@homena and that vaccinations are more riskyltbagficial.

3ntergovernmental Panel on Climate Chariyational Oceanic and Atmospheric Administration.
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Means, Standard Deviations, and Intercorrelatiohgnadependent Variable (Varied Between-Subjectd)@pendent Variables

Measure M SD 1 2 3 4 5 6 7 8
1 Order of presentation (contrast-coded, -1 = block
009 100 1
by-block vs. 1 = alternating)
2 Situation model strength (belief-consistent texts 2.28  0.52 -.16 1
3 Situation model strength (belief-inconsistentdgx 2.10 0.50 .08 A45% 1
4 Memory for text (belief-consistent texts) 222 4D. -.13 .52*  48* 1
5 Memory for text (belief-inconsistent texts) 2.410.49 -.09 45*  B7* .48* 1
6 Source memory (belief-consistent texts) 0.52 0.2211 26%  47* 27 A1 1
7 Source memory (belief-inconsistent texts) 0.65 210. .14 A7 .20 .28* -.05 .34* 1
8 Reading times (belief-consistent texts) 164 40 1 .1 -03 .26* .13 .05 A5 .02 1
9 Reading times (belief-inconsistent texts) 170 42 .13 .03 .28* .09 .09 .18 -.01 .85*

Note N = 79. Situation model strength: biased-correcteggrtion of yes-responses to inference items. Mgrfar text: biased-corrected proportion of yes-

responses to paraphrase items. Source memory:rimpof correctly assigned paraphrases. Readingdi= reading times per syllable in milliseconds

averaged over text paragraphs and corrected ftiemuby removing all paragraph reading times d@wjipmore than two standard deviations from the

condition mean.

* p <.05 (two-tailed).
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Table 4:
Mean Proportions of Yes-Responses in the Recogriiisk for Paraphrase, Inference, and Distractems and Mean Reading

Times per Syllable (with Standard Errors) by Expemntal Condition

Measure Paraphrases Inferences Distracters Reanias (ms)

Belief-consistent texts
Block-by-block presentation .74 (.02) 77 (.03) (anm) 158 (7)
Alternating presentation .72 (.02) .73 (.02) @aj. 168 (6)

Belief-inconsistent texts

Block-by-block presentation .80 (.02) .68 (.02) (a») 168 (6)
Alternating presentation .79 (.02) .71 (.02) (@Ry. 175 (6)
Total .76 (.01) .72 (.01) .03 (.00) 167 (4)

Note N = 79. Reading times = reading times per syllablmilliseconds averaged over text paragraphs andaed for outliers by

removing all paragraph reading times deviating ntlba® two standard deviations from the conditiomme
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2.8 1

2.7 1 Text-Belief

2.6 1 Consistency
m Consistent
O Inconsistent

Situation Model Strength

Block-by-block Alternating
Presentation Order

Figure 1 Strength of the situation model (signal-detectimeasure): Interaction of text-belief
consistency with order of presentation (block-bgeld vs. alternating). Error bars represent the

standard error of the mean.
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2.8 1
2.7 4
2.6 4
2.5 4
2.4 4
2.3
2.2 1
2.1 4
2.0 4
1.9 A

Text-Belief
Consistency

m Consistent
OlInconsistent

Memory for Text

Belief-consistent first Belief-inconsistent first
Text Order

Figure 2 Strength of the memory for text (signal-detectiogasure): Interaction of text-belief
consistency with text order (belief-consistenthalief-inconsistent text first). (Error bars

represent the standard error of the mean).
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Appendix
Text and Item Material for one Belief-consistenkilef the Topic Vaccination
Two belief-consistent and two belief-inconsistemnits about the question of whether or not
vaccinations are beneficial (belief-consistent stguror harmful (belief-inconsistent stance) were
used as experimental texts. One belief-consistami(translated into English) is presented below
as an example of the text material. Table Al costthe corresponding test items for the text.
The complete text and item material for both togieccination, climate change) is available

from the authors upon request.

The Nearly Forgotten Horrors of the Past Will Appear Again Without Vaccinations

Until the 19th century, physicians were powerlagaiast the widespread and
continuously reoccurring epidemic diseases. But Wit systematic development of numerous
vaccines, the prevention of various epidemic disg&s made possible.
Increasing Amount of I nfections

Thanks to high vaccination rates, numerous inbestidiseases have been eradicated and
the number of infected patients has been minimizlad decline is due to the fact that high
vaccination rates offer the possibility to firsinginate infectious diseases in one region and then
exterminate them throughout the whole world. Beeaxfsa high vaccination rate, the World
Health Organization (WHO) was able to claim in 198&t the world was free of smallpox.
Moreover, the goal of also eradicating poliomysltiiroughout the world is nearly
accomplished. Unfortunately, eliminating every epiic disease has not yet been possible. For
example, the goal to eliminate measles before 2285not met. This failure was due to the fact

that numerous parents refused to vaccinate thédreh. Most children receive the combined
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inoculation for Measles, Mumps and Rubella at e @ 13 months. However, the important
secondary vaccination one year later is often @ochittVithout this second vaccination, the
lifelong protection is not provided, as acknowled @y the Stéandige Impfkommission of the
Robert-Koch-Institut (STIKO). The STIKO providesidance on frequently asked questions
about both vaccinations and epidemic diseaseglditian, they offer recommendations for and
against important vaccinations in Germany basesc@ntific findings. The basis of their
decision-making is the epidemiological cost-benetito. Additional factors considered during
this process are effectiveness indices and infoamabout the side-effects and other risks of
vaccinations. In addition, the STIKO develops ci@e¢o distinguish between normal vaccination
reactions and atypical harmful reactions. Conseityyjeonly vaccinations clinically shown to be
medically compatible and harmless are recommended.
Devastating Consequences of Vaccine Fatigue

The behavior of individuals prevents the eradaradf diseases. As a result, the measles
vaccination rate in Germany is disastrous accortbrigrsel Lindibauer-Eisenach from the
professional association of pediatrics in Bava@iae reason for the vaccine fatigue is based on
the high efficiency of vaccinations. As a resuisedises that were once feared and widespread in
the past have lost their perception of dangerenpiiiblic eye. This phenomenon can explain why
local disease outbreaks and measles epidemics e®iand again. Numerous examples for
this perception can be found between 2005 and 20Bavaria, Baden-Wurttemberg, Hessen
and North Rhine-Westphalia. The infection rate aasind 6,000 patients per year.
Furthermore, the symptoms of infection cannot lgeiced to harmless childhood diseases with
red pustules. Instead, 15 percent of infected pitisuffer from typical complications such as an

inflammation of the middle ear. This disease cadeadness and pneumonia. And these
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complications are not even the worst outcomes. Muatse is that annually approximately 10
children die because of a generalized inflammaticthe brain induced by a measles infection.
These long-term consequences that were nearlyttergare reoccurring because of vaccine
fatigue, which in turn causes unnecessary suffamjthe death of many children.
Epidemics Can Be Prevented

Dr. Stephan Arenz from the Bavarian State OffiaeHealth verified that the measles
epidemics from 2005 until 2007 could have beengméad. To have avoided the epidemic, more
people should have been vaccinated. The lack eégiion normally offered by high vaccination
rates was strikingly demonstrated in Coburg whemeasles epidemic occurrélthe epidemic
occurred because only 77 percent of the Coburglptpn was vaccinated. In every other
aspect, this city is typical of many other regiom&ermany. The city did not differ in terms of
nutritional, educational, or health provisions. fidfere, these factors cannot be the cause of the
epidemic outbreak. The only objective differencenaen Coburg and the neighboring regions
was the vaccination rate. In the neighboring regi@® percent of the population was
vaccinated. This high vaccination rate kept thelemiic outburst from spreading. This incidence
demonstrates that epidemic diseases can easimtteticurope if the vaccination coverage were
to fade. Even if the standard of living increasedthie last century throughout Europe, epidemic
diseases are able to reoccur in the same magratutheey had centuries ago. Therefore, it is
desirable that as many people as possible becocomased.
Double Protection

Additionally, a high vaccination rate offers thenefit of double protection. First,
vaccinations provide direct protection against pid@mic infection. Second, herd immunity also

protects those who could not be vaccinated suahfasts or immune-compromised people, as
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emphasized by Prof. Battegay, chief physician efepartment of Infectiology at the
University of Basel. Herd immunity is defined ag throtection of the whole population through
the presence of vaccinated individuals. In an uavated population, the epidemic has a
snowball effect. However, with a large number afainated people, the chance of avoiding
widespread epidemic outbreaks is negligible. Thiggztion is possible because vaccinated
people do not excrete causative organisms, whigssence protects nonvaccinated people and
in turn prevents the distribution of epidemics.

In sum, inoculation serves not only to protectwulials but also to protect communities.
To avoid the nearly forgotten scares of the pashfreoccurring, it is critical that everybody,

including children, get vaccinated.



TEXT-BELIEF CONSISTENCY AND MULTIPLE TEXTS 46

Table Al

Test Items for the Above Presented Belief-Congi$xt for the Topic of Vaccinations

Itemtype Testitem Original sentencesfrom the text

for the paraphrase test items

Paraphraserifteen percent of patients experience Instead, 15 percent of infected
complications with measles, such as patients suffer from typical
inflammation of the middle ear. complications such as an

inflammation of the middle ear.
ParaphraseAs a result of strict controls, only compatibléConsequently, only vaccinations
and harmless vaccines are recommended. clinically shown to be medically
compatible and harmless are
recommended.
ParaphraseEpidemiological cost-benefit analyses are thihe basis of their decision-making is
basis for decisions for or against certain  the epidemiological cost-benefit
vaccines. ratio.
ParaphraseUrsel Lindlbauer-Eisenach, member of the As a result, the measles vaccination
professional association of pediatrician in rate in Germany is disastrous
Bavaria, confirmed that Germans are according to Ursel Lindlbauer-
insufficiently protected against measles.  Eisenach from the professional
association of pediatrics in Bavaria.
ParaphraseA low vaccination rate of 77 percent causedThe epidemic occurred because only
an outbreak of measles in the city of Coburd.7 percent of the Coburg population

was vaccinated.
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ParaphraseThe possibility of suffering any infection is Even if the standard of living
just as high as centuries ago, even though increased in the last century
living standards in Europe have increased throughout Europe, epidemic
steadily during the last centuries. diseases are able to reoccur in the

same magnitude as they had
centuries ago.

ParaphraseThe probability of preventing an epidemic However, with a large number of
increases with the number of immunized vaccinated people, the chance of
individuals in the population. avoiding widespread epidemic

outbreaks is negligible.

ParaphraseResearch results from Dr. Stephan Arenz Dr. Stephan Arenz from the
from the Bavarian State Office for Health Bavarian State Office for Health
showed that a prevention of the infectious verified that the measles epidemics
diseases from 2005 to 2007 would have bed&mm 2005 until 2007 could have
possible. been prevented.

Inference  Measles cannot yet be eradicated because
many parents have not had their children fully
immunized against measles, mumps, and
rubella.

Inference A decrease in the vaccination rate can be
explained by a reduced fear of infectious
diseases.

Inference A low vaccination rate is sufficient fuse
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Inference

Inference

Inference

Inference

Inference

Distracter

an epidemic outbreak.

Prof. Battegay stated that herd immusign
effective method to stop the distribution of
infectious diseases and to reduce the amount
of people that suffer from an infection.

If the proportion of vaccinated peopléhia
neighboring towns of Coburg had been lower,
the infection would have also spread there.

The World Health Organization aims to
diminish all types of infectious diseases from
the planet.

Many people are not aware of the serious

long-term consequences of infections like

measles; consequently, they view measles as a

harmless childhood disease.

People who choose not to be vaccinaséd ri
not only their own health but also contribute
to the spreading of viruses and thus
endangering the health of others.

In contrast to human vaccinations, most
vaccinations for animals are administered

under the skin.
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Distracter

Distracter

Distracter

Distracter

Distracter

Distracter

Distracter

In the case of a congenital immune
deficiency, the decision for or against a
vaccination with a live vaccine must be made
individually.

The causative organism of rabies igasvi
that can infect all mammals.

Wolf-Dieter Ludwig is chairman of the
pharmacological committee of the German
medical profession.

The swine influenza virus was provendbd
be the extensive pandemic that had been
predicted after the outbreak in South America.

The vaccination committee of the Robert-
Koch Institute in Germany approved two
vaccines that offer protection against the
human papilloma virus.

People who vaccinate themselves against
seasonal influenza have a higher risk of
becoming infected by the swine influenza
virus.

Vaccinations with live vaccines, such as
yellow fever or hepatitis A, can be

administered simultaneously; otherwise, a
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minimum period of four weeks must be

followed.




