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Abstract: Readers tend to allocate more cognitive resources to processing belief-consistent than belief-
inconsistent information when reading multiple texts displaying discrepant views. This phenomenon,
known as the text-belief consistency effect, results in individuals being more prone to making biased
decisions and falling victim to manipulation and misinformation. This issue is gaining relevance
due to the undeniably vast amount of information surrounding us. Hence, schools must ensure that
students complete their education prepared to face this challenge. However, international surveys
and research indicate a generalized literacy deficiency among students. In the present study, recent
upper secondary graduates read four texts discussing a controversial topic to explore whether they
effectively overcome the text-belief consistency effect or not. Eye tracking was used to explore
immediate (or passive) and delayed (or strategic) text processing, and an essay task was used to
measure their resulting mental representation of the text content. Results revealed no significant
differences in immediate and delayed processing depending on whether the arguments were belief-
consistent or belief-inconsistent. Moreover, essays displayed a balanced and unbiased approach
to the debate. Despite these results suggesting this population may be capable of overcoming the
text-belief consistency effect, limitations in the study and alternative explanations must be explored
before drawing definite conclusions.

Keywords: reading comprehension; cognitive processes; controversies; beliefs; argumentation; eye
tracking; high school; university

1. Introduction

The development and growth of the World Wide Web has created an easy and fast
way to access a vast amount of information beyond measure on any potential topic of
interest. To satisfy individual needs and to learn and make informed decisions on everyday
life matters (e.g., global warming, vaccination, ongoing wars), people need to understand
information across diverse sources. Furthermore, students at schools or universities are
required to complete tasks involving the navigation of several texts and the integration of
relevant ideas. Consequently, reading multiple documents, sometimes contradictory, has
become an everyday activity for both informal and formal learning contexts [1].

Making an effective use of multiple sources of information is a challenge that requires
advanced reading literacy skills that go beyond mere word decoding and passage com-
prehension [2]. Since being able to master these skills is essential for higher education
and adult life, educational systems must ensure that students acquire them before leaving
school. However, international sample surveys reflect that there is significant potential
for improvement in many countries, including Spain. For instance, the Programme for
International Student Assessment (PISA), promoted by the Organisation for Economic
Co-operation and Development (OECD), evaluates the proficiency of students in reading,
mathematics and science as they near the end of their basic compulsory education at around
15 years old. The results of the survey conducted in 2022 indicate that reading proficiency in
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Spain does not significantly differ from the OECD and European Union means [3]. Despite
this, the score obtained is among the lowest since the first PISA report in 2000. Another
OECD assessment survey is the Programme for the International Assessment of Adult
Competencies (PIAAC). This survey evaluates literacy, numeracy, and problem-solving
skills among adults of different socio-demographic characteristics. In this case, according
to the outcomes of the last assessment in which Spain participated, conducted from 2011 to
2012, recent upper secondary graduates (16–19 years old) in Spain scored a bit below the
OECD mean [4].

Therefore, the results from both surveys highlight the necessity of investing efforts
to deepen the understanding of the complex processes involved in reading and address
the most common challenges faced by individuals. One of these difficulties arises when
encountering multiple documents that present inconsistent or conflicting information, as
the reader must be aware of the conflict and manage it [5]. In these circumstances, there is
the potential risk that the readers’ prior beliefs take a main role in guiding the processing
of the information, in such a way that the processing results in a one-sided and biased
mental representation of the dispute [6]. Specifically, belief-consistent information holds an
advantage in processing compared to belief-inconsistent information. This phenomenon
is called the text-belief consistency effect (e.g., [7–9]) and has been specifically explored
among university students (for a systematic review, ref. [10]) and adolescents (e.g., [11]).
Overcoming this effect results in the construction of an integrated and balanced mental
model, that is, a mental representation reflecting both the overlapping and divergent
information found across the texts, as well as the alternative positions presented in the
debate [12].

However, research on the text-belief consistency effect, as well as PISA and PIAAC
assessment surveys, primarily utilizes performance data to measure reading literacy, which
constitute a non-immediate (offline) type of information. In recent years, eye tracking
has emerged as a significant tool in the field of educational science [13]. Eye tracking is a
technique that offers real-time (online), nonintrusive, and objective data on information
processing during reading. This methodology can supply details at a microscopic level,
providing information about how individuals allocate their visual attention and the strate-
gies they employ while reading, even during unconscious processes [14]. Therefore, eye
tracking can provide unique insights that can be triangulated with other types of infor-
mation, such as performance data or verbal data, e.g., through think-aloud protocols, or
interviews [15]. Despite its numerous advantages, there is limited research using eye track-
ing to study comprehension of multiple documents, in specific, the text-belief consistency
effect (e.g., [16,17]).

The present study addresses this gap of knowledge. Through an empirical study using
eye tracking and an essay task, it is expected to shed light on how students who have just
completed upper secondary education manage information from contradictory sources.
Results will contribute to constructing a more detailed diagnosis of the skills of this specific
population. In turn, the eventual clarification of this matter will encourage teachers, educa-
tional guidance counselors, researchers, policymakers, and other educational stakeholders
to identify effective practices for shaping the appropriate cognitive processes when reading
contradictory multiple texts. Furthermore, the data collected in the present study will
elucidate the utility of eye tracking methodology for researching the comprehension of
multiple conflicting documents.

1.1. Comprehension of Multiple Texts: A Complex Endeavor

The conventional conception of reading encompasses two main concepts: firstly, de-
coding written words, sentences, or texts, and secondly, comprehending the meaning of
the written text. This aligns with what is known as the simple view of reading [18], primarily
due to the exclusion of various other skills and factors that also contribute to the reading
experience. Despite its limitations, the simple view of reading acknowledges the funda-
mental role of its components in every reading process and has served as a foundation for
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the development of new research and enriched models and theories, especially encouraged
by the introduction of digital technologies in reading [2,19,20].

A comprehensive compilation of the latest empirical and theoretical contributions is
represented in the recently revised framework for assessing reading literacy elaborated
by PISA 2018 [21]. PISA 2018 states that, to function in our actual knowledge-based
society, it is not enough to memorize and accumulate information from independent
texts. Instead, it becomes essential to master reading skills such as finding, selecting,
interpreting, integrating, and evaluating information from multiple texts. Individuals
are expected to engage in these processes in order to achieve their goals, which will vary
throughout their lives, including academic or work-related purposes, personal aspirations,
and desires to participate in the political, economic, or cultural life of today’s society.
Based on this statement, PISA 2018 proposes a reading framework of processes consisting
of two main components and their corresponding subcomponents [21]: text processing
(which includes reading fluently, locating information, understanding, and evaluating
and reflecting) and task management (involving setting goals and plans and monitoring
or regulating). Some components of this framework will be now reviewed, particularly
the higher-order processes, and additional theoretical contributions will be incorporated
when appropriate.

With respect to the process of understanding (also called comprehending), PISA 2018
presents Kintsch’s idea of a situation model [22]. A situation model is a mental representation
of the meaning of the text resulting from the generation of inferences. These inferences
involve the connection of different parts of the text (bridging inferences) or the connection of
the text with the reader’s prior knowledge (elaborative inferences), in order to create spatial,
temporal, causal, or other kinds of associations [22–24]. However, Kintsch’s situation model
does not consider how readers construct meaning from more than one text. In this context,
the documents model is proposed [6,25,26]. The documents model requires the construction
of two structures, an integrated model and an intertext model. When readers encounter
multiple texts, a situation model is created for each of them. These models are then linked
together to construct an integrated model. The more similar the content of the texts is, the
more merged the situation models become within the integrated model.

The integrated model is then complemented by the intertext model, which represents
the source of each text (e.g., author, context, type of document, communicative intentions),
the associations between the sources and the content (e.g., author A asserts X), and the
connections between the different sources (e.g., author A agrees or disagrees with author B).
This last component is key to understanding how coherence can be achieved in a reader’s
mental representation despite documents presenting inconsistent perspectives. Although
contradictions across texts prevent individuals from merging documents’ content into a sin-
gle unified mental model, incorporating source information into the mental representation
offers a solution to this coherence issue. However, building a documents model may not
be enough, as the conflict between the sources is not being solved. That is why, to achieve
further coherence, readers should evaluate the validity of the claims and the credibility of
the sources [5,10].

Finally, in relation to task management, a framework that considers the role of goals
in text processing is the reading as problem solving (RESOLV) model [2,19]. The RESOLV
model proposes two distinct constructs involved in reading: a context model and a task
model [2]. Firstly, readers construct a context model, that is, a mental representation including
the individual’s interpretation of any element from the physical and social context that they
can access and consider relevant. The potential contextual features regarded by the reader
include characteristics of the request, the requester, the audience, support and obstacles,
and the self. With respect to the self dimension, it includes the reader’s perception about
themselves as readers, e.g., their prior knowledge or beliefs about the matter approached
by the texts. Based on the context model, the reader constructs the task model, a mental
representation of the goal to be fulfilled, that is, the subjective interpretation of the outcome
that should be achieved and the means available to reach it. In turn, this task model drives
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readers’ choices and strategies concerning what and how to read. For example, depending
on the goal, individuals may decide to read a specific source, text, or passage and skim or
skip the rest. Additionally, readers may opt for deeper information processing, including
generating bridging or elaborative inferences, integrating ideas coming from different
texts, representing the source information, or evaluating the validity of the claims—or,
conversely, they may engage in more superficial processes. The task model is updated as
the individuals progress in their reading and assess whether they have already achieved
a satisfactory reading outcome or not. This assessment and updating reflect the readers’
monitoring (or regulating, metacognitive) processes.

Considering that, according to the RESOLV model [2,19], prior beliefs can influence the
reader’s task model and the evaluation of the reading outcome, it should not be unexpected
that, when reading controversial matters, the prior position on the debate influences the
reader’s management of the conflict to some extent. The Sections 1.2 and 1.3 will explore
how prior beliefs affect comprehension of contradictory documents and will discuss the
measures that have allowed the observation of this phenomenon.

1.2. The Role of Readers’ Prior Beliefs: The Text-Belief Consistency Effect

When reading conflicting texts, there is the risk that the reader’s prior beliefs in-
fluence information processing. Specifically, readers may tend to favor belief-consistent
information by allocating more cognitive resources to its processing while disregarding
belief-inconsistent information. This phenomenon has been named the text-belief consis-
tency effect (e.g., [7,9]) and can be considered a variant of the confirmation bias [27] or
selective exposure effect [28]. To contextualize this effect within a more comprehensive
model of how readers evaluate the validity of information and its effects on comprehension,
Richter and Maier propose the two-step model of validation [10].

In this model, the authors suggest that readers engage in one or two steps of validation
when processing conflicting information. While reading, individuals may encounter textual
elements (e.g., words, sentences) that implicitly retrieve and activate information from their
long-term memory into their working memory, such as their prior beliefs. Once these beliefs
have been triggered, they serve as a heuristic to validate textual input, which means that
individuals conduct an involuntary check of the plausibility of the text information based on
these beliefs. The information that is not considered plausible is that which is inconsistent
with their prior beliefs, implying that this information is less likely to be integrated into
the situation model readers are constructing as they read. Consequently, readers create a
one-sided representation of the debate. This process of validation corresponds to the first
step, routine validation, which occurs in an unconscious and passive manner, while the bias
towards belief-consistent information is precisely the text-belief consistency effect.

After engaging in routine validation, there is the possibility that readers perceive a
lack of coherence in their mental representation due to the detection of great inconsistencies
between their beliefs and the text content. If readers are not satisfied with this reading
outcome, they may proceed to strategic validation (second step), consisting in the elaboration
of the belief-inconsistent information in order to resolve the conflict. Therefore, this second
step reflects that if readers can engage in metacognitive control mechanisms, they may
become aware of their biases, prompting them to seek out additional information. Fur-
thermore, these two steps align well with the dual-process theory of reasoning (e.g., [29]),
which posits that individuals often rely on intuitive, automatic responses before engaging
in more deliberate, analytical thought.

Moreover, regarding strategic validation, the authors suggest that, as this deeper
processing of the belief-inconsistent information is a demanding task, it occurs only when
readers’ goals require it, which may be related to how cognitively capable and motivated
they feel or to the instructions given by an external source, among other factors. Therefore, if
the conditions are unfavorable, readers will remain engaged in routine validation. However,
strategic validation offers great benefits for comprehension and memory, resulting in
a balanced and coherent mental model. This notion can be related to cognitive load
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theory [30]. According to this model, when individuals need to complete a task, there
are two kinds of cognitive load to consider: intrinsic cognitive load, associated with the
processing and learning of information, and extraneous cognitive load, associated with
the instructional methods employed. To manage both types of cognitive load, working
memory resources are required, which are limited. Therefore, when conditions reduce the
working memory capacity (e.g., low motivation, tiredness) or when extraneous cognitive
load is high (e.g., ambiguous instructions), fewer resources remain available for processing
and learning the texts. In these cases, individuals may prefer to maintain simpler strategies
(i.e., routine validation) and avoid engaging in deeper processing (i.e., strategic validation).

Ample research findings provide evidence for the existence of the text-belief con-
sistency effect and the two steps of validation (for a systematic review, ref. [10]). For
instance, Stadtler et al. studied the impact of different task instructions on the quality of
the essays written by university students after reading texts about a controversial topic [1].
Specifically, the authors compared asking students to write an argument, a summary, or
a list of keywords. The results revealed that only the participants in the argument con-
dition included a two-sided approach to the dispute in the essay. This could mean that
this type of instruction contributes to the creation of a reading goal promoting strategic
validation of the belief-inconsistent information, while the other two instructions keep
readers engaged in routine validation. Other studies have directly assessed prior beliefs
before the reading episode. In these investigations, it has been found that both secondary
school and university students, in normal circumstances, elaborate biased essays favoring
belief-consistent information [31–34], demonstrate enhanced memory for belief-consistent
information in a recognition task [7,9,11,35], and spend more time reading belief-consistent
texts, as indicated by a think-aloud protocol [36].

These results can be further supported with evidence gathered through research that
employs eye tracking methodology. For example, it has been found that when readers first
encounter inconsistent information their reading times increase, even when they are not
given the instruction to assess the consistency of the information (e.g., [37–39]). This finding
may signal that a process of monitoring is occurring during initial reading, which would
correspond to routine validation. However, this boost in reading times does not indicate
that readers are actively trying to understand inconsistent information, but rather suggests
a mere disruption in comprehension. Thus, Richter and Maier propose that, despite this
disruption, readers will continue through the text without attempting to resolve the conflict,
as predicted for routine validation [10]. Furthermore, other eye tracking studies have found
an association between revisiting previously read belief-inconsistent sentences and the
action of seeking information to resolve the conflict (e.g., [40]), a process that corresponds
to strategic validation.

Despite eye tracking being a great methodology for accessing readers’ online cognitive
processes, there are not many studies conducted with the aim of confirming the existence
of the text-belief consistency effect. In the Section 1.3, an overview of eye tracking method-
ology will be presented, with an emphasis on the links found between cognitive processes
and gaze measures, particularly when reading multiple contradictory documents.

1.3. Associations Between Gaze Data and Cognitive Processes When Reading Multiple Texts

Over the past four decades, researchers in the field of educational science have exten-
sively employed eye tracking measures to understand the processes underlying reading
comprehension [41]. That is because eye tracking technology offers several benefits over
other types of instruments. Unlike offline techniques (e.g., questionnaires, essays, or
interviews), eye trackers can gather direct and objective data reflecting even the most
unconscious and automatic cognitive processes during reading [42]. Certainly, the func-
tionality of eye tracking technology lies in the assumption that there is a correspondence
between the eye movements captured by the device and the underlying cognitive processes.
This assumption is commonly known as the eye mind hypothesis [43,44]. Specifically, eye
movements can be associated with changes of visual attention [43], depth of information
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processing [14], or difficulty in processing [45]. Eye tracking technology provides two
main types of measurements: fixations and saccades. Fixations correspond to the brief
pauses of the eye on a specific location, while saccades are the rapid movements of the eye
from one fixation point to another. Both fixations and saccades can be reflected through
different specific measurements. Lai et al. classify these measurements into three categories:
temporal, spatial, and count [46]. Firstly, the temporal category refers to the duration of an
eye movement measurement (e.g., total fixation duration, that is, the sum of the duration
of all fixations on a specific area). Secondly, the spatial category alludes to the locations,
directions, distances, or sequences of fixations and saccades (e.g., fixation sequence). Finally,
the count category encompasses measurements indicating the frequency of eye movements
(e.g., total fixation count, that is, the number of fixations on a specific area).

The majority of eye tracking studies in reading comprehension have focused on
isolated words or sentences; however, these do not represent real-world reading tasks [47].
Over the past 20 years, there have been various efforts to broaden the use of eye tracking to
investigate reading within more complex contexts, such as reading multiple documents of
a certain length, particularly texts presenting discrepant perspectives [41]. In these studies,
cognitive scientists typically differentiate between early (or initial) and late (or delayed)
text-processing measures [14,48–50]. Early measures include measurements such as first
fixation duration, which refers to the duration of the first fixation on a specific area (with
“area” interpreted as a sentence in this context), first-pass reading duration, which is the total
duration of all fixations on a sentence during the first pass (i.e., the first encounter of the
reader with the sentence before moving on to the next one), and first-pass re-reading duration,
which represents the total duration of those fixations going back to reinspect parts of a
sentence that the reader has not yet finished reading entirely. In sum, these measures signal
the readers’ behavior during the first time they encounter a specific area (i.e., a sentence).
However, readers’ gaze sometimes regresses or returns to a part of the text they have
previously read. This process is represented by measures such as lookback reading duration,
which is the total duration of all fixations on a sentence after the first pass, and lookback
count, which refers to the number of fixations on a sentence after the first pass. These
measures indicate delayed stages of text processing and suggest an interruption to the
typical reading flow, such as encountering an unfamiliar word, having difficulty in grasping
the meaning of a passage, or even struggling to create a coherent mental representation of
the text content.

Most of the studies employing multiple contradictory documents have focused on
analyzing eye movements in relation to source information (e.g., [51–53]), the whole text
(e.g., [52]), different sections of the text (e.g., [54]), or comparing conflicting and noncon-
flicting passages (e.g., [55]). However, there are only a few studies that have employed
eye tracking methodology to investigate the text-belief consistency effect. To the best
of our knowledge, the only two studies that have done so are those by Maier et al. [16]
and Abendroth and Richter [17], both of which included university students in their
sample of participants. Maier et al. [16] identified an increase in participants’ first-pass
re-reading times for belief-inconsistent information, aligning with the common increase in
reading times found during routine validation signaling a disruption in comprehension
(e.g., [37–39]). Furthermore, these slow-downs were more pronounced for those partici-
pants with stronger prior beliefs, supporting Voss et al.’s findings [56]. The authors also
found a higher lookback count for belief-inconsistent information when presenting the
texts in an alternating manner (e.g., first reading a belief-consistent document, followed
by a belief-inconsistent document before reading again a belief-consistent text), in contrast
to when texts were presented in a blocked manner (i.e., individuals read documents of
the same belief type successively). Based on Rinck et al.’s [40] conclusion that revisits to
belief-inconsistent information are associated with attempts to solve the conflict, these
findings may suggest that an alternating mode of presentation contributes to a height-
ened awareness of inconsistencies in the reader’s mental representation. This heightened
awareness, in turn, may promote the creation of a reading goal that encourages strategic
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validation of belief-inconsistent sentences [7,9]. The authors also investigated the text-belief
consistency effect using performance data, specifically, an essay. Aligning with previous
findings, participants generally wrote more belief-consistent arguments in their products,
although this effect was reduced if texts were presented alternately.

Regarding the second mentioned study, Abendroth and Richter [17] found very sim-
ilar results. Firstly, they also observed an increase in reading times when reading belief-
inconsistent information. However, the eye tracking measurement used in this case was
first-pass reading times instead of first-pass re-reading times. Secondly, the authors found
a longer lookback reading duration for belief-consistent information when the instruction
suggested participants take a belief-consistent viewpoint, whereas similar lookback times
were noted for both types of information when the instruction suggested that they take a
belief-inconsistent viewpoint. These observations could indicate that the belief-consistent
viewpoint, as it is in line with the readers’ predisposition to favor this type of information,
results in a deeper processing of belief-consistent ideas. In contrast, when readers are as-
signed a belief-inconsistent viewpoint, instead of only favoring this type of information, they
deeply process both. Therefore, these outcomes also align with the two-step model of valida-
tion [10]. Furthermore, as in the prior study, a performance task was also introduced, in this
case, a recognition task. Coherently with the aforementioned results, there was enhanced
memory for belief-consistent information within the belief-consistent reading perspective,
while memory remained balanced within the belief-inconsistent reading perspective.

1.4. The Current Study: Objectives, Research Questions, and Hypotheses

The goal of the present research is to explore the extent to which recent upper sec-
ondary graduates’ prior beliefs on a controversial topic are related to their reading behavior
(eye gaze data) and their positioning in a written essay. In other words, the so-called
text-belief consistency effect is examined. Although this specific population should be
prepared for higher education and adult life, data from international surveys indicate
a deficiency in their literacy competence [3,4]. Nowadays, mastery of multiple text in-
tegration, particularly if the texts are contradictory, is essential due to the vast amount
of available information [57]. Thus, as commented, acquiring more details about these
students’ patterns of reading would help in making a complete diagnosis of their abilities
and would encourage educational stakeholders to devise solutions and implement them.
As previously mentioned, prior studies have observed that beliefs affect both the processing
and performance of secondary school and university students when reading multiple con-
tradictory documents. In particular, belief-consistent information has been shown to have
an advantage over belief-inconsistent information (see Richter and Maier’s review [10]).
Different instruments have revealed this pattern, including performance-based tools such
as essays [16,31–34] and recognition tasks [7,9,11,17,35], as well as process-based tools like
think-aloud protocols [36] and eye tracking technology [16,17]. Employing both types of
instruments at the same time can offer a comprehensive understanding of readers’ manage-
ment of this challenging task. That is why the following research questions are formulated
for the present study. Research question 1: How do prior beliefs affect eye movements
while reading multiple conflicting texts? Research question 2: How do prior beliefs affect
argument integration (essay performance) after reading multiple conflicting texts?

As evidenced by the number of studies just referenced, while research employing
essays is extensive, eye tracking remains underdeveloped. Eye tracking technology offers
significant strengths, as it provides real-time and objective information about the micro-
scopic and unconscious aspects of reading [14]. Thus, it can greatly benefit this area of
research, especially when complemented with other tools, as in the present study. Therefore,
based on previous investigations, the following hypotheses are proposed. Regarding the
first research question, readers’ eye movements, including first-pass reading duration and
lookback reading duration, will vary depending on the stance of the arguments (in favor of
or against the controversial topic). Specifically, a disruption in comprehension, typically
seen during routine validation will be indicated by a longer first-pass reading duration for
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arguments that conflict with prior beliefs (Hypothesis 1). This would suggest that prior
beliefs have been activated and that the discrepancies between them and the text arguments
have been detected. This hypothesis is directly supported by Abendroth and Richter’s
study [17]; however, Maier et al. [16] did not find an increase in first-pass reading duration,
but rather in first-pass re-reading duration. The authors suggest that the former index is
not sensitive to inconsistency effects, aligning with Rinck et al.’s findings [40].

Furthermore, if the text-belief consistency effect is not overcome, a greater allocation
of cognitive resources to arguments coherent with prior beliefs will be reflected by a longer
lookback reading duration for these arguments, indicating a lack of engagement in strategic
validation for belief-inconsistent arguments (Hypothesis 2). This hypothesis is supported
by the studies of both Abendroth and Richter [17] and Maier et al. [16]. In relation to the
second research question, it is expected that a relationship will be observed between prior
beliefs and the essay’s positioning (i.e., arguments in favor or arguments against). Similar to
Hypothesis 2, if the text-belief consistency effect is not overcome, participants’ positioning
in the written essay will be coherent with their prior beliefs, signaling that participants
have created an unbalanced mental model of the texts favoring belief-consistent arguments
(Hypothesis 3). For this hypothesis, there is substantial evidence supporting it [16,31–34],
especially in comparison to the previous two.

2. Materials and Methods
2.1. Participants and Design

Twenty-two undergraduate students enrolled in their first year of the bachelor’s
degree in Primary Education Teacher Training at a Spanish university volunteered to
participate in the study in exchange for class credit. However, three students could not
participate, either due to schedule incompatibilities (n = 2) or to visual acuity problems
(n = 1). Furthermore, two students were excluded from the analysis due to poor registration
of their eye movements. The remaining seventeen participants were on average 18.41 years
old (SD = 0.60). All of them were women, native Spanish speakers, had a high level
of English proficiency, and their degree access score was moderately high on average
(M = 11.68, SD = 0.69). Regarding the study’s methodology, it is quantitative. Specifically,
both research questions employed an observational (correlational) design, as the focus was
on examining the relationships between various continuous variables (prior beliefs and
gaze measures for the first research question and prior beliefs and essay’s positioning for
the second research question). However, the first research question also incorporated a
repeated measures within-subjects design to account for the argument stance (in favor or
against) when examining the relationship between prior beliefs and the gaze measures.
The order of presentation of the texts (and consequently, arguments) was controlled by
displaying all texts randomly to the participants. Therefore, the study combined both
observational and experimental elements.

2.2. Materials

Each participant read four conflicting texts on the homework debate written in English.
Two of the four texts discussed the pros of assigning homework as a teaching method,
whereas and the other two discussed the cons. Therefore, each of the four texts included
sentences considered as arguments (in favor or against, depending on the text stance),
while the other sentences were considered as irrelevant. The texts were extracted from
the materials used in a previous paper-based study [58]. In that study, the texts had been
adapted from online newspapers, and the arguments had been identified with an inter-rater
agreement of over 90%. However, to collect high-quality gaze data in the present study,
the four documents were slightly modified to comply with the characteristics of the eye
tracking device and software, which are explained in the Section 2.3. The criteria used to
modify the original texts were as follows: (a) attaining a word count for each text ranging
between 200 and 250 words, (b) maintaining the same arguments as in the original study,
(c) keeping arguments separated from each other and confined to a point-to-point sentence,
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(d) reducing overlapping between arguments, and (d) ensuring an equal total number of
arguments in favor and against.

Ultimately, the documents were limited to 220–226 words (see Table 1), roughly the
same number of words. The texts included a total of 10 sentences considered as argu-
ments in favor and 10 sentences considered as arguments against (see Tables 2 and 3). The
complete documents can be found in Appendix A, as well as the arguments, which are
highlighted in grey. The readability scores of the four texts were computed using the Flesch
reading-ease score (FRES) test to denote how difficult a text written in English is to compre-
hend [59]. The readability formula is the following: 206.835 − 1.015 (total words ÷ total
sentences) − 84.6 (total syllables ÷ total words). The FRES scale distinguishes eight lev-
els of text difficulty, ranging from extremely difficult to read (<10.00; comprehended by
university graduates) to very easy to read (90.00–100.00; understood by primary school
students). The mean readability score of these four documents was 48.88 (SD = 3.46), which
corresponds to the category difficult to read, indicating that the texts were adequate for
undergraduate students, as they were readable enough, yet required some effort to be
comprehended. The scores for each document were fairly similar, as Table 1 shows.

Table 1. Overview of the reading material.

Title of the Text Word Count Readability Score Text Stance

“Too Much Homework? Some Parents Are Just Opting Out” 220 54.25 Against
“Homework: Supporting Student Success and Growth” 226 44.70 In favor

“A Primary School Teacher Stopped Assigning Homework” 223 47.63 Against
“The Homework Debate: How Homework Benefits Students” 223 48.93 In favor

Table 2. List of arguments against.

Title of the Text Arguments Against

“Too Much Homework? Some
Parents Are Just Opting Out”

• Parents’ conflict between homework and free time.
• Lack of free time caused by homework.
• Popularity of the idea of banning homework.
• Recommendation: balance with an age-appropriate level of academic engagement.
• Recommendation: talking to teachers to adjust demands.

“A Primary School Teacher Stopped
Assigning Homework”

• Elementary school teacher’s opinion: no more homework.
• No proven effect on performance.
• Success correlates with free time.
• Variables to consider in the debate (age, type of homework, time).
• Recommendation: no heavy homework loads.

Table 3. List of arguments in favor.

Title of the Text Arguments in Favor

“Homework: Supporting Student
Success and Growth”

• Homework as an opportunity to interact.
• It promotes perseverance.
• It promotes self-esteem.
• Link between homework and performance in secondary school.
• Useful for primary-school students to prepare them for secondary school.
• Recommendation: homework with a clear goal and purpose.

“The Homework Debate: How
Homework Benefits Students”

• Homework promotes organization.
• It promotes responsibility.
• It gives students a chance to review.
• It allows teacher supervision and feedback.
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2.3. Eye Tracking Equipment

Tobii Pro Nano was used to track eye gaze (i.e., eye movements). This device is a small,
portable, and non-invasive eye tracker that registers data binocularly at a sampling rate of
60 Hz. It was mounted onto a 17-inch (43.18 cm) IPS laptop with a maximum resolution
of 2560 × 1600 pixels (16:10 format). Tobii Pro Lab software (lab version 1.207) was used
to design the reading material, record the data, and obtain the indices of visual behavior.
An important aspect to consider is the delimitation of the areas of interest (AOIs), which
are regions in stimuli that enable numerical and statistical analysis [60]. In this case, the
AOIs from which information was to be extracted were the arguments in favor of or against
homework found within the four texts to be read. While AOI can be manually created,
Tobii Pro Lab offers the option to automatically generate AOI for characters, words, or
sentences. In this study, the AOI were created at the sentence level.

2.4. Measures
2.4.1. Prior Beliefs

Prior beliefs on the homework debate were measured using six items in a 5-point
Likert-type scale (with 1 indicating Strongly disagree and 5 Strongly agree) already used in a
previous study [58]. The questions were the following: (a) “I am quite familiar with the
current debate about homework”, (b) “I am quite interested in reading texts dealing with
a debate about homework”, (c) “I believe homework is completely necessary for school
learning”, (d) “I believe homework should be eliminated from schools (children should
work during school time)”, (e) “I think homework can help children learn better”, and (f) “I
think homework does not help the teacher in supporting the students’ learning processes”.
After reversing scores from the negative items (d, f), the reliability coefficient measured
using Cronbach’s alpha was found to be 0.606. Removal of item b substantially improved
the coefficient to 0.800. Scores were added and averaged to create a 5-point single-belief
score, ranging from 1 (completely against) to 5 (completely in favor).

2.4.2. Gaze Measures

Two indices of visual behavior were obtained for each AOI (argument): (a) the total
duration of fixations during the first pass inside the AOI, meaning the sum of the duration
of all fixations on the previously unread argument before moving on to the following
sentences (first-pass reading duration), and (b) the total duration of fixations after the first
pass inside the AOI, that is, the sum of the duration of all regressive fixations to this
previously read argument (lookback reading duration). To account for variations in sentence
length for each AOI, the two indices were adjusted based on the number of words in each
sentence [16,17]. After that, the arithmetic mean was calculated for each of the adjusted
measures across the two types of AOIs. Therefore, each participant had one aggregated
measure per time parameter for arguments in favor and arguments against, resulting in
a total of four eye movement dependent variables (in msec/word): (a) first-pass reading
duration for arguments in favor, (b) first-pass reading duration for arguments against,
(c) lookback reading duration for arguments in favor, and (d) lookback reading duration
for arguments against.

As previously mentioned, the rationale for selecting these gaze metrics is based on
previous studies that identified a relationship between the processes occurring at each step
of the two-step model of validation [10] and specific eye movement behaviors. First, as
mentioned previously, studies have observed an increase in reading times when readers first
encounter inconsistent information [37–39], a process associated with the first step, routine
validation. Particularly, Maier et al. [16] found an increase in first-pass re-reading times,
while Abendroth and Richter [17] observed an increase in first-pass reading times. Since
Tobii Pro Lab only provides first-pass reading times and not first-pass re-reading times,
this metric was selected to represent routine validation. Second, research has found an
association between revisiting previously read belief-inconsistent sentences and the process
of seeking information to resolve the conflict [40], a behavior corresponding to strategic
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validation, the second step. Specifically, Maier et al. [16] identified this relationship using
the metric of lookback count, while Abendroth and Richter [17] used lookback reading
duration. As Tobii Pro Lab provides only lookback reading duration and not lookback
count, this metric was selected to represent strategic validation.

To ensure data quality, a nine-point binocular calibration and a four-point validation of
the calibration were used prior to the start of the reading episode. Accuracy and precision
indices, as well as a data loss percentage, were obtained for both eyes after this calibration-
validation procedure. The lower the values for accuracy, precision, and data loss are, the
better. As Figure 1 shows, while accuracy refers to the average disparity between the actual
gaze position and the recorded gaze position, precision reflects the ability of the eye tracker
to reliably replicate identical gaze point measurements from one sample to another [13].
The percentage of data loss, on the other hand, represents the amount of eye tracking
samples that are not correctly identified [60]. It is typical to lose samples due to blinking
or looking away from the monitor, but other reasons can include the lighting conditions,
wearing glasses, or technological challenges [13]. The online platform Tobii Connect, for
example, uses an accuracy threshold of ≤0.5◦ deviation and a precision threshold of ≤0.2◦

deviation [61]. Regarding data loss, the Tobii Pro Lab User Manual [60] indicates that
approximately 10% of data loss can be expected, primarily due to blinking. Thus, these
were the guidelines followed in the study.
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2.4.3. Argumentative Essay Scores

Participants were instructed to write a 300 to 500-word essay in English on the home-
work debate using the same laptop they used for reading the texts. The following instruction
was provided: “Do you think assigning homework is a useful teaching method? Please
support your conclusions based on the arguments expressed in the texts”. Participants did
not have access to the four texts while they were writing the essay. Furthermore, responses
were analyzed based on the identification of participants’ inclusion of text arguments
(refer to Tables 2 and 3). As commented, the four texts used in the present study were
extracted and adapted from a previous paper-based study [58], in which arguments had
been identified with an inter-rater agreement of over 90%. Consequently, three measures
were obtained: sum of arguments in favor (ranging from 0 to 10), sum of arguments
against (ranging from 0 to 10), and a positioning score, i.e., the difference between the two
aforementioned indices, ranging from −10 (completely against) to 10 (completely in favor).

2.5. Procedure

Data collection took place in two phases. First, participants filled a 5 min questionnaire
through Google Forms in which they gave their informed consent, were asked demographic
questions, reported whether they had learning difficulties, vision problems or used glasses
incompatible with the eye tracker, and answered the six items about their prior beliefs on
the homework debate (see Appendix B). After excluding a participant who did not meet
the inclusion criteria, the eligible subjects were sent a calendar by email displaying the
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available individual sessions from which they could choose. Two participants left the study
due to schedule incompatibilities.

Second, the remaining participants completed the reading task and wrote the essay in
an individual session in the laboratory. Participants were informed about the meeting point
and were advised not to wear eye makeup and to tie their hair back in a manner that did
not cover their eyes. If they normally wore glasses or contact lenses for reading, they were
asked to bring them. In the case of wearing glasses, they were provided with wipes to clean
them before performing the task. The individual sessions lasted a maximum of 60 min.
However, these sessions required a prior preparation of the eye tracking equipment and
environmental conditions. On the one hand, Tobii Pro Lab needed to be downloaded and
installed, and Tobii Pro Nano had to be mounted on the laptop, configured with the screen
and tested to troubleshoot any possible errors. On the other hand, the workspace had to be
arranged, including the seating (chair and position), work surface, lighting conditions, and
potential distractors (Figure 2).
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When the participant arrived, they were greeted and guided to the quiet room. Instruc-
tions were provided to inform them about the tasks in chronological order. A practice trial
was presented for them to get used to the task and reduce the probability of errors occurring.
Afterwards, they were asked to sit comfortably and were positioned at the appropriate
distance and angle to the eye tracker, using the corresponding Tobii Pro Lab tool. Partic-
ipants were seated at approximately 65 cm from the screen and were free to move their
heads during data collection, as no head stabilization system was used. Nonetheless, before
the reading episode, participants were instructed to minimize head movements as much
as possible. Once adequately positioned, a 9-point calibration followed by a subsequent
4-point validation was conducted. This process was repeated until satisfactory parameters
were achieved. However, it was also noted that increasing the number of calibration or
validation trials could lead to participant fatigue, potentially causing accuracy, precision,
and data loss parameters to exceed the recommended thresholds (≤0.5◦ for accuracy, ≤0.2◦

for precision, and ≤10% for data loss).
After calibration and validation, the data recording started, lasting a maximum of

10 min. First, the participant was required to read the instructions (“Please read the following
texts on the homework debate carefully in order to answer the following question afterwards: Do
you think assigning homework is a useful teaching method? Please support your conclusions based
on the arguments expressed in the texts”). Following this, the four texts were presented. The
participant determined when to proceed to the next screen by clicking the mouse they had
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at hand, understanding that each text occupied two sequential screens and there was no
option to revisit the screen once advanced. Each fragment of each text was positioned in
the center of the screen, leaving a 15% margin (Figure 3). Furthermore, based on previous
studies (e.g., [62]), the text was written in black Courier New 35 font on a light grey
background and presented in double interlinear spacing. In addition, the presentation
resolution was 2560 x 1600 pixels and the scale 100%. The screen brightness was also
adjusted to enable comfortable reading. Before each screen, a cross (X) was presented for
800 milliseconds. The cross was located to the left of the first word to guide where the
first fixation of the stimulus should occur. Furthermore, as commented, to avoid potential
interference caused by the order of presentation of the texts, they were presented randomly
to each participant using the shuffle option in Tobii Pro Lab. Following the reading episode,
they were instructed to write the essay, which took about 30 min. During the reading and
writing intervals, the experimenter was seated in such a way that the participant could be
observed but the participant could not see the experimenter. Finally, the participant was
thanked and debriefed.
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2.6. Data Analysis

Once the eye movements had been recorded, data cleaning procedures were conducted
to ensure the use of fixations that faithfully reflected lexical processing [63]. First, the Tobii
I-VT fixation filter was selected, as it is appropriate for controlled studies with minimal
head movement in which the collected data contain only fixations or saccades [64]. This
means that Tobii Pro Lab automatically eliminated all fixations lasting less than 60 msec
and merged fixations separated by a maximum time of 75 ms and a maximum angle of
0.5◦. Secondly, decisions were made about whether to include, partially include, or exclude
each participant from analyses involving gaze measures. These decisions were based on a
review of the eye movement recording of each participant. For instance, considerations
included whether the participant’s gaze followed a natural flow, landed on the sentences
rather than on the blank areas, etc. Thirdly, extreme values were manually eliminated for
each participant across the twenty arguments. This procedure separated arguments in
favor from arguments against and then calculated the mean and standard deviation for
each participant for first-pass reading duration on arguments in favor, first-pass reading
duration on arguments against, lookback reading duration on arguments in favor, and
lookback reading duration on arguments against. Any values falling beyond three standard
deviations from the mean were eliminated [63]. Subsequently, the four aggregated eye
movement dependent variables were calculated for each participant.

Regarding the statistical analyses, IBM SPSS Statistics software (version 25.0) was used
to conduct all of them. Decisions were made regarding which analyses to run in accordance
with the study design and the assumptions considered for each potentially suitable sta-
tistical test. For the first research question, two repeated measures analyses of covariance
(ANCOVA) were conducted to examine the relationship between prior beliefs and first-pass
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reading duration and the relationship between prior beliefs and lookback reading duration.
In both ANCOVAs, prior beliefs were included as a covariate, and a within-subjects factor
was created to reflect the manipulation of the argument stance: arguments in favor vs.
arguments against. Although the variables did not fully meet all the assumptions (e.g., nor-
mality or linearity), interaction effects between the covariate and the within-subjects factor
were explored. Interaction effects capture how the relationship between variables changes
across different levels of another variable, and this differential relationship can provide
meaningful insights even when some assumptions are not strictly met [65]. However, as
results should be interpreted cautiously, an additional non-parametric test was conducted:
Spearman’s rank correlation. In relation to the second research question, which assessed
the relationship between prior beliefs and essay’s positioning, a regression analysis was ini-
tially considered, but due to violations of assumptions again, Spearman’s rank correlation
was employed instead.

3. Results
3.1. Descriptive Statistics for Prior Beliefs

As mentioned in the previous section, a five-point single-belief score ranging from
1 (completely against) to 5 (completely in favor) was computed from participants’ responses to
six items (five after removal of item b). Overall, participants demonstrated a slight prefer-
ence for assigning homework as a teaching method (M = 3.42, SD = 0.75, range: 2.2–4.6).

3.2. Research Question 1: Prior Beliefs and Eye Movements

After removing completely two participants from the study due to a generalized poor
registration of their eye movements, adequate data quality parameters were obtained for
the remaining participants (accuracy: M = 0.40, SD = 0.19; precision: M = 0.19, SD = 0.07;
data loss percentage after the calibration-validation procedure: M = 0.8, SD = 1.5; data loss
percentage after the reading episode: M = 5.77, SD = 2.86). Despite this, four participants
had some of their eye tracking measurements removed because of a poor calibration only
in certain sections of the screen (e.g., only on the upper half of the screen but not on the
lower half). Consequently, out of the total of twenty AOIs identified across the four texts,
these four participants were left with 10, 11, 13 and 16 AOIs each. Regarding the outlier
removal, no data were eliminated. Table 4 shows the final descriptive statistics for the four
gaze measures.

Table 4. Descriptive statistics for the gaze measures.

Variables Minimum Maximum Mean SD

Fp_ArF 107.29 371.44 214.46 73.34
Fp_ArA 117.08 326.46 185.61 57.26
Lb_ArF 74.88 533.59 240.61 128.08
Lb_ArA 34.97 394.54 180.73 110.97

First-pass reading duration for arguments in favor (Fp_ArF); first-pass reading duration for arguments against
(Fp_ArA); lookback reading duration for arguments in favor (Lb_ArF); lookback reading duration for arguments
against (Lb_ArA). The unit for the four variables is milliseconds/word.

Regarding the two repeated measures ANCOVAs to address the first research question,
contrary to expected, the covariate (prior beliefs) was not found significantly related to the
within-subjects factor (argument stance: in favor vs. against), neither for first-pass reading
duration, F(1, 15) = 0.017, p > 0.05, partial η2 = 0.001, nor for lookback reading duration,
F(1, 15) = 0.094, p > 0.05, partial η2 = 0.006. These results are coherent with the Spearman’s
rank correlations obtained, since as it can be observed in Table 5, not much difference
was found in the correlations between prior beliefs and gaze measures depending on
the argument stance. Furthermore, only one of these four correlations was found to be
significant, which is the relationship between prior beliefs and first-pass reading duration
for against arguments (rs = 0.501, p < 0.05).
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Table 5. Spearman’s rank correlations between prior beliefs and each gaze measure.

Gaze Measures Prior Beliefs

rs Sig.

Fp_ArF 0.471 0.056
Fp_ArA 0.501 * 0.041
Lb_ArF −0.171 0.512
Lb_ArA −0.021 0.937

* p < 0.05.

3.3. Research Question 2: Prior Beliefs and Essay Performance

As commented, three measures were obtained from the participants’ performance on
the essay: sum of arguments in favor, sum of arguments against, and a positioning score,
i.e., the difference between the two aforementioned indices, ranging from −10 (completely
against) to 10 (completely in favor). On average, as reflected by the positioning score, partici-
pants included a similar number of arguments in favor and arguments against (M = −0.35,
SD = 2.35, range: −5–5). To approach the second research question, i.e., the relationship
between prior beliefs and the essay’s positioning, a Spearman’s rank correlation was con-
ducted. In this case again, contrary to expected, no significant relationship was found
between these two variables (rs = 0.225, p > 0.05).

4. Discussion
4.1. Summary of Evidence

The goal of the present study was to investigate the extent to which recent upper
secondary graduates’ prior beliefs on a controversial issue are related to their behavior
while reading (eye movements) and to their positioning in a written essay elaborated by
them after reading the conflicting texts. Based on previous international surveys, such
as PISA [66] and PIAAC [4], there are literacy deficiencies among students completing
basic compulsory education and young adults who have recently finished upper secondary
education. Specifically, according to research on reading comprehension (e.g., [10,11]),
these deficiencies manifest when reading multiple contradictory documents. Both adoles-
cents and undergraduates tend to allocate more cognitive resources to belief-consistent
arguments, leading to an unbalanced and one-sided mental representation of the texts. This
phenomenon is known as the text-belief consistency effect (e.g., [7–9]), which was the focus
of the present study. Although the data obtained in this study provide insight into the
research questions, the results do not generally support previous research findings [16,17]
or the proposed hypotheses derived from them, as will be now explained.

First, we expected to find a longer first-pass reading duration for belief-inconsistent
arguments (Hypothesis 1), indicating that participants have detected a discrepancy between
their prior beliefs and the text information. This detection of a discrepancy would suggest
that the readers were passively validating the text information based on their prior beliefs,
which aligns with the first step proposed by the two-step model of validation [10], known
as routine validation. The results obtained through the first repeated measures ANCOVA
indicate that the data do not provide sufficient evidence to confirm that prior beliefs
differentially affect the time spent reading an argument for the first time depending on
its stance (in favor or against). This would suggest that belief-inconsistent arguments
have not necessarily provoked a disruption in comprehension, contrary to what would be
expected during routine validation for all readers, regardless of whether they attempt to
resolve the discrepancy or not [10]. However, the Spearman’s rank correlation between
prior beliefs and first-pass reading duration for arguments against was found to be positive
and significant. This indicates that the more participants agreed with using homework as
a teaching method, the more time they spent reading arguments against during the first
pass, which is consistent with Hypothesis 1. Despite this, the Spearman’s rank correlation
between prior beliefs and first-pass reading duration for arguments in favor was not found
to be significant. Not only that, but there is a positive relationship between these two
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variables, contrary to what would be expected (i.e., the more participants disagreed with
using homework as a teaching method, the more time they should have spent reading
arguments in favor during the first pass). This unexpected relationship can explain why
the repeated measures ANCOVA did not find a significant interaction effect between
prior beliefs and the within-subjects factor. Therefore, Hypothesis 1 cannot be completely
confirmed and does not entirely align with prior evidence employing this same metric
(first-pass reading duration) to explore routine validation [17]. However, there is some
evidence in the expected direction.

Second, as commented, detecting a discrepancy does not necessarily mean that the
subject tries to resolve the conflict. Therefore, in line with the text-belief consistency effect,
we expected to observe a longer lookback reading duration for belief-consistent information
(Hypothesis 2), indicating that participants did not engage in the second step of the two-step
model of validation [10], namely, the strategic validation of the belief-inconsistent informa-
tion. The results obtained through the second repeated measures ANCOVA indicate that
the data cannot provide sufficient evidence to confirm that prior beliefs differentially affect
the time spent reading an argument during lookbacks depending on its stance (in favor or
against). In this case, no significant Spearman’s rank correlation was observed. These find-
ings imply that Hypothesis 2 cannot be confirmed. Therefore, participants’ reading patterns
could suggest that they have overcome the text-belief consistency effect. Since the results do
not indicate a preference for deeply processing either belief-consistent or belief-inconsistent
arguments, this suggests that readers are allocating the same amount of cognitive resources
to both types of arguments. This equivalent reinspection behavior is contrary to what
would be expected if the text-belief consistency effect had not been overcome, which is
precisely what prior eye tracking studies on this effect suggest occurs [16,17].

Similarly, we anticipated finding an unbalanced inclusion of arguments in their written
essay, with a preference for belief-consistent arguments (Hypothesis 3), reflecting a biased
mental representation of the text content. However, the Spearman’s rank correlation has
not been found significant, and thus, Hypothesis 3 cannot be confirmed either. This lack
of relationship between these two variables could suggest that readers are incorporating
a similar amount of belief-consistent and belief-inconsistent arguments in their essays,
once again implying that participants may have overcome the text-belief consistency effect
and, consequently, have engaged in the strategic validation step of the two-step model of
validation [10]. According to the descriptive statistics, the essays’ average positioning score
was −0.35, with a standard deviation of 2.35 and a range between −5 and 5. Considering
these values, and the potential range of −10 to 10 for the positioning score, it seems plausible
to conclude that readers exhibited a balanced consideration of arguments regardless of
their prior beliefs. However, once again, these results do not align with prior evidence
exploring the text-belief consistency effect, in this case, using essays as an assessment
method [16,31–34].

Therefore, results might be indicating that recent upper secondary graduates can
overcome the text-belief consistency effect, which is observed not only in their behavior
while reading (eye movements), but also in their written products after reading. This
finding could mean that recent upper secondary graduates have learned to manage mul-
tiple contradictory documents by associating this reading context to the need to employ
deep processing strategies (i.e., strategic validation, in line with the two-step model of
validation [10]). Therefore, according to the RESOLV model [2,19], when these readers
encounter multiple contradictory texts, this association would be activated in the readers’
context model, and thus, it would influence the construction of their task model, that is,
the mental representation of the goal to be fulfilled and the means to achieve it. These
unexpected positive results may be due to the effectiveness of the current secondary and
upper secondary school curriculum in Spain, which incorporates competences related to
the comprehension of multiple sources, including contradictory ones. These curricula were
implemented for the first time at the end of 2022, well after the last PIAAC assessment
(2011–2012) and not arriving in time for the most recently published PISA assessment (at
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the beginning of 2022). To explore this possibility, further research should examine the
development of these skills across various ages and educational levels. Additionally, class-
room practices should be observed and analyzed to understand how these competences are
being taught and assessed, establishing comparisons between schools and across different
regions of Spain that follow distinct guidelines. Furthermore, it would be interesting to
explore differences in reading behavior and performance not only within Spain but also
between different countries. In this light, a degree of coherence with the upcoming PISA
and PIAAC results should be anticipated.

Nevertheless, some aspects need to be considered before generalizing this statement
to a wider population. The present study’s sample was small (n = 17) and restricted to a
particular gender (women) and to a particular situation (undergraduate students enrolled
in the first year of the bachelor’s degree in Primary Education Teacher Training at a Spanish
university). Sample size issues are common among eye tracking studies. Specifically, as has
been observed, data attrition due to poor recording quality is often a significant challenge
(e.g., [17,52,67]). Moreover, as will be discussed later, thorough cleaning methods should be
applied to the remaining sample to eliminate any errors or behaviors that do not accurately
reflect the processes being studied. Therefore, if the sample size is large, the data cleaning
procedures can become extremely time-consuming; thus, a smaller sample size may be
more feasible. However, a small sample size may lead researchers to commit a type II error,
meaning they dismiss results as null when, in fact, an effect is present. For these reasons,
as Holmqvist et al. indicate [13], to make studies with small sample sizes valuable, they
should not be presented as fully generalizable experiments, and hypotheses should be
generated for later testing.

Furthermore, it is worth mentioning that the students that volunteered to participate
could be particularly engaged in the task compared to those students in the same class who
did not volunteer. According to Richter and Maier [10], motivation is one of the conditions
that contribute to deeply processing text information and thus to overcoming the text-belief
consistency effect. Moreover, results may also result from the fact that the sample consists
solely of one type of recent upper secondary graduates, first-year undergraduates, who
may have particularly acquired the skills. Including a more diverse sample, beyond those
who have entered university, might yield different results. Additionally, the instruction
given to the participants before the reading episode could have also been a contextual
factor influencing the construction of their reading goal and consequently affecting their
reading behavior and performance. As Stadtler et al. [1] found in their research comparing
the instruction to write an argument, a summary, or a list of keywords, only participants in
the first condition included a two-sided approach to the debate in their written essay. For
all these reasons, the statement that recent upper secondary graduates can overcome the
text-belief consistency effect should be interpreted with caution.

Despite all of this, and returning to Hypothesis 1, if the results obtained from the first
repeated measures ANCOVA were to be interpreted as a complete absence of discrepancy
detection by participants between their prior beliefs and the text information, it would
be necessary to revise the interpretation of the subsequent hypotheses. According to the
two-step model of validation [10], routine validation is an unconscious and passive process
expected to occur when individuals read controversial topics. However, this can only
happen if prior beliefs have been sufficiently activated by contextual cues (e.g., by concepts
or propositions participants encounter in the texts while reading). Therefore, the observed
absence of a differentiated duration in first-pass fixations between arguments in favor and
arguments against could be indicating that participants’ prior beliefs were not activated in
their working memory while reading. If beliefs were not activated, they could not have
been used for the involuntary validation of text information, and incoherences could not
appear within readers’ mental representations. Therefore, it would not make sense to
distinguish between belief-consistent and belief-inconsistent texts or arguments. If this in-
terpretation is correct, it cannot be guaranteed that valid data have been gathered regarding
the relationship between prior beliefs and lookback reading duration (Hypothesis 2) and
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between prior beliefs and essay’s positioning (Hypothesis 3). Consequently, there would
not be enough evidence to determine whether recent upper secondary graduates overcome
the text-belief consistency effect or not.

However, it is unlikely that prior beliefs were not activated, as the texts used in the
present study were also employed in previous research, where a text-belief consistency
effect was detected [58]. Furthermore, although it could have been possible to include
questions just before the reading episode to activate participants’ beliefs, this is not usually
done. Researchers try to minimize carry-over effects, that is, the potential influences that an
earlier part of a study might have on later parts (e.g., [11,16]). Despite not including these
initial questions, authors were also able to detect a text-belief consistency effect. Hence,
if these results cannot be explained by the lack of activation of prior beliefs, they could
be attributed to the sample’s average prior positioning being close to neutral. Research
suggests that disruption in comprehension is greater when reader’s prior beliefs are stronger
(e.g., [16,56]). Since participants showed only a slight preference for assigning homework
as a teaching method, and their scores did not fluctuate much, this explanation is plausible.
Nevertheless, the absence of differences in the first-pass reading time between arguments
in favor and arguments against may also be due to the metric’s potential insensitivity to
inconsistencies, in line with the findings of Maier et al. [16] and Rinck et al. [40]. Different
results might have been observed if first-pass re-reading times had been analyzed; however,
Tobii Pro Lab does not offer this metric.

4.2. Limitations

Despite having found interesting results, the present study has some limitations that
need to be addressed. First, although eye tracking methodology offers several benefits, such
as providing direct and objective data, even from the most unconscious cognitive processes,
this technology also presents certain difficulties that could have impacted the research. On
the one hand, although the average data quality results are more than acceptable (i.e., all
of them fall within the established thresholds), these values did not ensure a complete
accurate and precise recording of eye movements. That is why two participants were
entirely removed from the analyses, and four others were reviewed to include only those
AOIs where the eye movement registration could be considered reliable. While the other
thirteen participants were not thoroughly reviewed, there is a high probability that a similar,
albeit much less significant, degree of inexactness was present in these participants as well.
These issues arise due to the decision to include texts as the stimuli to be processed, within
which sentences were selected to be the AOIs, instead of simply presenting sentences or
words separately. Consequently, the AOIs were relatively small and closely spaced, making
inaccuracies and imprecisions more likely to occur. However, the stimuli employed are
determined by the goal of the study, namely, to explore the comprehension of multiple
texts, and thus, this aforementioned inexactness is an inevitable challenge to be faced in
this area of study. A solution to obtain higher quality data could be to make the accuracy
and precision thresholds even stricter. However, it would not be viable as it would lead
to endless calibration-validation cycles to obtain the desired quality results or to a high
exclusion rate of participants.

On the other hand, it seems that there could be certain overlapping between the two
indices of visual behavior registered in this study: first-pass reading duration and lookback
reading duration. For instance, if during the first pass the reader exits a sentence and
then goes back to reading the unread parts of this same sentence, these new fixations
are registered as a lookback, even if the participant is reading these parts of the sentence
for the first time. Rather than a reinspection of the sentence, the reader experienced an
interruption and is now resuming reading it. Thus, interpreting lookback reading duration
as the amount of reinspection would not be accurate in this case. From the opposite
point of view, while participants are reading a text, their attention may be captured by
a salient word in another part of the text, although they may not begin to read that
sentence for comprehension until some time later. Therefore, the real first pass could be
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codified as a lookback, whereas that first fixation, which was just a bottom-up process,
could be codified as the only first-pass fixation. This last phenomenon raises the question
of whether the interpretation given to a certain gaze measure is correct, as there could
be other cognitive processes happening underneath that manifest through the same eye
movements (e.g., first-pass duration may indicate both bottom-up attention processes and
top-down comprehension processes, depending on the context). Typically, these aspects are
controlled by offering text material designed a priori to minimize irrelevant and disrupting
processes [41], e.g., removing potential distractors, complex vocabulary, etc. However,
this issue is increasingly motivating researchers to seek ways to validate eye tracking
indicators [68].

Further efforts to master the eye tracking device (Tobii Pro Nano) and software (Tobii
Pro Lab) need to be made to comprehend how to overcome these issues. However, a
clear but effortful solution that could be applied would be to clean gaze data even more
exhaustively. Tobii Pro Lab can provide a database including every single fixation, their
duration, and the AOI in which they have been registered. By comparing this database
with the participants’ recording of their eye movements, more detailed cleaning procedures
can be implemented. Not only that, but this procedure would also allow researchers to
obtain other gaze measures that Tobii Pro Lab does not offer, such as first-pass re-reading
duration, lookback count, or integration measures. However, as commented, it is a complex
and time-consuming endeavor.

Other complementary strategies to mitigate these issues are as follows. First, fixations
can be merged or removed according to evidence-based practices [63], such as those applied
in this study: merging fixations separated by a maximum time of 75 msec and a maximum
angle of 0.5◦ and removing all fixations lasting less than 60 ms. Additional practices not
applied in this study include removing longer fixations, either when they exceed a general
threshold or a participant-specific threshold. Furthermore, recent methods have been
developed to correct vertical drift (i.e., the displacement of fixation registrations along
the vertical axis), e.g., Carr et al.’s method [69]. Finally, as noted in the method section,
errors can be minimized by optimizing conditions, such as providing adequate lighting,
ensuring compatible glasses, or removing potential distractors [13]. We aimed to create
optimal conditions as much as possible, though we encountered some unexpected issues
(e.g., participant tiredness, outdated glasses, or contact lenses).

Second, there are some aspects of the other measures and the reading material worth
mentioning. Regarding the scale used to measure prior beliefs, as commented, the items
were extracted from a questionnaire utilized in a previous study [58]. This questionnaire
was specifically created by the authors to suit the context of the dispute presented in the
controversial texts, that is, homework as a teaching method. Consequently, this scale has
not been widely used and tested, unlike Maier and Richter’s belief scale [7]. However, Maier
and Richter’s scale was specifically designed to measure beliefs about global warming
and vaccination. Changing the theme of the texts from homework to either of those two
would have somewhat reduced the ecological validity, as the texts used were similar to
the actual learning material employed by the study’s sample, i.e., preservice teachers [15].
Furthermore, the language of the texts is an important factor to be considered. As research
has revealed (e.g., [70]), L2 (second language) readers may have additional challenges when
reading, as their cognitive resources may be consumed by lower-level processes (e.g., word
decoding, syntactic processing, etc.) at the cost of higher-level processes (e.g., multiple
document integration, evaluation of the sources, content and form, etc.). However, all the
participants belonged to an English teaching group, where a proficiency corresponding to
B2, according to the Common European Framework of Reference for Languages, is expected.
Despite this, their English proficiency could have been incorporated as a covariate to explore
or control its effects. Another alternative could have been using participants’ first language
(L1) for the texts.
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Finally, the identification of arguments within the texts and within the participants’
written essays could have benefited from inter-rater agreement. Additionally, instead
of classifying sentences within texts as either arguments or irrelevant information, it
might have been advantageous to introduce a more detailed classification for arguments.
Arguments can be categorized as a claim, i.e., a statement that the author wants the reader to
accept as true, or as a reason, i.e., data or information that supports or justifies the claim [71].
Prior research has indicated that beliefs appear to play a critical role in the processing of
claims, yet they tend to be less significant when considering reasons [16,17,56]. Regarding
the scoring of the essays, a broader framework of arguments in favor or against could
have been employed, not restricted to those included in the four texts. Participants often
included arguments which had not been presented in the texts, and strictly speaking, these
arguments should have not been considered. However, the exclusion of these arguments
would have biased their positioning score and thus the study results.

4.3. Gaps of Knowledge and Practical Implications

Results from the present study could be indicating that recent upper secondary gradu-
ates effectively overcome the text-belief consistency effect. However, due to the various
limitations identified in the study, further research should be conducted to confirm these
findings. In these new studies, a bigger and more representative sample should be used,
ideally employing an a priori power analysis to estimate the necessary sample size and
ensure equal representation of different subpopulations. Moreover, some variables that
could be controlled or explored in further research, besides prior beliefs, could be partic-
ipants’ age, gender, study discipline, prior educational studies, background knowledge
of the text theme, reading skills, L2 proficiency, etc. In the present study, the participants’
degree access score was initially planned to be included as a covariate. However, statistical
analyses revealed that this variable was not correlated with any variables, and thus, it was
removed from the analyses. These results may be attributed to the small and homogeneous
sample size. Therefore, as previously noted, increasing both the size and diversity of the
sample is a crucial consideration for future research. In these cases, a more sophisticated
analysis, such as multilevel modeling, could prove beneficial in addressing the role of
individual differences in the context of the text-belief consistency effect.

Furthermore, despite controlling the order of presentation of the texts by displaying
them randomly, this may not have been sufficient due to the small sample size as well. As
many studies have shown (e.g., [7,9,16]), presenting texts in an alternating manner (e.g., first
presenting a belief-consistent document, followed by a belief-inconsistent document before
returning to a belief-consistent text) can lead to deeper processing compared to presenting
texts in a blocked manner (i.e., individuals reading documents of the same belief type suc-
cessively). Therefore, taking Abendroth and Richter’s study as an example [17], to control
for the effect of presentation order, future studies could employ a blocked presentation
format for all the participants.

In addition to all this, more rigorous cleaning procedures for gaze data, as well as a
more detailed classification of text arguments, and a broader framework for scoring written
essays should be considered by further research. Moreover, to achieve a comprehensive
and valid depiction of students’ processes and performance, additional assessment tools
should be incorporated, especially considering the limitations of the two measures em-
ployed, which have been extensively discussed previously. Qualitative methods, such
as interviews or think-aloud protocols, could be particularly beneficial for exploring the
processes occurring during reading, allowing for a comparison between these methods and
eye tracking technology. However, it must also be acknowledged that interviews and think-
aloud protocols have significant limitations that are especially relevant to the present study,
e.g., difficulties in accessing unconscious processes and biases related to self-report. Since
each method has its own advantages and disadvantages, combining different instruments
can yield rich data and fruitful findings, making it worthwhile despite the time-consuming
nature of the process.
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Further investigations using eye tracking methodology could explore the text-belief
consistency effect in different populations, especially children ending basic compulsory
education (around 15 years old). Eye tracking studies exploring this effect have focused on
university students [16,17]; however, the end of basic compulsory education is a crucial
point in educational systems. As education will no longer be compulsory from this point
onwards, students are expected to have acquired the competences that will prepare them for
further education and adult life. Moreover, future studies, whether focusing on secondary
education students or university students, could explore additional variables, such as the
establishment of inferences or attention to sources, and investigate how these variables are
influenced by the stance of the text and the reader’s prior beliefs.

The findings obtained by these future investigations could also prove very useful in
refining or providing additional evidence for theoretical frameworks, such as the PISA
2018 reading framework of processes [21], or more recent proposals, such as the Proficient
Academic Reader (PAR) framework [72–74]. For instance, PAR has been specifically used
to study the essential reading skills for university students. These skills encompass founda-
tional reading abilities (e.g., word-level or sentence-level processes), as well as strategic
reading, task awareness, and motivation to advance through the task. PAR advocates for
evaluating these skills using situated measures, that is, assessing student performance
while they are engaged in the task, instead of relying on retrospective or offline reports,
which are often inaccurate [75]. Situated measures can either be behaviorally grounded,
involving the quantification of a participant’s behavior while reading, or be based on
retrospective judgments made immediately following the reading episode. Therefore, eye
tracking methodology aligns well with this purpose.

However, to not only employ situated measures but also to establish an ecologically
valid context during reading, efforts must be made to devise feasible and secure methods
for integrating eye tracking devices into real-life learning environments. When conducting
studies in laboratory settings, where one participant at a time is tested with minimal
disturbance, an environment very different from educational practice is created [15]. An
alternative that could guarantee ecological validity is the use of glasses integrating the eye
tracking system. For instance, Tobii, the same company that developed and manufactured
Tobii Pro Nano and Tobii Pro Lab, also commercializes Tobii Pro Glasses 3, which have been
designed to work in various environment, from cars to classrooms [76]. In addition to this,
to further enhance ecological validity, it is important to ensure that the task is meaningful
for the participants, i.e., it mirrors an actual learning or reading situation for them. An
example already discussed is the theme of the texts, but it could also include the text layout,
the type of instructions and contextual cues provided, or the type of responses requested
from them. The concept of meaningful tasks is not new. Wiggins’ authentic assessment
referred precisely to using realistic tasks that replicate or simulate real-life contexts [77].

With respect to other implications for educational practice, as mentioned in the in-
troduction, obtaining a deep understanding of how students read multiple contradictory
documents can help educational stakeholders better direct their efforts to promote the
skills needed to master these reading situations. Despite the present study indicating that
recent upper secondary graduates may be capable of overcoming the text-belief consistency
effect, it is important to consider the identified limitations and the evidence from prior
studies suggesting otherwise. Hence, if we assume that there is a widespread deficiency
among students, measures need to be implemented at schools, and these measures must
take into account the findings obtained by this prior research. First of all, curricula serve
as a point of reference for teachers. A generalized issue among students in achieving a
specific competence may indicate that curricula are not effective—either because they do
not adequately address the competence or because they are written in a way that makes it
difficult for teachers to translate them into their day-to-day practices. Therefore, govern-
ments may need to change their policies. To do this, they should consider research that
explores different curricula (e.g., as commented, comparing various regions within the



Educ. Sci. 2024, 14, 1259 22 of 29

same country or examining differences between countries) and how these variations can be
related to differences in the acquisition of the corresponding competences.

Secondly, schools could participate in programs designed to acquire and develop
higher-level reading skills. One example is self-explanation reading training (SERT) [78,79],
a human-delivered program that has proven successful for both secondary school [80] and
university students [78]. This program also served as the basis for developing the interactive
strategy trainer for active reading and thinking (iSTART) [81], an automated and interactive
training program that has similarly been shown to benefit secondary school [82] and
university students [83]. Both programs target comprehension monitoring (i.e., recognizing
a failure in understanding and subsequently using additional active strategies), along
with other reading processes such as paraphrasing, establishing bridging inferences, and
making predictions and elaborations. In addition to these programs, teachers could create
meaningful situations where students can learn to apply these higher-level reading skills
to real-life and practical contexts. These tasks can be proposed from an interdisciplinary
approach, that is, converging different subjects to make the task even more meaningful
for the students. For instance, a potential activity could involve the designing of a digital
multilingual newspaper. To complete this task, students would need to read multiple
documents on the same topic from different, and possibly contradictory, sources to achieve
an integrated understanding of the issue.

Furthermore, these types of tasks could be accompanied by aids to guide students’ cog-
nitive processes. For example, when reading multiple discrepant texts, teachers’ feedback
could direct students to identify their prior positioning on the debate, detect inconsisten-
cies, reread the texts, and focus on those arguments that are incongruent with their prior
beliefs. This guidance would only be possible thanks to the eye tracking studies that have
identified the cognitive processes underlying the text-belief consistency effect. In addition
to this, within the research domain of eye tracking and reading comprehension, there exists
another tool that could fulfill this guidance function: eye movement modeling examples
(EMME). EMMEs are rooted in observational learning [84] as they present video-based
examples of eye movements performed by experts during a specific task. EMMEs can
enhance processing in those who observe them by directing their attention. Specifically,
learners synchronize their visual attention with the model’s, thus engaging in joint atten-
tion [85]. There is ample evidence demonstrating the effectiveness of EMMEs in reading
comprehension [62,86–88], including critical reading of multiple conflicting sources [51].
Therefore, teacher’s feedback could be enhanced by the additional use of EMMEs.

Importantly, if it is confirmed that recent upper secondary graduates are generally able
to overcome the text-belief consistency effect, the aforementioned practices (meaningful
tasks, EMME, and feedback) could still be beneficial, particularly for those students who
do not meet the standards. These measures could be supported by eye tracking studies
such as the present one, as they help identify the eye movements associated with specific
cognitive processes involved in effective reading comprehension.

Finally, eye tracking research can also be used to design materials that better support
reading comprehension [89]. For example, researchers can manipulate the font size, color,
and layout of a text to observe in which cases eye movements correspond to the desired
cognitive processes. Furthermore, by identifying which parts of a text attract readers’
attention the most, how much time readers spend on them, and whether they regress to
previous sections or not, instructional materials can be optimized. Therefore, eye tracking
methodology has great potential for educational practice and, once its limitations are
effectively addressed, will offer significant benefits for acquiring literacy proficiency.

5. Conclusions

Nowadays, due to increasing exposure to information from the World Wide Web,
individuals face the difficulty of making decisions and completing diverse tasks based on
multiple and conflicting sources of information. For individuals to be autonomous and
responsible citizens who do not succumb to manipulation and misinformation, schools
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must work on ensuring that students are prepared for this challenge. According to inter-
national surveys, such as PISA [66] and PIAAC [4], both adolescents and young adults
show deficiencies in their literacy skills. In particular, research on reading comprehension
(e.g., [10,11,16,17]) shows that students generally tend to favor information consistent
with their prior beliefs when processing texts presenting discrepant views, a phenomenon
known as the text-belief consistency effect [7–9].

The present study has gathered gaze and performance data to determine whether re-
cent upper secondary graduates overcome the text-belief consistency effect. Results suggest
that this population may be capable of overcoming this bias, as deep processing, indicated
by lookback reading duration, does not differ depending on whether the arguments are
belief-consistent or belief-inconsistent. Moreover, participants’ written essays show a bal-
anced inclusion of both types of arguments. However, the study presents some limitations
that urge caution in making interpretations. Despite these issues, the present research
contributes to the body of studies utilizing eye tracking methodology in the reading of
multiple texts, particularly those examining the text-belief consistency effect, which are
currently scarce, likely due to its inherent complexity. Not only that, the gaze measures
are complemented with performance data. In light of the results, this study proposes
hypotheses for future exploration while elucidating the utility of eye tracking methodology
for research in this area. We encourage further studies, to the extent possible, to employ
larger and more representative samples, explore individual differences, and include a
mixed-method approach, while also implementing more exhaustive cleaning procedures
for the gaze data. Only then will generalizable and valid conclusions be possible, which can
be used by educational stakeholders to enhance these skills, whether among the general
student population or within specific groups who struggle to meet the standards.
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Appendix B Questionnaire

Informed Consent

The study for which we are asking you to participate belongs to the project Assessing
digital reading skills across ages, led by Raquel Cerdán (Plan Estatal de Investigación
Científica y Técnica y de Innovación 2017-2020; Referencia: PID2020-117996RB-I00). The
aim of the present research is to evaluate the use and effectiveness of the eye tracker to
record eye movements occurring while we read.

If you agree to participate, we will ask you to fill out the questionnaire that you will
find afterwards, which will take you about 5 to 10 min. Once you have answered the
questions, we will contact you to schedule a date to initiate the eye tracker experiment.
This session will last approximately 1 h. The study does not involve any kind of risk and
your participation is completely voluntary.

The data gathered from this research will be handled confidentially and will not be
used for any purpose other than for this investigation. As commented, your participation
is fully voluntary, and you have the right to withdraw from the study at any time.

If you have any questions, please contact Mariola Giménez: magisal2@alumni.uv.es
I have read the previous information and I give my consent to participate in this

study: Yes/No

Personal Information

1. Name and surname:
2. Email address:
3. Phone number:
4. Gender:

• Male.
• Female.
• Non-binary.
• Prefer not to say.
• Other:

5. Age:
6. Country of origin:

• Spain.
• Other:
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7. Highest level of education completed:

• Upper secondary school (bachillerato).
• Advanced vocational training (formación profesional de grado superior).
• University degree, master’s degree or PhD.
• Other:

8. Degree access score (In the Spanish educational system, the degree access score is
out of 14. If you are an Erasmus student, please indicate the degree access score you
obtained in your educational system):

9. Do you have any learning difficulties related to reading and/or writing?

• Yes.
• No.

10. At the moment, do you have any vision problems that prevent you from reading
normally? (If you use glasses or contact lenses to correct the difficulty, please answer
yes only if the problem persists even when you wear the glasses or use the contact
lenses)

• Yes.
• No.

11. Do you use bifocal, trifocal or progressive glasses/lenses? (These types of glasses
correct for near and distant vision at the same time)

• Yes.
• No.

Homework Debate

Please answer the following questions sincerely, by indicating the degree to which you
disagree or agree (from 1 to 5, with 1 indicating minimum agreement and 5 maximum agreement).

1. I am quite familiar with the current debate about homework:
2. I am quite interested in reading texts dealing with a debate about homework:
3. I believe homework is completely necessary for school learning:
4. I believe homework should be eliminated from schools (in other words, children

should work during school time):
5. I think homework can help children learn better:
6. I think homework does not help the teacher in supporting the students’ learning processes:

Doubts or Comments

Do you have any doubts or comments you would like to share with the research team?

Final Section

Click “Send”/“Enviar” to complete the questionnaire.
Thank you very much for your participation! We will contact you soon to schedule a

date to initiate the experiment.
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