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ABSTRACT

We examined how Finnish children read and integrate information across multiple expository texts when given an inquiry task.
We were interested in how task-relevance of text information affects readers’ eye movements and whether the eye movements
are connected to the quality of an essay written after reading. We were also interested in differentiating between the effects of
technical reading skill and reading comprehension in respect to these processes. In total, 24 5th and 6th grade Finnish native-
speakers completed the experiment. Prior to testing, the participants were told that at the end of the testing session, they would
have to complete an inquiry task (e.g., “What's the difference between human and dog hearing?”). During an eye tracking
experiment, the participants read two science texts on the topic of the inquiry task. The texts contained both task-relevant and
task-irrelevant text segments. After the reading task, the children wrote an essay to complete the inquiry task. Furthermore, par-
ticipants' technical reading skill and reading comprehension were measured with an independent classroom test. It was shown
that the task-relevant segments were read longer than the task-irrelevant segments during first-pass reading. Moreover, reading
skills modulated the effect of relevance, as weaker comprehenders were less likely to regress within an irrelevant segment.
Furthermore, the relevance effect was more pronounced for the better technical readers with respect to look-backs. No reliable
effects were found for the essay-writing task. The results imply that the participants were able to detect which parts of the text
were relevant and adjusted their reading accordingly, based on their reading skills. However, they did not seem to form a coher-
ent memory representation of the relevant text contents in order to perform well in the essay writing task.

1 | Introduction even contradict each other (Magliano et al. 2018). In the present

study, we examined how Finnish 5th and 6th grade children read

While basic reading skills related to decoding are mostly set at
an early age, comprehension and strategic reading skills keep
developing until a later age. Strategic reading skills are essential
when students seek and read information to acquire new knowl-
edge, especially if information on the same topic is presented in
more than one text. Hence, beyond single text comprehension,
the reader also has to compare and integrate information across
multiple texts which mutually reinforce, complement, or may

and integrate information across two complementary expository
texts when given an inquiry task. Finland, being a Nordic coun-
try where, according to the latest PISA results (OECD 2023),
pupils have above average reading skills, offers an interesting
testing ground for a reading task requiring higher order text pro-
cessing. We focused on how task-relevance of text information
impacts readers’ eye movements during reading, and whether
the eye movements predict the quality of the written responses
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Summary

Fifth and sixth grade Finnish children read science
texts with an inquiry task in mind.

Texts contained both task-relevant and task-irrelevant
text segments.

Eye movements revealed longer reading times for
task-relevant segments.

Individual technical reading and comprehension
skills modulated relevance effects.

Children detected relevant parts, but this did not
translate to better essay writing.

to the inquiry task. Furthermore, we were interested in disen-
tangling the effects of technical reading skill and reading com-
prehension in these processes.

1.1 | Multiple Document Comprehension

The MD-TRACE model (Multiple-Document Task-based
Relevance Assessment and Content Extraction; Britt et al. 2022;
Rouet and Britt 2011; Rouet et al. 2017) considers factors that af-
fect comprehension of multiple texts. According to MD-TRACE,
readers first develop a mental model of the task demands, a task
model. This model includes a task goal, actions to achieve the
goal (i.e., subgoals and procedures for achieving these goals),
and a set of criteria for reaching those goals. For example, when
given an inquiry task, such as “write a short essay on how dog
and human hearing are similar or different,” the overall task
goal is to be able to write a short essay on the given topic. This
task may be divided into subgoals, such as searching for infor-
mation about how dogs and humans hear, selecting task-relevant
texts to be read, processing information in each selected doc-
ument by integrating text information with prior knowledge
(Kintsch 1988; Kintsch and Van Dijk 1983), and, finally, inte-
grating information thus constructed to complete the writing
task. Readers then assess the task product. If it does not meet the
criteria set in the task goal, they may return to previous phases
of the process until the task demands are sufficiently met.

MD-TRACE posits that assessing and determining relevance is
crucial in successful text comprehension (Britt et al. 2022; Rouet
and Britt 2011; see also Lee and List 2023). For example, one has
to define relevant search terms when searching for information,
select relevant documents for reading, identify and comprehend
relevant information in the texts, integrate information across
documents, and determine whether the task product contains
enough task-relevant information so that it fulfills the task de-
mands as defined in the task model. The importance of relevance
determinations has been documented in previous empirical stud-
ies with adults (e.g., Anmarkrud et al. 2013; Braten et al. 2018;
Lee and List 2023). For example, Anmarkrud et al. (2013) ex-
amined how university students read and comprehend infor-
mation presented in multiple documents. Information judged
to be relevant was more likely to be integrated with informa-
tion presented in the other documents. Moreover, the relevance

determinations were reflected in the quality of the essay written
after the reading task. Bréten et al. (2018) showed that content
relevance impacts document selection, reading time, and inclu-
sion of information in an essay written after reading. The effects
of content relevance were found regardless of topic familiarity,
indicating that relevance determinations have a strong impact
on multiple text comprehension.

1.2 | Task Effects on Text Processing
and Comprehension

The task model a reader has formed plays an important role in
text comprehension (Lee and List 2023). First, the task model
contains the standards of relevance (Lehman and Schraw 2002;
McCrudden et al. 2011), referring to the criteria that needs to be
met for the information to be considered relevant. For example,
when given an inquiry task to compare human and dog hearing,
standards of relevance probably define that information about
humans and dogs is relevant, whereas information about fish
or birds is not. Standards of relevance guide how processing
resources are directed during reading: when readers recognize
what information is relevant to their task, they spend more time
reading task-relevant than task-irrelevant text segments (e.g.,
Rouet et al. 2001). Previous eye tracking studies suggest that
adult readers are more likely to reread task-relevant than task-
irrelevant sentences during first-pass reading (i.e., time spent
reading the sentence before it has been exited for the first time,
with rereading referring to going back in the sentence during
this time) and make more look-backs to task-relevant than task-
irrelevant sentences (e.g., Kaakinen et al. 2002; McCrudden
et al. 2010). Selective processing of task-relevant information
during reading is also reflected in better recall of task-relevant
than task-irrelevant text information in subsequent mem-
ory performance (e.g., Kaakinen et al. 2002; Ledn et al. 2019;
McCrudden et al. 2010).

Second, the task model includes the standards of coherence the
reader maintains during reading (van den Broek 2010; van den
Broek et al. 2002, 2011). They refer to the quality of the mem-
ory representation the reader aims to create, influencing the
amount and nature of inferential activities during reading. For
example, in response to an inquiry task about the similarities
and differences between human and dog hearing, a reader sets
the standards of coherence so that this comparison task can be
successfully completed. If the available texts do not directly ad-
dress the similarities and differences, the reader must integrate
information from different sources with their prior knowledge
to form an understanding of how human and dog hearing dif-
fer. The standards of coherence are set higher for task-relevant
information, reflected in reading behavior. Rouet et al. (2001)
demonstrated that when adult readers encountered a task-
relevant text segment, they spent more time reading it than irrel-
evant segments. While this is similar to standards of relevance,
if a reader has higher standards of coherence, it should also be
reflected in their memory representation. In Rouet et al. (2001),
the relevance effect was also dependent on the type of question;
when questions did not demand integration of several text seg-
ments, only segments directly associated with the question were
considered. When questions demanded integration across text
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segments, readers read more broad sections containing informa-
tion relevant for the question.

In summary, the task the reader has in mind sets the standards
for relevance and coherence, which are reflected in selective
processing of task-relevant information and better memory rep-
resentation for the task-relevant information. While most of the
previous research has focused on adult readers, much less is
known about task effects in children's reading.

1.3 | Influence of Reading Skill on Task Effects

Previous studies suggest that also children are sensitive to task-
relevance during reading (e.g., Ballenghein and Lachaud 2025;
Hautala et al. 2019), but the effects might depend on reading
skill (e.g., van den Broek et al. 2009; van der Schoot et al. 2008).
Studies that have examined whether children adjust their read-
ing behavior to the reading task indicate that already 4th graders
are sensitive to task relevance (Ballenghein and Lachaud 2025;
Hautala et al. 2019; Schumacher et al. 1983). In their seminal
study, Schumacher et al. (1983) examined how questions in-
fluence the eye movement patterns of 5th grade children and
adults. For children, questions increased looking back in text.
However, look-backs were not particularly directed to question-
relevant text segments. On the other hand, for adults, look-backs
were directed to relevant segments. The authors concluded that
children were aware of the task as their look-backs were initi-
ated from the questions but simply could not locate the relevant
segments. In contrast, Hautala et al. (2019) suggested that 6th
graders can locate task-relevant information and tend to reread
and look back to it in text. In their study, children made more and
longer first-pass reinspections (i.e., going back in the sentence
before it has been exited for the first time) as well as look-backs
to task-relevant sentences. In a recent study by Ballenghein and
Lachaud (2025), French 4th and 5th grade children read one rel-
evant and one irrelevant text while their eye movements were
recorded. The relevance was based on which of the two topics
(one text concerned water cycle and the other day/night cycle)
the participants were told to learn as much as possible. It was
shown that there were more fixations and longer total reading
time on the relevant texts than the irrelevant ones. Furthermore,
the participants scored better in reading comprehension tests for
relevant than irrelevant texts.

However, previous research shows that reading skill is import-
ant in how efficiently readers can attend to task-relevant infor-
mation in text (e.g., van den Broek et al. 2009; van der Schoot
et al. 2008). In van der Schoot et al. (2008), 5th and 6th grade
children read texts while they had to take a certain perspective
(science journalist vs. gossip journalist). The texts contained sci-
ence words (e.g., plankton) and gossip words (e.g., affair), with
science words being relevant for the science journalist perspec-
tive and irrelevant for the gossip journalist perspective, and vice
versa. Relevant words elicited longer fixation durations both for
first-pass reading and look-backs (called regressive fixation du-
ration in their paper). Furthermore, better comprehenders made
relatively longer look-backs into relevant vs. irrelevant words.
The authors concluded that more skilled comprehenders were
more aware of the importance of reading relevant words again
than less skilled comprehenders.

Looking at reading patterns across text segments, van den Broek
et al. (2009) showed that reading skill is important in selective
look-backs to task-relevant text segments. In their study, 4th,
7th, and 9th grade children read long texts. While the number
of fixations was the same for struggling and proficient read-
ers of the same age, struggling readers made longer fixations.
While reading skill did not modulate the number of look-backs,
skilled readers made look-backs especially to relevant segments
while less skilled readers were not systematic in directing their
look-backs.

In a recent study by Chen et al. (2025), Mandarin Chinese
speaking 4th grade children read sets of two texts presented si-
multaneously on the computer screen. In one block, their task
was to read for general comprehension and in another block to
integrate the contents of the two texts. For assessing integrative
processes, entropy was calculated to measure transitions be-
tween the two texts. In this context, higher entropy refers to a
higher number of shifts between different parts of texts reflect-
ing more integration attempts than lower entropy. It was shown
that in the integration condition, the entropy was higher than in
the general comprehension condition for first pass reading and
overall. Moreover, those children with higher reading compre-
hension had a higher entropy during second pass reading in the
integration condition than in the general comprehension con-
dition. There was no such effect for those with lower reading
comprehension. Chen et al. concluded that the pattern of results
indicated that while all children were affected by the reading
task, children with better reading comprehension were better at
using more purposeful integration strategies when the task ex-
plicitly required integration. Finally, using the same set of texts,
Chen and Chen (2023) showed that 4th grade children could
adjust their reading strategies depending on whether they read
a single text or multiple texts. Moreover, children with higher
vocabulary proficiency were better at adjusting their reading
strategies depending on the text they were reading.

In summary, reading skill is an important factor in how selec-
tively children attend to task-relevant information during read-
ing; children with better reading skills show more rereading
and looking back to task-relevant than to task-irrelevant text
segments. However, previous studies have not distinguished be-
tween different types of reading skills, that is technical reading
skills (i.e., decoding) or general reading comprehension skills
(see, however, Chen et al. 2025, for a study involving vocabulary
and reading comprehension). Previous research has established
that technical reading skill is especially related to first-pass
reading measures (e.g., de Leeuw et al. 2016a, 2016b). While
the effects of reading comprehension have not always been
found in either first-pass reading or look-backs (e.g., de Leeuw
et al. 2016a, 2016b), there is ample evidence that reading com-
prehension is connected to using strategies that involve looking
back in text, which in turn have been connected to integration
processes (see Andreou and Gkantaki 2024, for a review). Taken
together, this implies that technical reading and reading com-
prehension skills are manifested in different eye movement
patterns.

As suggested by MD-TRACE (Britt et al. 2022; Rouet and
Britt 2011; Rouet et al. 2017), relevance detection and integra-
tion are even more crucial in multiple-text context than single
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text context for the reader to monitor whether they have ac-
complished the task set by their task model. Therefore, it is
reasonable to assume that the effects of technical reading and
reading comprehension are present also in multiple-text read-
ing. We assume that poor technical readers may recognize rele-
vant segments, which would then elicit longer first-pass reading
times for relevant than for irrelevant segments. As their reading
is burdensome, they may not have resources to use advanced
reading strategies such as looking back to relevant segments.
Furthermore, difficulties in decoding are likely reflected in
poorer text synthesis. Better comprehenders, conversely, are
likely more skilled in using strategies that facilitate reading
comprehension, such as going back to relevant segments of the
text. Hence, better reading comprehension should be reflected
especially in look-backs to relevant segments.

Another open question is the relationship between selective
processing of text and comprehension outcome. For adults, se-
lective processing of text information during reading results in
selective memory for task-relevant information (e.g., Kaakinen
et al. 2002; Ledn et al. 2019; McCrudden et al. 2010). For chil-
dren, more evidence is needed. Nevertheless, in a study by
Ayroles et al. (2021), 5th grade children searched documents
for relevant information to answer questions. Participants
spent more time on question-relevant and less time on question-
irrelevant paragraphs when they gave a correct answer to the
question. It needs to be noted that Ayroles et al. (2021) examined
information search, not text comprehension that would require
integration of information across text segments or multiple doc-
uments. However, it is likely that when responding to an inquiry
task requiring integration of information from multiple sources,
readers focus on task-relevant segments instead of irrelevant
parts. To this end, we employed an essay-writing task and ex-
amined the effect of paying attention to task-relevant segments
during reading on the writing task performance.

2 | Research Questions and Hypotheses

In the present study, we examined children's eye movement
patterns as they read multiple expository texts to complete an
inquiry task. We were especially interested in seeing how tech-
nical reading skill versus reading comprehension modulates the
eye movement patterns. We were also interested in whether the
eye movement patterns predict the quality of an essay written
after reading. We posed two research questions (RQ’s):

RQ1. Do technical reading skill and reading comprehension
skill modulate the effect of task-relevance on eye movement pat-
terns during reading of multiple texts?

RQ2. Do eye movement measures predict performance in the
subsequent essay-writing task?

We hypothesized that more skilled readers would pay more
attention to task-relevant than task-irrelevant text segments,
and that this effect would be strongest in the eye movement
measures reflecting immediate rereading (in relation to tech-
nical reading skill) and later look-backs (in relation to reading
comprehension). Furthermore, we hypothesized that techni-
cal reading skill, which affects fluency, will modulate early

reading processes (e.g., first-pass reading), while reading com-
prehension skill, which involves integration and inferences,
will modulate later, more strategic reading (e.g., look-backs).
We also expected that larger relevance effects during reading
would be reflected in better quality of the essay written after
reading.

3 | Materials and Methods
3.1 | Participants

Participants (N=34) were recruited from an elementary school
in Salo, Finland. There was no parental permission to combine
eye tracking data and independent reading skill measures for ten
children. Because of this, 24 children (15 male, 9 female) were
included in the analysis, Mage: 12; Oyears (SD 9 months, range
11; 2-12; 11years). All spoke Finnish as their first language and
had normal or corrected-to-normal vision.

3.2 | Research Ethics Statement

Each participant and their legal guardian gave their consent of
participating in the experiment and combining data from the
other measurements. The participants received a reflector as a
reward. All procedures were performed in accordance with the
Declaration of Helsinki. The study was approved in advance
by the Ethics Committee for Human Sciences at the University
of Turku.

3.3 | Apparatus

Eye movements were recorded monocularly with EyeLink
Portable Duo and EyeLink 1000 (SR Research, Canada) with
500-Hz sampling rate.! For EyeLink Portable Duo, the texts
were presented on a 17.3-in. Asus ROG G752V laptop (refresh
rate of 120Hz, resolution 1920 1080). For EyeLink 1000, the
texts were presented on a 24“ BenQ XL2411-monitor (refresh
rate of 120 Hz, resolution 1920 % 1080). A chin-and-forehead rest
was placed 52 or 76¢cm from the screen, respectively. For the
essay-writing task, participants used a regular laptop.

3.4 | Text Materials

The materials consisted of four age-appropriate texts written by
the research team, designed to resemble science texts found in
5th grade textbooks. Two of the texts concerned hearing (human
hearing and dog hearing), and another two concerned eye
(human eye and horse eye). Each text was constructed so that it
could be understood without the other texts. However, the texts
on the same topic (hearing/eye) complemented each other. The
texts were on average 98.75 words long (range 98-100 words)
and consisted of a headline (3-5 words, not included in the text
length) and two paragraphs. Text characteristics are presented
in Table 1. Each text was presented on a single screen. The font
was proportional Calibri 18 points with 1.5 line spacing. The
headline was bolded. An example of a text screen with relevant
segments highlighted and a superimposed eye fixation pattern

4
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to illustrate the eye movement measures is presented in Figure 1
(English translation in Appendix 1). Each participant read two
of the texts (either both eye texts or both hearing texts).

The main task was to complete an inquiry task comparing the
differences between human and dog/horse hearing/eye at the
end of the study protocol. Texts contained relevant and irrele-
vant segments with respect to the inquiry task. An example of
a relevant text segment is the mention of the human hearing
range. It is relevant as the dog hearing text includes a corre-
sponding segment. An example of an irrelevant text segment
is a fact concerning how the human brain interprets sound as
it does not have a corresponding segment in the dog hearing
text. Each text contained information relevant to four core
concepts on each topic. For example, for hearing, the relevant
concepts were the ability of hearing ultrasound, the threshold
of pain, the hearing range, and the auditory perception of the
environment.

3.5 | Essay-Writing Task

For essay writing, the children used a short version of
NEURONE, a simulated WWW environment (Gonzalez-Ibafiez
et al. 2017). In the essay-writing task, the participant was first
able to review the texts and was asked to highlight 3-5 most
task-relevant segments of a maximum of 10 words from both
texts. After highlighting the relevant segments, these segments

TABLE1 | Textcharacteristics.

Number Number of Readability
Text of words characters index
Human hearing 99 700 67.32
Dog hearing 100 709 71.74
Human eye 98 711 57.29
Horse eye 98 638 68.34

Note: Number of characters does not include spaces. Readability index is based

on Bjérnsson (1983).

Kuulo on ihmiselle tarkea aisti

were presented on the screen and the participant was asked to
write an essay to complete the inquiry task. For successful in-
quiry task completion, the student had to identify relevant text
segments dealing with the differences between human and
horses’ eyes or dogs' hearing, compare these differences, and
write a coherent essay.

The essays were coded on four measures: (1) number of rele-
vant words (min =0, max=9), (2) relevant concepts concerning
human or animal hearing/eye (min=0, max=38), (3) coherence
based on the logical flow within and between the sentences
(min=0, max=>5), and (4) Task fulfillment that is, the compari-
son between human and animal hearing/eye (min =0, max=4).
Two trained coders independently scored a randomized subsa-
mple of 30% responses to assess interrater reliability. Quadratic
weighted kappas ranged from 0.53 to 0.94 across the matrix
dimensions, with a mean kappa of 0.71, indicating substantial
agreement (Landis and Koch 1977). As reliability was deemed
sufficient, Coder 1 scored the remaining data, and these scores
were used for all further analyses. The detailed scoring criteria
can be found in Appendix 2.

3.6 | Measures of Reading Skill and Reading
Comprehension

Children completed the technical reading (TL5) and half of
the reading comprehension (two expository texts from LY5 for
5th graders, LY6 for 6th graders) subtests of ALLU (Ala-asteen
Lukutesti, Lindeman 1998), a standardized Finnish reading test,
in a classroom setting. In the technical reading subtest, children
had to recognize and separate words in a word chain that is,
string of letters (e.g., therehewho) as quickly as possible. On av-
erage, children scored 3.35 (SD 1.40, range 1-6, skewness 0.27)
standardized points (scale 1-8, values 4-6 denoting average
technical reading skills). The KR20 coefficient of internal con-
sistency of the test is 0.97.

In the reading comprehension subtest, children read two short
expository texts and had to answer 12 multiple-choice ques-
tions on the basis of each text. They were allowed to have the

Oletko kuullut heindsirkan sirittavan? lakkailta korkeataajuinen siritys jaa kuulematta, mutta sinulle se on

mahdollista. Kimeita ultradania sinakaan et kuule, silla nuoren kuuloalue on noin 20-20 000 hertsia. Hertsit

kuvaavat kuulemiesi ddnien taajuutta. Kuulemiseen vaikuttaa myds danen voimakkuus. Kuulokynnys eli

hiljaisin kuulemasi &ani on 0-20 deé,s

elia. Yli 125 desibelin aani alkaa jo tuottaa kipua.

OEO

@ O0®E ©

lhmisen korvat ovat ihmeelliset. Ne kerddvat ympariston aaniaallot ja kuljettavat ne varahtelyna korvan eri

osien lapi kuulohermoon seka siitd edelleen sahkdéimpulssina aivoihin. Aivot puolestaan tulkitsevat danen.

Kuuloaisti on ihmiselle tarked ympariston danien, tilan ja suunnan havainnoinnissa. lhminen havaitsee

danet noin 140 asteen alueelta. Kaksikorvaisuus mahdollistaa suuntakuulon.

FIGURE 1 | Example of an experimental text “Hearing is an Important Sense for Human” (see Appendix 3 for the English translation). The

highlighted areas denote relevant segments. The numbered circles denote fixations, showing an example of an eye movement pattern related to one

relevant segment. In this, first-pass reading duration consists of fixations 1-6; first-pass rereading duration consists of fixations 4 and 6; look-back

duration consists of fixation 10; as there is fixation 4, probability of a regression within segment is 1; as there is fixation 10, look-back probability is 1;

as there is fixation 7, look-from probability is 1.
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texts next to the questions throughout the testing. On average,
children scored 4.54 (SD 2.08, range 1-9, skewness 0.37) stan-
dardized points (scale 1-9, values 4-6 denoting average reading
comprehension). The KR20 coefficients of internal consistency
of the tests are 0.62-0.75. Technical reading and reading com-
prehension correlated at r=0.45.

3.7 | Procedure

Prior to testing, the children were told that at the end of the
testing session, they would have to complete the inquiry task
(“What's the difference between human and dog/horse hearing/
eye?”) and that they would have to do each subtask with this
task in mind.

The eye tracking session started with an internet search page
reading task (reported elsewhere). After this, the children were
told that they would read two texts, after which they would have
to answer the inquiry task (repeated at this stage). They had
4min to read the first text, and another 4min to read the sec-
ond text. The time limits were imposed in order for the whole
testing session, including the other tasks, to fit a regular 45-min
class even for the slower readers. They were told they would not
need to memorize the texts and that they should read them as
they would normally read such texts. Finally, children were told
that they would be able to see the texts again prior to the essay-
writing task.

Half of the children read the hearing texts, and the other half
read the eye texts. The presentation order of the human and ani-
mal texts was counterbalanced between the participants. Before
the experiment, a 9-point calibration procedure was employed.
The average calibration error was a maximum of 0.51 degrees.
Both texts were preceded by a fixation point at the top-left cor-
ner of the screen. Once the participant fixated the fixation point,
the experimenter initiated the text screen. After each text, the
participant pressed a mouse button.

After reading the texts, the participants were seated in front of
another laptop to use NEURONE (Gonzalez-Ibafiez et al. 2017).
They were instructed on the highlighting as described above,
with the inquiry task being repeated. On the left side of the
screen, the children could see the two texts, one at a time. On
the right side, the children could select text to make notes and
see the notes they had already made. The children were shown
how to highlight and save a note with the mouse. After this, the
children worked on their notes.

Finally, the children were instructed about the inquiry task,
which was repeated once more. They were told that they should
use their notes as an aid but that they should not copy/paste text.
The target length of the essay was 40-60 words. On the left side
of the screen, there was a text box in which the essay was typed
in. On the right side, the children could see the notes they had
made in the previous phase. The text was automatically saved.

Reading skill and text comprehension tests were completed in a
separate session as classroom testing after the eye tracking had
taken place.

3.8 | Data Preparations

The texts were divided into relevant and irrelevant segments,
used as areas of interest (AOI) for the analyses of eye move-
ment measures. Segments were identified as relevant based on
whether they contained information necessary to perform the
inquiry task, either based on concepts (e.g., Hertz, field of vision)
or propositions (e.g., explanation of hearing range, how long does
it take to get used to dim lighting conditions). Relevant segments
were determined by two members of the research team until
consensus was reached. The AOIs were based on segments of
text consisting of multiple words. The edges of the relevant seg-
ments did not always coincide with sentence boundaries. This
means that sometimes the relevant segment was only a part of
a single sentence (e.g., in the sentence “Hearing sensitivity can
also be a problem, as, for example, fireworks sounding at over
80 decibels cause dogs fear or even pain.” The bolded area
was regarded as a relevant segment and unbolded area as irrele-
vant). There were two occurrences (but so that each participant
only saw one of them) where the relevant segment occupied the
end of one sentence, and continued at the beginning of the sen-
tence that followed. Nevertheless, pieces of relevant information
belonging to different sentences were treated as separate AOIs
(e.g., in the sentence pair “Dog can locate the sound source in a
mere sixth of a second and hear very high frequencies from
a 360 degree area surrounding it. The frequency band of the
dog's hearing range is 70-100,000 hertz, meaning they also hear
very high ultra sounds.” In which the bolded area was regarded
as one relevant segment and the italicized area as another rel-
evant segment). The relevant text segments were spread over
the whole text. The first sentence was never a relevant segment.
On average, the relevant AOIs consisted of 9.50 words (SD 3.43,
range 4-19). The remaining text segments were considered as
irrelevant. As for the relevant segments, if an irrelevant segment
extended over a sentence boundary, the parts in different sen-
tences were treated as separate AOIs. On average, the irrelevant
AOISs consisted of 7.55 words (SD 4.64, range 1-19).

For the eye tracking data, the following automatized clean-up pro-
cedures were used: Fixations closer to each other than 0.5 degrees
were merged; remaining fixations shorter than 50 ms were deleted;
and fixations immediately before or after a blink were deleted. All of
the remaining fixations were treated as separate fixations. Fixation
patterns were visually inspected and hand-corrected to be on lines
if they clearly fell below them. If a fixation pattern was not clear
but was judged to look like reading, its fixations were left on their
original places. If a fixation pattern did not resemble reading (e.g.,
a sequence of fixations darting around the text instead of following
the usual left-to-right pattern), its fixations were deleted. For the
beginning of reading, if there was a single fixation not on headline
or first sentence, or more than one fixation not on headline or first
sentence but so that they were all on different segments, they were
deleted. Finally, if during first-pass reading of any segment, there
was a single fixation in an upcoming area of interest (i.e., the AOI
was exited to an upcoming AOI where a single fixation was made
before returning to the previously mentioned AOI), it was deleted.
The rationale for this was that it can be argued that a single fixation
to an upcoming AOI followed by an immediate regression back to
the previously mentioned AOI practically indicates that the first-
pass processing of said AOI is still ongoing.
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3.9 | Statistical Analyses

The data were analyzed with (generalized) linear-mixed effects
models (Baayen et al. 2008; Ime4 package, version 1.1-35.4, Bates
et al. 2015) and linear regression (basic R Stats package) using R
statistical software (version 4.3.2; R Core Team 2023). The plots
have been created with ggplot2 (version 3.5.1; Wickham 2016).
As one of the participants was not present for the technical read-
ing skill classroom testing, their data was discarded from the
analyses.

For RQ1, we analyzed several duration and probability mea-
sures. For duration, the dependent variables were first-pass
reading duration (summed duration of all fixations in the AOI
before exiting the segment for the first time), first-pass reread-
ing duration (summed duration of all regressive fixations in the
AOI before exiting the segment for the first time), and look-back
time (Hyoni et al. 2003; summed duration of all fixations made
on the AOI after exiting it for the first time). As the AOIs were
of different sizes, the duration measures were transformed to
ms/character scale. The duration measures were then log trans-
formed to correct for skewness. For probability, the dependent
variables were probability of making a regression within a seg-
ment during first-pass reading, probability of look-back (mak-
ing a look-back landing in that particular AOI), and probability
of look-from (making a look-back leaving that particular AOI).
Each probability variable was coded as 1 for event and 0 for
no event.

Separate models were run for each dependent variable. For each
model, the critical independent variable was relevance of the
segment (relevant/irrelevant). Relevance was deviation-coded
(relevant 0.5, irrelevant —0.5). We also used technical reading
skill and Reading comprehension as independent variables (z-
transformed). These reading skill measures were continuous,
but for the sake of clarity, we will discuss them in terms of better
and worse readers (i.e., those that scored higher or lower in said
measure, respectively). For the reading time variables, zeros
(e.g., an AOI having a First-pass reading duration of 0) were
treated as missing values, resulting in conditional reading time
measures. This amounted to 4.86% missing values for First-pass
reading duration, 33.25% for First-pass rereading duration, and
54.30% for Look-back duration. To answer RQ1, we included the

interactions of relevance and technical reading as well as rele-
vance and reading comprehension. We attempted to fit the max-
imal random structure (Barr et al. 2013). Due to convergence
issues, to find the model with the maximal converging random
structure, one random slope at a time was removed from the
model. This was done for all possible random slope combina-
tions. The model with the most complex random structure that
converged was selected as the final model. For the sake of brev-
ity, the final models are reported in Appendix 3. The interac-
tions are interpreted on basis of graphs.

For RQ2, we predicted essay scores on the basis of eye move-
ment indices and reading skill measures. The eye movement
indices were extracted by running a separate model for every
measure (first-pass reading duration, probability of making a re-
gression within a segment during first-pass reading, probability
of look-back, and probability of look-from) for each individual
participant (Kliegl et al. 2011). For the duration measures, only
first-pass reading duration was used due to the abundance of
zeros for the regressive durations. In each model, deviation-
coded relevance (relevant 0.5, irrelevant —0.5) was used as the
sole predictor. From the resulting models, we extracted intercept
and relevance coefficients for each variable for each participant.
The intercept coefficients were z-transformed. In order not to
overfit, we wanted to have only a small set of predictors. As
many of the coefficients were highly correlated (see Table 2), we
selected intercept and relevance coefficients of first-pass reading
duration and probability of a look-back to have indices of early
reading and later reading, respectively. First-pass reading dura-
tion was selected as it reflects the initial time spent processing
the segment. As for later processing, the ideal choice would have
been look-back duration. However, as for this measure, there
were more than 50% zero values, we selected the probability of
look-back as our late processing index.

Next, we ran regression models with technical reading, reading
comprehension, first-pass reading intercept and relevance co-
efficient, and probability of a look-back intercept and relevance
coefficient as independent variables. The synthesis scores used
as dependent variables were number of relevant words, concep-
tual science content, and coherence. As the majority of partici-
pants performed close to floor level in task fulfillment, it was not
analyzed. The t/z values reported are the statistics for the fixed

TABLE 2 | Correlations between the coefficients extracted for individual participants.

FD (int) FD (rel) PFR (int) PFR (rel) pLB (int) pLB (rel) pPLF (int) pLF (rel)
FD (int) 1
FD (rel) 0.10 1
PFR (int) 0.56 0.11 1
DPFR (rel) 0.23 0.31 0.71 1
pLB (int) -0.21 0.13 0.06 0.11 1
pLB (rel) -0.03 —-0.26 -0.25 -0.35 -0.03 1
pLF (int) -0.11 0.17 0.08 0.17 0.84 -0.31 1
pLF (rel) -0.02 -0.10 0.03 0.04 0.23 -0.01 0.23 1

Abbreviations: FD, first-pass duration; int., intercept; pFR, probability of first-pass regression; pLB, probability of look-back; pLF, probability of look-from; rel,

relevance.
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effects in the mixed effects/regression models. For the sake of
clarity, we will only report reliable effects and interactions apart
from the effect of relevance, for which a standardized 8 or OR is
provided for every measure.

Anonymized data and R script used for analyses can be found at
https://osf.io/y5vh4/.

4 | Results

4.1 | Do Technical Reading Skill and Reading
Comprehension Skill Modulate the Effect

of Task-Relevance on Eye Movement Patterns
During Reading of Multiple Texts?

The non-transformed descriptive statistics for the dependent
variables are presented in Table 3. The final models are pre-
sented in Appendix 3 as Tables A3-AS8.

First-pass reading duration. Relevant segments were read for
longer than irrelevant segments, 3=0.16, t=2.12. Furthermore,
readers with better technical reading skill had shorter first-pass
reading durations, t=—2.32. There were no reliable interactions,
allt<1.

First-pass rereading duration. The effect of relevance (§=0.08)
nor other effects reached statistical significance, all ts<1.4.

Look-back duration. Better comprehenders had shorter look-back
durations, t=—3.04. Furthermore, readers with better technical
reading skill had longer look-back durations, t =2.76. There were
no reliable interactions or a relevance effect (§=0.10), all ts<1.

Probability of making a regression within a segment during
first-pass reading. There was no reliable effect of relevance
(OR =1.70), but there was an interaction between relevance and
comprehension, z=-2.39, depicted in Figure 2. Weakest com-
prehenders showed a higher probability of making a regression
within relevant than irrelevant segments. For better compre-
henders, this difference disappeared.

TABLE 3 | The descriptive statistics for the eye movement variables
in relevant and irrelevant segments.

Relevant Irrelevant

M SD M SD

First-pass reading 52.03 33.40 4911 32.83
duration
First-pass rereading 14.69 20.87 10.92 15.23
duration
Look-back duration 19.19 3596 1536 35.89

Probability of a regression ~ 0.76 0.43 0.67 047
within segment

Look-back probability 0.43 0.50 0.43 0.50
Look-from probability 0.52 050 043 0.50

Note: Durations are in ms/character.

Probability of a look-back. While there was no reliable ef-
fect of relevance (OR=1.05), there was an interaction be-
tween relevance and technical reading, z=1.97, depicted in
Figure 3. Overall, readers with better technical reading skills
had a higher probability of making a look-back in both rele-
vant and irrelevant segments than those with weaker techni-
cal reading skills. While for the readers with better technical
reading skills the probability of making a look-back was nu-
merically higher for relevant than irrelevant segments, for
readers with weaker technical reading skills this effect was
reversed.

Probability of a look-from. There was no reliable effect of
relevance (OR=1.71) but there was an interaction between
relevance and technical reading skill, z=2.53, depicted in
Figure 4. Readers with better technical reading skills had
a higher probability of making a look-from than those with
weaker skills. While readers with better technical reading
skills had a higher probability of initiating a look-from from

Probability of regression within segment

80% =

Relevance

’— Irrelevant
60% = f«"i

s
E Relevant

Probability

\

40% =

1 1 1 1
-1 0 1

Comprehension [z]

FIGURE 2 | The effect of comprehension on the probability of mak-
ing a regression within segment for relevant and irrelevant segments.
Shaded areas denote 95% CIs.

Probability of a look-back
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—! Irrel t
50% = ! rrelevan
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Technical reading [Z]

FIGURE3 | The effect of technical reading skill on the probability of
making a look-back for relevant and irrelevant segments. Shaded areas
denote 95% CIs.
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https://osf.io/y5vh4/

a relevant than an irrelevant segment, for weaker technical
readers there was practically no effect of relevance. Finally,
there was a main effect of comprehension with better com-
prehenders having a lower probability of making a look-from,
z=-2.34.

4.2 | Do Eye Movement Measures Predict
Performance in the Subsequent Essay-Writing Task?

The descriptive statistics for the dependent variables (including
task fulfillment) and their correlations with technical reading
and reading comprehension are presented in Table 4. The es-
says were on average 63.67 words long (SD 25.62, range 42-
154). The final models for all essay-writing task measures are
presented in Appendix 3 as Tables A9-A11. None of the effects
were reliable, all ts < 2. For relevant words in the essay, neither
first-pass reading duration (8=0.37) nor probability of a look-
back (8=-0.01) were reliable predictors. Also, for the concep-
tual science content, first-pass reading duration (8=-0.16) or
probability of a look-back (8=—0.08) were not reliable predic-
tors. The same was true for coherence: neither first-pass read-
ing duration (§=0.08) nor Probability of a look-back (=0.16)
predicted essay coherence. Of note, for Conceptual science con-
tent and Coherence, the adjusted R?s were negative, providing
further statistical evidence that the indices were not predictive
of essay quality.

Probability of look-from

100% =

75% =

Relevance

—l Irrelevant
50% - |
EI Relevant

Probability

25% =

0% =
1 1 1 1
| 0 1 2

Technical reading [z]

FIGURE4 | The effect of technical reading skill on the probability of
making a look-from for relevant and irrelevant segments. Shaded areas
denote 95% CIs.

5 | Discussion

We were interested in the effect of relevance on multiple text
reading of 5th and 6th grade Finnish children. Participants were
presented with an inquiry task and two expository texts related
to the task. The texts contained both task-relevant and task-
irrelevant text segments. At the end of the experiment, partici-
pants completed an essay-writing task. Task-relevant segments
were read longer than task-irrelevant segments during first-pass
reading. Moreover, weaker comprehenders were less likely to re-
gress within an irrelevant segment. Better technical reading was
associated with shorter first-pass and longer rereading dura-
tions. Furthermore, the relevance effect was more pronounced
for better technical readers with respect to rereading. As for the
essay-writing task, the eye tracking indices did not predict per-
formance in it and overall no reliable effects were found for the
essay-writing task.

5.1 | Effects of Task Relevance on Eye Movement
Patterns

We hypothesized that more skilled readers would pay more
attention to task-relevant than to task-irrelevant text segments
and that this effect would be strongest in the eye movement
measures reflecting immediate rereading and subsequent look-
backs. We found only partial support for this hypothesis.

Technical reading skill did not modulate the effect of relevance
during first-pass reading, even though better technical readers
had shorter first-pass reading durations overall. This trivial
finding of reading skill is consistent with previous studies (e.g.,
de Leeuw et al. 2016a; Héikio et al. 2018; Hautala et al. 2019; van
den Broek et al. 2009). While the modulating effect of reading
ability on relevance was not observed in duration measures, it
was observed in the probability of making a look-from or a look-
back. While better technical readers had a higher likelihood of
look-backs overall, this effect was more pronounced for relevant
segments. This finding is consistent with our hypothesis. This
pattern of results demonstrates the need to integrate relevant
information with earlier text, even though better technical read-
ers tended to go back and read most of the text again anyway.
For poorer technical readers, the probabilities associated with
look-backs did not differ between relevant and irrelevant seg-
ments, showing that their direction of later reading was not ef-
ficient. These findings are in line with those of van den Broek
et al. (2009), who showed that skilled child readers focused their
look-backs on relevant segments, whereas less skilled readers
did not systematically direct their look-backs.

TABLE 4 | The descriptive statistics and correlations with technical reading and reading comprehension for the essay writing scores.

M SD Min Max Technical reading Reading comprehension
Number of relevant words 5.65 1.31 3 8 —0.02 0.30
Conceptual science content 3.98 1.75 0 7 0.05 0.14
Coherence 2.42 1.35 1 5 0.15 0.40
Task fulfillment 1.69 1.11 0 4 -0.13 —-0.03
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The finding that poorer technical readers were less likely to
make look-backs overall contradicts the results of previous stud-
ies, which either showed longer look-back durations for poorer
decoders (Hiikio et al. 2018; Hautala et al. 2019) or no effect
of decoding (de Leeuw et al. 2016a). This is likely due to our
specific task. Our participants saw the texts again before com-
pleting the essay-writing task, in contrast to previous studies in
which participants had to answer comprehension questions by
memory. It is likely that because decoding was more effortful
for poorer technical readers, they devoted their processing re-
sources to first-pass reading, knowing that they could read the
texts again at a later stage.

As for the effects related to reading comprehension skill, weaker
comprehenders were less likely to make a regression within ir-
relevant segments than within relevant segments during first-
pass reading, whereas better comprehenders made regressions
within both relevant and irrelevant segments at approximately
the same, relatively high rate. This suggests that better compre-
henders developed a strategy of non-selective first-pass read-
ing, knowing that they can return to important segments of the
text. While weaker comprehenders recognize the relevance of
the segment, it is hard to say whether the lower probability of
a regression within the segment is due to a decision of focusing
their initial efforts on reading relevant parts more thoroughly or
getting disengaged while reading irrelevant segments.

Against our hypothesis, there were no relevance effects for
look-backs in relation to comprehension, contradicting van der
Schoot et al. (2008), who showed that better comprehenders in
grades five and six spent relatively more time in making look-
backs to relevant words. However, our study used relevant and
irrelevant segments, whereas van der Schoot et al. used single
(ir)relevant target words within texts. It may be that when task
relevance is based on a single word rather than longer segments,
asingle word plays a relatively larger role in text comprehension,
necessitating a re-examination of whether it makes the entire
segment relevant. Nevertheless, our findings are in line with
those of Chen et al. (2025) who did not find an effect of read-
ing comprehension in their entropy measure for second-pass
reading in the condition in which the children read for general
comprehension. Interestingly, better comprehenders had shorter
overall look-back durations, suggesting that they processed the
information efficiently during the first-pass reading.

Overall, we observed the relevance effect in first-pass reading,
reflecting that our participants, regardless of their reading
skill, recognized relevant segments and spent more time read-
ing them. This finding is consistent with that of van der Schoot
et al. (2008), who observed that 5th and 6th grade readers had
longer first-pass fixations on relevant words, regardless of read-
ing skill. Furthermore, our participants went more often back
and forth between relevant than irrelevant segments, showing
sensitivity to our relevance manipulation. This relevance effect
contradicts the finding of Schumacher et al. (1983), who did
not observe that the look-backs of 5th grade children would be
directed to task-relevant segments. However, it is consistent
with the finding of Hautala et al. (2019), who witnessed 6th
grade children making more look-backs to task-relevant seg-
ments of the text. Notably, the language of the children in the
Hautala et al. study was Finnish, as it was for our children.

Since children reading in Finnish, a language with transpar-
ent orthography, have been proficient readers for a longer time
than those in English, a language with opaque orthography
(see Seymour et al. 2003), they may possess more resources for
building text representations and, hence, locate task-relevant
segments better.

In the present study, we used Look-back measures as an indica-
tor of relevance detection, as has been done in previous studies
(e.g., Hautala et al. 2019; Rouet et al. 2001). It can also be argued
that Look-back behavior is indicative of integration attempts
(e.g., Kaakinen and Hyond 2005). As we did not include a task
in which the task model would have been explicitly measured,
such as think-aloud (e.g., Kaakinen and Hy6n& 2005), we cannot
disentangle between these two accounts. At any rate, we believe
these measures signal both relevance detection and integration
attempts.

One point to note is that our task required inter-text integration.
What was task-relevant was not obvious when reading the first
of the two texts, because at that point there was no information
about which parts of the text would contain information rele-
vant for the comparisons. This may be a trivial reason for not
seeing all of the expected effects. The reason we selected se-
quential presentation of texts was two-fold. First, this was done
to mimic real-life reading in which it is quite usual that peo-
ple read texts in a sequential order instead of jumping back and
forth between them, at least for the first time they encounter the
text. This has also been the usual presentation mode in previous
eye tracking studies in which several texts have been presented
(e.g., Kaakinen and Hyoni 2005; however, see Chen et al. 2025,
for an example of simultaneous presentation of texts). Second,
our design in which the participants could not go back to a pre-
viously read text during the eye tracking ensures that our Look-
back measures are purer in indicating immediate integration
processes and comparable across participants, as all participants
saw the texts in the same order.

5.2 | Effects of Reading on Essay-Writing Task

For our second hypothesis, we expected that larger relevance
effects during reading would be reflected in better scores on
various aspects of the post-reading essay-writing task. However,
we did not observe any reliable effects in the essay-writing task,
further underscored by the negative adjusted R?s in concepts
and coherence. Overall, participants had relatively high scores
of relevant words and concepts but lower scores on coherence
and task fulfillment.

As for readers of different reading skills, we did not find any
statistically significant differences with respect to their essay-
writing scores (van den Broek 2010; van den Broek et al. 2002,
2011). The coherence and task fulfillment scores suggest that
the standards of coherence set by the children were not suffi-
cient to complete the task well. As mentioned above, weaker
comprehenders seemed to adjust their reading according to the
standards of coherence as defined by the reading task. However,
this did not lead to better essay-writing scores. Moreover, better
comprehenders made shorter look-backs overall and showed no
relevance effects during first-pass reading. It may be that they
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understood the gist of the text during first-pass reading and had
no need to allocate resources to more thorough processing.

The null findings regarding the link between the observed
process data (i.e., eye tracking indices) and final outcome mea-
sures (i.e., essay-writing scores) are likely due to the nature of
our task in which the children could revisit the texts during
the essay-writing task. Getting to see the texts again may have
shifted the task demands from being memory-based integra-
tion to more text-centered synthesis process. Furthermore, the
time constraints during the reading may have affected the per-
formance, at least for slower readers. It may be the case that
they have not had time to fully process the texts, or may have
had to resort to using a different type of strategy than they
would have otherwise used, for instance processing the texts
more thoroughly during first-pass reading than they would
have preferred. However, suboptimal reading strategy should
also be reflected in lower essay scores and relationship between
the eye tracking indices and essay scores. At any rate, the fu-
ture studies should examine the process-product gap witnessed
in our study. This could be done by, for instance, employing a
memory-based essay-writing task in which the participants do
not have the opportunity to revisit the texts, or measuring the
eye movement patterns of the participants while they are com-
pleting the essay-writing task.

There is an important caveat here: the essay-writing task is not
a pure measure of comprehension as it involves many processes.
A child might have built a coherent mental model of the topic
but struggle in the actual writing task. As we did not explicitly
measure the task model with, for instance, explicitly asking
what the children think is the goal of the task, we cannot dis-
entangle between these two accounts. However, we aimed at
ecological validity as this type of task is often used in school.
Moreover, the independently measured reading comprehension
correlated with coherence at r=0.40. While this effect failed to
reach significance and there was no effect of task fulfillment, for
instance, this correlation indicates that better comprehenders
indeed performed better in this writing task. Furthermore, the
essay-writing task is regularly used as a measure in multiple text
integration (see Primor and Katzir 2018, for a review). It can be
said that writing an essay is a generally accepted and common
task to measure multiple text comprehension and, hence, the co-
herence of the mental model.

6 | Limitations

The biggest limitation of the current study is the small sample
size, due to our study being carried out during the COVID-19
pandemic. This has led to low statistical power, which may
have obscured the full pattern of results. That said, the main
findings are solid, indicating that we did have enough power
to detect interaction between relevance and reading skill mea-
sures. At any rate, future studies should replicate these findings
with larger samples. While we found relevance effects in the
reading task, they did not carry over to the essay-writing task.
Although this may reflect the fact that 5th and 6th graders do
not set their standards of coherence high enough to perform ad-
equately in an inquiry task, it may also be that our specific task
was simply not conducive to finding such effects. Because the

relevance of one segment depended on the material presented
in the other text, our participants may have had difficulty set-
ting adequate standards of coherence from the first time they
read the texts. In addition, the task instructions emphasized
that the texts would be presented later, which may have led
participants to adopt a familiarization strategy during the eye
tracking phase rather than reading more strategically. Next,
we did not measure children's prior knowledge on the topic.
However, we had carefully chosen the topics so that they had
not been covered in the school curriculum. While it is possi-
ble that for some children the topic was familiar, it is highly
unlikely it was familiar to the majority of participants. Finally,
we did not explicitly measure children's task model. Therefore,
we cannot be sure whether the null results are indicative of the
failure of task model, difficulties in the essay-writing task, or
simply the way our task was constructed. These aspects should
be investigated in future studies, which could also benefit from
inclusion of other types of measures that can be combined with
eye tracking, such as entropy as used by Chen et al. (2025) or
engagement as measured by postural swaying in the study of
Ballenghein and Lachaud (2025).

7 | Conclusion

Finnish 5th and 6th grade readers recognize what is relevant to the
task-at-hand and adjust their reading accordingly, based on their
reading skills. While better technical reading skill was connected
to more selective later look-backs, less skilled comprehenders en-
gaged in more first-pass rereading of relevant segments. Despite
children's sensitivity to the task relevance during reading, they did
not seem to form a coherent memory representation of the relevant
text contents. One possible reason for this is that the inquiry task
used required integrating information across two texts. Since in-
tegrating information across multiple texts is an important part of
text comprehension in modern society, our findings suggest that
primary school children need to be better taught to monitor their
reading comprehension in relation to the task at hand.
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Appendix 1 TABLE A1 | Points awarded for coherence in the essay writing task.
English Translation of the Text Presented in Figure 1 Evaluation criteria Points
Hearing is an important sense for humans. No sentences 0
Have you heard a grasshopper chirping? High-frequency chirping is .

unheard by the elderly, but it is possible for you. You also will not hear No linked sentences 1
harsh ultrasounds, because a young person's hearing range is around Partial coherence within sentences 2
20-20,000 hertz. Hertz describes the frequency of the sounds you hear. ) o

Hearing is also affected by the volume of the sound. The hearing thresh- Mainly coherent within sentences 3

old that is, the quietest sound you hear is 0-20dB. A sound above 125dB Mainly coherent within sentences and partially coherent 4

already starts to cause pain. flow between sentences

Human ears are amazing. They collect the sound waves of the environ-

ment and transport them as vibrations through different parts of the Coherent flow within and between sentences >
ear to the auditory nerve and from there as an electrical impulse to the
brain. The brain, in its turn, interprets the sound.
The sense of hearing is important for humans in perceiving environ- TABLE A2 | Points awarded for task fulfillment in the essay writing
mental sounds, space, and direction. Humans perceive sounds from a task.
range of about 140 degrees. Having two ears enables directional hearing.

Evaluation criteria Points
Appendix 2

No comparison 0
Points Criteria for the Essay Writing Task

Comparisons only listed, not linked 1

Number of relevant words used in the explanation concerning human

or animal hearing/eye. One point was awarded for each relevant word 2 linked comparisons 2
mentioned in the texts for both the hearing and eye tasks. The max-
imum score was 9. For the hearing inquiry task, the relevant words
(translated from Finnish) were human, dog, ear, hearing (mentioning 4linked comparisons 4
“to hear” instead was awarded with 0.5 points), hearing area, frequency,
hertz, ultrasound, decibel. For the eye inquiry task, the relevant words
(translated from Finnish) were human, horse, eye, vision (mentioning
“to see” instead was awarded with 0.5 points), field of view, dim/dark
vision, three-dimensional, accommodation, adaptation.

3 linked comparisons 3

Relevant concepts concerning human or animal hearing/eye. One point
was awarded for each relevant concept mentioned in the texts for both
the hearing and eye tasks. Furthermore, separate points were awarded
for explaining the concept for human and dog/horse each, i.e., explain-
ing the frequency range of hearing for human resulted in one point, and
explaining it for dog resulted in one point. As there were four concepts
per topic, the maximum score was 8. For the hearing inquiry task, the
concepts were ultrasound, frequency, hearing area, and hearing thresh-
old. For the eye inquiry task, the concepts were field of view, three-
dimensionality, adaptation, and accommodation.

Coherence based on the logical flow within and between the sentences.
Points were awarded for coherence according to the criteria presented
in Table Al.

Task fulfillment that is, the comparison between human and animal
hearing/eye. Points were awarded for task fulfillment according to the
criteria presented in Table A2.
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Appendix 3

TABLE A3 | The final Ilmer model for first-pass reading duration (First-PassReadingDuration ~1+ Relevancex[Comprehension.z+
TechnicalReading.z] + [1lparticipant] + [1lsegment]).

Predictors Estimate SE CI t 14
Intercept 3.74 0.07 3.61t03.88 54.12 <0.001
Relevance [relevant] 0.09 0.04 0.01to00.18 2.12 0.035
Comprehension 0.09 0.08 —0.06 to —0.24 1.22 0.222
Technical reading —0.18 0.08 —0.33 to —0.03 —2.32 0.021
Relevance [relevant] X comprehension —0.01 0.05 —0.10t0 0.09 -0.13 0.893
Relevance [relevant] X technical reading —0.01 0.05 —0.10t0 0.09 -0.12 0.908

Random effects

o 0.23
TOOparticipam 0.10
ICC 0.30
Nparticipant 23
Observations 518
Marginal R?/Conditional R? 0.081/0.359

Note: Duration is in ms/character that has been log-transformed. Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with
p<0.05.

TABLE A4 | The final Imer model for first-pass rereading duration (First-PassRereadingDuration ~1+ Relevance x[Comprehension.z+
TechnicalReading.z] + [Relevancelparticipant] + [Comprehension.zlsegment]).

Predictor Estimate SE CI t P
Intercept 2.44 0.08 2.28t02.61 29.14 <0.001
Relevance [relevant] 0.07 0.11 —0.16 to 0.29 0.58 0.560
Comprehension —0.08 0.08 —0.24 t0 0.08 -0.93 0.351
Technical reading —0.09 0.08 —0.26 t0 0.07 -1.13 0.258
Relevance [relevant] x comprehension —0.00 0.09 —0.18t0 0.18 —0.03 0.979
Relevance [relevant] x technical reading 0.12 0.09 —0.05t0 0.30 1.40 0.163

Random effects
o? 0.46

T 0.07

OOsentence

0.09

TOOparticipant

T 0.01

11segment.comprehension.z

Po1segment —0.13
ICC 0.28
participant 23
sentence 46
Observations 356
Marginal R?/Conditional R? 0.047/0.310

Note: Duration is in ms/character that has been log-transformed. Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with
p<0.05.
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TABLE A5 | The final Imer model for look-back duration (Look-backDuration ~1+ Relevancex[Comprehension.z+
TechnicalReading.z] + [1lparticipant] + [1Isegment]).

Predictor Estimate SE CI t P
Intercept 2.76 0.14 2.48t03.04 19.31 <0.001
Relevance [relevant] 0.09 0.17 —0.24t00.43 0.53 0.593
Comprehension —0.43 0.14 —0.72 to —0.15 —3.04 0.003
Technical reading 0.41 0.15 0.12to 0.70 2.76 0.006
Relevance [relevant] x comprehension —-0.06 0.14 —0.33t00.21 -0.47 0.640
Relevance [relevant] x technical reading 0.13 0.14 —0.14 t0 0.40 0.94 0.346

Random effects

o? 0.74
TOOsemence 0.13
TOOparticipant 0.27
ICC 0.35
participant 22
sentence 47
Observations 249
Marginal R?/Conditional R? 0.130/0.435

Note: Duration is in ms/character that has been log-transformed. Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with
p<0.05.

TABLE A6 | Thefinal glmer model for the probability of a regression within segment (ProbabilityOfARegressionWithinSegment ~1 + Relevance X
[Comprehension.z + TechnicalReading.z| + [1lparticipant] + [1Isegment]).

Predictor OR SE CI 4 P
Intercept 3.14 0.88 1.81to5.45 4.08 <0.001
Relevance [relevant] 1.70 0.70 0.76 to 3.83 1.29 0.197
Comprehension 1.11 0.27 0.69 to 1.80 0.44 0.657
Technical reading 0.78 0.20 0.48 to 1.28 —0.99 0.321
Relevance [relevant]| x comprehension 0.53 0.14 0.32 to 0.89 -2.39 0.017
Relevance [relevant] x technical reading 1.57 0.42 0.92 to 2.67 1.67 0.095

Random effects

o 3.29
TOOsentence 1.23
TOOparticipant 0.80
ICC 0.38
participant 23
sentence 47
Observations 518
Marginal R?/Conditional R? 0.039/0.405

Note: Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with p <0.05.
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TABLE A7 | The final glmer model for the probability of a look-back (ProbabilityOfALook-back ~1+ Relevance x [Comprehension.z+
TechnicalReading.z] + [1lparticipant] + [1Isegment]).

Predictor OR SE CI 4 P

Intercept 0.76 0.29 0.35t0 1.62 -0.72 0.471
Relevance [relevant] 1.05 0.35 0.54 to 2.02 0.14 0.889
Comprehension 0.49 0.20 0.22to 1.08 -1.76 0.078
Technical reading 2.71 1.15 1.18 to 6.24 2.34 0.019
Relevance [relevant] x comprehension 0.91 0.24 0.54 to 1.54 —0.34 0.737
Relevance [relevant] x technical reading 1.72 0.47 1.00 to 2.95 1.97 0.049

Random effects

o 3.29
TOOsentence 0.61
Tooparticipant 2.77
Icc 0.51
Nparticipant 23
Nsentence 47
Observations 518
Marginal R?/Conditional R? 0.112/0.561

Note: Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with p <0.05.

TABLE A8 | The final glmer model for the probability of a look-from (ProbabilityOfALook-from ~1+ Relevance x [Comprehension.z+
TechnicalReading.z] + [1Iparticipant] + [Comprehension.zlsegment]).

Predictor OR SE CI z P

Intercept 0.99 0.32 0.53 to 1.84 -0.04 0.965
Relevance [relevant] 1.71 0.46 1.01 to 2.88 2.01 0.045
Comprehension 0.44 0.15 0.22 to 0.88 —2.34 0.020
Technical reading 2.81 1.01 1.39 to 5.69 2.88 0.004
Relevance [relevant] X comprehension 0.95 0.26 0.56 to 1.61 —0.18 0.855
Relevance [relevant] x technical reading 1.99 0.54 1.17 to 3.40 2.53 0.011

Random effects
o? 3.29

0.19

Toosentence

1.90

TOOparticipam

T 0.04

11sentence.comprehension.z

Po1sentence 0.37

ICcC 0.39

N, participant 23
sentence 47

Observations 518

Marginal R?/Conditional R? 0.158/0.489

Note: Technical reading and comprehension have been z-transformed. Bolding denotes coefficients with p <0.05.
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TABLE A9 | The final Im model for the number of relevant words.

Predictor Estimate SE 95% CI t P
Intercept 5.41 0.28 4.81t06.01 19.14 <0.001
Technical reading —-0.53 0.39 —1.36 t0 0.30 -1.35 0.196
Comprehension 0.65 0.33 —0.04t01.34 1.98 0.065
FD (int) -0.22 0.29 —0.84t00.39 -0.77 0.453
FD (rel) 1.70 1.01 —0.44to 3.85 1.68 0.112
pLB (int) 0.28 0.28 —0.30to 0.87 1.03 0.319
pLB (rel) -0.00 0.03 —0.07 to 0.06 -0.07 0.948
Observations 23
R?/R? adjusted 0.331/0.080

Note: Technical reading, comprehension, and intercept variables have been z-transformed. Bolding denotes coefficients with p <0.05.

Abbreviations: FD, first-pass duration; int., intercept; pLB, probability of a look-back; rel, relevance.

TABLE A10 | The final Im model for the coherence.
Predictor Estimate SE 95% CI t 14
Intercept 2.51 0.31 1.85t03.18 8.01 <0.001
Technical reading —-0.04 0.43 —0.96 t0 0.88 —-0.09 0.926
Comprehension 0.57 0.36 —0.19to 1.34 1.59 0.132
FD (int) —0.08 0.32 —0.77 to 0.60 —0.26 0.798
FD (rel) -0.76 1.12 -3.14t01.63 —0.67 0.511
pLB (int) -0.09 0.31 —0.74 t0 0.56 -0.31 0.764
pLB (rel) -0.01 0.03 —0.08 to 0.06 -0.32 0.756
Observations 23
R?/R? adjusted 0.214/-0.080

Note: Technical reading, comprehension, and intercept variables have been z-transformed. Bolding denotes coefficients with p <0.05.

Abbreviations: FD, first-pass duration; int., intercept; pLB, probability of a look-back; rel, relevance.

TABLE A11 | The final Im model for the conceptual science content.
Predictor Estimate SE 95% CI t p
Intercept 3.88 0.44 2.93t04.82 8.72 <0.001
Technical reading -0.23 0.62 —-1.53t01.08 -0.37 0.719
Comprehension 0.32 0.51 —0.77 to 1.41 0.62 0.542
FD (int) -0.13 0.46 —1.10t0 0.85 -0.27 0.787
FD (rel) 0.46 1.59 —2.92t0 3.84 0.29 0.775
pLB (int) 0.15 0.43 —0.77 to 1.07 0.34 0.739
pLB (rel) 0.03 0.05 —-0.07t00.13 0.62 0.547
Observations 23
R?/R? adjusted 0.049/-0.307

Note: Technical reading, comprehension, and intercept variables have been z-transformed. Bolding denotes coefficients with p <0.05.

Abbreviations: FD, first-pass duration; int., intercept; pLB, probability of a look-back; rel, relevance.
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