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Abstract
In one experiment, we explored how high-school students’ use of hyperlink relevance cues while they
navigate to answer questions from hypertexts. Current evidence has shown that students may navigate
by either performing a deep semantic analysis of the relationship between the question and the
existing hyperlinks, or by matching words in the question to words in the hyperlink labels. We
focused on how students combine both cues during navigation, and how comprehension skills relate
to the use of such cues. Our study revealed that 14 year old students (N = 53) selected hyperlinks by
relying to a similar degree on both word matching and semantic overlap. Furthermore, when there was
a conflict between an irrelevant link cued via word matching and a relevant link only cued through
semantic overlap, students’ comprehension skills facilitated their initial selection of an informative
relevant link. To conclude, we discuss the implications of these results for current models of hypertext
navigation.
Keywords: hypertext navigation, text comprehension, high-school students, comprehension
skills
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Versión en español
Titulillo: NAVEGACION HIPERTEXTUAL ADOLESCENTES

¿Cómo los adolescentes navegan en Wikipedia para contestar preguntas?

Resumen
En un experimento investigamos cómo los estudiantes de educación secundaria usan claves de
relevancia de los hiperenlaces mientras navegan para contestar preguntas en hipertextos. La evidencia
previa ha mostrado que los estudiantes pueden navegar bien a partir de un análisis semántico de la
relación entre la pregunta y los hiperenlaces existentes, o bien mediante un emparejamiento de
palabras de la pregunta con palabras en de los hiperenlaces. El experimento analiza cómo los
estudiantes combinan ambas claves durante la navegación, y en cómo las habilidades de comprensión
se relacionan con el uso de dichas claves. Nuestro estudio reveló que estudiantes de 14 años (N = 53)
seleccionaron hiperenlaces dando un peso similar tanto al emparejamiento de palabras como al
solapamiento semántico. Además, cuando había un conflicto entre un enlace irrelevante activado a
partir de un emparejamiento de palabras y un enlace relevante sólo activado a partir del solapamiento
semántico, las habilidades de comprensión facilitaron la elección inicial del enlace con información
relevante. Para concluir, discutimos las implicaciones de estos resultados para los modelos de
navegación hipertextual.
Palabras clave: navegación hipertextual, comprensión textos, estudiantes de educación
secundaria, habilidades de comprensión.
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Many current instructional activities in high schools require students to use web documents to
learn about particular topics. For example, in Webquests students are provided with a set of questions
and they are instructed to use a set of Web resources to answer them. In that situation, a critical issue
is to understand how the students select a hyperlink to find information useful to answer the question,
because an incorrect decision might lead the students to irrelevant documents, which might impair
their comprehension (Naumann, Richter, Christmann, & Groeben, 2008). The main goal of this paper
is to shed light on which cues young students use to select relevant hyperlinks in web pages, and how
the use of those cues is related to students’ skills to comprehend printed text.
Relevance cues of hyperlinks
Which criteria students use to select hyperlinks that are relevant to fulfil their assignments? To
determine the relevance of a hyperlink students can rely on different cues, that could be classified into
visual and hyperlink label cues. On the one hand, visual cues are perceptual features that by social
convention signal the relevance of a link, such as typography or position in a list of hyperlinks. Those
cues may be particularly salient when hyperlinks are presented in a search engine results page
(SERP). For example, Rouet, Ros, Goumi, Macedo-Rouet & Dinet (2011) found that the probability
that middle school students would chose a link from a list increased when the link included a word
from the search query in capitals, as compared to when the same link was displayed in lower case
letters. In the same scenario, Pan et al. (2007) reported that graduate students mostly selected the top
three pages from a SERP when performing simple search tasks (see also Salmerón, Kammerer &
García, 2013). An analysis of the students’ eye-movements revealed that most of them did not look at
links below the third link. In sum, there is ample evidence that students can rely on perceptual signs as
relevance cues. However, these cues are highly dependent on the interface used in the navigation
system (e.g. a SERP can be displayed as a list or as a matrix of results, Kammerer & Gerjets, 2012),
and they are usually not available while students navigate hypertext documents such as Wikipedia.
On the other hand, hyperlink label cues refer to the extent that link labels can be matched to
the task demands. Two particular textual features are regularly used by students to assess text
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relevance: semantic or word overlap with the question to be answered (Lewis & Mensink, 2012). The
use of semantic overlap to select hyperlinks has been particularly stressed by semantic models of
hypertext navigation. These models aim to explain and predict people’s navigation across webpages
while performing tasks such as buying a product in an on-line store or searching for information about
a particular disease (CoLiDeS+ by Juvina & van Oostendorp, 2008; SNIF-ACT, by Fu & Pirolli,
2007). Although these models propose different mechanisms to predict people’s navigation, they all
share the notion that users assess the semantic relationship between their goals and some of the
existing hyperlinks in a webpage, and that they base their decision about which hyperlink to follow on
the degree of semantic overlap between the goal and the hyperlink. For example, in one of the most
acknowledged models, the SNIF-ACT (Fu & Pirolli, 2007), users compare their goal with the
semantic information conveyed in a link, by means of a semantically based spreading activation
mechanism. Links that semantically match the goal demands would receive a high information scent.
Thus, the perceived relationship, or information scent, is compared against the scent of the already
assessed links. Once the users reach a point in which the expected gain from the rest of available links
won’t pay for the extra effort needed to assess them, they might click on the link with the highest
information scent. In sum, from the point of view of these models users perform a quite systematic
assessment of the available hyperlinks’ relevance before selecting the most appropriate one.
A second relevance cue based on the hyperlink label is word matching, i.e. to decide that a
link is relevant just because it includes a word from the search query. In this line, Wiley et al. (2009;
Exp. 1) observed that most of the undergraduate students assessed selected links based on the
presence of a keyword (‘Mt. St. Helens’) from their query (‘What caused the eruption of Mt. St.
Helens?’) (see also Cerdán, Gilabert, & Vidal-Abarca, 2011).
In sum, prior evidence suggests that students use two different hyperlink label content cues to
determine hyperlink’s relevance. The extent to which word matching and semantic cues interact
during question-answering tasks on hypertext is still an open question, because this issue remains
largely unexplored in the empirical literature. An exception is the study by Keil and Kominsky (2013),
that asked students from middle school to university to what extent a list of web pages were relevant
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to solve a question. They found that students rated as most relevant web pages whose title
semantically overlapped with the question. In addition, students rated as low relevant the pages that
were only related by means of word matching, but not semantically. Participants in Keil and
Kominsky (2013) study were not able to access the pages, and therefore their results may be difficult
to generalize to web navigation.
Comprehension skills and hyperlink selection
By correctly balancing the use word and semantic cues students would navigate efficiently
across links with relevant information, which in turn would improve their comprehension of hypertext
(Salmerón, Cañas, Kintsch & Fajardo, 2005). Therefore, it is important to identify which individual
characteristics help students to combine word and semantic cues to select links relevant for their
learning goal. A potential explanation may focus on their skills to comprehend printed texts. Skilled
comprehenders can implement important comprehension procedures that had been practiced
extensively, such as identifying relevant ideas in the text and inferring the idea conveyed in a passage
independently of the particular words used by the author (Perfetti, 2007).
In this line, Rouet el al. (2011) studied how high and low skilled students combine different
relevance cues to select hyperlinks. Specifically, they compared label content cues (i.e. the link label
referred to information relevant for the search query) and visual cues (i.e. the inclusion in the link of a
keyword from the search query in capitals). The authors found that skilled comprehenders prioritized
the content of the hyperlink label as a relevance cue over other competing visual cue (i.e. keyword in
capitals). Low skilled students, on the contrary, prioritized the visual cue over the hyperlink label
content. They interpreted this effect based on the fact that low skilled students need to focus most of
their attention on word decoding at the expense of inferential processes. Rouet et al.’s (2011) study
provides strong evidence that students use different relevance cues (visual versus hyperlink label)
based on their comprehension skills. However, the study did not isolate the two different hyperlink
label cues discussed above, i.e. word matching and semantic overlap. Indeed, predictions regarding
the role of comprehension skills and the selection of a relevant link might vary depending if students
prioritize semantic overlap or word match as main relevance cues. In the first case, we might expect
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that comprehension skills have a direct impact on navigation, because they are essential to uncover
the potential semantic relationships between links and students’ tasks (Coiro & Dobler, 2007). Prior
research evidenced that comprehension skills facilitate the selection of links relevant for the learning
goals of young and undergraduate students (Naumann, Richter, Flender, Christmann, & Groeben,
2007; Naumann et al., 2008), and the selection of a cohesive navigation path by young students
(Salmerón & García, 2011). Note that these studies did not control for the potential confounding of
word matching between the students’ goals and the hyperlink labels.
On the contrary, if students emphasize word matching we might predict that comprehension
skills may not be critical for navigation, because they are not essential to match words in the link label
to keywords in the students’ task. Supporting this view, Cerdán et al. (2011) found that both low and
highly skilled students initially accessed sections from an electronic text that contained a word match
with some of the words in the to-be-solved question, even though those sections were not informative
for the question. For example, students were presented with the question “Which adverse reactions
can the vaccine provoke” and they tended to visit the following distracting location of the text that
had not a semantic relation but contained a word overlap: “Ask your doctor if you are under medical
treatment or have had adverse reactions to the Flu vaccine. If these are very intense it may be
dangerous to the Fetus in case of pregnancy.”
In sum, the predicted impact of comprehension skills on navigation may vary according to the
importance given by students to word and semantic cues during navigation.

Research questions
The aim of the present research was to test to what extent students prioritize word matching or
semantic overlap cues to select relevant hyperlinks in a complex learning hypertext. To this end we
ran an experiment in which high school students navigated a Wikipedia document to answer a set of
questions about the French Revolution. Questions mentioned both a relevant link (which included
information necessary to answer the question) and an irrelevant link (which did not include relevant
information). The wording of the irrelevant link always occurred literally in the questions. Half of the

Running head: ADOLESCENT HYPERTEXT NAVIGATION

8

questions in addition literally contained the wording of the relevant link (literal-link questions). The
other half, in contrast, contained only a paraphrase of the relevant link’s wording, and therefore the
question had a literal match only with the irrelevant link (paraphrased-link questions).
Predictions concerning students’ navigation to select particular links vary according to the
emphasis they give to semantic and word matching cues. Specifically, we will test predictions from
three different views that either: a) emphasize semantic overlap cues over word matching for
navigation (semantic view), b) stresses word matching as main relevance cue (word matching view),
or c) assume that both cues might participate in hyperlink selections to a similar degree (semantic and
word matching view). The first two views predict that students’ will initially select links that are
respectively semantically related or that share a word with the question (see Table 1). Only the
semantic and word matching view predict an interaction between question wording (relevant link
paraphrased or literally mentioned). In paraphrased-link questions both the relevant and irrelevant link
would receive certain activation in regard to their relevance, either via a positive word match with the
question wording (irrelevant link) or via a deep semantic assessment of its relationship with the
question (relevant link). In literal-link questions, on the contrary, only the relevant link would receive
additional activation by a deeper semantic analysis, and thus would be selected more often. In
addition, the selection of those links would occur much more frequently than that of other available
un-cued links (i.e. links not mentioned in the question).
-Insert Table 1 about hereThe second research question relates to the influence of comprehension skills in students’
decisions to select particular links in a document (see Table 2). Again, only the semantic and word
matching view predict an interaction with question wording. While comprehension skills may not be
necessary when the relevant link is already cued to a higher degree than the irrelevant one (literal link
questions), they may be required to assess relevance in paraphrase questions, where both links receive
certain activation by means of two different relevance cues: word matching (irrelevant link) and a
deep semantic process (relevant link).
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-Insert Table 2 about here-

Method
Participants.
Fifty-three students from 2º ESO (Spanish equivalent of eight-grade) from three classes of a
private school from a major Spanish city participated in the experiment (mean age 14.2 years, 51%
female, mostly Caucasian) 1. On average, they had been using the Internet for 6 years (SD = 2.13). In
their school curriculum, the topic of the French Revolution had not been covered yet, and thus most of
them had low background knowledge on the topic (mean self-ratings = 1.02, SD = 1.20, on a scale
from 0 –minimum- to 10 –maximum).
Apparatus.
We presented the questions and recorded participants’ on-line behavior using an ad-hoc
program written in Microsoft Visual Basic ® simulating a well-known web browser. The program
recorded participants’ clicks on hyperlinks and browser buttons, as well as visit times.
Materials.
Hypermedia.
We adapted a real hypermedia on the topic ‘The French Revolution’ addressed to high school
students and distributed by the Spanish Minister of Education through its on-line educational
repository (Tapia, 2004). The hypermedia mimicked the interface of Wikipedia ®. The main page
included a navigable table of contents at the beginning of the page, as done in many Wikipedia pages
(see Figure 1). The main page was composed of 1,559 words, and was organized in three main
sections (causes, development and consequences of the Revolution). 8 out of the 10 subsections of the
main page included 3 hyperlinks to additional Wikipedia-like documents (see section bellow). The
linked documents were adapted from publicly available sources on the Internet, such as Wikipedia and
other on-line repositories, and were shortened to have a similar length (M = 288.96 words, SD =
43.59).
-Insert Figure 1 about here-
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Hyperlinks.
Eight subsections of the main page included 3 embedded hyperlinks. For each question
students were told to visit a particular subsection where they could find relevant information
(although they were free to navigate any of the subsections at any time). For each question only one of
subsections’ link lead to a page that included relevant and necessary information for the question (i.e.
relevant link). A second link lead to a page that included irrelevant information for the question, and
the hyperlink label was literally mentioned in the question (i.e. irrelevant cued link). A third link
pointed to a page with irrelevant information for the question, and the hyperlink label was not
mentioned in the question (i.e. irrelevant uncued link). The uncued link was included as a control
measure to discard a potential random selection of links. In each subsection the order of the
appearance of the different types of hyperlinks was varied, so that across questions the link mentioned
first was relevant (25%), irrelevant-cued (41.7%) or irrelevant-uncued (33.3%), whereas the link
mentioned at the third (and last) position was relevant (50%), irrelevant-cued (25%) or irrelevantuncued (25%) 2.
Questions.
We constructed six retrieve and six integrate multiple choice questions, in an effort to include
the most typical kind of questions students are presented to answer from documents (OECD, 2009).
Retrieve questions required participants to select and extract specific pieces of information from a
linked page. Integrate questions demanded students to connect several pieces of information through
inferences within the main hypermedia and a linked page. For each question only one subsection of
the main page included a relevant link to answer the question. Each of the eight subsections of the
main page included a relevant link in at least one question, while four subsections contained a relevant
link for two questions.
Half of the questions literally mentioned the label corresponding to the relevant link of the
target subsection (i.e. literal-link questions). For example, in the question “Which significant
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intellectual figure inspired the organization of the new political system in the French estate?” the
students were pointed to the following section of the main Wikipedia page:
“New political system
On August 1789, the Assembly worked towards a new constitution that ultimately would
transform the French estate into a constitutional monarchy. The Constitution of 1789 organized the
country in three separate administrative powers: the executive, the legislative, and the judicial. This
distinction was based on the theories of significant intellectual figures from the Enlightenment.
Two years after the beginning of the Revolution France celebrated elections that elected a new
constituent assembly called the National Convention. Its main task was to develop a new Constitution.
The members of the Convention decided to suppress the Monarchy and to establish a Republican
system.”
For this particular question, the relevant link in the literal condition was: “significant
intellectual figures”. The other half of the questions mentioned the label corresponding to the relevant
link through a paraphrase (e.g. “important philosopher”). We wrote all questions in a way that the
relevant link could be easily identified as the main clause, and the irrelevant link as a dispensable part.
The relevant link could adopt several syntactic functions in the question (e.g. subject, direct object),
but it never included secondary complements, verbs or functional words, because they would have
been too vague in the context of the question to be considered as the main focus. In addition, all
questions literally mentioned the label corresponding to an irrelevant cued link of the target
subsection (e.g. “French state”). The irrelevant link mentioned in the question was apparently
semantically relevant in the text, but unnecessary in the context of the question. The irrelevant link
was mentioned always at the end of the question, and was part of a dispensable complement. Finally,
an irrelevant uncued link was not mentioned in the question, but it was included in the target section
(e.g. “Republican system”).
Comprehension skills test.
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We used a standardized test of comprehension skills (TPC; Vidal-Abarca, et al., 2007), which
is composed of two expository texts and ten multiple-choice questions per text. Questions target
different comprehension processes as proposed by Kintsch (1998).
Procedure.
In a first session (approximately 45´), students completed the comprehension skills test in
their own classroom. In a second session that took place after two days (approximately 40´),
participants performed the experiment in the school computer room in small groups. Participants
practiced with example materials, specifically a Wikipedia page on the Solar System with a similar
structure to the experimental materials (i.e. the main page included a table of contents, each
subsection only included three links…). They practiced with three questions, and during this phase,
they were able to ask any question regarding the procedure. The experiment only started once all
students confirmed that they felt confident with the task. They were told that their goal was to
navigate a hypermedia document with the aim to answer some questions. They were instructed that in
most cases the relevant information was included in a hyperlinked page, and they were encouraged to
click on the links. They were free to access as many links as needed. There was no time limit to
answer the questions, and all participants completed the task in the assigned time. On average,
students spend 75.7 seconds to complete each question (SD = 52.9).
Results
In order to analyze students’ navigation we computed two different measures. On the one
hand, initial link selection represented if a link was selected or not as the student initial choice during
the question-answering phase for each question. It represented initial link choices for each question,
which would mostly rely on students’ assessment of the potential utility of the link to answer the
question. As this, they constituted our main variable to test the predictions of the semantic and word
match models. On the other hand, subsequent link selections indicated if the relevant link was
accessed after students had initially accessed an irrelevant link. It captured students’ ability to identify
the relevant link after an initially unfruitful access to an informative page.
Relevance cues and students’ hyperlink selection.
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First, we ran a repeated measures ANCOVA with hyperlink type (relevant, irrelevant cued,
and irrelevant uncued) and matching (literal and paraphrase) as independent variables, comprehension
skills as covariate, and initial link selection as dependent variable. Main effects resulted in significant
differences for hyperlink type, F(2, 100) = 37.65, p < .001, η2= .44, but not for matching (F(1, 50) =
0.08, p = .78). Bonferroni post-hoc analyses showed that, after controlling for the level of
comprehension skill, students tended to select the relevant link (M = 24.80%, SD = 16.58) more often
than the irrelevant cued link (M = 19.60%, SD = 15.14), p = .07, and they initially selected both types
more often than the irrelevant uncued link (M = 4.80%, SD = 07.21) (in both cases p < .001).
A significant two-way interaction between hyperlink type and matching, F(1, 50) = 13.21, p =
.001, η2 = .21, qualified the main effect (see Figure 1). This interaction allowed us to test the
predictions regarding our first research question on the role of content-based relevance cues in
students’ hyperlink selection. Bonferroni contrasts indicated that in literal-link questions the relevant
link (M = 31.10%, SD = 24.52) was selected initially more often than the irrelevant cued link (M =
15.10%, SD = 15.86) (p < .001), and both links were selected initially more often than the irrelevant
uncued link (M = 3.50%, SD = 7.21) (in both cases p < .001). This pattern of results met the
predictions of both a pure semantic view and a combined semantic and word view, as the two assume
a deep semantic analysis of the relationship between the question goal and the available links to be
operational. Contrasts for paraphrased-link questions provided further information. Supporting a
semantic and word matching view, but inconsistent with a pure semantic view, in paraphrased-link
questions the relevant (M = 18.60%, SD = 17.31) and irrelevant cued link (M = 24.00%, SD= 20.91)
were chosen initially to a similar degree (p = .46), and both were selected initially more often than the
irrelevant uncued link (M = 6.10%, SD = 12.25) (in both cases p < .001).
We further analyzed to what extent students selected the relevant link after having accessed an
irrelevant link –cued or uncued- initially. Indeed, most students’ navigation decisions after an initial
selection corresponded to a move from an irrelevant to the relevant link (57.29 %). Thus, we
computed the percentage of questions in which students subsequently selected the relevant link from
all possible cases (i.e. number of questions in which they had initially selected an irrelevant –cued or
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uncued- link) by type of matching. Students eventually accessed the relevant link 87.31% (SD =
47.05) of possible cases in literal-link questions, compared to 57.85% (SD = 43.81) in paraphrasedlink questions. The big difference between each condition in regard the initial probabilities of
subsequent link selections prevented us from running a systematic comparison of means.
Nevertheless, an exploratory inspection of data suggested that after an initial access to an irrelevant
node students found it easier to rely on a word matching cue than in a more demanding deep semantic
processing to relate the relevant link to the question demands, and subsequently accessing it.
Comprehension skills and students’ hyperlink selection.
In this section we outline results from the previous ANCOVAs involving effects of the
covariate comprehension skills. Results are reported as far as they are relevant to the research
question two, related to the influence of comprehension skills in students’ decisions to select
particular links in a document. Specifically, we report interaction effects of comprehension skills on
initial link selection, and correlations of comprehension skills with initial link selection in the
different experimental conditions that drive these interactions, where they are found.
Overall, there was a positive relation of comprehension skills with initial link selection, F(1,
50) = 6.38, p < .05, η2 = .11, indicating that proficient readers responded to the question after
accessing some link more often than less proficient readers 3. This main effect however was qualified
by two two-way interactions. First, there was a significant interaction of comprehension skills with
matching, F(1, 50) = 4.71, p < .05, η2 = .09. This interaction was due to a significant correlation of
initial link selections with comprehension skills in the paraphrased-link conditions, r(51) = .42, p <
.05, that did not occur in the literal-link conditions, r(51) = .20, p = .17. The interaction of
comprehension skills with hyperlink type turned out significant as well, F(2, 100) = 3.04, p = .05, η2
= .06. While there was a positive correlation of initial link selections in the relevant link conditions,
r(51) = .35, p < .05, this correlation was only marginally significant in the irrelevant cued link
conditions, r(51) = .23, p = .10, and insignificant in the irrelevant uncued link conditions, r(51) = .05,
p = .72. This pattern of results is consistent only with a pure semantic view, which proposes an overall
facilitation of comprehension skills on the initial selection of a relevant link.
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However, those results were qualified by the three-way interaction of comprehension skills,
matching and link type, that turned out marginally significant, F(2, 100) = 2.45, p < .10, η2 = .03. This
three-way interaction was, as predicted by the semantic and word matching view, due to the fact that
within the paraphrase conditions, there was a strong interaction of hyperlink type and reading skills,
F(2, 100) = 7.35, p < .01, η2 = .23. This interaction emerged from a strong correlation of
comprehension skills with the initial selection of relevant links, r(51) = .51, p < .001, that did not
occur for both irrelevant cued links, r(51) = .22, p = .12, and irrelevant uncued links, r(51) = -.08, p =
.59 (see Figure 2, lower panel). Within the literal conditions, in contrast, no interaction of
comprehension skills and hyperlink type occurred whatsoever, F(2, 100) = 0.03, p = .97 (see Figure 2,
upper panel). Within these conditions, there was no association of comprehension skills with initial
link selection, independently of hyperlink type. For relevant hyperlinks, the correlation amounted to
r(51) = .09, p = .51, for irrelevant cued links it was r = .16, p = .27, and for irrelevant uncued links it
was r(51) = .22, p = .13. A deep involvement of comprehension skills to initially select a relevant link
was only necessary when both the relevant and irrelevant links were cued to a rather similar degree
(paraphrased-link questions), but not when the relevant link was already cued to a substantially higher
degree (literal-link questions).
-Insert Figure 2 about here-

To help interpreting the three-way interaction we depicted it in Figure 2. To do so we rescaled
the continuous variable ‘comprehension skill’ to a dichotomous variable, only for representation
purposes. Note that the regression analyses with this variable respected the continuous variable, and
therefore didn’t involve any grouping of the students. Figure 2 displayed two theoretical vectors, one
for poor comprehenders (1 SD below the mean on the comprehension skills test) and another one for
good comprehenders (1 SD above the mean). Those vectors represented a prototypical poor/good
comprehender based on a projection of the whole data set. Interestingly, as predicted by the semantic
and word matching view, in literal link questions, poor comprehenders as well as good comprehenders
were in most instances able to discard the irrelevant link (note that in these questions, poor
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comprehenders could identify the relevant link through word matching as well, see Figure 2, upper
panel). In paraphrase questions, however, poor comprehenders were overtaxed with the task of
discarding the irrelevant, but cued link (see Figure 2, left-hand side of the lower panel). And even
good comprehenders, i.e. student scoring one standard deviation above average in comprehension
skill, chose the relevant (but uncued) and the irrelevant (but cued) to an identical degree (see Figure 2,
right-hand side of the lower panel). It is only students who score more than one standard deviation
above average that will favour the relevant (but uncued) link over the irrelevant (but cued) link in a
majority of instances.
Finally, in an attempt to replicate the positive effect of navigation on task performance
(Naumann et al., 2007, 2008), we run a set of partial correlations between students’ initial selection of
the relevant link and success on the literal-link and paraphrased-link questions, controlling for
comprehension skill level. Significant correlations indicated a positive relationship between initially
selecting the relevant link (i.e. percentage of questions in which the relevant link was clicked first)
and success in both literal-link and paraphrased-link questions (r(49)= .33, p = .02, and r(49)= .40, p
< .01, respectively).
Discussion
Results from our study shed light on how high-school students combine hyperlink label
content cues of relevance (word matching and semantic overlap) to navigate in complex hypermedia
scenarios such as Wikipedia. Prior research on hypertext navigation report the isolated effects of
either semantic (e.g. Fu & Pirolli, 2007) or word matching cues (Wiley et al., 2009). The present
research adds to this literature in showing that young students combine both word and semantic cues
to select hyperlinks, and that the use of semantic overlap cues critically depends upon students’
comprehension skills. Specifically, in this section we address the results related to two research
questions: the first related to the role of relevance cues in students’ hyperlink selection and the second
with the purpose of testing the role of comprehension skills in students’ decisions to select particular
links in a document.
Relevance cues and hypertext navigation
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Our results from initial link selections support the assumption that students combine both
word matching and semantic overlap to assess hyperlinks’ relevance and to navigate. When both cues
point to a particular link, this is selected more often than competing links that are only activated via
one cue. This is particularly evident in literal-link questions in which students face two competing
links, one relevant link that is cued via word matching and semantic overlap, and an irrelevant link
that is only cued via word matching. The fact that students select less often an irrelevant link that is
cued by a word matching can not be explained by a word matching view. However, the fact that
students select more often the relevant link in this scenario could be interpreted as evidence that
students prioritize semantic cues over word matching, as proposed by a semantic view of link
relevance.
Additional evidence that can only be explained by a semantic and word matching view comes
from the results in the paraphrase-link questions. In this case, the relevant link is only cued via
semantic overlap (i.e. students need to paraphrase the link to match it with the question goal), and an
irrelevant link is only cued via word matching. Our results show that in this scenario young students
erroneously select initially the irrelevant link cued via word matching quite often, i.e. to a similar
degree than the relevant link. It is important to note that in this scenario students largely ignore other
available uncued links, which suggests that the selection of links was not random. This pattern of
results indicate that both word matching and semantic cues operate in combination and students, in
principle, don’t prioritize one over the other in scenarios in which the available hyperlinks are
activated only via a single cue. The semantic view can not account for the fact that in these situations
students preferred in approximately half of the cases to select a link that was only cued via word
matching rather than a link only primed via semantic overlap. Similarly, the word matching view can
not explain the fact that in many occasions students selected links cued via semantic overlap when a
competing link cued via word matching was also available.
Comprehension skills, relevance cues and hypertext navigation
Results replicate prior studies indicating that selecting a relevant link facilitates to answer
correctly the retrieve and integrate questions (e.g. Naumann et al., 2007, 2008). Thus, in complex
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scenarios where several relevance cues are presented, young students must critically assess the
available cues to determine the optimal navigation path. In such cases just relying on word matching
might lead students to an erroneous path. Emphasizing semantic overlap, by contrast, is a flexible way
to relate the task demands to the available link resources. Why then students at all use a less efficient
cue such as word matching over semantic overlap to assess link relevance to any substantial degree?
Our results reveal that only students that possess very high comprehension skills may to some
extent prioritize semantic overlap over word matching to identify relevant links. In contrast, poor
comprehenders prioritize word matching cues over semantic overlap in situations where the
semantically overlapping link is not as well literally matched. This result is in line with the general
finding that students who are good comprehenders in the print medium are better at selecting relevant
information (Naumann et al., 2007, 2008), discarding irrelevant information (Cerdán et al., 2011), and
crossing the selected information into a semantically cohesive order (Salmerón & García, 2011).
In addition, our results extend Rouet et al. (2011) findings in showing that good
comprehenders prioritize more informative link content cues over other distracting information (link
typography). When the task contains two competing relevance cues (word match and semantic
overlap), students who are good comprehenders are to some extent able to analyze the wording of a
paraphrased relevant hyperlink so that it becomes apparent whether or not it will provide information
useful for the task at hand. Note that, in any case, across tasks they still have trouble inhibiting
irrelevant word cues in many cases. Bad comprehenders, on the contrary, could be overwhelmed by
the word decoding demands of the task. For that reason, they might rely on less demanding relevance
cues, such as word matching or link typography.
Future research however will have to clarify what are the specific mechanisms by which
comprehension skills enter web navigation. At least two different models are obvious: An inference
generalization model and a working memory load model. The inference generalization model is the
one we assumed in our analysis in this article. This model presupposes that basically the same
inferencing and prediction mechanisms that are required in traditional text processing enable
proficient readers to make good predictions concerning the usefulness of a hyperlink (cf. Coiro &
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Dobler, 2007). It may, however, be that this is not the case, as would be assumed by a working
memory load model. Such a model would assume that good readers’ working memory is not as much
burdened with text processing as poor readers’ working memory (Just & Carpenter, 1992). As a
consequence, good readers have available cognitive resources to judge the usefulness of a hyperlink.
The kind of inferences used in these judgments, however might be of a different nature than those
employed in reading traditional text. Although there is some evidence that basic comprehension skills
contribute to the selection of relevant links independently from working memory capacity (Naumann
et al., 2008), future research will have to sort out in which way comprehension skills on the text level
and individual working memory contribute to navigation, and through navigation to comprehension of
web-based texts.
Cognitive models of hypertext navigation
According to SNIF-ACT (Fu & Pirolli, 2007), users compare their goal with the semantic
information conveyed in a link, by means of a semantically based spreading activation mechanism.
This mechanism could easily incorporate word matching as an additional relevance cue, for example,
by assuming automatic activation of not only word meanings but also word surface. The model
proposes that the perceived relevance is compared to the scent of the already assessed links. This
might explain why an irrelevant link cued via a word matching is selected quite often in literal-link
questions: students could have identified it as a link with enough information scent as compared to the
other previously read links in that scenario. Future research might analyze students’ eye-movements
data in relation to links’ relevance cues to support this view.
Instructional applications
Our study stresses the importance of selecting relevant links to improve students’
comprehension. Although we do not focus on the consequences of selecting irrelevant links, we can
expect that navigating through irrelevant paths by using word matching might also have detrimental
consequences in the midterm. Different individual and task characteristics may prevent students from
relying on word matching cues without any active control of its effectiveness. For example, prior
background knowledge on the text topic might be necessary to suppress the activation of irrelevant
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information in a particular learning context. In this line, Rouet, et al.(2011) have found that providing
young students with a summary of the relevant background topic information before searching the
Web prevents them from relying on superficial cues, such as typography, when assessing link
relevance. Future research may explore how prior background knowledge may participate on the
rejection of irrelevant links primed by word matching.
Limitations and future research
Our study comes with certain limitations that should be addressed in future research. First, the
questions used mention the relevant link in the question in the first place (because it is either a subject
or a direct object), whereas the irrelevant link is always mentioned at the end (because it is a
dispensable complement). This issue may raise concerns about the potential primacy and recency
effects of link presentation order on students’ use of hyperlinks. Future research should investigate
this issue, while controlling for the potential confounding of the syntactical function played by the
relevant and irrelevant links in the questions. Second, our study doesn’t focus on complex hyperlink
selection patterns, such as that of a student that for a particular question first selects the relevant link,
but subsequently selects the irrelevant mentioned and the irrelevant non-mentioned link.
Understanding such complex interactions demands for additional methodologies, such as think aloud
protocols. Finally, we have only collected visit times from the log files, and these only represent the
time students spend with a particular screen open. A fine grained analysis of reading times analysis,
such as those obtained by means of eye-tracking, would allow to qualify the processes underlying
students’ hyperlink selection. For example, one student may have clicked on a relevant link after a
close reading of the initial paragraph, whereas other may have done that after skimming a few words.
Our current efforts go in this direction.
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Footnotes
1

One case was excluded from the analyses including comprehension skills as a covariate, which

proved to be an outlier. Checks of residuals had revealed non-normal residuals distributions. Removal
of that case normalized the distribution.
2

To rule out a potential effect of the position of a link on navigation we analyzed students’

initial link selection as a function of link position (first, second or third). Results showed no
differences based on link position, F < 1.
3

On average, students clicked on hyperlinks in 60% of the questions (SD = 22.71%). Note that

students were not forced to click hyperlinks. Thus, in some cases they could have answered after
reading the main Wikipedia page, or just from memory. 5 participants only read the main Wikipedia
page without clicking any hyperlink.
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Table 1
Predictions of the three models tested in regard to initial clicks to relevant and irrelevant hyperlinks
as a function of question wording
__________________________________________________________________________________

Question wording
___________________________________
Question paraphrases relevant link and
literally mentions irrelevant link
Question literally mentions both relevant
and irrelevant link

Semantic view

Word matching
view

Semantic and
word matching
view

______________ ______________ ______________
Irrelevant <
Irrelevant >
Irrelevant =
Relevant
Relevant
Relevant
Irrelevant <
Relevant

Irrelevant =
Relevant

Irrelevant <
Relevant
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Table 2
Predictions of the three models tested in regard to the relation between comprehension skills and
initial click of a relevant link as a function of question wording
__________________________________________________________________________________

Question wording
___________________________________
Question paraphrases relevant link and
literally mentions irrelevant link
Question literally mentions both relevant
and irrelevant link

Semantic and
Word matching
word matching
Semantic view
view
view
______________ ______________ ______________
Facilitates
No effect
Facilitates

Facilitates

No effect

No effect
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Figure captions.
Figure 1: Screenshot of the main Wikipedia page used in the study.
Figure 2: Three-way interaction of question type, hyperlink type and comprehension skills on initial
hyperlink selection.
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