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Novices’ performance using hypertext materials: Shedding
light on disorientation

Alvaro Janez, Javier Rosales
University of Salamanca

Many researchers have proposed a causal link between low domain knowledge and
disorientation in hypertext. Our objective was to challenge this hypothesis, examining other
variables that might have an influence, such as design, reading instructions, or working
memory capacity. We analysed navigation patterns and comprehension scores in a sample
of low topic knowledge undergraduate students (N = 45) who were assigned to one of three
hypertext conditions: reading for a test, reading to write a summary, and elaborative
interrogation. Another sample (N = 45) of low knowledgeable undergraduate students were
used as a control group, performing the same tasks using printed texts. Regarding
disorientation, and contrasting with previous research, only a minority of students became
disoriented in hypertext. Neither reading instructions nor working memory capacity had the
expected impact on readers’ behaviour or outcomes, so hypertext design might be a key
aspect on explaining disorientation. Implications for hypertext design and education are
discussed.

Implications for practice or policy:

e  The general assumption of low prior knowledge readers becoming disoriented in
hypertext is falsified.

e  Educational hypertext designers should always consider hypertext structure, graphical
overviews, and usability elements.

e  Educators must be aware that novices may show difficulties to adapt their learning
behaviour to different reading goals.

Keywords: hypertext; web navigation; disorientation; reading instructions; reading
comprehension

Introduction

There is a growing body of research on the cognitive processes and design issues involved in hypertext
and hypermedia navigation and comprehension (e.g., Amadieu et al., 2015; Burin, Barreyro, Saux, &
Irrazabal, 2015; Chen, Fan, & Macredie, 2006; Jonassen, 1991; Rouet, 2006; Shapiro & Niederhauser,
2004; Stanton, 1994, Suchman, 1987). Many variables have been identified as affecting reading
performance in hypertext, but we do not have all the answers yet and researchers are still reporting
difficulties in ensuring efficient navigation with no disorientation problems. For example, Li, Tseng, and
Chen (2016) tried to use the beneficial aspects of highlighting to improve hypertext comprehension and
navigation, but they found the opposite, reporting navigation difficulties of participants. Another study by
Meyers and Bagnall (2015) found a unique multidimensional disorientation, and concluded further
research was needed to identify mitigating factors for multidimensional disorientation. This research takes
a step forward on the disorientation research by analysing and expanding knowledge of how novices
perform using different materials under different instructions. Several authors suggest that low prior
knowledge causes disorientation in hypertext/hypermedia environments (Last, O'Donnell, & Kelly, 2001;
Lawless & Kulikowich, 1996; Rezende & de Souza Barros, 2008). However, potential solutions to
facilitate novices’ navigation are scarce. In an educational setting where the Internet is a primary source
of information, it is necessary to investigate these issues. In this study, hypertext design elements were
manipulated in order to reduce or eliminate disorientation in undergraduates studying science topics. Only
novices were considered for the experiment and they were tested using different reading tasks; analysing
the potential benefits of one reading instruction over the others on learning outcomes. The impact of
different levels of working memory capacity on novices’ performance was also tested.
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Hypertext navigation and disorientation problems

Disorientation has been considered a major problem of hypertext use for decades (Conklin, 1987; Shih,
Huang, Hsu, & Chen, 2012; Thiiring, Hannemann, & Haake, 1995). Some common examples of this
problem are: not knowing where you are in the network, not knowing where to go next, or having trouble
getting to where you want to go. The main reasons disorientation problems are so important are because
they have a negative impact on navigation efficiency (McDonald & Stevenson, 1996) and they hinder
learning performance (Amadieu, Tricot, & Mariné, 2010).

Navigation performance, and disorientation, have been previously investigated through the analysis of
navigation profiles (e.g., Rezende & de Souza Barros, 2008). A navigation profile shows every node that
has been visited by a reader, the time spent on each node, and the order in which nodes were accessed
during a reading session. Navigation profiles are unique for each person and for each reading session,
therefore, several authors have used cluster analysis to extract navigation patterns in which any reader's
navigation profile can be classified. For example, Lawless and Kulikowich (1996) identified three
navigation patterns: knowledge seekers, feature explorers, and apathetic hypertext users. The knowledge
seekers group had the highest domain knowledge and showed very sophisticated navigation profiles. The
feature explorers spent most of their time exploring the hypertext and its functioning. The apathetic
hypertext users had the lowest domain knowledge scores and spent short intervals of time interacting with
the text, showing no interest in gathering information or exploring the hypertext features. Similar patterns
were found by Barab, Bowdish, and Lawless (1997) and Rezende and de Souza Barros (2008). Research
on navigation patterns suggests that prior domain knowledge is an important factor influencing the
navigation paths taken by hypertext readers, and that some topic knowledge is necessary to interact
adequately with a hypertext because students who are topic novices are bound to become disoriented
while navigating.

Regarding prior knowledge, this research expected to obtain more encouraging results: that is that being a
novice should not be synonym to becoming disoriented in hypertext. Other variables, such as hypertext
design or reading instructions, may help explain the negative impact that being a novice is supposed to
have. Also, working memory capacity is an important factor. Making decisions about which links to
follow and the non-linear reading experience are specific factors that may overwhelm working memory
capacity during hypertext navigation (DeStefano & LeFevre, 2007). In fact, readers with low working
memory capacity perform better using traditional linear text than hypertext (Lee & Tedder, 2003). Effects
of working memory capacity can also impact hypertext design, if it fosters relational processes
appropriately (Amadieu, Lemarié, & Tricot, 2017). Previous studies have not investigated these variables
in combination.

Hypertext design elements that facilitate novices’ performance

It is widely accepted that knowledgeable students are better able to navigate easily, experiencing less
disorientation problems and reporting more positive feelings about using non-linear materials (Last et al.,
2001). But, how can navigation be facilitated to low domain knowledge readers? Several researchers have
found some design features (such as hypertext structure, graphical overviews, and Web usability) that can
help achieve this goal. For example, some studies indicate that participant navigation is more efficient
when using a hierarchical hypertext than when using a non-linear hypertext (Burin et al., 2015).
Hierarchical hypertexts also increase navigation efficiency when compared to linear or randomly
structured hypertexts (Schoon & Cafolla, 2002). When prior knowledge is controlled, readers with low
prior knowledge obtain better comprehension scores when using a hierarchical hypertext rather than a
linear hypertext (Calisir & Gurel, 2003) or a mixed structured hypertext (Calisir, Eryazici, & Lehto,
2008). Since structuring the content hierarchically seems to be beneficial for novices, this research
implemented this structure in the experimental materials.

Graphical overviews act as a map of the hypertext system, reflecting conceptual relationships and/or
connections among nodes. Previous findings suggest that the mere presence of a graphical overview is not
enough to facilitate navigation or improve learning (Miiller-Kalthoff & Moller, 2003; Vorés, Rouet, &
PIéh, 2011), therefore researchers have focused on finding out which graphical overviews are better
suited to this end. Potelle and Rouet (2003) found that low prior knowledge readers obtained better
comprehension with a hierarchical structured graphical overview than with a networked or alphabetic
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structure. Amadieu, van Gog, Paas, Tricot, & Mariné (2009) obtained similar results: low prior
knowledge participants obtained more conceptual knowledge and showed less mental effort and less
disorientation with the hierarchical overview than with the network overview (see Amadieu and Salmerdon
(2014), for a review on graphical overviews), therefore this research implemented this type of graphical
overview in the experimental materials.

Finally, some aspects of Web usability are considered to reduce disorientation. Following Nielsen (2000;
2004; 2008), the experimental materials used in this research provided a list of links in each node, rather
than inserted links in the text. The links list were left justified to facilitate scanning and reading, and were
different colours for visited (purple) and unvisited (blue) links. The links also had the same names as the
respective section title and changed to a bright red and with underlining when the mouse was passed over
them, enabling the user to easily discern the chosen link.

Effects of reading instructions

Research on the effects of reading instructions (using printed texts) has a long tradition in psychology
(see McCrudden and Schraw (2007) for a revision), but research on this topic is scarce in hypertext. Also,
prior knowledge is not usually manipulated in these experiments. Because this variable may offer some
insights on why novices do not perform as expected, some studies were reviewed investigating the topic
on traditional texts, focusing on the instructions manipulated in the experiment: elaborative interrogation,
reading for a test, and reading to write a summary.

In elaborative interrogation research, "Why...?" questions are inserted in the text. These questions are
supposed to increase readers' attention, active processing of information, and comprehension obtained
during the elaboration process (Levin, 2008). Previous studies have found that the elaborative
interrogation technique improves comprehension when compared to reading the text without the
elaborative interrogation questions (Smith, Holliday, & Austin, 2010), especially for low prior knowledge
readers (Ozgungor & Guthrie, 2004). However, other studies show negative effects of elaborative
interrogation compared to reading the text twice (Clinton, Alibali, & Nathan, 2016).

Van den Broek, Lorch, Linderholm, & Gustafson (2001) investigated the process of expository text
reading through think-aloud protocols. They manipulated dual purpose instructions: reading for a test, and
reading for pleasure. Participants with a study purpose recalled 20% more information than participants
reading for pleasure.

Finally, Braten and Samuelstuen (2004) manipulated three reading purposes: reading for a test, reading to
write a summary, and reading to discuss text content with peers. They found that the more the prior
knowledge, the more reported used of strategies, suggesting that low prior knowledge may impede or
limit the appropriate application of reading strategies - a hypothesis that was tested in this research. Other
researchers (Hagen, Braasch, & Bréten, 2014) have found that a summary goal hindered performance
compared to a constructing an argument goal.

As previously mentioned, the effects of different reading instructions have been barely investigated in the
context of hypertext, consequently there is not an established methodology about how to assess reading
strategy use in hypertext reading. However, several authors have used implicit measures of user
behaviour to predict user preferences given a particular reading task (Fox, Karnawat, Mydland, Dumais,
& White, 2005). The low performance of novices with hypertext may be related to the type of reading
instruction they are given. Therefore, several instructions within the experimental material were
manipulated to examine the potential effects each has on novices’ performance.

Hypotheses

Testing whether or not novices’ performance is hindered using hypertext compared to traditional printed
linear texts.

As reviewed in previous sections, low prior knowledge is considered an essential factor in causing
disorientation in hypertext (Last et al., 2001; Lawless & Kulikowich, 1996; Rezende & de Souza Barros,
2008) in turn, hindering performance. Previous findings regarding hypertext design were applied to
construct a hypertext which can be navigated with no problems by most low prior knowledge readers. In
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this research, a control group performed the same tasks using printed materials in the usual linear
structure which is considered to pose no negative impacts on learners. It was hypothesized that
experimental groups would obtain similar comprehension scores to control participants and their
hypertext navigation patterns would not show disorientation issues. If both criteria were met, results
would falsify the general assumption of low prior knowledge causing disorientation in hypertext.

Testing whether or not novices’ performance varies when dealing with different tasks in hypertext
compared to traditional texts

Three reading instructions were used: reading for a test, reading to write a summary, and elaborative
interrogation. According to previous findings, it was hypothesized that participants under elaborative
interrogation and test instructions would obtain better comprehension scores than participants under
summary instructions, and participants under summary instructions would focus on nodes that were
higher in the hypertext structure, since they offered more general information. Also, participants reading
for a test were expected to show more monitoring strategies (such as making more revisits to nodes).
Therefore, the hypothesis was that different navigation behaviours would be found for each reading
instruction. Reading comprehension outcomes were expected to be similar to participants in the control
group, but different across instructions.

Testing whether or not working memory capacity has an impact on novices’ navigation behaviour

As reviewed, it was hypothesized that if materials are well designed, working memory capacity would not
impose any problems on readers’ behaviour. However, if materials are not well designed, higher working
memory capacity participants would have lower disorientation problems.

To test these hypotheses an online measure (navigation paths) and an offline parameter (comprehension
scores) were used in order to assess disorientation, navigation strategies, and performance.

Method
Participants

Participants were 90 undergraduate students (86.7% female, 13.3% male) from the Faculty of Education
at a Spanish university (mean age 21.6 years). Half of the participants formed the control groups, and the
other half the experimental groups. All participants had low prior knowledge about the text topic, as
indicated by a prior knowledge test. Participants were equally distributed in the three groups according to
their working memory span scores. High, medium, and low levels of working memory capacity were
assessed by assuming the 33.3 and 66.6 percentiles of the scores distribution as cut-off points. Members
of each of the groups were randomly assigned to one of six conditions resulting from a 2 x 3 design with
text format (hypertext vs. printed text) and reading instructions (elaborative interrogation, test taking,
summary writing) as between-subject factors. This design ensured all conditions had the same proportion
of high, medium and low working memory capacity participants. Ethics guidelines from the institution
were met, by obtaining informed consent from all participants prior to the experiments and anonymising
all data.

Materials

Reading span test

Each participant was assessed individually for working memory capacity using an adapted to Spanish
version of the Reading Span Test (Daneman & Carpenter, 1980; Elostia, Gutiérrez, Garcia Madruga,
Luque, & Garate, 1996). Sequences of short sentences with no semantic or structural relations were
presented one at a time. During the task, the participant was required to read aloud each sentence and
remember the last word of each of them. No time elapsed between consecutive sentences, so the
participants were not able to use mental repetition of the target words. The test started with a sequence of
two sentences, and the number of sentences was increased during the test to a maximum of six. The test
started with three practice sequences of two sentences each to make sure participants understood the task,
and ended when the participant failed to recall the three sequences of a same level. A bonus was given if
the words were recalled in the order of presentation.
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A PowerPoint was used to deliver this test: white background and black font (size: 12 point); sentences
appearing in the middle of the screen, just one line in length (13-16 words). The researcher conducting the
experiment passed the slides forward the moment the participant finished reading each sentence.
Instructions were written at the beginning of the presentation. The same researcher assessed all
participants.

Hypertext and printed text

An expository hypertext was constructed in Spanish as a webpage (coded in HTML and using CSS),
dealing with the topic of rare illnesses. The hypertext was approximately 2,500 words in 21 nodes (plus a
node with the reading instructions and another node with the graphical overview). As previously
mentioned, the hypertext was designed according to what research shows beneficial for low domain
knowledge students. The hierarchical structure was used, as it benefits low prior knowledge readers
navigation (Burin et al., 2015). Figure 1 shows the specific structure of the hypertext. Lines in Figure 1
represent connections between nodes. As we can see, every node gives access to its parent, child, and
sibling nodes.

HYPERTEXT STRUCTURE

7 Method of
[nform.atlon o »| transmission of
Borrelia Lyme disease
* LYME DISEASE L, Epidemiology of
Lyme disease
Lyme disease N
in humans | Symptoms ‘
L_,| Treatment

4>| Tywpes of Toxocara ‘

Information on

Toxocara Vital cvcle of

Toxocara
Rare Illnesses ';i TOXOCARIASIS Risk
s

Epidemiology factors

Toxocariasis in i

i * Symptoms
Treatment

Information on

rosacea

—| RuNOPHYMA Symptoms of

rhinophyvma

Treatment of
rhinophyma

Figure 1. Graphical overview depicting the structure of the hypertext

A hierarchical graphical overview was included (Figure 1) to facilitate navigation to the target readers
(see Amadieu & Salmer6n, 2014). This graphical overview was non-navigable (in order to force readers
to navigate through text nodes, using the hyperlinks) and was presented as an individual node in the
network. Two buttons were added at the end of every node to give direct access to this overview, as well
as to the instructions page.
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Finally, some aspects of web usability were also considered, such as having different colours for visited
and unvisited links, left-justify the links list, or avoiding to use the same starting words (Nielsen, 2000;
2004; 2008). A screen capture of the layout can be seen in Figure 2. The browser used was Mozilla
Firefox, and all functions were accessible (markers, option of multiple tabs/windows, etc.) and
participants were explicitly told they could use them, to navigate as they usually do (however, only the
backward and forward functions of the browser were used).

SE =

| Enfermedades Raras> TOXOCA... % |

€

180 Més visitados { | Comenzar a usar Firefox || Galeria de Web Slice B2 Sitios sugeridos

Informacion sobre la Toxocara

Los parasitos del tipo Toxocara son gusanos nematodos (cilindricos) que parasitan habitualmente el intestino
de sus huéspedes. Estos parasitos se reproducen en grandes cantidades, cuyas hembras pueden llegar a poner
200.000 huevos al dia. Estos huevos son elimmados con las heces, y se vuelven infectantes a las 2 ¢ 3
semanas (Para més informacion visitar “Tipos de Toxocara” y “Ciclo vital de la Toxocara™).

La Toxocara esta distribuida mundialmente, y en los humanos provoca la enfermedad conocida como
toxocariasis.

Elige una seccidn para visitar:
TOXOCARIASIS

Tipos de Toxocara

Ciclo vital de la Toxocara
Toxocariasis en humanos

Figure 2. Screen capture of the Web page layout, showing the basic structure of each node (title, text,
links list, and buttons). Unvisited links are blue in colour and visited links are purple.

Printed texts were the same as the hypertext (same contents, font size, font type, and spacing), including
all headings and the same graphical overview. The only difference was that printed texts were written in a
linear format, while in the hypertext there were hyperlinks to navigate through the different sections. The
printed text starts with the instructions page, after that the graphical overview (as in the hypertext) and
then all sections one after another following a linear order. The graphical overview in Figure 1 allows a
better understanding of this order of sections: Rare Illnesses, Lyme Disease, Information on Borrelia,
Method of transmission of Lyme disease, Lyme disease in humans). The final product was a document of
10 stapled pages. All conditions (elaborative interrogation, exam, summary) used the same text/hypertext,
but the elaborative interrogation group had "Why ...?" questions at the end of each section/node.

Prior knowledge and comprehension tests

A test was created to assess prior domain knowledge about the text topic. Five short answer questions
about the main key concepts were included. For example, participants were asked to define “nematode”
or “espiroquete”, which appeared (but were not explained) in the text, or to name similar illnesses to the
ones that appeared on the text. To ensure that all participants had low prior knowledge, answering two or
more questions correctly caused the exclusion of that participant from the sample. Eight participants were
excluded this way, and they were substituted by similar participants (on working memory capacity) from
the same Faculty. Further exclusions were not necessary. This test was performed after reading the
text/hypertext materials, since pre-testing might cause students to assess the pre-tested contents as those
that are most important, affecting their reading behaviour (McCrudden, Schraw, & Kambe, 2005).

Another test was created to assess comprehension of the material after the reading task. Twelve short-
answer questions evaluated text-based comprehension by requesting information that was stated in a
single node/section. An example of this type of question is the following: "What animal transmits Lyme
disease to humans?". Seven essay questions evaluated situation model comprehension by requesting
linking information about at least two nodes/sections with prior knowledge. An example of this type of
question is: "Analyse your lifestyle and explain which of the illnesses mentioned in the text you could
contract more easily, and which one you need not to worry about. Justify your answer." An assessment
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rubric was design and all answers were rated by an expert on the topic. All participants completed the
same test regardless of their reading instructions, and all groups (experimental groups reading the
hypertext and control groups reading the printed text) answered the test in paper format.

Reading instructions

Participants in both groups (control participants using printed texts and experimental participants using
hypertext) were assigned to one of three reading instructions: elaborative interrogation, test taking, and
summary writing. The instructions were presented on the first page/node. Participants under the
elaborative interrogation condition were instructed to read the text/hypertext freely, their only premise
was to answer every question they found during the reading session. Participants under test taking
instructions were asked to learn as much as possible from the text, since they would be tested at the end.
Finally, participants under summary instructions were asked to read the text with the purpose of writing a
summary of the main ideas after the reading session.

Data analysis

Screen recording software was used to capture every action performed by participants during the reading
session. Data were collected from these recordings, such as reading order and time spent in each node
visit. This information was plotted into graphs as a function of time, as it reflects the structure of the
navigation. Cluster analysis was performed on navigation profiles in order to extract navigation patterns.
Visual inspection of navigation profiles (graphs and data) was used to analyse navigation similarities and
differences between the clusters identified, looking for signs of disorientation: number of missed (not
visited) nodes, incoherent transitions among nodes and/or many short (less than 5 seconds) visits to the
same nodes. Missing relevant nodes is a sign of disorientation. Incoherent transitions among nodes can be
interpreted as the reader not knowing where to go next, hence making an incoherent transition that will
affect comprehension. Many short visits to the same node are also a common sign of disorientation. Short
visits to referential points (such as the graphical overview) are not considered disorientation, but
repeatedly visiting (for less than 5 seconds) a dead-end node, from where no other information can be
accessed, suggests that the reader is looking for some piece of information and not finding the correct
path. A chi-square test was conducted to check if navigation patterns had been affected by the instructions
or by working memory capacity. After that, two ANOVAs were performed to check for interactions
between navigation patterns and comprehension scores, and between text format (hypertext/printed text)
and comprehension scores.

Procedure

First, working memory capacity was assessed individually in all participants using the Reading Span Test.
The same number of high, medium, and low working memory capacity participants was used to form
three experimental groups (elaborative interrogation, exam, and summary instructions reading the
hypertext) and three control groups performing the same tasks with printed texts. All participants were
given 30 minutes to read the text/hypertext, and right after completion of that time, they had to fulfil the
comprehension test (with no time restrictions).

Results
Navigation patterns

First of all, the navigation profiles of participants were tested for later analysis if they were impacted by
other variables. Following Barab et al. (1997), we used Ward's hierarchical clustering technique to
examine navigation profiles of experimental participants (hypertext users). The analysis revealed 5
different clusters and, after visual inspection of the navigation profiles assigned to each cluster, three
global navigation patterns were identified.

Linear navigation (N = 26)

Participants in clusters 1, 4, and 5. Figures 3, 4, and 5, respectively, show examples of navigation profiles
in these clusters. Figure 1 also provides a visual understanding of how the sections referred to in the y-
axis were structured in the hypertext. All participants showed a similar navigation. Cluster analyses
separated these groups probably due to their reading times. Participants in cluster 1 (Figure 3) took
around 1,300 seconds on the first reading, participants in cluster 4 (Figure 4) took between 800 - 1,100
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seconds on the first reading, and participants in cluster 5 (Figure 5) spent most of their time on just one
reading. Despite this fact, all participants in these clusters showed a linear navigation, reading all nodes
and following a coherent order. The y-axis in the Figures show the hypertext nodes in a coherent order
from bottom to top. An ascending line in the graph without skipping sections means the participant
followed the most coherent order. The visible downfalls in Figures 3, 4, and 5, are normal, as they happen
in dead-end nodes, where some backtracking is necessary to have access to new nodes.
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Figure 3. Sample navigation profile of a participant in cluster 1 (linear navigation)
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Figure 5. Sample navigation profile of a participant in cluster 5 (linear navigation)

Linear with minor disoriented navigation (N = 13)

Participants in cluster 2 (Figure 6) showed a linear, coherent navigation, but skipping some nodes on the
first reading. For example, Lyme disease in humans and its child nodes, and Information on toxocara and
its child nodes are skipped at around the 400 seconds. These jumps across the material are considered
minor disorientation rather than non-linear navigation because they happen mostly in dead-end nodes. For
example, the participant in Figure 6, the last section visited before the first jump is Method of
transmission, which requires backtracking to access the next coherent node: Lyme disease in humans.
Instead of doing so, the participant forgot there were more sections to read about Lyme disease, he/she
was disoriented, so used the direct access to the graphical overview as a shortcut, since it was a visit of
less than 2 seconds, to start reading the next illness. Also, this is considered minor disorientation rather
than heavy disorientation because these participants, after finishing reading the last illness in the text,
realise they skipped some sections, and find their way without any problem to those unread nodes. All
skipped sections are visited between seconds 1,000 to 1,400 without hesitation on how to get there, and
those subsections were read in a linear coherent order.
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Figure 6. Sample navigation profile of a participant in cluster 2 (linear with minor disoriented navigation)

Disoriented navigation (N = 6)
Participants in cluster 3 (Figure 7) showed a disoriented navigation. These participants did not show
linearity in their reading, chose incoherent paths (e.g., reading treatments before knowing the symptoms),
making many short visits to nodes, and leaving some nodes unvisited. The participant in Figure 7 left
unread all of "Toxocariasis in humans" subsection, which included epidemiology, risk factors, symptoms
and treatment of toxocariasis. Not all participants with a disoriented navigation leave unread sections, but

all of them share non-linearity, incoherent paths and many short visits and jumps across the material.
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Most participants showed a linear, coherent navigation with no, or minor, disorientation problems. The
data was then examined for any potential effects of other variables on navigation patterns. Considering
that the type of instruction used (elaborative interrogation, exam, or summary) was a categorical variable
and that the navigation profiles identified was also categorical (linear, linear with minor disorientation, or
disoriented), a chi-square test for independence was performed. Relevance instructions did not affect
navigation patterns, as similar proportions of linear, linear with minor disorientation, and disoriented
patterns were found in each condition (X? (4, N = 45) = 1.615, p > .05). Therefore, the specific paths taken
during reading (coherence of reading orders) or the amount of time devoted to specific nodes were not
affected by reading instructions. Similarly, considering working memory capacity as a categorical
variable (low, medium and high), another chi-square test for independence was performed. WM had also
no effects on navigation patterns (X (4, N =45) = 5.154, p > .05).

Navigation behaviour

As we have seen, reading instructions had no effect on navigation patterns, and this was a good first
indicator that the navigation strategies used by readers were similar across all reading instructions.
However, previous findings agree that different reading instructions are related to different reading
behaviours, so further analyses were performed to check for potential differences among participants
under different reading instructions. An ANOVA showed no significant differences on total transitions
made (F (2,42) = 1.845, p > .05; this variable needed a logarithmic transformation to meet the normality
assumption), so review patterns (revisits of the material) were shown to be similar across instructions. No
significant differences were found either on total time devoted to the graphical overview (F (2,42) =
0.620, p > .05; this variable needed a logarithmic transformation to meet the normality assumption), so
this referential point was similarly used across participants despite some of them had a “write a summary”
or “study” instruction that could have triggered a higher use of this node. Finally, no differences were
found on percentage of visits to higher nodes in the hypertext hierarchical structure (F (2,42) =0.769, p >
.05), which had been predicted to be influenced by reading instructions; that is the “write a summary”
instruction group should have focused on these higher nodes were the general information of the text can
be obtained.

Comprehension scores

After analysing reading behaviours, readers’ performance was analysed (Table 1). After checking that the
assumptions of normality and homogeneity of variances were met, ANOVAs were conducted to see if
there would be an interaction between text format and reading instructions for comprehension scores. One
rater scored all tests, and a second rater scored a third of the tests extracted randomly from the whole
sample. Inter-rater reliability was high (» = .86). No significant effects were found of reading instructions
on hypertext comprehension at text base (£ (2,42) = 0.360, p > .05) or situation model levels (F (2,42) =
0.890, p > .05), or on printed text comprehension at text base (F (2,42) = 0.159, p > .05), or situation
model (£ (2,42) =0.771, p > .05).

Table 1
Mean comprehension scores (0-100) of all groups
Reading instruction
Comprehension level Group Elaborative interrogation Exam Summary
Text base Hypertext 61.38 61.85 58.28
Printed text 60.94 58,87 62.07
Situation model Hypertext 48.53 39.92 40.45
Printed text 43.92 44.25 38.25

As reading instructions had no effects on navigation or comprehension, and for clarity reasons, we will
refer to hypertext group and printed group in the rest of the analysis.

As indicated in the hypotheses, the data was next analysed to check if there were differences in
performance between the hypertext group and the printed text group. No significant differences between
text format were found on text base (£ (1,88) = 0.002, p > .05) or situation model (# (1,88) = 0.009, p >
.05) comprehension scores. Finally, comprehension scores were analysed only in the hypertext group to
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check if navigation patterns had effects on them. Figure 8 shows mean comprehension scores for all
navigation patterns.

Mean comprehension scores

W Text-base comprehension
70 q

O Situation model comprehension

60

50 A

40 A

30 1

% correct answers

20 A

Linear Linear with minor disorientation Disoriented

Mavigation patterns

Figure 8. Mean hypertext comprehension scores for each navigation pattern

The ANOVA showed no significant differences among the three navigation groups at text-base
comprehension level, F (2,42) = 0.576, p > .05, but differences were significant at the situation model
comprehension level, F' (2, 42) = 5.684, p = .007. Tukey post hoc comparisons indicated that participants
with a linear navigation had better comprehension scores than participants with a linear with minor
disoriented navigation (p = .038) and with disoriented navigation (p = .022) patterns. Participants in the
linear with minor disoriented navigation had better situation model comprehension scores than
participants with disoriented navigation, but differences were not statistically significant (p > .05).

Discussion

Testing whether or not novices’ performance is hindered using hypertext compared to
traditional printed linear texts

The first hypothesis challenged the assumption of low prior knowledge causing disorientation problems in
hypertext. Contrasting with previous research (Burin et al., 2015; Last et al., 2001; Lawless &
Kulikowich, 1996; Rezende & de Souza Barros, 2008) this hypothesis was partially correct. The majority
of our sample did not show the slightest sign of disorientation. These participants (classified as linear
navigators) followed a coherent reading order, read all hypertext nodes, and showed no random
transitions.

Also, participants in the hypertext condition obtained similar comprehension outcomes than controls
using traditional linear texts. Therefore, both online (reading behaviour) and offline (comprehension
scores) measures suggest that most participants were not disoriented using hypertexts. This result falsifies
the general assumption about low prior knowledge causing disorientation. A simple and clear hypertext
design seems to eliminate disorientation in a majority of low prior knowledge readers, irrespective of
their gender, working memory capacity, or reading instructions. Therefore, the results show that novices
using hypertext can perform equally well, in general, compared to when using printed materials.

Despite this success, a minority of the participants (13%) still showed heavy disorientation problems.

These participants followed incoherent reading orders, random transitions among nodes, and their
comprehension was hindered compared to linear navigators or to control participants reading the printed
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texts. This suggests that hypertext navigation (and, therefore, disorientation), as many other complex
activities, cannot be explained by one factor alone. The role of new variables must be explored in
combination with prior knowledge, working memory capacity, and hypertext design to better understand
navigation performance. Also, time exposure to hypertext materials and the extension of such materials
should be further investigated, since longer duration of reading and more extensive texts may have
different effects on performance, and may have different effects depending on students' prior knowledge.

Testing whether or not novices’ performance varies when dealing with different tasks in
hypertext compared to traditional texts

The second hypothesis analysed the navigation strategies used by low prior knowledge students while
reading a hypertext under different instructions. The effects of reading instructions have been
systematically found by many researchers (see McCrudden & Schraw, 2007). Reading instructions affect
the reading strategies used and readers' performance. However, no effects of reading instructions on
navigation or comprehension scores were found. Hypertext format would appear to have nothing to do
with this, since the control group using printed texts showed also no differences in performance across
reading instructions. This lack of effect contrasts with previous research, especially in the case of
elaborative interrogation, which is supposed to have significant beneficial effects for low knowledgeable
readers (Ozgungor & Guthrie, 2004). One explanation is that research on elaborative interrogation usually
compares this technique against reading the text twice (Ozgungor & Guthrie, 2004; Smith et al., 2010). In
this study, the elaborative interrogation technique was compared with more demanding tasks, such as
reading for a test, and reading to write a summary. Therefore, the benefits of elaborative interrogation
might only appear when compared to low demanding tasks, or when it is used with less structured
materials. This lack of effect of elaborative interrogation has been reported by other researchers using
both printed texts (Callender & McDnaiel, 2007; Clinton et al., 2016) and electronic linear texts
(Dornisch & Sperling, 2006). The effects of elaborative interrogation should be further explored in the
future, taking into account prior knowledge, hypertext structure, and a wider range of reading instructions
to fully understand how it works and when it is most useful.

It was also interesting to note the lack of effect of the test taking condition. This group was the only one
that knew that there would be an evaluation after the reading session, and expecting to be evaluated has
been found to increase recall (van den Broek et al., 2001). But no effects of this instruction on navigation
performance or comprehension scores were found.

Regarding the instruction of reading to write a summary, lack of effect was even more interesting.
Participants under summary writing instructions tend to use more organisational strategies (Braten &
Samuelstuen, 2004), but the participants in this research used the graphical overview as much as
participants in the other groups. They did not make more transitions and they did not focus on higher
nodes in the hierarchy, where the information offered is more general.

All this data suggests that having low prior knowledge about the topic, and not the digital or traditional
format of the materials, affects strategy implementation. These results support the findings by Jafiez and
Rosales (2016) and by Potelle and Rouet (2003) who suggest that low knowledgeable participants may
need to read and explore all the materials in the most coherent order possible, regardless of their reading
instructions, presumably to create a mental representation of all the information available and how it is
structured before attempting, or being capable, of implementing strategies more directly related to
achieving the task objectives. Of course, other interpretations are also valid, so future research using
different methodologies, such as think aloud protocols, is necessary to confirm/falsify and extend these
results.

Testing whether or not working memory capacity has an impact on readers’ navigation
behaviour

Working memory capacity showed no impact on readers’ behaviour, contrasting with previous findings
(DeStefano & LeFevre, 2007; Lee & Tedder, 2003). As suggested by Amadieu et al. (2017), a potential
explanation is that the materials were properly designed, so working memory capacity was not
overwhelmed during the task. It would be interesting to test different aspects of working memory other
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than reading span, such as spatial WM (Kornmann et al, 2016) or working memory updating (Hahnel,
Goldhammer, Krohne, & Naumann, 2017) to find new answers.

Conclusion

This study aimed to analyse novices’ performance in hypertext. The results reported here suggest the
great importance of implementing specific hypertext features to facilitate navigation of a target
population. From the results, it seems that getting lost might be due to poor design, not from the nature of
hypertext. Teachers and designers of educational materials should keep in mind that hypertext structure,
graphical overviews, and usability are of key importance when designing digital materials, since novices
seem to benefit from very specific design features. For example, we showed how participants classified as
linear with minor disorientated navigation, got lost almost exclusively when reaching dead-end nodes, so
some navigation support should be implemented in those sections, or directly avoid them.

Regarding strategy implementation, we assessed some of the navigation strategies used by hypertext
readers through implicit measures. Our results suggest that novices are not able to implement efficient
strategies to achieve goals, since all participants used very similar navigation strategies and performed
similarly despite having very different reading instructions. We do not have data on reading behaviour of
readers using printed materials, but considering that their outcomes were similar to readers using
hypertext, there is a high possibility that their behaviour is also similar. Therefore, teachers should focus
on offering a global view of the contents and key concepts of the materials used before asking students to
perform any task. Otherwise, students might not be able to implement efficient strategies for the task at
hand.

Students, on the other hand, are relying more and more on online educational materials. They might
benefit from having some guidelines on which materials to use: those that include a graphical overview
depicting the contents, which offer clear navigational cues on which links have been visited and which
links have not and that are structured in a way they can understand.

Considering the international assessments that are periodically performed, these issues are of great
importance: we need to be sure that we are assessing performance and that variables such as
disorientation are not impacting students’ results, affecting the interpretation we make of the data. To that
end, we need to explore these matters further to expand our knowledge on the topic, trying to control
several variables in comprehensive experiments, such as prior knowledge, working memory capacity,
hypertext design, and task objectives. Also, navigation performance should be analysed using a variety of
online and offline measures, in order to fully understand the implications of hypertext users' behaviour.
We believe that more investigation in this area will lead us to know how to use hypertexts more
efficiently and how to unlock the potential benefits for learning that this tool is supposed to possess.
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