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a b s t r a c t
In this research, we present the concept of Hyperaudio as non-linear presentation of auditory information
in the context of underlying theoretical assumptions of how Hyperaudio differs from existing non-linear
information media. We present a study comparing text and auditory represented information either in a
linear or non-linear manner and the interaction of these presentation formats with different underlying
text types. Learners had to learn from two different text sorts either from text only in linear or non-linear
manner from a computer screen or the same information presented as audio ﬁles also presented either in
linear or non-linear manner. Results show overall advantages of linear information presentation compared with non-linear information presentation, and the advantages of written text versus auditory text
on learning performance assessed with an essay task and a multiple-choice test. Interaction effects
indicate that non-linearity increases cognitive load assessed with a self-report measure in auditory
instruction compared to linear information presentation while cognitive load in processing written text
is not affected by linearity. Further, effects reveal that the text type (ex-pository vs. linear text type) interacts with presentation format showing that expository text leads to comparable learning outcomes in linear and non-linear formats, while presenting linear text type as hypertext or Hyperaudio is here rather
unbeneﬁcial.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
In this study, we examined the inﬂuence of linear vs. non-linear
Hyperaudio on learning outcomes, measured by two different metrics of knowledge acquisition, under the lens of cognitive load theory. The basic research questions were aimed at understanding
how auditory and text-based learning material interact with information access (linear vs. non-linear) and different types of text.
The use of auditory instruction has increased during recent
years (O’Bannon, Lubke, Beard & Britt, 2011; Vajoczki, Watt,
Marquis, & Holshausen, 2010). A major reason for this increase is
the increasing ubiquity of mobile audio devices like MP3-players
or cell and smart phones. A common use of these mobile devices
for learning purposes is to listen to instructional material designed
exclusively for auditory instruction, like audiobooks or podcasts.
This material is mainly characterized by a linear sequence of orally
presented information.
In this paper, we suggest a different format of auditory instruction—speciﬁcally, nonlinearly-presented audio information—
termed ‘‘Hyperaudio’’. Hyperaudio is comparable to non-linear
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visual learning material like Hypertext or Hypermedia and audiovisual non-linear learning environments like Hypervideo (e.g.,
Zahn, Schwan, & Barquero, 2002). The difference between linear
text and Hypertext is characterized by the way information is presented and accessed. While linear text (usually presented on a digital display) can only be accessed in a linear manner with ‘‘next’’
and ‘‘back’’ buttons, Hypertext nearly always allows non-linear
information retrieval by using interactive hyperlinks that connect
different information resources in an associative manner (cf.
Chen & Rada, 1996; e.g., like the hyperlinks available in Wikipedia
articles). Interestingly, there is a large body of research related to
Hypermedia learning and some about Hypervideo, but a dearth
of research about Hyperaudio.
We deﬁne Hyperaudio as an arrangement of auditorially presented material represented within locally coherent hyperlinked
nodes. These audionodes are connected via hyperlinks that enable
users to navigate within a Hyperaudio environment. By navigating
this Hyperaudio environment, users should be able to understand
the relationships between single audionodes as well as develop
understanding across nodes for a sense of global coherence. The
possibilities of linking nodes and creating an overall navigation
structure of a Hyperaudio environment are the same as in common
hypertexts or hypermedia environments. Nodes can be linked in a
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linear, hierarchical, elaborative, or an associate manner (cf.
Grabinger & Dunlap, 1996).
However, contrary to linear audiobooks, audio nodes are not
visited in a predeﬁned sequence. For example, when a learner listens on a cell phone to an audio document explaining bacteria, the
document might be linked by the authors to several other audio
ﬁles, like cell cores, viruses, etc. These links are displayed on the
cell phone while the learner is listening to the document. If the
learner is interested in any of the documents, the learner might
simply activate the link (e.g., by pressing a corresponding button
on the phone) and a new audio ﬁle would open. The new ﬁle would
be linked to other audio ﬁles, and so on. In short, current standards
and developments in Software (data reduction, e.g., MP3) and portable hardware (e.g., portable MP3-Players, or integrated audioplayers in cellular phones) open a wide range of applications and
can contribute to research on ubiquitous learning with handheld
computer devices (e.g., Hsi, 2003; Roschelle & Pea, 2002).
With regard to hypertext, research on learning has shown that
hypertext learning is not always beneﬁcial. Although a meta-analysis provided by Chen and Rada (1996) revealed comparable outcomes or slight advantages of hypertext compared with linear
text on learning, Shapiro and Niederhauser stated that ‘‘(. . .) a
number of studies have not shown such an effect (. . .)’’ (2004, p.
609). Foltz (1996, see also Wells & McCrory, 2011) also argued that
learning with non-linear texts increases complexity and makes it
harder to learn. Factors like navigation planning, the structure of
hypertexts, and learner prior knowledge also inﬂuence information
retrieval (cf. Salmerón, Baccino, Cañas, Madrid, & Fajardo, 2009).
Finally, Zumbach and Moharz (2008) added that while learner
characteristics inﬂuence performance in hypertext learning compared with linear text, issues of instructional design are also
important. They found that basic text design, text type, and complexity of learning material play an important role when comparing learning from text and hypertext. In particular, learners must
compensate for poor readability of text when instructional design
is poor. This puts a heavier load on working memory resources,
which are limited in hypertext because of the dual task of information retrieval and navigation planning. In addition, some text types
are traditionally designed in a linear sequence and follow a linear
(time) plot. Breaking this linear plot in hypertext can also increase
working memory load because learners have to re-construct the
plot, which is not necessary in traditional text presentation. Thus,
Zumbach and Moharz (2008) argue that complexity of content
plays an important role in hypertext learning. When the complexity of a learning domain is high, learners have to make use of multiple information sources. Therefore, designers of a hypertext system
might offer links between different aspects of a topic, which is
impossible to do with traditional linear text. Taken together,
research reveals an ambiguous picture showing that non-linear
information media may foster, but also harm, learning depending
on learner characteristics, the nature of content, and issues of
instructional design.

2. Auditory vs. text-based instruction
Early comparative studies seemed to show an advantage for
auditory instruction over text-based instruction (cf. Golas, Orr &
Yao, 1994; Nugent, 1982). However, there were many constraints
of these early investigations because of the role and behavior of
the reader, in addition to shortcomings in the methods of data
analysis. More recent research presents ambiguous outcomes (for
an overview see Barron, 2004). In fact, Travers (1970, quoted after
Barron, 2004, p. 954) stated that ‘‘One cannot reasonably ask the
general question whether the eye or the ear is more efﬁcient for
the transmission of information, since clearly some information

is better transmitted by one sensory channel than by another’’.
The processing of either text or audio is also strongly inﬂuenced
by the proprietary design of each modality. That is, within text,
several design features like headings, paragraphs, highlighting,
etc. can support reading comprehension processes that are not easily transferable to spoken language (cf. Hartley, 2004). In addition,
reading and rehearsal strategies are made easier by self-pacing
during the encoding of information presented in text, but it is difﬁcult to engage in the same processes when information is presented auditorially. In spoken language, there are also stylistic
features that can contribute support to comprehension processes.
These features consist of the control of speed, use of breaks,
emphasis on certain information, etc. that are not available in written text (cf. Barron, 2004; Kürschner & Schnotz, 2008). Another
advantage of auditory instruction is that spoken language contains
additional information to the message itself. For example, voice
carries paralinguistic personality cues that are referred to the
speaker (e.g., Nass & Lee, 2001; Nass & Brave, 2005). Common to
both modalities is the representation learners create from the text
base; that is, learners construct mental representations based on
the propositional text model, and this representation is modality
unspeciﬁc (cf. van Dijk & Kintsch, 1983; Johnson-Laird, 1983).

3. Working memory and processing of text and audio
The complexity between visual and verbal material can be
informed by an analysis of the way learners process information
in working memory (WM). According to Baddeley’s (1992, 1998)
WM model, auditory information is processed in a phonological
loop where it is stored and shortly repeated before subsequently
being processed within an episodic buffer. Visual text-based information is ﬁrst represented in a visuo-spatial sketchpad before
being processed within the episodic buffer. Rummer, Schweppe,
Scheiter, and Gerjets (2008) assume that text and audio are likely
to be represented only in the phonological loop, arguing that
Baddeley’s model is not modality-speciﬁc but rather codality-speciﬁc. That is, verbal information processing takes place in the phonological loop independent from its modality; visual-verbal
information is imported in the phonological loop by rehearsal. In
short, WM load should be independent of modality. If Rummer
et al. (2008) are correct, then differences between reading and listening comprehension should not be expected.
And yet, several studies comparing learning with written or
auditory verbal information have shown differences between both
modalities. For example, there seems to be slight advantages for
auditory information compared to visual information, because
visual information more often contains irrelevant and distracting
stimuli that may have less semantic meaning but still has to be
processed (e.g., word or number lists; cf. Kürschner & Schnotz,
2008; Pächter, 1996). For text comprehension, there seems to be
advantages of written learning material regarding memory for
details, while auditory presentations seem to contribute to better
understanding of more overarching concepts or ideas—like a plot,
for example (e.g., Hildyard & Olson, 1978; Kürschner, Schnotz, &
Eid, 2006).
It is possible that a major advantage of complex text comprehension is due to self-pacing and the application of speciﬁc reading
strategies—both of which might explain advantages of written text
compared to auditory text—at least with regard to the memorization of details. Indeed, working memory capacity is stressed with
auditory presentation formats, especially when texts are longer
or more complex and contain information that is redundant.
Leahy and Sweller (2011) underscore this difference in advantage
in their discussion of the transient information effect—an effect
characterized by a learner’s tendency to drop information kept in
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WM in favor of newly gained information when the aggregate of
both information sources exceeds working memory capacity. Thus,
it is easier for readers, compared to listeners, to go back to a certain
passage within a text and refresh that information. Auditory information, on the other hand, may stay rather transient, because it is
much more complicated to navigate within an audio ﬁle. Taken
together, an exclusively visual presentation, in contrast to an auditory one, might contribute to decreased working memory load,
because information retrieval is simpliﬁed, leading to better overall comprehension (Tindall-Ford, Chandler, & Sweller, 1997).
4. Research questions and hypotheses
Based on the discussion above, research is mixed on the relative
value of visually- and auditorially-presented text. Auditory learning seems to primarily support global coherence construction
and text-based learning seems to support local coherence formation. However, to date, there is no research on how this difference
in coherence construction might interact with the non-linearity of
auditorially-presented information. Thus, the research questions
were as follows:
First, research contributes evidence that written text supports
learners in remembering detailed facts, while auditory learning
material contributes to understanding higher order ideas (e.g.,
Kürschner & Schnotz, 2008) and more global coherence formation
(e.g., Kürschner et al., 2006). Thus, we expected learners in the
auditory condition to show better learning performance in measures of overall text comprehension—especially when the material
was presented in a linear fashion (Hypothesis 1). Alternately, we
expected learners in the text-based condition to show better performance on text-based details when the material was presented
nonlinearly; learners in the auditory condition were expected to
perform better when the text was linear.
We were also concerned with whether different representations
(text vs. audio, linear vs. non-linear) would be affected by the nature of the learning material. Theoretically speaking, we wondered
how different text structures, which focus on local vs. global coherence formation, might inﬂuence learning outcomes. Recent
research by Zumbach and Mohraz (2008) indicated that there is
a strong interaction between the type of text and linear vs. non-linear information retrieval when learning from hypermedia or linear
text. Learning in traditional text-based learning environments
demands that learners ﬁrst build up local coherence based on the
information presented in a node of the hypermedia network and
subsequently build up global coherence by integrating all the
accessed information into a mental model (cf. Schnotz & Zink,
1997). Following these considerations, learners learning from a
text-based linear learning environment should beneﬁt in remembering single facts (because of local coherence formation); learners
with linear auditory information should beneﬁt in building global
coherence, better remembering the main structure and ideas of
the presented information. Thus, auditory information retrieval
should lead to decreased learning performance compared to textbased non-linear learning environments when learning in a
domain with a focus on single and unrelated concepts (Hypothesis
2). This latter effect is likely to vanish with a text that follows a
strong plot.
Finally, differences between linear and non-linear learning
environments have to be expected since non-linear navigation
planning might increase extraneous cognitive load (ECL), based
on the assumptions of Cognitive Load Theory (CLT; Paas, Renkl, &
Sweller, 2004; Sweller, 1994). CLT differentiates between intrinsic
cognitive load (ICL), extraneous cognitive load (ECL) and germane
cognitive load (GCL; Sweller, van Merriënboer, & Paas, 1998). ICL
results from direct information processing and is, thus, unavoidable. ECL is determined by the design of the learning materials.
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GCL is necessary to activate schemata in order to process new
information more deeply.
Thus, ECL might be a part of a phenomenon called ‘‘cognitive
overhead’’ in non-linear information retrieval (cf. Conklin, 1997;
Zumbach, 2006). As such, navigation planning might not only be
a compromising factor inﬂuencing knowledge acquisition, but it
might also be necessary to support global coherence formation.
Additional mental effort can also enhance learning if additional
effort leads to deeper elaboration processes and coherence
building.
A problem, however, is that it is impossible to identify directly
whether higher mental effort due to increased cognitive load is
advantageous or disadvantageous for learning simply by assessing
cognitive load with self-report measures (cf. Paas, Tuovinen,
Tabbers, & Van Gerven, 2003). Therefore, we reasoned that by
observing both learning performance and self-reported mental
effort, it might be possible to distinguish between positive and
negative inﬂuences of cognitive load. Speciﬁcally, if CL is high
and learning performance decreases, ECL might likely be inhibiting
successful learning. If CL is high and learning performance
increases, higher mental effort might foster knowledge acquisition
processing. Nevertheless, the differences between fostering and
inhibiting cognitive load might show up on an individual level.
That is, taking average scores in general, non-linear information
planning might have a disadvantageous impact on learning performance compared to linear information presentation, but it might
be compensated by a higher degree of mental effort (Hypothesis 3).
5. Method
5.1. Design and sample
In order to test these hypotheses, three factors, Text Type, Presentation Format, and Modality were combined factorially to yield
eight experimental cells. The resulting design was a 2 text type
(text with narrative structure vs. text without narrative structure)  2 presentation format (linear vs. non-linear),  2 modality
(text vs. audio) factorial design. 125 university students sampled
from a large Austrian university participated in the experiment
(mean age = 24.19, SD = 5.10). The students, (87 female and 38
male), were randomly sampled from a variety of different ﬁelds
of study and randomly assigned to one of the eight between-subjects groups. The students received either € 10 for their participation or a study-relevant certiﬁcate. Five experimental cells
contained 15 participants and three cells contained 17.
5.2. Dependant variables
5.2.1. Learning outcomes
In order to measure the students’ learning success, and to control for prior knowledge, a knowledge pre-and post-test was conducted. The test was a composite of two assessment methods—a
multiple-choice test and an essay task. Both methods were
designed to measure learners’ knowledge and understanding of
the basic concepts described in the texts. The multiple-choice test
was comprised of 12 questions written at the comprehension level
of Bloom’s taxonomy (Bloom, 1956), each with one correct answer
and three foils (see Table 1 for examples of the test questions). The
MC test difﬁculty yielded values of 0.29 at pretest and 0.63 at posttest for the expository text, and 0.02 and 0.74 for the pre- and posttest, for the narrative, respectively. The number of multiple-choice
questions answered correctly was used as one metric of learning
success.
For the essay task, all participants were asked to write down
anything they already knew about the topic of the learning task.
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Table 1
Examples of multiple-choice test questions (correct answers in italics).
What is nucleic acid?
Carrier of protein-synthesis information
Carrier of enzyme information in the cell nucleus
Carrier of genetic information
Carrier of cell nucleus information
What is a gene?
DNA
Part of DNA
RNA
Part of RNA

There was no minimum or maximum number of words given, as
well as no time constraint. The essay task was analyzed by a propositional analysis based on the suggestions of Kintsch and van Dijk
(1978). Once essays were broken down into propositions, each
proposition was allotted one point if it corresponded to the semantic equivalent of the propositions in the experimental text. In order
to compare the two different text types, the proportional value was
computed for each participant by dividing the number of the
correct essay propositions participants produced, by the overall
number of propositions in the corresponding learning material
(for pre- and post-tests separately). With the knowledge pre-test
being the same as the post-test, a testing effect might occur. But
as this treatment is constant over all conditions, we assume that
error is equally balanced between the two.
5.2.2. Cognitive load
Two instruments were used to measure cognitive load. First, the
Mental Effort Rating Scale (MERS; Paas, Van Merriënboer, & Adam,
1994) was used to assess the mental effort participants actually
invested in processing the learning material. Second, a slightly
adapted form of the NASA-TLX (Task Load Index) was used. Developed
by Hart and Staveland (1988), the NASA-TLX consists of ﬁve subscales each represented by a one-item self-report question (i.e. Task
requirements, Effort in understanding content, Expectation of success,
Effort in navigation, and Stress). Both measures (the MERS and
NASA-TLX) consist of a 10-point rating scale, from 0 (completely disagree) to 10 (completely agree), and were used in the post-test phase
only (NASA-TLX immediately followed by the MERS). An analysis of
the internal consistency for the NASA-TLX yielded a Cronbach’s Alpha
of 0.46. However, in order to increase the internal consistency we:
(a) excluded one item from the analysis (‘‘expectation of success’’),
(b) used the mean from the four remaining items, and (c) computed
a new Cronbach’s Alpha. The resulting Cronbach’s Alpha equalled
0.71. It is important to note that using self-reported measures of cognitive load is not unproblematic (cf. Brünken, Plass, & Leutner, 2003;
de Jong, 2010); however, they are currently considered the most
common, reliable, and valid approaches of cognitive load assessment (see Paas et al., 2003).
5.3. Materials
In order to analyze the inﬂuence of text type and modality,
eight different learning environments were developed. The operationalization of two different content/text types that have a different process focus (acquiring single concepts and details vs.
fostering holistic text processing that contributes to an understanding of the plot) was accomplished by comparing two different
texts. One was a narrative text with a linear plot; the other was an
expository text derived from online encyclopaedia sources on
molecular biology. For the narrative text type, we chose a relatively
unknown fairy tale, 3083 words in length, from Hans Christian
Andersen’s ‘‘The Girl Who Trod on the Loaf’’ (Hersholt, n.d.). The
rationale for the choice of a fairy tale as a script-based text type

was based on the fact that this genre typically has a chronological
plot with a clear beginning and an end, in addition to several protagonists, each with clear character descriptions and interactions.
Narratives are a type of text genre typically used for moral education that provides an ideal learning scenario. The expository text
was a well-integrated explanatory passage, 2538 words in length,
using simple accessible language to describe the composition, relationship, and function of bacteria, viruses, and genes. Both texts
were divided into locally coherent nodes, with each node’s content
understandable in itself without the need to refer to other nodes.
The narrative and expository texts were comprised of 35 and 19
nodes, respectively, and were presented in the native language of
the learners.
The expository articles had a higher complexity than the narrative text. In the narrative text, there were more bridging sentences
in order to guarantee local coherence. By reducing the amount of
words in the expository text, we balanced task difﬁculty resulting
from the complexity of the expository articles.
Next, each text was transformed into the computer-based
learning environments with either a linear or a non-linear navigation access. In the linear condition, navigation was possible by
means of a ‘‘next’’, ‘‘back’’, and ‘‘starting page’’ button. The
sequence in the narrative text was determined by its chronological
narrative structure; in the linear expository conditions, we
arranged the nodes in alphabetical order depending on the topic
of each node. For the non-linear hypertext conditions, we linked
the nodes associatively by selecting keywords and phrases as
hyperlinks that referred to other nodes explaining and elaborating
these terms more deeply. In addition, we added buttons leading to
the starting page and back to the last visited page. Thus, there was
no way for learners, in the nonlinear condition, to move from page
to page sequentially because: (a) movement was only possible by
clicking on hyperlinks or by going back to the main page, and (b)
the hyperlinks did not link the pages in a linear manner. In short,
there was no ‘‘next’’ button on any page in the nonlinear condition.
The operationalization of the modality (written text vs. audio)
was accomplished by using the different versions of learning material for the text condition. That is, a professional speaker recorded
all written texts for auditory presentation. For presentation purposes, we simulated a cellular phone interface run as a computer
program in order to integrate the recorded audio ﬁles.
Corresponding to the text-based conditions, the resulting computer programs simulated a Hyperaudio learning environment navigable by using the keys of the cellular phone. There was a basic
navigationset with options ‘‘Repeat’’, ‘‘Back’’ (returnto the last visited
audio-node), and ‘‘Main page’’ (see Fig. 1). When a learner opened an
audio-node, a trained professional speaker presented the information of this node as audio. Simultaneously, possible hyperlinks were
presented in the display assigning key-codes to each hyperlink. By
pressing the corresponding key, a new audio-node opened with the
corresponding auditory information (e.g., pressing the ‘‘3’’-key in
Fig. 1 would have opened the audio document about viruses). In the
non-linear program, audio-nodes were associatively linked by showing available hyperlinks in the display of the cellular phone; in the linear program, only a ‘‘back & forward’’-navigation format was
provided, realized by key commands provided by the cellular phone
interface. Structure and content of the audio versions of the learning
material were identical to the correspondent text-based version (see
Fig. 2). Treatment time was set at 35 min and was constant over all
conditions. This allowed all participants to go through all learning
materials at least twice.
5.4. Procedure
The experimental procedure began with oral and written
instructions about the task and the way to use the learning pro-

J. Zumbach, N. Schwartz / Computers in Human Behavior 41 (2014) 365–373

369

5.5. Data source
After analyzing the internal consistencies of all scales (see
above), all single items were aggregated into scales using the arithmetic mean, except the scores from the multiple-choice tests
where the sum values were computed. All inferential statistical
testing were accomplished with a Multiple Analysis of Covariance
(MANCOVA) using the statistical software package PASW 18. Since
the pre-test values in mental effort and the measures from both
knowledge tests were positively correlated with the corresponding
post-test values, all the pre-test variables were entered into the
analysis as covariates. In short, ‘‘Presentation Format’’, ‘‘Modality’’,
and ‘‘Text Type’’ were set as ﬁxed factors, and all other variables
were entered into the analysis as dependent variables.
6. Results
6.1. Inﬂuence of modality

Fig. 1. Interface of the Hyperaudio learning environment application running on a
cellular phone.

grams, followed by the pre-test. In the learning phase, participants
had 35 min to navigate through the programs, with note-taking
not allowed. The programs were delivered on single desktop PCs.
Following program navigation, the participants were directed to
complete the post-test with the same essay task and multiplechoice test as in the pre-test, in addition to the NASA-TLX and
the MERS. The pre- and post-test lasted 30 min each. All participants fully completed participation in the experiment.

Our ﬁrst question was aimed at whether learners in the auditory condition would show better learning performance in measures of overall text comprehension. The results revealed that the
text condition led to better performance in both knowledge assessments, in addition to higher values in self-reported cognitive load,
relative to the audio condition (see Table 2). The analysis yielded
an overall effect on all dependant variables (F(3, 113) = 24.74,
p < 0.001, g2 = 0.39). While modality had a marginally signiﬁcant
impact on the MCT-post-test (F(1, 115) = 3.12, p = 0.08, g2 = 0.03),
participants in the audio condition scored signiﬁcantly lower in
the Essay-Task-post-test (F(1, 115) = 63.53, p < 0.001, g2 = 0.36);
participants also reported a higher Cognitive Load as assessed with
the NASA-TLX (F(1, 115) = 7.57, p = 0.007, g2 = 0.06).
6.2. Linear vs. non-Linear information retrieval
Our second question addressed the impact of linear vs. non-linear information access. Using the same design as above, the analysis yielded an overall effect of this factor on all dependant variables

Fig. 2. Sample screen from the text-based non-linear condition.
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(F(3, 113) = 3.92, p < 0.01, g2 = 0.09). Participants using the site by
linear navigation performed signiﬁcantly better in the MCT-posttest than participants accessing information in a non-linear fashion
(F(1, 115) = 4.59, p = 0.03, g2 = 0.04); and, learners in the non-linear
condition reported a signiﬁcantly higher level of cognitive load
(F(1, 115) = 6.14, p = 0.02, g2 = 0.05). There was no signiﬁcant difference in performance on the Essay Task post-test
(F(1, 115) = 2.80, p = 0.10, g2 = 0.02).
6.3. Text type
Our third questions were concerned with the impact of Text
Type. We hypothesized that auditory information access would
lead to decreased learning performance compared to text-based
non-linear learning environments when learning in a domain with
a focus on single and unrelated concepts. This effect was expected
to vanish with a text that followed a strong plot. Outcomes of the
MANCOVA revealed a signiﬁcant main effect for text type
(F(3, 113) = 10.77, p < 0.001, g2 = 0.22). Speciﬁcally, participants in
the expository text type condition showed scores signiﬁcantly
lower
in
both
knowledge
post-tests
(MCT-post-test:
F(1, 115) = 22.90, p < 0.001, g2 = 0.17, and Essay Task post-tests:
F(1, 115) = 19.27, p < 0.001, g2 = 0.14). There was no signiﬁcant
effect for Cognitive Load (F(1, 115) = 0.14, p = 0.71, g2 = 0.001).
6.4. Interactions of factors
The two-way interaction of Presentation Format  Text Type
was statistically signiﬁcant (F(3, 113) = 4.13, p < 0.008, g2 = 0.10).
Outcomes indicated that there were small differences between
the linear and non-linear presentations of the expository text type
on both measures of knowledge acquisition (MCT-post-test: F(1,
15) = 5.48,
p = 0.02,
g2 = 0.05;
Essay
Task-post-test:
F(1, 115) = 6.46, p = 0.01, g2 = 0.05), as well as Cognitive Load,
(F(1, 115) = 3.59, p = 0.06, g2 = 0.03. Presenting the linear text type
in the non-linear manner led to decreased performance in the
knowledge post-tests (see Fig. 3), and increased Cognitive Load
(see Fig. 4).
There was also a signiﬁcant interaction of Modality  Text Type
(F(3, 113) = 4.18, p < 0.008, g2 = 0.10). The linear text type led to
better learning outcomes when presented as written text than as
expository text. These differences were reduced when presented
as audio, although performance in the audio condition was still
worse than the visual presentations (as assessed with the EssayTask-post-test: F(1, 115) = 8.80, p = 0.004, g2 = 0.07 (see Table 2).
Cognitive load failed to yield a reliable inﬂuence on these measures
(F(1, 115) = 2.18, p = 0.14, g2 = 0.02) or MCT-post-test scores
(F(1, 115) = 0.48, p = 0.49, g2 = 0.004).
Another interaction effect was found for Presentation Format  Modality (F(3, 113) = 2.87, p < 0.04, g2 = 0.07). There were
small differences between audio and text in the non-linear conditions; in the linear condition, however, the difference in Cognitive
Load increased between audio and text, with text having far higher
cognitive load than audio (F(1, 115) = 5.37, p = 0.02, g2 = 0.05. There
was no effect on both measures of knowledge acquisition (Essay
Task-post-test: F(1, 115) = 1.52, p = 0.22, g2 = 0.001; MCT-posttest: F(1, 115) = 0.36, p = 0.55, g2 = 0.003; see Fig. 5).
The three-way interaction was not signiﬁcant (F(3, 113) = 1.78,
p = 0.15, g2 = 0.05).
Our ﬁnal research question addressed the inﬂuence of prior
knowledge and mental effort within the treatment conditions.
We assumed that non-linearly presented information might have
a disadvantageous impact on learning performance compared to
linearly presented information, although the former might be compensated by a higher degree of mental effort. The results revealed
overall effects for all three covariates (MCT-pre-test:

F(3, 113) = 3.91,
p = 0.01,
g2 = 0.09; Essay Task-pre-test:
F(3, 113) = 2.68,
p = 0.05;
g2 = 0.07; and Mental Effort:
F(3, 113) = 18.24, p < 0.001, g2 = 0.33). Tests for the speciﬁc effects
revealed an inﬂuence of the covariate MCT pre-test on the performance in the MCT post-test (F(1, 115) = 7.19, p = 0.008, g2 = 0.06),
but not on the other dependent variables (Essay Task-post-test:
F(1, 115) = 0.81,
p = 0.37,
g2 = 0.007, or cognitive load:
(F(1, 115) = 2.45, p = 0.12, g2 = 0.02). The covariate Essay task-pretest had a signiﬁcant inﬂuence on the performance in the MCT
post-test (F(1, 115) = 4.99, p = 0.03, g2 = 0.04) and in the Essay Task
post test (F(1, 115)=5.43, p = 0.02, g2 = 0.05), but not on Cognitive
Load (F(1, 115) = 0.16, p = 0.69, g2 = 0.001). Mental effort had its
only impact on Cognitive Load (F(1, 115) = 50.86, p < 0.001,
g2 = 0.31), while both other dependent variables missed signiﬁcant
F-values (MCT-post-test: F(1, 115) = 3.45, p = 0.07, g2 = 0.03 and
Essay Task-post-test: F(1, 115) = 1.05, p = 0.31, g2 = 0.009).
6.5. Analyzes of correlations
Pearson correlations indicated moderate relationships between
MCT-pre-test results and Cognitive Load (r = 0.22, p < 0.05), Mental
Effort (r = 0.24, p < 0.01), the Essay Task post-test (r = 0.38,
p < 0.01), and the MCT post-test performance (r = 0.64, p < 0.01).
Similar correlations were observed for Essay Task pre-test with
Cognitive Load (r = 0.24, p < 0.01) and Mental Effort (r = 0.27,
p < 0.01). Mental Effort correlated signiﬁcantly with the MCT
post-test (r = 0.34, p < 0.01), cognitive load (r = 0.60, p < 0.01)
and the Essay Task post-test (r = 0.27, p < 0.01).
6.6. Regression analysis
A regression analysis using all covariates as independent variables revealed only Mental Effort as a signiﬁcant predictor for performance on the MCT post-test (F(1, 125) = 16.62, p < 0.001) with
the
regression
equation
yielding
MCT
posttest = 11.47 + ( 0.71)  Mental Effort (R2 = 0.12). A second regression analysis using all covariates as independent variables revealed
Mental Effort, MCT-pre-test, and Essay Task-pre-test performance
as signiﬁcant predictors for performance in the Essay Task posttest score (F(1, 125) = 9.92, p < 0.001), with the regression equation
yielding
Essay
Task
post-test = 0.81 + ( 0.13)  Mental
Effort + ( 0.13)  MCT-pre-test + 1.84  Essay
Task-pre-test
(R2 = 0.20).
7. Summary and discussion
The results revealed that presenting information in a linear
manner leads to better learning outcomes overall than information
presented non-linearly. The main effect of Presentation Format
showed that, in general, the non-linear information presentation
led to an increase in cognitive load. This increase is in line with
the assumption that navigation planning in non-linear learning
environments might be a secondary task that increases extraneous
cognitive load (like in text-hypertext comparisons; cf. Wells &
McCrory, 2011). Nevertheless, linearity apparently has only a small
impact on the performance of a fact-based multiple-choice test and
no impact on the mental representation of the text structure and
its plot as assessed by the essay task. This ﬁnding is in line with
prior research ﬁndings showing comparable outcomes between
learning with text and Hypertext (Chen & Rada, 1996; Shapiro &
Niederhauser, 2004).
The ﬁndings also reveal that presenting learning material as
written text is more effective than presenting the learning material
in an auditory format. Presenting information as written text leads
to increased performance in knowledge acquisition as measured in
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Table 2
Mean values and standard deviations.
Measure

Presentation format

Text type

Modality

Mean

SD

MC-pre-test

Linear

Expository

Text
Audio
Text
Audio
Text
Audio
Text
Audio

3.47
3.24
0.00
0.76
3.3
4.07
0.00
0.29

1.46
2.40
0.00
1.03
1.40
2.28
0.00
0.77

Text
Audio
Text
Audio
Text
Audio
Text
Audio

8.07
6.59
9.53
9.94
8.00
7.47
8.33
7.59

1.98
2.90
1.51
1.71
1.65
1.85
1.63
2.00

Text
Audio
Text
Audio
Text
Audio
Text
Audio

0.012
0.006
0.000
0.000
0.013
0.011
0.000
0.000

0.009
0.006
0.000
0.000
0.006
0.009
0.000
0.000

Text
Audio
Text
Audio
Text
Audio
Text
Audio

0.10
0.05
0.21
0.10
0.11
0.06
0.15
0.09

0.03
0.03
0.07
0.06
0.03
0.03
0.04
0.05

Text
Audio
Text
Audio
Text
Audio
Text
Audio

6.94
5.13
4.51
3.76
6.51
6.07
5.84
5.93

1.15
1.43
2.38
2.00
1.47
1.38
1.87
1.83

Narrative
Non-linear

Expository
Narrative

MC-post-test

Linear

Expository
Narrative

Non-linear

Expository
Narrative

Essay task-pre-test

Linear

Expository
Narrative

Non-linear

Expository
Narrative

Essay task-post-test

Linear

Expository
Narrative

Non-Linear

Expository
Narrative

Cognitive load (NASA-TLX)

Linear

Expository
Narrative

Non-linear

Expository
Narrative

both learning measures. This is, at a ﬁrst glance, a contradictory
ﬁnding relative to prior research in reading vs. listening comprehension (e.g., Golas, Orr, & Yao, 1994). But, in the present investigation, all text conditions yielded cognitive load signiﬁcantly
higher than in the audio conditions of the learning material. Certainly, this ﬁnding seems to be contradictory because higher extraneous cognitive load might lead to inhibited knowledge
acquisition. However, we contend that the NASA-TLX does not distinguish between an inhibition of extraneous cognitive load and
mental effort that might contribute to elaboration processes. If this
is true, it is reasonable to expect a rather high correlation between
the NASA-TLX and the Mental Effort Rating Scale as well as a negative correlation with Mental Effort on post-test-performance in
knowledge assessment measures. Indeed, the pattern of these correlations was observed in the regression analyzes. It is also particularly noteworthy that, in the essay task, regression analysis and
the inﬂuence of the covariates indicated that only prior knowledge
was a strong predictor for performance in the knowledge post-test.
Thus, the lack of differentiation between a positive and negative
inﬂuence of cognitive load on the instruments used here leads to
an interpretation of a modality effect that can be attributed to a
modality- or media-speciﬁc appraisal effect resulting in different
mental effort. Comparable to the study conducted by Salomon
(1984), Salomon and Leigh (1984), participants might have judged
the auditory learning environments as rather easy and, thus, might
have invested less mental effort while participants in the

text-based conditions might have encountered their learning environments as rather difﬁcult and, thus invested more mental effort
to process the information to them. Additional theoretical support
for this interpretation is provided by Geary (2004). He differentiates between biologically primary and secondary knowledge. Processing auditory information is a primary skill where little working
memory is used to process this kind information; therefore, learners experience the learning process as easy. Reading, by comparison, is a biologically secondary skill, likely to be experienced as
more difﬁcult. Thus, the more learners experience the task as difﬁcult, the more likely they are to expend more mental effort and the
more working memory resources they must activate to accomplish
the task.
On the other hand, we found no evidence that differences
between auditory and text-based instruction supports either concept-related knowledge or construction of a global coherent structure of the text. The low correlation among the measures used here
(Multiple-Choice Test and Essay Task) indicates that the measures
present two different and valid approaches to assess the inﬂuence
of the experimental variables. Nevertheless, a possible explanation
for the superiority of text-based instruction might be a lack of
invested mental effort in processing the auditory information, as
discussed above.
Finally, the poorer performance of the auditory conditions compared to the written text might also be explained by the transient
information effect (cf. Leahy & Sweller, 2011). This effect refers to
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Fig. 3. Interaction between presentation format and text type on essay-task-posttest-performance.

Fig. 4. Interaction between presentation format and text type on cognitive load.

Fig. 5. Interaction between presentation format and modality on cognitive load.

the observation that longer and complex sentences presented verbally might not be processed because they exceed working memory capacity. In contrast, visually presented text with the same
length and complexity can be steadily rescanned and, thus, processed without information loss. This would also support the
assumption that the differences between reading and listening in
this study do not originate from modality speciﬁc information processing (cf. Rummer et al., 2008), but rather from different rehearsal mechanisms (see also Kürschner et al., 2006).
Another major aim of this research was to analyze speciﬁc
interaction effects that might inﬂuence learning outcomes. The
interaction between Modality and Presentation Format indicates
that additional mental effort necessary for deeper processing is
applied in linear conditions; by comparison, in the non-linear conditions, a possible ceiling effect levels out the difference because
extraneous cognitive load is caused by additional navigation
planning.
Results of this study unambiguously suggest that different representations (text vs. audio and linear vs. non-linear) are affected
by the nature of the learning material. The interaction effect
between Text Type and Presentation Format reveals that the structure of the text and, thus, the structure of the content within the
two presentation contexts have a direct impact on cognitive load
and learning outcomes. This is consistent with research presented
by Zumbach and Mohraz (2008): a primarily linear structured text
with an underlying linear plot presented in a non-linear manner
leads to increased cognitive load. We interpret load as an increase
in extraneous cognitive load because reconstructing the linear plot
is an additional secondary task that is not supported by the nonlinear structure of the learning environment. This assumption is
supported by performance measures in the knowledge assessments: the linear text type presented either as Hypertext or Hyperaudio led to poorer performance in the multiple-choice test as
well as the essay task. Likewise, the format of presentation (linear
vs. non-linear) also affected the rather loosely structured expository text type. The two-way-interactions support the assumption
that there are slight advantages of presenting this kind of content
in a non-linear learning environment although the effect is smaller
compared to the effect of presenting linear text in a non-linear
manner.
It is important to point out that the interaction effect discussed
above could also have been fostered by the difﬁculty of the learning material. The main effect shows that, in both knowledge
assessments, the expository text type led to poorer performance
than the linear text type. This suggests that the content was much
more difﬁcult to understand than the linear text and, thus, might
have increased intrinsic cognitive load. However, it did not affect
the self-reported cognitive load. Thus, the origin of the interaction
effects can be best attributed to the structure of the content rather
than to the difﬁculty. In addition, comparability of both text types
was observed not only by comparing fact-related knowledge, but
also by using the standardized amount of newly acquired propositions by means of the essay task.
Taken together, the results show that when presenting information in a linear or non-linear manner, the nature of the content and,
thus, the structure of the text have to be regarded. This is a factor
commonly neglected in most studies comparing linear with nonlinear media. Going back to the ﬁrst instructional approaches on
hypermedia learning and to cognitive ﬂexibility theory (e.g.,
Jacobson & Spiro, 1995; Spiro & Jehng, 1990), we have to re-interpret ﬁndings from early evidence that non-linear information
retrieval contributes directly to cognitive ﬂexibility: When Spiro
and Jehng (1990) used hypertext in their studies as a learning environment for movie interpretation, we have to assume that participants already had a mental representation about the movie and
its plot. Thus, the participants in Spiro and Jehng’s study did not
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have to reconstruct the linear sequence from a non-linear learning
environment; rather, they were able to re-use their existing knowledge for constructing the hypertext information into a mental representation of the movie plot AND its interpretation. This stands in
line with most hypermedia research ﬁndings: that prior knowledge
is a main predictor for successful learning with hypermedia. Nevertheless, if this prior knowledge is not available, the assembly of
content structure and representational structure (likewise linear
vs. non-linear) has to be a crucial instructional design task.
Finally, ﬁndings from the present experiment regarding auditory instruction suggest that additional support might be necessary for enhancing learning from linear audio as well as
Hyperaudio, e.g., for learning with mobile or handheld computing
devices.
The implications from this experiment reveal that using Hyperaudio, as a stand-alone instructional device, is disadvantageous
compared to the other representation formats used in this study.
Nevertheless, the outcomes of this research also suggest that the
dominating research practice in media comparison might be problematic: that is, it does not necessarily matter in which modalities,
or more precisely codalities, information is presented. Rather, it is
more important to take the structure and the content of the underlying information into account. Here the interaction effects
between text type and the presentation format were not only possible, but rather likely.
With the introduced concept of ‘‘Hyperaudio’’, we have to conclude that this instructional design either needs support by scaffolds designed to enhance learning or has to be carefully
integrated into broader learning environments. Also additional
instructions might be helpful and necessary to increase mental
effort and, thus, elaborate information. As this re-search on nonlinear auditory instruction and its support is still emerging, further
research from a technical, content-speciﬁc didactical, and a psychological perspective, is needed.
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