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Captured by the World Wide Web
Orienting to Structural and Content Features of
Computer-Presented Information

This article uses a limited-capacity information-processing perspective to
investigate which structural features of computers elicit orienting responses
in attentive computer users. The results of three experiments test the ability of
plain text, boxed text, warnings, nonanimated banner advertisements, and
animated banner advertisements to elicit cardiac-orienting responses in
attentive computer users. A second question asks if user or computer control of
stimulus presentation alters orienting behavior. A final hypothesis predicts
stimuli that elicit orienting will be better recognized than those that do not.
Results show that plain text, boxed text, and nonanimated banner advertise-
ments do not elicit cardiac orienting. However, warnings and animated ban-
ner advertisements do elicit orienting. In general, stimuli that elicit orienting
are recognized better than those that do not. Control over stimulus onset has
little or no effect on orienting behavior.

How do various media capture people’s attention? How does attention fluctu-
ate during media use? To what extent can structural and content features of
media drive people’s attention to and processing of media messages? Under-
standing how people process mediated messages can help us to answer these
questions and to better develop media messages that achieve their goals (e.g.,
attention, memory, entertainment).

Research using the limited-capacity information-processing model of
media has been investigating these questions about television and radio
over the past 10 years. The Limited-Capacity Model of Mediated Message
Processing (A. Lang, 2000) is a data-driven model that was developed to
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help researchers track information from a message through the “black-box”
of the human information-processing system. The model’s roots lie in the
information-processing tradition of cognitive psychology (Lachman,
Lachman, & Butterfield, 1979) and the social scientific study of the effects of
mass communication (Berger & Chafee, 1989). The model provides both a
conceptual and theoretical framework for asking questions about how medi-
ated messages and media systems interact with the human information-
processing system. In addition, the model provides an operational definition
and a methodological tool to measure each theorized process or mechanism
(A. Lang, 2000). Inherent in the model is a framework for systematically
approaching the study of how the structural aspects of different media might
alter how message content is processed.

The research reported here uses the limited-capacity model and its inher-
ent framework to begin to systematically examine how people process infor-
mation that is presented on computer screens. In particular, this research
asks whether certain structural features of computers elicit automatic atten-
tion responses and how those responses affect memory for the information
being presented.

The Limited-Capacity Information-Processing Model

This model (A. Lang, 2000) defines the viewer as an information processor;
media as individual sets of structural features used to present audio or visual
information; and the message content as the topic, genre, and information
contained in a message. Media use is the allocation of a limited pool of pro-
cessing resources to the cognitive processes required for viewers to make
sense of a message. Processing a message includes (but is not limited to) the
parallel cognitive subprocesses (or tasks) of encoding,storage,and retrieval.

Comprehension of a television message involves the continuous and
simultaneous operation of these subprocesses. New information from the
message is continuously attended to, encoded into short term or working
memory, then processed and stored. Previously held information (required to
understand the message) is concurrently retrieved, associated with the new
information, and stored again. Information encoded earlier in the message is
being stored as later information is being encoded.

Because it is not possible for media users to encode and store all the infor-
mation in the message, the viewer continuously (on a conscious or subcon-
scious level) selects which information in the message to encode, process, and
store.The amount of information that can be attended to, encoded,and stored
has an upper bound created by the availability of the viewer’s processing
resources, which are limited. How large a portion of the information in a
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message is successfully encoded, stored, and eventually retrieved is deter-
mined by the level of resources required by and allocated to the various
subprocesses involved in viewing. The viewer, the medium, and the content
all affect how resources are allocated in processing the message.

The viewer controls some aspects of the allocation of processing resources
by making decisions about things such as whether to watch, how carefully to
watch,and how hard to try.These decisions are based on things about the con-
tent and the viewer such as how interesting the subject is, how relevant the
information is, or simply whether the viewer wants to remember it. This vol-
untary or controlled allocation of processing resources is a relatively
long-term process that occurs over minutes or hours. Similarly, characteris-
tics of the viewer (familiarity with the topic, emotional response to a topic,
etc.) partially determine the level of resources required to make sense of, and
to store, the message.

The medium itself controls the automatic allocation of processing
resources by eliciting orienting responses (ORs) in viewers. These ORs are
automatic, reflexive, attentional responses to changes in the environment or
to stimuli that people have learned signal important information. In televi-
sion, structural features like cuts, edits, movement, flashes of light, and
sound elicit ORs (A. Lang, 1990; A. Lang, Geiger, Strickwerda, & Sumner,
1993; Thorson & Lang, 1992). In radio, structural features such as onset and
offset of content, voice changes, and sound effects have been shown to elicit
orienting (Potter, Lang, & Bolls, 1997, 1998a, 1998b). This automatic alloca-
tion of resources is a relatively short-term response that occurs within
seconds.

The content of the message can also invoke both automatic and controlled
allocation of processing resources. Aspects of content such as relevance and
difficulty can elicit controlled allocation of processing resources (Thorson &
Lang, 1992). Other aspects of content, like emotion, elicit automatic alloca-
tion of resources (A. Lang, Dhillon, & Dong, 1995; A. Lang, Newhagen, &
Reeves, 1996).

In summary, the limited-capacity model makes the following general
predictions:

1. The viewer allocates an overall level of processing resources to the
complete media-use task based on goals, interests, and so forth;

2. The viewer’s goals influence the proportion of resources allocated to
the various subprocesses, such as storage and retrieval;

3. Structural and content features of the medium can elicit orienting be-
havior and the automatic allocation of resources to encoding;

4. Content and structural attributes can elicit arousal, which results in
the automatic allocation of resources to encoding and to storage;and
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5. When there are insufficient resources available to carry out all the
subprocesses, some aspect(s) of processing will be performed less well.

Applying the Limited-Capacity Model to Computers

To use the limited-capacity approach in understanding how people pay atten-
tion to and learn information from computers, it is first necessary to deter-
mine which structural features of the computer interface elicit orienting in
attentive users. There are two main classes of stimuli that elicit orienting
responses: novel stimuli and signal stimuli (A. Lang, 1990). Novel stimuli are
those that denote a change in the environment. This does not mean that the
stimulus must be unusual or new to the user, it only means that it is “new” to
the current environment. Signal stimuli are those that people have learned
signal the advent of relevant information. The first signal stimuli learned by
most human beings is their name, which begins to elicit orienting in the first
weeks of life. Mediated messages contain both novel and signal stimuli.

The orienting response is an automatic response, sometimes called the
“what is it” response (Lynn, 1966). It is characterized by a set of behavioral
and physiological events. When an orienting response occurs, the organism
turns its sensory receptors (e.g., eyes, ears) toward the stimulus that elicited
the response, there is an increase of blood flow to the brain and a decrease of
blood flow to the periphery, skin conductance increases briefly, the alpha fre-
quency of the Electroencephelogram (EEG) diminishes, and there is a short-
term (or phasic) deceleration in heart rate. Research with media has shown
that this phasic deceleration in heart rate can be reliably measured time-
locked to media stimuli to determine which elements of a media message elicit
orienting responses (A. Lang,1990;A. Lang et al.,1993;Thorson & Lang,1992).

In the studies reported here, heart rate is measured while computer users
are presented with information on computer screens. The first experiment
asks if the appearance of text on a computer screen elicits an orienting
response in computer users. It also examines whether the unusualness or
deviance of the content of that text alters that orienting response. The second
experiment replicates the findings of Experiment 1 and extends the findings
by investigating whether altering the text through a structural manipula-
tion or a content manipulation changes the ability of the text to elicit orient-
ing behavior.Finally, the third experiment attempts to replicate a key finding
in Experiment 2 and looks at whether the appearance of banner advertise-
ments on computer screens elicit orienting responses and if those orienting
responses are altered when the banner advertisements contain animation. In
all three experiments, recognition memory is measured to test the hypothesis
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that if orienting occurs, greater encoding of information will occur, which will
lead to increased recognition memory.

Experiment 1

This experiment measures whether the appearance of news headlines on a
computer screen elicits an orienting response in computer users and, if so, if
that orienting response results in greater recognition memory for the news
headlines. It has been argued that human beings are, to some extent, hard
wired to process news (P. J. Shoemaker, 1996). Shoemaker argued that news
fulfills the surveillance function that is critical to the survival of the human
being. As a result, because we automatically survey our environment for
change, news information—in particular information that is deviant,
unusual, or threatening—automatically elicits our attention. From the point
of view of the limited-capacity model, this makes logical sense. First, news is
news because it is new; in other words, headlines signal novelty or change in
the environment. Novel stimuli elicit orienting, so news headlines might logi-
cally be expected to elicit orienting.Furthermore,practiced news readers will
have internalized the fact that headlines signal new information. So an argu-
ment could be made that headlines also have signal properties. On the other
hand, it is likely that all headlines are not created equal. Some headlines are
more common than others. Headlines that signal unusual or deviant content
may have greater novelty than those that are more common or typical.

In addition to providing information about the wider environment, the
appearance of text on a blank screen is certainly a change in the immediate
environment that might elicit orienting responses. Certainly, previous
research has shown that users exhibit orienting responses to the appearance
of text on a television screen during televised lectures (Thorson & Lang,
1992) and to the appearance of pictures on a computer screen (P. J. Lang,
Greenwald, Bradley, & Hamm, 1993). Therefore,

Hypothesis 1: The appearance of news headlines on a computer screen will
elicit an orienting response in attentive computer users.

As discussed above, it is also possible that the size of the orienting
response elicited—in other words, the amount of attention elicited by the
headline—might be mediated by its content. Stated differently, headlines
that contain information that is particularly relevant to survival or particu-
larly novel, unusual, or deviant may elicit larger and more vigorous orienting
responses. In this study, half of the headlines presented will be defined as
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deviant headlines. Although the term deviant is rich, it is amorphous, and it
is interpreted differently in different disciplines. In sociology, for example,
there is a stream of research on social deviance (e.g., Gitlin, 1980). In the
mass communication literature, deviance has been conceptualized as norma-
tive and statistical (P. M. Shoemaker, Danielian, & Brendlinger, 1992). How-
ever, for the purposes of this article, deviant is conceptualized as schematic
incongruence as defined by David (1996). In that sense, the deviant headlines
used in this study are unexpected and unusual. The type of deviant headlines
used here are perhaps best typified by the dictum “Man bites dog is more in
newsworthy than dog bites man” (P. J. Shoemaker, 1996). Therefore,

Hypothesis 2: Deviant news headlines appearing on a computer screen
will elicit larger orienting responses than nondeviant news headlines.

A second question of interest when examining orienting responses to
information presented on a computer screen revolves around the question of
stimulus control. The limited-capacity model, which is a data-driven model,
was initially developed by studying television messages and was later
expanded through the study of radio messages.However, the rate of control of
information presentation in both radio and television messages is, once the
initial decision to attend to the message has been made, under the control of
the medium. Thus, the onset of information and rate at which information
changes is not known to the user.

As we expand and generalize the limited-capacity model to explain how
computer-mediated information is processed, we must consider how user
control over stimulus onset, offset, and rate of presentation might affect the
mechanisms and processes explicating in the model. When viewing informa-
tion on a computer screen, users often control the onset and the rate of pre-
sentation of information. This control over onset may affect the “expect-
edness” or “ novelty” of the stimulus. This might affect the size or occurrence
of an orienting response. Of course, it is not certain that expectedness would
necessarily alter orienting. Practiced television viewers are well aware of
when a program is going to commercial and expect commercial onsets to
begin. Nonetheless, they still exhibit orienting responses to the onset of new
content. Thus, in television, it seems to be the occurrence of new content that
elicits orienting, not its unexpectedness. However, because the viewer cannot
actually control this onset even though they expect it to occur, one cannot rule
out the possibility that control over the onset might alter the occurrence of an
orienting response. Therefore, the following research question is offered:
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Research Question 1: Does control over stimulus onset alter either the size
or occurrence of an orienting response in computer users?

Finally, the third hypothesis examines the question of whether the unusu-
alness of the content of the news headline will alter orienting behavior. Previ-
ous research looking at deviant headlines (David,1996) has shown that mem-
ory for deviant headlines is greater than memory for nondeviant headlines.
David offered two possible explanations for this finding: the orienting expla-
nation and the deviant-imagery explanation.

The orienting explanation suggests (as predicted above) that deviant
stimuli elicit larger and more vigorous orienting responses, which increases
resources allocated to the message, which, in turn, results in greater encod-
ing of the message. The second possible explanation, the deviant-imagery
explanation, suggests that deviant news stimuli are high in imagery. Pavio’s
(1986) dual-coding theory suggests that verbal stimuli high in imagery have
a memory advantage because they are encoded both as a verbal code and as a
visual code, resulting in dual activation. In this study, the level of imagery
was controlled across the deviance conditions, and the orienting hypothesis
was tested. Hence,

Hypothesis 3: Recognition memory for deviant news headlines appearing
on a computer screen should be greater than memory for nondeviant
headlines.

Method

Design

This experiment was conducted using 4 × 2 × 2 × 8 (Order of Presentation ×
Control × Deviance × Headlines) mixed experimental design. Control, Devi-
ance, and Headlines were within-subjects factors. Order of Presentation was
a between-subjects factor. Deviance had two levels: deviant and nondeviant.
Control had two levels: computer-controlled onset and user-controlled onset.
Computer users controlled the onset for half of the stimuli, and the computer
controlled the onset for the other half of the stimuli. Headlines is the repeti-
tions factor and represents the eight headlines in each Deviance × Control
condition.
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Stimulus Material

Participants viewed a total of 32 headlines. Each of the four orders used in
this experiment contained eight each of the following types of headlines:
deviant/user-controlled, nondeviant/user-controlled, deviant/computer-
controlled, and nondeviant/user-controlled. The specific headlines used were
taken from a set of headlines collected and pretested for imagery and devi-
ance by David (1996).Headlines were written in black text and were centered
on a white background. The font was Times Roman, and all the headlines
used the same size font.1 The headlines varied in length, but no headline was
larger than two by seven inches. Each of the four orders was randomly gener-
ated by a computer and subjects were randomly assigned to one of the four
orders.

Sixteen of the 32 total headlines were presented in a computer-controlled
group. Here, the presentation of the headlines was controlled entirely by the
computer.Headlines appeared on the screen and were displayed for 7 seconds
before disappearing and being replaced by the next headline. In the user-
controlled condition, participants controlled the presentation rate by press-
ing the space bar to initiate onset of each headline. In two of the four orders,
the computer-controlled condition preceded the user-controlled condition.
The user-controlled condition was first in the other two orders.

Dependent Variables

Orienting. Heart-rate data were collected using three Beckman standard
silver-silver chloride (AG-AGCL) electrodes placed on the forearms (two
recorded heart rate; one was a ground). The signal passed from the electrodes
to a Coulbourne bio- amplifier, on to a Coulbourne bipolar comparator con-
nected to a Coulbourne one-shot, and into the computer. Raw data were col-
lected as milliseconds between beats and converted to weighted heart-rate
per second. Data were averaged across participants and relevant conditions
to create the appropriate cardiac-response curves. To assess orienting, the
heart-rate data were analyzed using 4 × 2 × 2 × 8 × 7 (Order of Presentation ×
Control × Deviance × Headline × Time) ANOVA. The Time factor represents
the (maximum of) 7 seconds of heart-rate data collected during each headline
presentation.

A three-step process is used to determine if an orienting response has
occurred. First, the cardiac-response curves are submitted to visual inspec-
tion to see if the visible pattern of heart-rate change corresponds to one of the
appropriate patterns (either monophasic or biphasic) for an orienting
response (A.Lang,1990).Next,data are tested for a significant main effect for
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the Time factor,which indicates if the visible change in heart rate over-time is
significant. Finally, if the main effect for time is significant, data are submit-
ted to a trend analysis to determine if the appropriate trend component of the
orienting response is significant. For monophasic orienting responses, this
requires a significant quadratic component in heart-rate data; for biphasic
orienting responses, one looks for a significant cubic component in heart-rate
data.

Recognition. Recognition was measured using a forced choice recognition
test. Participants viewed 64 headlines, the 32 headlines used in the initial
stimuli presentations and 32 foils that were structurally and semantically
similar to the original 32 headlines. The order for the recognition tasks for
each subject was randomly generated by a computer. Participants were given
2 seconds within which to indicate whether they had previously seen the
headline. The computer collected and scored the response information.

Participants

Thirty-nine undergraduate participants were recruited from telecommuni-
cations classes at a large midwestern university to participate in this study.
Participants received extra credit points for their participation.

Procedure

Participants arrived at the lab individually. They were greeted, briefed, and
given consent forms to sign. Participants were then asked to sit down and
relax while they were connected to the physiological recording equipment.

They were then randomly assigned to one of two experimental orders. In
the first order, participants took part in two other tasks (one involved watch-
ing television, the other listening to the radio) before seeing the stimuli for
this experiment. In the second order, participants first saw the stimuli for
this experiment and then participated in the two additional tasks. Partici-
pants were also randomly assigned to one of the four stimulus orders.

For each participant, the lab monitor loaded the correct order on the com-
puter and instructed the participant to follow the directions that were given.
Instructions appeared at the beginning of the computer-controlled and the
user-controlled presentation sections. While participants were viewing the
headlines, heart-rate data were collected.

In the case in which participants first completed two other tasks, they
were next asked to participate in two corresponding recognition tasks before
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performing the recognition task for this experiment. In the case in which par-
ticipants took part in this study first, they then performed the two other tasks
before participating in the recognition task for this study.

Participants viewed the headlines on a 16-inch computer monitor. The
presentation of stimuli was controlled by SuperLab running on a 386
computer.

Results

Hypothesis 1

This hypothesis predicted that headlines appearing on a computer screen
would elicit orienting responses in attentive computer users. To test this
hypothesis, the cardiac-response curve is constructed across participants
and headlines. This cardiac-response curve is shown in Figure 1. Visual
inspection of this curve gives no indication that an orienting response has
occurred; instead, the cardiac-response curve is a flat line, which strongly
suggests that the appearance of the headlines on the computer screen did not
elicit an orienting response. The main effect for Time in the heart-rate data
was not significant (F < 1), and there were no significant appropriate trend
components in the heart-rate data.

A second analysis was done to investigate the possibility that headlines
did elicit orienting responses initially but that headlines occurring later did
not, as a result of habituation. This analysis also had no significant effects,
and visual inspection of the cardiac-response curves across time gave no indi-
cation that orienting responses had occurred at any time.

Hypothesis 2

This hypothesis predicted that deviant headlines appearing on a computer
screen would elicit larger orienting responses than nondeviant headlines. In
order to test this hypothesis, cardiac-response curves were constructed for
the 16 deviant and 16 nondeviant headlines.Visual inspection of these curves
yielded no indication of orienting responses, and there were no significant
effects of Time in the heart-rate data.

Research Question 1

This research question asked if control over onset of stimulus might have
affected the occurrence or size of an orienting response.To test this hypothesis,
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cardiac-response curves were constructed for the 16 computer-controlled
headlines and the 16 user-controlled headlines. Visual inspection of these
curves yielded no indication that an orienting response had occurred in
either condition. There were no significant effects of Time or Control on the
heart-rate data.

Hypothesis 3

This hypothesis predicted that deviant headlines would be recognized better
than nondeviant headlines. This hypothesis was supported. The main effect
for Deviance on the recognition data was significant (F = 14.70, p < .001, epsi-
lon squared = .288). Participants correctly recognized 86% of the deviant
headlines compared with 77% of the nondeviant headlines.
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Figure 1. Experiment 1: Cardiac-Response Curve to Text Appearing on a Computer
Screen



Discussion

The results of this experiment suggest,quite surprisingly, that text headlines
appearing on a blank computer screen do not elicit orienting responses in
computer users. Given that headlines can be thought of as both novel and sig-
nal stimuli, and given that the appearance of the headlines on a blank screen
is a local structural change in the environment, the hypothesis that the
appearance of headlines would elicit orienting seemed so probable as to be
almost unnecessary. Yet this was not the case.

Furthermore, there is no indication that the unusualness of the headline
or control over stimulus onset have any effect on that result, although, as in
previous research looking at deviant headlines, the deviant headlines were
recognized better than the nondeviant headlines. The results of this experi-
ment suggest that the difference in recognition memory is not caused by a dif-
ference in the size of the orienting response that is elicited by the headline,
because neither the deviant nor the nondeviant headlines elicited orienting
responses.

It is quite surprising that the appearance of text on a computer screen
failed to elicit an orienting response. This is particularly true given previous
work showing that images appearing on computer screens do elicit orienting
responses (P. J. Lang, Greenwald, Bradley, & Hamm, 1993) and that text
appearing on television screens elicits orienting responses (Thorson & Lang,
1992). Certainly, the appearance of the text is a change in the immediate
environment. Perhaps it is not a large enough change to elicit an orienting
response. On one hand, this seems plausible, because the appearance of text
is expected and common when looking at computer screens. On the other
hand, research looking at structural features of radio has shown that radio
listeners’ orienting responses to voice changes during an audio conversation
do not habituate over time. The simple change from one voice to another in a
radio stimulus is perhaps as expected and common an occurrence as the
appearance of text on a computer screen.

Another possibility is that text, unlike images, does not obviously repre-
sent objects. In other words, the textual representation of an object (e.g., box)
does not have the same object properties as a picture of a box. Perhaps a tex-
tual representation of an object is not sufficiently similar to the object or
thing and therefore does not elicit automatic attention. Perhaps if the text
were in some way made more like an object, it might elicit an orienting
response. For example, the text could be placed inside a box giving it more
object-like properties. Another possibility is that the content of the text could
be changed to be more relevant to the immediate environment. Perhaps if the
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text gave information about a change in the user’s environment, it might
elicit an orienting response.

Experiment 2

Experiment 2 was designed to replicate the findings of Experiment 1 and to
test these two possibilities. During this experiment, participants viewed 36
text sentences on a computer screen. As in Experiment 1, the onset of half of
the text sentences was controlled by the computer, and the onset of the other
half was controlled by the participant. Three types of text sentences were
shown. The first type of sentence consisted of 12 headlines chosen randomly
from Experiment 1 with the caveat that half of them were deviant and half
were nondeviant. These headlines were used to replicate the findings of
Experiment 1. Hence,

Hypothesis 1: Plain-text headlines appearing on a computer screen will
not elicit orienting in computer users.

The second type of sentence consisted of 12 more headlines selected from
Experiment 1 (again half deviant and half nondeviant) which we then sur-
rounded by a black border. These were called boxed headlines. As suggested
above, it seemed plausible that putting a border around the headlines might
make them more like a natural object and thus cause them to elicit an orient-
ing response.

Hypothesis 2: Boxed headlines appearing on a computer screen will elicit
orienting responses in computer users.

The third type of sentence consisted of statements addressed directly to
the participant about his or her immediate environment. The sentences were
all addressed directly to the user and ended with an exclamation point (e.g.,
There is someone behind you!). These statements were called warnings. In
this case, because the orienting response is elicited by change in the environ-
ment and functions to keep human beings aware of what is happening
around them, it seemed theoretically likely that making the sentence give
information about the participants’ environment might elicit an orienting
response.

Hypothesis 3: Warnings appearing on a computer screen will elicit orient-
ing responses in computer users.
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Finally, this experiment again tests the possibility that control over onset
of the stimulus might alter the occurrence or size of an orienting response.
Given the lack of orienting in Experiment 1, no data relevant to this question
were obtained. Nonetheless, it still seems plausible that if the participant is
in control of the onset, then any change in the immediate environment is one
that is not only expected but caused by the participant, which may result in a
disappearance of the orienting response.This leads to Research Question 1:

Research Question 1: Does control over stimulus onset affect the occur-
rence or size of orienting responses elicited by text appearing on com-
puter screens?

As in Experiment 1, and as predicted by the limited-capacity information-
processing model, it is predicted that if an orienting response is elicited, addi-
tional resources will be allocated to encoding the stimulus, which will lead to
an increase in recognition memory for the stimulus that elicited the orienting
response. Hence,

Hypothesis 4: It is predicted that types of text that elicit orienting
responses will be better recognized than types that do not elicit orient-
ing responses.

Method

Design

The design for this experiment was a 3 × 2 × 6 × 4 (Condition × Control × State-
ments × Order of Presentation) mixed factorial design. Order of Presentation
was the only between-participants factor and had four levels. Control is a
within-participants factor with two levels computer-controlled and user-
controlled. Condition was a within-participants factor with three-level head-
lines, boxed headlines, and warnings. Statements is the repetitions factor
and represents the six text statements within each Control × Condition
group.

Stimulus Material

The stimulus consisted of 36 text statements. All the statements were repro-
duced in the same font and size that were used in Experiment 1 . Four differ-
ent orders of presentation were created. Twenty-four of those statements
were headlines that were randomly selected from Experiment 1, with the
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caveat that half were deviant and half were nondeviant. Twelve (half deviant
and half nondeviant) of the headlines were presented exactly as in Experi-
ment 1. The other half were modified so that an easily visible but narrow
black border formed a box around the headline. The final 12 text sentences
were warnings.These 12 statements were developed for this experiment.The
12 statements were directed at the computer user. They always ended with
an exclamation point. They always contained information about the user’s
immediate environment.

Dependent Variables

Orienting responses were measured and analyzed using the same proce-
dures described in Experiment 1. Recognition was used as an indicator of
encoding. The recognition test was a forced-choice recognition test. Partici-
pants viewed 72 text statements, half of which were foils and half of which
had been seen before.

Participants

Participants were 20 undergraduate students enrolled in a freshman-level
introductory mass communications course at a large midwestern university.

Procedure

Participants arrived individually, were greeted, gave informed consent, and
were seated in a comfortable chair approximately two feet in front of a com-
puter monitor. The researcher placed electrodes on the participants’ fore-
arms as in Experiment 1. The heart-rate signal was collected as described in
Experiment 1. Participants were randomly assigned to a presentation order.
In two of the presentation orders, participants first viewed the user-controlled
section and then the computer-controlled section. This was reversed in the
other two orders. During the computer-controlled presentation, headlines
remained on-screen for 5 seconds.2

Following the participants’ viewing of the text statements,electrodes were
removed, and participants left the room to take part in a distraction task.
Participants sat in front of a television and watched a 6-minute segment of
CNN to clear short-term memory. Following viewing, participants were
escorted back into the experiment room where they completed the recogni-
tion test on the same computer from which they viewed the stimulus.
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Results

Hypothesis 1

This hypothesis predicted that computer users would not orient to plain-text
headlines appearing on a computer screen. Visual inspection of the cardiac-
response curve constructed across participants for the 12 plain text head-
lines showed no evidence of an orienting response. The main effect for Time
on the heart-rate data was not significant (F < 1). As in Experiment 1, there is
no evidence that plain-text headlines appearing on a blank computer screen
elicit an orienting response in computer users.

Hypothesis 2

This hypothesis predicted that headlines appearing in a box would elicit ori-
enting in computer users. To test this hypothesis, a cardiac-response curve
was constructed across participants for the 12 boxed headlines. This cardiac-
response curve resembles that of a biphasic orienting response and is shown
in Figure 2. However, the main effect for Time is not significant, F(5, 95) =
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1.83, p < .113, nor is the cubic trend component of the Time factor. Close
inspection of the cardiac-response curve suggests that the near significance
of the Time factor is due to an increase in heart rate around the third heart
beat rather than the expected initial decrease in heart-rate characteristic of
an orienting response.

Hypothesis 3

This hypothesis predicted that the appearance of text containing environ-
mentally relevant statements would elicit cardiac orienting in users. Again,
the appropriate cardiac-response curve was created and is shown in Figure 3.
A deceleration in heart rate is visible in this cardiac-response curve. The main
effect for Time approached significance, F(5, 95) = 2.01, p < .084. The cardiac-
response curve shown here does resemble a monophasic orienting response
(though recovery to baseline is just beginning) neither the linear nor the qua-
dratic trend component of the heart-rate data is significant. Nonetheless, it
would be unwise to definitively conclude from this data that environmentally
relevant statements do not elicit orienting responses. Rather, it seems more
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prudent to conclude, at least tentatively, that orienting responses may be
occurring.

Given the distinctly different patterns of heart-rate change visible in the
three cardiac-response curves generated by the three conditions, the Condi-
tion × Time interaction was tested. This interaction was significant, F(10,
190) = 2.57, p < .006. This means that the pattern of participants’ cardiac-
response curves was significantly different depending on the text condition.
Figure 4 illustrates this interaction. As can be seen in the figure, plain text
headlines appearing on a computer screen elicit no change of any kind in
heart rate, boxed headlines appear to elicit an acceleration of heart rate, and
warnings appear to elicit a deceleration in heart rate.

Research Question 1

This research question asks whether control over stimulus onset alters the
occurrence or size of an orienting response. To test this hypothesis, the
Control × Time interaction was tested for each type of headline separately.
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Cardiac-response curves were constructed across participants for each
Control × Condition group. The only significant effect was found for the boxed
headlines group. The Control × Time interaction was significant, F(1, 10) =
3.74, p < .004. Visual inspection of the cardiac-response curves suggests that
user-controlled boxed headlines elicited biphasic orienting-responses in com-
puter users while computer-controlled boxed headlines did not. To test the
significance of the shape of the cardiac-response curve, the cubic trend com-
ponent was tested. This trend was significant, F (5, 95) = 2.70, p < .014.

Hypothesis 4

This hypothesis predicted that text statements that elicited orienting would
be better recognized than text statements that did not elicit orienting. To test
this hypothesis, the six Condition × Control groups were separated into those
that elicited orienting and those that did not. For the purpose of this analysis,
the .08 significance level achieved by the warning statements, along with the
sizeable decrease in heart rate visible in the cardiac-response curve, was
considered to be sufficient evidence of an orienting response. Thus, user-
controlled boxed text and both computer-controlled and user-controlled warn-
ings were defined as text statements that did elicit orienting, and computer-
controlled boxed text and both control levels of plain-text headlines were
defined as stimuli that did not elicit orienting.Next,a 2 × 3 (Orienting × Repe-
titions) ANOVA was run on the recognition data. The Orienting factor had
two levels: stimuli that did elicit orienting and stimuli that did not.The Repe-
titions factor is made up of the three types of text statements in each level of
the Orienting factor.The prediction is for a main effect of the Orienting factor.
This effect was significant, F (1, 19) = 8.69, p < .008. Mean recognition for the
three conditions that did elicit orienting were user-controlled boxed text =
82%, user-controlled warnings = 84%, computer-controlled warnings = 83%,
average = 83%. Mean for the three conditions that did not elicit orienting
were computer-controlled boxed text = 74%, user-controlled plain-text head-
lines = 73%, computer-controlled text headlines = 70%, average = 72.2%.

Discussion

The results of this experiment replicate the findings of Experiment 1. There
is no evidence that plain-text headlines appearing on a computer screen elicit
orienting responses in computer users. This finding is not affected by
whether the computer or the participant is controlling onset of the stimulus.
However, both structural and content modifications made to the text head-
lines do appear to alter the ability of text appearing on a computer screen to
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elicit orienting responses in computer users. The addition of a border to text
headlines in the user-controlled presentation situation did, in this experi-
ment, elicit an orienting response in computer users. In addition, warnings
about the participant’s environment also appear to elicit orienting in com-
puter users (although the evidence for this proposition is less strong). The
response elicited by the environmental warning statements was not depend-
ent on control of stimulus presentation.

It is difficult to imagine why stimulus control should alter the response to
boxed text. One possibility is that boxed text represents only one third of the
stimuli, whereas unboxed text makes up two thirds of the stimuli. It is possi-
ble that participants expected unboxed text and the boxed text was slightly
more unusual or novel. But it is not clear why that effect would vary with con-
trol of stimulus onset. Warnings, however, do seem to elicit orienting
responses regardless of control.

Of particular interest is that the presence of an orienting response does
seem to cause an increase in recognition memory as predicted. The number of
text statements recognized is virtually identical across the three conditions
that did not elicit orienting responses and also across the three conditions
that did. Other than the orienting-response explanation, it is hard to imagine
why user-controlled boxed text should have been remembered better than
computer-controlled boxed text. This is particularly true given that, in gen-
eral, participants looked longer at computer-controlled headlines (which
were on-screen for 5 seconds) than they did at user-controlled headlines.

Experiment 3

Experiment 3 was designed to replicate and expand upon Experiment 2 while
increasing the external validity of the stimulus materials. The first question
of interest was whether we could replicate the finding that control over pre-
sentation of information alters the occurrence of an orienting response. The
second question was whether the addition of another structural feature (in
this case, animation or movement) would elicit an orienting response in com-
puter users. The final question was whether the results of Experiment 1 and
Experiment 2, which involved text headlines or text statements, could be rep-
licated with real world stimuli—in this case,banner advertisements from the
World Wide Web.

There are millions of Internet users today,and their number is continually
growing. Advertisers are increasingly spending money to reach Internet
users.These advertisers are interested in attracting the attention of computer
users.Given the findings of Experiments 1 and 2, it seems possible that elicit-
ing automatic attention on the World Wide Web may be harder than one
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might expect. If the appearance of a banner advertisement, such as that of a
text headline, does not elicit an orienting response in a computer user, then
banner ads may be receiving a great deal less attention than might have been
expected. This is particularly interesting in light of the findings of Experi-
ment 2, which suggest that the “unsolicited” banner advertisement—the one
that simply appears on the screen while the user is doing something else—is
particularly unable to elicit an orienting response.

In addition to examining whether banner advertisements elicit orienting
responses in computer users when they appear on-screen either under the
control of the computer or the user, this study also wishes to look at the ability
of a common technique (Bucy, Lang, Potter, & Grabe, 1999) employed by the
producers of banner advertisements—animation—to elicit or alter the occur-
rence of an orienting response. Previous research has shown that movement
on television does elicit orienting responses in attentive viewers (A. Lang,
1990). Thus,

Hypothesis 1: Animated banner advertisements will elicit orienting
responses in viewers.

Hypothesis 2 is based on the findings of Experiment 2. Because a nonani-
mated banner advertisement is essentially boxed text, it is predicted that

Hypothesis 2: Nonanimated banner advertisements presented by the com-
puter will not elicit orienting responses in users. Nonanimated banner
advertisements whose presentation is controlled by the user will elicit
orienting responses in users.

Next, the question of stimulus control is asked with regard to animated
banner advertisements.

Research Question 1: Does control over stimulus presentation alter the
occurrence or size of the orienting response elicited by animated ban-
ner advertisements?

Finally, as in the previous experiments, it is predicted that

Hypothesis 3: Stimuli that elicit orienting responses will be better recog-
nized than those that do not.

In addition to measuring recognition for the information contained in the
banner advertisements, this experiment also looked at recall for the Web ban-
ner ads. The limited capacity approach suggests that the orienting response
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increases resources allocated to encoding and, as a result, directly increases
the amount of information encoded. However, when more information is
encoded,more information is likely to be stored, if the media user’s processing
capacity is not overloaded. In this study, because users are viewing a single
Web advertisement on a blank screen, it is unlikely that their processing
capacity is overloaded. Therefore, it seems likely that they will have greater
recall for advertisements that elicit orienting responses. This leads to
Hypothesis 4:

Hypothesis 4: Users will have greater free recall for the information con-
tained in banner ads that elicit orienting responses compared to those
that do not.

To investigate these questions, participants viewed 28 banner advertise-
ments on a computer screen. As in previous experiments, half of the ads were
presented under the control of the computer and half under the control of the
user. Within each group, half of the ads were animated, and half were not.

Method

Design

This study uses a 2 × 2 × 4 (Animation × Control × Order of Presentation)
mixed factorial design. Order of Presentation is the only between-participants
factor. There are four semirandom orders of the stimulus materials. Anima-
tion is a within-participants variable with two levels, animated and nonani-
mated. Control is also a within-participants variable with two levels, user-
controlled and computer-controlled.

Stimulus Material

Twenty-eight animated banner advertisements were selected from actual
Web sites on the World Wide Web. Researchers then created 28 nonanimated
versions of the advertisements using Adobe Photoshop. Advertised products
ranged from cars to vacation villas. All advertisements that were selected
contained at least one animated object; some advertisements also contained
animated text. For control, none of the advertisements selected contained
sound. Each of the advertisements appeared in two presentation orders as an
animated ad and in the other two presentation orders as a nonanimated ad.
Across orders, 14 of the banner advertisements were computer-controlled,
and 14 were user-controlled. Again each advertisement was computer-
controlled in half the presentation orders and user-controlled in the other
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half. During computer-controlled presentation, the banner ads remained on
screen for 10 seconds.3

Dependent Variable

Orienting responses were indexed by measuring heart rate. Heart-rate
recording procedures and analysis procedures were identical to those used in
Experiments 1 and 2. Heart rate was measured for 5 seconds. Average heart
rate was calculated over half-second periods, and the analysis included a
Time factor with 10 levels representing the 10 half seconds of data. Recogni-
tion was measured through a 28-question, four-alternative, forced-choice rec-
ognition test. Free recall was measured by asking participants to write down
as much as they could remember from the ads they had seen. Responses were
coded for brand recall, recall for the object or text that was animated in each
ad, and recall for actual information contained in the ad (other than the brand
name). A total recall score was computed by summing these three values.

Participants

Thirty-five undergraduate students from a large midwestern university par-
ticipated in this study. Heart-rate data were collected from 20 participants.
Memory data were collected from all 35 participants. For the 15 participants
for whom heart-rate data was not collected, electrodes were still attached to
the skin, and procedures did not change.

Procedures

Participants arrived individually at the laboratory and signed an informed-
consent agreement. Participants were randomly assigned to one of the four
presentation orders. Heart rate and skin conductance were recorded during
the presentation of each of the 28 banner advertisements. After viewing the
28 banner ads, participants participated in a second experiment that served
as a distractor. Following the second experiment, participants were given the
free-recall test followed by the recognition test.

Results

Hypotheses 1 and 2 and Research Question 1

These hypotheses predicted that orienting responses would vary as a func-
tion of animation and control. In particular, it was predicted that users would
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orient in response to user-controlled, nonanimated banner advertisements
and all animated banner advertisements. These hypotheses are tested by the
Animation × Control × Time interaction on the heart-rate data. This interac-
tion was not significant (F < 1). Instead, there was a significant Animation ×
Time effect, F(12, 228) = 2.12, p < .017, which is shown in Figure 5. As can be
seen in this figure, visual inspection of the cardiac-response curve for
nonanimated banner advertisements suggests that nonanimated banner ads
do not elicit orienting responses in computer users. Trend analysis confirms
this. On the other hand, the cardiac-response curve elicited by animated ads
looks like a monophasic orienting response and the quadratic trend is signifi-
cant (F = 2.24, p < .034).

There are no significant effects of Control in the analysis. Figure 6 shows
the nonsignificant Control × Time interaction. As can be seen, nonanimated
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Web banner advertisements did not elicit orienting in either the user- or
computer-presented conditions. Both user- and computer-presented ani-
mated Web banner advertisements did elicit orienting behavior. Thus, the
finding, from Experiment 2, that boxed text under user-controlled conditions
elicited orienting responses was not replicated in this study. Instead, non-
animated Web banner advertisements did not elicit orienting behavior
whereas animated banner advertisements did. In this study, as in Experi-
ment 1, control over stimulus had no effect on orienting behavior.

Hypothesis 3

This hypothesis predicted that recognition memory would be better for
advertisements that elicited orienting responses compared to those that did
not. Given the results of the orienting analysis, the prediction is for a main
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effect for Animation on the recognition data. The main effect of Animation on
the recognition data was not significant. However, there is a significant Ani-
mation × Control interaction on the recognition data, F (1, 33) = 9.40, p < .004.
This interaction is shown in Figure 7. This figure shows that Control has lit-
tle effect on recognition for animated ads; in other words,when viewers orient
to the banner advertisements, control is relatively irrelevant. However, when
users do not have an orienting response—for example, for the nonanimated
ads—control matters. Participants recognized significantly more banner
advertisements when the computer had control compared to when the user
had control. Interestingly, this finding is opposite to the findings of Experi-
ment 2 in which a user-controlled boxed text was better recognized than
computer-controlled boxed text. In this case, the fact that users looked longer
at the computer-controlled ads than they did at the user-controlled ads may
be partially responsible for this finding.

Hypothesis 4

This hypothesis predicted that free recall would be greater for Web banner
advertisements that elicited orienting compared to those that did not. Again,
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this translates into a prediction for a main effect of Animation on the com-
bined free-recall scores. This effect was significant, F (1, 33) = 4.14, p < .05,
although overall levels of free recall are very low. Users free recalled 5% of
animated Web banner advertisements compared to 3.5% of nonanimated
banner advertisements. The presence of animation increases free recall for
Web banner advertisements.

Additional analyses demonstrated that the differences in the combined
free recall scores for the animated Web banner ads compared to the nonani-
mated Web banner ads were due to a significant increase in free recall for the
objects or images in the banner ads that were animated. In other words, there
was no significant effect of Animation on the brand free-recall score or the
text free-recall score; however, the main effect for Animation on the animated
image score was significant (F = 7.2, p < .01). Seven percent of the images in
animated ads were recalled compared to only 3% of the images in nonani-
mated ads.

Discussion

The results of this experiment showed that animated banner advertisements
elicit orienting in attentive computer users. Perhaps more interesting,
nonanimated banner advertisements (such as plain text, and perhaps boxed
text) did not elicit orienting responses. In this study, control over stimulus
presentation had no effect on orienting behavior. The only significant effect of
Control that appeared was on the recognition data. Recognition memory was
better for computer-paced nonanimated ads compared to self-paced nonani-
mated ads. This effect may be due to the fact that users looked at computer-
paced ads for the entire ten seconds that they were on the computer screen;
however, in general, in the user-controlled condition, users looked at the Web
banner advertisements for a much shorter time. Thus, this interaction may
be a result of time spent looking at the ads.

Of particular interest is the finding that Control had no effect on orienting
behavior for the nonanimated ads. Thus, the somewhat inexplicable finding
in Experiment 2 that user-controlled boxed text elicited orienting responses
whereas computer-controlled boxed text did not was not replicated. Instead,
this study found that the nonanimated banner ads, which are, perhaps, a
real-world example of boxed text, did not elicit orienting responses in either
control condition.

Finally, the free-recall results are interesting primarily in terms of how
animation improved free recall. Free recall was improved for the object
that moved, but not for the brand that was being advertised. This suggests
that any additional resources being allocated to encoding as a result of the
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animation-elicited orienting response are used primarily to encode the ani-
mated object. Thus, if you want people to remember your brand, it may make
sense to animate your brand name rather than a peripheral object in the Web
banner advertisement.

Conclusion

Overall, the results of these three experiments suggest that certain struc-
tural and content features of computer-presented information can elicit ori-
enting responses in attentive computer users. In addition, the results show
that when an orienting response is successfully elicited, it does lead to better
recognition memory for the information contained in the message. There is
also some evidence that this increase in information encoded can also lead to
an increase in free recall for the messages when the user is not overloaded.

Perhaps of equal or greater interest to the findings are the nonfindings in
the experiments. First, it is fairly clear that plain text and simple computer
stimuli (such as nonanimated banner ads) do not elicit orienting in computer
users. This means that on the computer screen, simple onset of information
does not elicit orienting. Thus, the computer, as a medium, is different from
other media that have been studied using the limited-capacity information-
processing model. For example, in both television and radio, the onset and
offset of new information, regardless of the complexity or content of that new
information, reliably elicits orienting responses (A. Lang, 1990, 2000; A. Lang,
Bolls, Potter, & Kawahara, 1999; Potter et al., 1997, 1998a, 1998b; Thorson &
Lang, 1992). This does not appear to be the case with computer-presented
information. Instead, for computer-presented information, onset of informa-
tion is not sufficient to elicit orienting. Rather, some aspect of that onset (e.g.,
animation) or the content of that information (e.g., warnings) appears to be
the orienting eliciting feature.

Finally, the results regarding control over stimulus presentation are par-
ticularly interesting. A great deal is often made of the fact that the computer
user is in control of the speed and content of the information he or she views
on the computer screen. This means that the computer user often initiates
onset and offset of information and chooses the type of information that will
appear. This conceivably might alter the expectedness or novelty of informa-
tion and might therefore change how a viewer responds automatically to that
information. However, only one significant effect of stimulus control was
found in these three experiments, and that finding did not replicate. Thus, it
seems likely that a stimulus that elicits an orienting response in an attentive
user will elicit that response regardless of who has control over stimulus
onset.
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Perhaps the most significant weakness of these three experiments is
that all stimuli appeared on a blank screen. This was done to maximize the
change in the amount of information present resulting from stimulus
onset. It was thought that the change from blank screen to text (for exam-
ple) was much greater than the change from one piece of text to another.
Thus, having all onsets be a change from a blank screen to a message
should maximize the possibility of eliciting an orienting response. Future
research in this area should have information appearing on a screen that
already contains information.

There are two aspects of this study that deserve additional research. The
first is the dual task nature of one stimulus appearing on top of another. If a
computer user was reading or looking at a Web site when a nonanimated ban-
ner ad appeared, would that banner ad elicit an orienting response? This
seems possible, given that the user would be engaged in one task and, there-
fore, might respond automatically to the appearance of a second stimulus.
This might be particularly true if that second stimulus occurred in his or her
peripheral vision. Change in the peripheral vision is particularly capable of
eliciting orienting responses (Reeves, Lang, Kim, & Tartar, 1999).

A second way in which the overlapping of messages might affect orienting
behavior relates to the relatedness of the new content. For example, if a user
clicks on a box to bring up information about the topic he or she is reading
about, and the information which appears is unrelated and is not the infor-
mation expected, would that information then elicit an orienting response?

Clearly, there is still a great deal of work to be done before we understand
how the computer, as a medium, interacts with the automatic attention sys-
tem to elicit processing resources. What is clear is that a computer is some-
what different from previously studied media in that interaction. To some
extent, the computer may be less able than other electronic media to elicit ori-
enting responses, at least using visual stimuli. Future research should defi-
nitely examine how auditory stimuli might be used to elicit orienting
responses. In particular, it would be fascinating to study whether an auditory
stimulus presented at the same time as plain text resulted in an orienting
response and, if so, whether the increase in processing resources allocated to
encoding resulted in better recognition for the auditory stimulus, the visual
stimulus, or both.

In any case, it seems that the limited-capacity information-processing
model provides a viable model for continuing to study how viewers process
computer-presented information and how the computer as a medium may be
processed differently from other electronic media.
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Notes

1. Because the headlines were graphically converted for use with the stimulus con-
trol program,the exact point size is not known.The headlines were easily readable.The
font size used was determined by the limitations of the stimulus-presentation software.
We used the largest size letters that would allow us to fit our longest headlines into the
software’s capabilities.

2. In Experiment 1, the headlines remained on-screen for 7 seconds. However, it was
our experience that subjects found this to be much too long. When controlling stimulus
presentation themselves, subjects generally viewed the headline for only 2 to 5 sec-
onds. Subjects very rarely viewed a headline for longer than 4 seconds. Therefore, we
decided to shorten the presentation time of the headlines to maintain a greater level of
subject interest.

3. In Experiment 3, stimuli were on-screen for 10 seconds. In this case, the length of
time was determined by the length of time required for the animation to cycle. We
wanted each animation cycle to run at least two times during the computer-controlled
condition. Therefore, 10 seconds was chosen as the viewing time in this experiment.
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