daily tasks. As a result, people are faced with diverting
their attention, dealing with the interruption and then
refocusing on the task that was interrupted. While most
interruptions generally are not considered life
changing, in some environments interruptions have
been devastating and even fatal (NTSB, 1988; Griffon-
Fouco and Ghertman, 1984). In other environments,
interruptions at minimum impede our ability to process
information (Oulasvirta and Saarilouma, 2004). While
research has begun to investigate how interruptions
impact our ability to store information in long-term
memory (Oulasvirta and Saarilouma, 2004) and other
research has investigated internal cognitive
interruptions such as zoning out (Schooler, Reichle,
and Halpern, in press) that impact our ability to acquire
information, little has been done to investigate means
to deal with interruptions. In fact in some domains
(e.g., mass communication), research has been limited
to solely exploring the intrusiveness of interruptions
(e.g., pop-up ads; Edwards, Li, and Lee, 2002; Li,
Edwards, and Lee, 2002).

Technology has been implemented in some
situations to limit interruptions (e.g., NetscapeOs and
AppleOs browser blocking of pop-up ads); however, in
general, technological implementations to help humans
overcome interruptions have been limited. Some have
suggested that information, in many circumstances,
may be comprehended even with interruptions
provided the content can be consumed in small chunks
(Qulasvirta and Saarilouma, 2004). While this is an
intriguing possibility, few researchers have attempted
to understand the potential benefits and limitations of
information transmission that is adaptable to
interruptions and allows humans to potentially explore

information in a non-linear form (e.g., seek
informationl interruptiod seek information, etc.).
While this may not be the ideal means of information
acquisition, it may be the most realistic. In fact, if
technology were designed to support this form of
information acquisition appropriately, it may ultimately
result in the greatest comprehension by users.

The goal of this research is to begin to
systematically study the cognitive and affective
consequences of non-linear forms of information
acquisition compared to standard linear forms. Toward
this goal we have begun to (1) explore the effect of
user control on performance while navigating an
information path via web-based information and
distributed learning and; (2) examine the utility of
non-linear forms of QinstructionO for increasing the
ability of people to transfer their learning to new
situations. Both of these objectives are focused on
improving technology for learning in both traditional
and distributed environments. They also hope to take
advantage of technology so as to provide users the
ability to explore information in a non-linear manner
that maximizes student learning.

LITERATURE REVIEW

People traditionally acquire information in a
linear fashion (e.g., lectures, reading, browsing the
web), but frequently are interrupted by one source or
another. Some research has actually found that while
linear information acquisition is preferred, it does not
always ensure comprehension and memory of the
information. For example, students often fail to record
40% of the critical ideas made in a typical lecture. In
addition, a greater percentage (~90%) of student notes
are derived from the presented notes (e.g., board notes
or slides) as opposed to the speakerOs verbal
communication (Wirth, 2001). In the traditional linear
presentation, students are limited by their innate ability
to receive and process the information. Thus if



information is missed, the only avenue left is to seek
the information from other sources (e.g., other
students). However, technologies like distributed
learning may afford students the opportunity to
overcome this obstacle. For example, one could
conceive a videoconference-learning environment,
where a student could go back and review a segment of
video that contains missed information real-time (e.g.,
if recorded simultaneously) while still attuning to the
on-going live lecture. In this situation, if the student
misses a point he/she can select the segment to review
and retrieve the information. Real-time video/audio
segmentation and compression technologies would
remove unnecessary scenes of the video/audio that
would significantly reduce the review time (e.g.,

similar to TiVo for removing commercials from a TV
show) (Hudson, Christensen, Kellogg, and Erickson,
2002; Omoigui, He, Gupta, Grudin, and Sanocki,
2004). In this situation, the user controls the learning
and can switch between the linear presentation and
non-linear reviews of previously presented material.
While some research might suggest cognitive
interference with such an implementation (e.g.,
Wickens, 1992), the fact that the user can decide when
is an appropriate time to tune out may compensate for
this potential interference.

In other situations users engaged in linear
information acquisition are forced into a non-linear
style. For example, websites with embedded features
(e.g., pop-up windows and inserted messages) impede
the user from seeking information in a linear fashion
because they obstruct the ongoing task of the user.
Other features embedded in websites (e.g., dynamic
ads integrated into the page) may not interfere with the
viewing process but may distract the user from their
intended path. In these situations where the user is
interrupted, the user does not control deviations from
their (linear) task, and thus their performance may be
hindered.

Thus the first element of this project was to
explore the effect of human control on non-linear
information acquisition. In one situation, users will be
forced into non-linear information acquisition (pop-ups
while learning on the web). In the second situation
(videoconferencing), users will make the decision to
enter into non-linear information acquisition because of
interruptions.

The second element of our project investigates
knowledge acquisition through non-linear methods.
Mathews and Dunaway (in press) created a new
approach to presenting web-based information to solve
real world problems. The Cognitive Toolbox (CT)
approach consists of three components: (a) a
schematic, goal-based representation of the knowledge
is called toolboxes, (b) a case database showing
examples of applications of the knowledge, and (c) a
problem journal designed to help learners apply the
knowledge to solve their own problems. CT shares
several features with classifier systems used
successfully in artificial intelligence systems (e.g.,

Druhan & Mathews, 1989; Holland, Holyoak, Nisbett,
& Thagard, 1986) which use sets of action oriented
rules (tools). Such systems allow computers to contain
continuously evolving knowledge and adapt to changes
in new knowledge; however usability by humans is
limited. CT develops a similar dynamic knowledge
management system for human consumption. The
crucial next step in demonstrating the potential of this
approach is to assess its effectiveness as a toolbox for
non-linear learning and problem solving.

The results of the three studies will be
presented along with conclusions for each and at the
end a summary of the future of this research.

INFORMATION GATHERING,
INTRUSIVENESS, CREDIBILITY, AND
INTERRUPTIONS

This study investigates whether pop-up ads on
news sites may impact viewers. Additionally, we
examine whether the news siteOs credibility may be
influenced by the existence of pop-up ads.

Method

Since people may have prior experience with
existing media B such as the New York Times or Fox
News B we decided not to use known brands and,
therefore, created a seemingly ordinary, impartial news
site that carries OThe Daily NewsO as the media name.
Under the main site, four news stories relevant to
health and diet were listed.

The main manipulation of the experiment was
the different news editions subjects viewed. The first
edition did not include any advertisements B subjects
read each of the stories without any distraction. The
second edition included pop-up ads that were not
related to health or diet. For example, one of the ads
was for Expedia.com and another was about financial
services. The third edition also included pop-up ads.
Each of the ads was related to health or diet, such as
South Beach Diet and Atkins Diet. The pop-up ads
were rotated and appeared every three minutes in the
latter two situations. However, it should be noted that
none of the ads provides links to the featured products
or services D our intention was to discourage them from
drifting away to other sites in the cyber world.

Participants

A total of 182 subjects participated in this
study B the control group had 61 subjects, the second
group with irrelevant pop-ups had 65 subjects, while
the group with relevant pop-ups had 56 subjects. All of
the subjects were volunteers from the psychology
department subject pool at Louisiana State University
(LSU). About 30% of the subjects were male and 20%
of them were minorities. Each session took
approximately 25-45 minutes.



Results

The results indicate that the subjectsO
performance on a comprehension test were not
statistically different among the three groups (F=1.6,
df=2, 179, p= 0.205). Even with interest and concern
toward health and diet being controlled for,
comprehension does not seem to be affected by the
different treatments. The feeling of intrusiveness,
however, shows a different result. The treatments, as
expected, create varied moods when the subjects read
the online stories (F=12.18, df=2, 179, p< 0.001).
Results generated from a post-hoc means test found
that the control group was statistically different from
the other two sites that had pop-ups. Thus, the site
without any pop-up ads (control group) was perceived
as the least intrusive. No statistical difference of
perceived intrusiveness was found between the groups
with relevant pop-ups and irrelevant pop-ups.

Regarding mediaOs credibility, the influence of
pop-ups on viewersO perception was found to be only
marginal (F=2.82, df=2, 175, p= 0.06). The group that
was exposed to relevant pop-up ads indicated the
lowest level of credibility (mean=13.61) as compared
to the control group (mean=14.80) (p= 0.06). (Note: A
maximum of 20 points was possible.) Interestingly, the
difference between the control group and the group that
viewed irrelevant ads (mean=14.54) was insignificant
(p= 0.86).

The results show an intriguing phenomenon
with respect to the impact of pop-ups on media
credibility. Overall, pop-ups do not appear to affect
usersO perception of credibility level; however, if the
content of the pop-ups is suspected to be co-opted with
that of news, then media credibility suffers. The
implication of this finding is particularly worthwhile
for media practitioners. Another significant finding is
the significant impact of pop-ups on the mood of Web
audiences. Despite the lack of impact on
comprehension of news content, web designers may
need to take this factor into account when
incorporating pop-ups B or any other forms of intrusive
ads b into any Web sites.

VIDEO CONFERENCING AND
INTERRUPTIONS

This study explored the effect of interruptions
of students trying to acquire information through a
videoconference lecture. Software was developed that
emulated a live lecture presentation through audio and
video teleconferencing. The software was specifically
designed for a computer-based audio/video
conferencing lecture.

Method
Experiment 2 explores the effect of

interruptions of students trying to acquire information
through a videoconference lecture. For this experiment,

a 2x2 fixed factorial experiment was conducted. Two
levels of video presentation were used (e.g., video with
no ability to review missed segments and video with
the ability to review previous segments of the video
while concurrently viewing the videoconference). In
addition, two levels of interruptions were used (e.g.,
interruptions via pop-ups, and no interruptions). The
content of the video were developed for education
majors who need to understand how to use a portable
microscope, Scope On A Rope (SOAR), being
implemented in Louisiana classrooms. Users with the
segmented video would have the ability to review a
segment of video at their convenience. Upon the
completion of the video, dependent data collected
includes cognitive (e.g., comprehension, memory, task
use demonstration) and other (e.g., ability to return to
task) measures of performance.

Participants

As an initial pilot study only a total of 7
students from an undergraduate course in Information
Systems Design and Analysis and other departments at
LSU participated. They were given additional credit
points for their time and effort.

Materials

The screen layout for the videoconferencing
software developed has four separate frames. As shown
in figure 1, the upper left frame contains the main
video (Frame 1). The upper right frame contains the
segments (Frame 2). The segments are a 30-second
portion of the previously shown main video, which
appear progressively every 30 seconds. Frame 3 is left
intentionally blank. Frame 4 is where the user can
playback a selected segment at their convenience while
still watching the main video in Frame 1. Frame 4 also
contained volume controls that allowed the participant
to adjust the sound they wanted to hear (e.g., main
video or segmented video). While the participant could
always hear both videos at the same time, he/she could
vary the intensity of one of the videoOs sound to allow
for more concentrated attention.

Frame 1 Frame 2

Frame 3 Frame 4

Figure 1. Screenshot of the videoconferencing interface.

All participants saw Frame 1. Only those
participants in the condition that allowed for



previewing previous seen segments of the main video
were able to see Frame 2 and Frame 4.

Procedure

Participants were shown a demonstration of
the videoconferencing software for the condition for
which they were randomly assigned. The
demonstration contained different video material than
the one that was used in the actual experiment.
Depending on the experimental conditions with which
participants were assigned (i.e., with interruptions and
with segments), they were told how to use the video
segments and its features such as playback, volume
control and closing or exiting segments playback.

Each participant was asked to watch a basic
technique video, use and care of a portable microscope
(SOAR) being implemented in LSU classrooms. This
video ran for approximately 23 minutes. Visual and
audio recordings of the video viewing were captured
for each participant.

After viewing the video, participants
completed a performance test. This test consisted of
two parts. The first part required participants to identify
the parts of the scope presented in color photographs.
Participants were asked to write down the name of the
figures. The second part of the experiment required the
participants to assemble and use the scope. This test
was evaluated based on pre-determined assembly and
usage steps. Points were assigned for every correct
step.

Results

Performance was calculated as percentage of
correctly identified parts (parts), evaluation ratings for
the assembly and usage of the portable microscope
(assembly), and the combined score (total). In addition,
a post-hoc measure of working memory capacity was
performed as measured by the operation-word-span
task (OSpan). Using these dependent measures, the
effect of segments and pop ups were examined by
conducting a 2x2 analysis of variance with
segments/no segments and pop-ups/no-pop-ups as the
other variable.

No statistical differences were found for either
of the dependent variables. However, the interaction of
pop-ups and segments does show a marginal indication
of significance (F=5.42, df=1,6, p=0.10). A larger
sample size is needed to assess this further.

Since initially there was some concern that
performance main be highly correlated to working
memory capacity, the working memory (WM) capacity
assessment was evaluated. A Pearson correlation was
conducted against each of the performance measures
and WM capacity. There was a strong correlation
between each of the dependent measures and working
memory capacity (r=0.85 b parts, r=0.70 B assembly,
r=0.70 b total). Further study is required to validate
these measures.

Based on observation of the experimenters,
participants in varying frequencies used the segments
in order to recollect information that they have missed.
Some participants commented that they found the
segments helpful although the task of locating the
segments that contained the missed information proved
a difficult task. In addition, it was found from review
of participant activities that while the interruptions
were intrusive at the beginning, participants learned to
quickly dismiss the distractions. One participant even
placed the window of the interruptions in Frame 3, so
that all future pop-ups would appear in the same
location.

COGNITIVE TOOLBOX

As discussed earlier, the Cognitive Toolbox
consists of a set of tools derived from the scientific
literature on problem solving and decision-making. The
process includes steps to define the problem, identify
goals and barriers, select strategies that could be
applied, generate steps in a plan, rate the pros and cons
of the plan, and revise the plan. Examples of tool titles
from the OpersuadeO toolbox are: get attention, be
specific, and keep it simple. Each tool was described
with a memorable title and accompanied by a brief
description. There were a total of 64 tools arranged in
toolboxes labeled: create, complete, choose, success,
persuade, reason, learn and negotiate. This study
explored the role of non-linear learning on problem
solving and decision-making.

Method

Three different web sites were created to
produce the experimental manipulation. One group of
participants, the toolbox group, had a web site with all
three toolbox components. Participants in this group
were asked to study the Olearn about toolsO section of
their site before trying to solve problems. Tools were
linked to cases in the case database section showing
problems in which each tool was applied. Participants
in this group were encouraged to browse these
materials to learn how to apply the strategies before
attempting to solve problems. A second group, the
process-only group, had a site containing only the step-
by-step problem solving process (but no tools or case
database). The site for the third group, the control
group, contained only a blank form to develop their
plan to solve a problem.

Each participant solved three problems on
their web site across a 4-week period. The first
problem was a personally relevant real-world problem
they chose themselves. After choosing and defining the
problem, they worked out a plan on the web site to
solve the problem. They were asked to print and then
implement their plan in the next four weeks. Four
weeks later they returned to the web site and rated the
success of their plan (and, in the toolbox group the
usefulness of each tool they used). The second and



third problems were provided by the experimenters so
that they were the same for all participants, and were
completed in the 2nd and 3rd weeks of the project. The
second problem concerned developing a university ad
campaign to attract outstanding students. The third
problem concerned dealing with a person that was not
doing his/her share of the work in a college group
project.

Participants

Participants were 120 students in upper-level
Psychology or Information Systems courses at LSU.
They were randomly assigned to one of the three
conditions. They received extra credit for their
participation and a $50 reward was offered for the most
creative answer to each problem.

Results

Two independent raters who were not familiar
with the aims of the study will judge the answers
produced. Each plan will be rated on three dimensions
using a five-point scale. The three dimensions are:
usefulness, novelty, and completeness. Participant self-
evaluations of the success of their plan will also be
analyzed. It is predicted that the problem solutions (and
plans) produced by the toolbox condition will be rated
significantly higher than the other two conditions.
Comparisons between process-only and control
conditions will help establish whether the problem-
solving process alone aids problem solutions in the
absence of the Otoolbox.O

The results of this study are still being
evaluated. However, we plan to present the results at
the conference.

CONCLUSION

The goal of this research was to (1) explore
the effect of user control on performance while
navigating an information path via web-based
information and distributed learning, and; (2)
examined the utility of non-linear forms of
OinstructionO for increasing the ability of people to
transfer their learning to new situations.

The results from the web-based and
distributed learning studies are interesting and yet raise
additional questions. In both studies, the participant
performance was not impacted by the interruptions.
One explanation could be that humans are able to block
out interruptions when they focus their attention and
the interruption can be dismissed quite easily. Thus it is
assumed that the interruptions used in these studies did
not interfere with the cognitive processing.

While participant performance was not
impacted in the web-based study, it was important to
learn that pop-ups that presented related material to the
news stories negatively affected media credibility.

In the videoconferencing study, it is
hypothesized that participants are not motivated to use

the segments unless the performance benefit is greater
than the attentional cost. For participants to take
advantage of the video segments, the attentional cost of
viewing the segment must be outweighed by the
performance benefit. Since the participants could
dismiss the interruptions easily, they could attune to the
video with little interruption. Future studies will
manipulate the level of interruptions as well as the type
of task in this environment.
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