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1 Introduction

The fundamental challenge of human-computer in-
teraction is dealing with the limited bandwidth of
data that the human perception can process. Bi-
ological studies show that visual processing is the
most efficient and optimized, followed by audio. [8]

In recent years, voice messages have become more
and more common, reaching 13 voices messages per
user and day on WhatsApp in 2014. [7] This can
mainly be explained by the fact that voice messages
combine the possibility of asynchronous communi-
cation of text messages with the natural expression
of a direct call. [1] Haas et al. have determined
four further reasons in a user study, which are con-
venience, para-linguistic features, situational con-
straints, and receiver preferences or handicaps. [4]

However, voice messages pose two major chal-
lenges to users. Firstly, they only make use of
the second most efficient human processing channel,
the ears, and not the most efficient being the eyes.
We argue that this issue is of lower priority, since
the processing rate of human brains is much lower
than the information extraction of human senses
anyways, as has been famously suggested by Zheng
et al. [8] The second problem, the lack of naviga-
bility, is the more important one. When users try
to find information for a specific topic in an audio
message, for instance when revisiting it for infor-
mation they have forgotten, there is no possibility
of skimming it like a text message. This leads to
slow information extraction and possible user frus-
tration.

Other studies have done research into the same
problem, but with a focus on podcasts. Park et al.
compared keyword search, topic segmentation and
image segmentation, all of which were created us-
ing generative artificial intelligence, in a user study
with 12 participants. [6] In a similar approach,

Zhi et al. developed a user interface allowing for
audio content browsing, topic-based and keyword-
based navigation, communication of transcript and
speaker information in real time, and content-based
query of podcasts. [9] While these papers study a
similar challenge, the circumstances of a podcast
are slightly different in that the creator is usually
more considerate about the structure of the audio
file before creating it and also willing to invest more
effort in the specification of timestamps, topics etc.
after its creation.

In this work, we conduct a user study in which
we apply similar techniques to voice messages. We
compare two different approaches:

1. The first one is similar to the before-mentioned
methods, where the voice message segmented
by topic and the user is given a list of titles,
small descriptions and the according voice mes-
sage segments (referred to as by-topic in this
work).

2. Additionally, we propose a new method, in
which the user is given key points in the voice
message with the according timestamps (re-
ferred to as by-keypoint in this work). Other
studies have shown that such key points can be
extracted automatically. [3] [5] In this work,
we focus on the human-computer interaction
and, therefore, synthesize this data.

In summary, this leaves us with the following re-
search question: Can users reach a higher informa-
tion extraction performance and/or user satisfac-
tion using keypoint audio file navigation in com-
parison to by-topic navigation?
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2 Methodology

As the basis for our user study, we created two voice
message with a duration of about 4:30 minutes con-
taining several different topics, topic switches and
information.

2.1 User Interface

To navigate this audio file, we developed an IOS
app providing the two different navigation ap-
proaches by-topic and by-keypoint. Figure 1 de-
picts the structure of this user interface.

Figure 1: The left side shows the by-topic
navigation, where segments are sorted into
topics and can be started individually. The
right side shows the by-keypoint navigation,
where the user can jump to keypoints in the
whole audio file. Keypoints and topics are
example data.

2.2 User Study Setup

In this section, we describe the pre- and postcondi-
tions as well as the experiment setup.

2.2.1 Pre-Experiment Survey

For later evaluation, we surveyed the following
properties of all participants:

1. Age

2. Gender

Additionally, every participant was given an ex-
planation of the experimental setup, the quantita-
tive and qualitative criteria as well as the chance to
bring forward any questions.

2.2.2 Training

To get an understanding of the user interface, the
participants were given a short introduction to both
methods and were able to try them out on the tar-
get device. Given the simplicity of the user in-
terface, no detailed training was required and all
participants confirmed their basic comprehension
of the system within less than a minute.

2.2.3 Experiment

The audio files are crafted to differ in topics, but
to follow the same pattern of topic switches and
similar types of unnecessary and required informa-
tion (Structure shown in Figure 2). This allowed us
to let users try out both methods without already
knowing the content of the second file while still
keeping the results comparable.

Each participant was given the same Iphone 16
Pro with the application opened. After a brief
demonstration of how the navigation fundamentally
works, a timer was started, which the participant
was made aware of. Once the participant had fin-
ished the assignment, they could stop the timer
themselves and subsequently hand in the results
without further changes.

To equalize the potential training bias, we sep-
arated the participants in four groups, where each
group starts with a different audio file and method
first.

Figure 2: The visualization maps the inherent
structural complexity of the voice messages,
illustrating the ’thematic chaos’ that partic-
ipants had to navigate during the study.

2.2.4 Objective Criteria

The main goal of the participant is the retrieval of
certain information following the following quanti-
tative goals:

1. Accuracy

2. Speed

The speed is a simple measurement from the
handout of the phone to when the user hands in
their results. The accuracy is measured based on
the users responses to the synthesized questions,
which we provide more details in the next section.
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2.2.5 Subjective Criteria

After each experiment, we handed out another sur-
vey to the participants to measure the following cri-
teria. For these, we used a subset of the suggested
user satisfaction survey by Chin et al.[2]:

1. Quantitative: Overall reaction to the software
(terrible vs. wonderful; difficult vs. easy; frus-
trating vs. satisfying; dull vs. stimulating;
confusing vs. clear organization of informa-
tion) on a scale of 1 to 9 per method

2. Qualitative: Did you encounter any difficulties
with either of the methods?

3. Qualitative: Describe in your own words if you
preferred one of the navigation methods and if
so, why?

2.2.6 Termination Criteria

For the termination criteria, we decided to con-
tinue asking participants until for both methods,
the average time performance change is below 3%
for three consecutive new experiments while also
having equal group sizes. This ended up being the
case after 16 participants.

2.2.7 Success Criteria

Only results fulfilling the following criteria were
counted as valid:

1. The participant has confirmed to having un-
derstood all information about the experiment
in the pre-experiment survey without further
questions.

2. The experiment phase was executed without
any technical issues or other interruptions.

3 Results and Discussion

In this section, we lay out and illustrate the results
and biases of the experiments.

3.1 Quantitative Results

Figure 3 shows that for each case (audio file 1,
audio file 2 and combined), the by-topic method
performed better on average and has a smaller
spread of results. In all three cases, the by-keypoint
method achieves the best but also the worst result.
Across all participants, only 3 out of 192 an-

swered questions were incorrect, resulting in an
overall accuracy of 98.4%. Two of these errors oc-
curred using the by-keypoint method and one using
the by-topic method. Given the extremely high ac-
curacy across both methods, these errors are con-
sidered outliers rather than indicative of systematic

performance differences between the navigation ap-
proaches.

Similarly to the performance results, Figure 4
indicates that the participants perceive the by-
keypoint method slightly worse than the by-topic
one across the board. Both the averages and the
extrema are equal or worse for all four dimensions.
For the by-topic method, all averages lie between 8
and 9.5, whereas for the by-keypoint one they are
between 5 and 8.

3.2 Qualitative Results

Within the ”faced difficulties” question, all five
responses we received concerned the by-keypoint
method. One participant thought his initial as-
sumption that not every information may be con-
tained in the keypoints was actually wrong after
the experiment. This assumption was indeed cor-
rect, though, which we could immediately clarify.
All four other responses mention the disadvantage
of the keypoint method that it follows the chaotic
structure of the audio message, meaning that key-
points belonging to the same topic may be spread
all over the audio message.

For the ”preferred method” question, we received
nine responses. Five of these preferred the by-topic
method for its clearer structure and for the secu-
rity of not missing any information regarding a se-
lected topic. Two participants mention the same
advantage of the topic method, but also express
that they see the keypoint method as potentially
more effective, especially if the audio message has
been listened to before. The last two participants
preferred the by-keypoint method, one of them be-
cause of the simpler user interface and the other
because the audio message felt like a more natural
conversation to them.

3.3 Biases

Out of 16 participants, 13 were male and 3 were fe-
male. Twelve out of 16 participants were 30 years
old or younger, the rest was older. This shows
a bias towards male and younger participants in
the experiment. Unfortunately, due to time and
resource restrictions, a representative selection of
participants was not achievable. However, we en-
sured that every participant estimated their level
in English to be at least B2 and that they were
experienced in using the target device.

4 Summary and Conclusion

In summary, the by-topic method performed better
in the objective and subjective quantitative as well
as the qualitative results. We came up with the
following main observations explaining this:
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Figure 3: This figure shows the time it took participants to complete all tasks. Each pair of
two boxplots show the difference by method, where the first pair belongs to audio file 1,
the second to audio file 2, and the third to the combined result. (Within box: 25th-75th
percentile; whiskers: 1.5 times interquartile range below 25th and above 75th percentile;
orange line: median; points: outliers; n=16)

Figure 4: This figure shows the quantitative results of the user survey regarding both meth-
ods. (Within box: 25th-75th percentile; whiskers: 1.5 times interquartile range below 25th
and above 75th percentile; orange line: median; points: outliers; n=16)

1. Clearer structure: The approach that all the
participants took using the by-topic method
was very similar and straightforward. First,
they checked which topics were relevant for the
questions, then they went through them one-
by-one. From our observations and the quali-
tative feedback, this leads to a smaller spread
in results and a higher user satisfaction due to
a reduced amount of stress and confusion.

2. Experience: The by-topic user interface was
mentioned to be more intuitive by multiple
users, even though the by-keypoint is simpler
from an objective point of view. Therefore, we

suspect the former to be something users are
more used to.

Nevertheless, there are some points to make for
the by-keypoint method as well:

1. Higher potential: The spread and the better
maximum results in the performance results of
the by-keypoint method indicate the potential
to perform better, even if the average results
are worse in our experiments.

2. Experimental setup: In hindsight, we suspect
the experimental setup to slightly favor the by-
topic method. Using this approach, users are



User Study - Human Computer Interaction 5

never faced with the chaotic nature of the orig-
inal audio file, which is different for the by-
keypoint method. In future research, another
experiment setup could let users listen to the
audio file without knowledge of the questions,
and then let them use the methods 15 min-
utes later to respond to the questions. In this
setup, the higher maximum potential of the by-
keypoint method could become more evident.

To leap back to our research question, our exper-
iment could not show a better performance in infor-
mation extraction on average, nor a higher user sat-
isfaction when using the by-keypoint method. How-
ever, having the best maxima values, it did show
the potential for a higher performance, which could
be investigated in further, slightly adjusted exper-
iments, especially in less fragmented voice mes-
sages where the structural advantage of the by-
topic method fades.

5 Outlook

Another interesting method could be the combina-
tion of both methods. The clearer structure of the
by-topic method could be extended by keypoints
within the regarding topic, therefore offering a de-
fragmented environment for the user to work with
keypoints.
Additionally, an adaptive approach could auto-

matically detect the structural complexity of voice
messages. For coherent messages with few topic
switches, the topic segmentation overhead could be
skipped entirely, allowing users to navigate directly
via keypoints. This would leverage the efficiency
potential of the by-keypoint method while reserv-
ing the defragmentation benefits of the by-topic ap-
proach for structurally chaotic messages like those
tested in our experiments.
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