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Abstract. The aim of this study is to investigate the usability of a video 
browsing tool. The tool aims at facilitating content navigation and selection in 
media post-production, supporting also multi-view content. Psychophysiologi-
cal measures such as skin conductance level are used to measure cognitive ef-
fort. Objective measures based on content retrieval tasks as well as self-report 
measures of usability are also reported. Results indicate the differential effect of 
introducing specific support for multi-view content in the browsing tool, and 
encourage further research on the use of psychophysiological techniques in us-
ability evaluations. 
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1 Introduction 

With the increasing amount of multimedia data to be handled in production and 
post-production, there is growing demand for more efficient ways of supporting ex-
ploration and navigation of multimedia data. In post-production environments, users 
typically deal with large amounts of audiovisual material, such as newly shot scenes, 
archive material and computer generated sequences. A large portion of the material is 
unedited and often very redundant, e.g. containing several takes of the same scene 
shot by a number of different cameras. Typically only few metadata annotations are 
available (e.g. which production, which camera, which date). The goal is to support 
the user in navigating and organizing these audiovisual collections, so that unusable 
material can be discarded, yielding a reduced set of material from one scene or loca-
tion available for selection in the post-production steps. Recently, boosted by 3D 
cinema and 3DTV, content is increasingly shot with stereo cameras or even more 
views, recording multiple views of one scene. While this increases the freedom in 
post-production (e.g., for inserting or moving objects, or adjusting the depth level), 
multi-view content increases the problem of content management in post-production, 
as even more (and more redundant) items need to be handled. 



Multimedia content abstraction methods such as browsing tools are complementary 
to search and retrieval approaches, as they allow for exploration of an unknown con-
tent set, without the requirement to specify a query in advance. This is relevant in 
cases where only few metadata are available for the content set, and where the user 
does not know what to expect in the content set, so that she is not able to formulate a 
query. In order to enable the user to deal with large sets of content, it has to be pre-
sented in a form which facilitates its comprehension and allows judging the relevance 
of segments of the content set. In order to support users in post-production, media 
content abstraction methods shall (i) support the user in quickly gaining an overview 
of a known or unknown content set, (ii) organize content by similarity in terms of any 
feature or group of features, and (iii) select representative content for subsets of the 
content set that can be used for visualization. The focus of this work is on assessing 
the added value of support for multi-view content in order to support users in media 
post-production. 

In this paper we present an approach for evaluating a video browsing tool for mul-
ti-view content collections using psychophysiological methods. In Section 2, we give 
an overview of related work on evaluation approaches. Section 3 discusses the video 
browsing tool to be evaluated and the task design. We present the results of the exper-
iments in Section 4 and draw conclusions in Section 5. 

2 Related work 

2.1 Evaluation of Video Browsing and Interactive Video Search Tools 

Most of the literature on evaluation of exploratory search deals with text docu-
ments. In the multimedia domain evaluation approaches for summarization and 
skimming systems often deal only with single multimedia documents, rather than with 
collections. The following classes of evaluation approaches have been proposed (of 
course combinations of the methods from different classes are sometimes used). 

Survey (Self Report). The users are asked about their experience with the tool, their 
satisfaction with the results and the relevance of certain features of the tool (e.g., 
[10]). This type of evaluation does not require any ground truth or specific 
preparation of a data set. 

Analysis of System Logs. This approach uses either server-side logs [2] or specific 
client applications that log user actions [3]. The main advantage is that evaluation 
does not interfere with the user's work with the system and that the approach can be 
used for long-term studies. However, comparison across different types of tasks and 
systems might be difficult. 



Question Answering. Users are asked fact finding questions about the content in 
order to evaluate whether they have found the correct segment of content or were able 
to extract information from the collection of multimedia documents (e.g., [4]). The 
questions can be open or in the form of a multiple choice test (quiz). The correctness 
of answers to open questions needs to be checked by a human, while multiple choice 
tests can be very efficiently evaluated once the ground truth for a specific data set has 
been created. 

Indirect Evaluation. The user performs a task using the tool or system. Based on the 
success of this task the effectiveness of the tool can be measured. The task can for 
example be a content retrieval task [1] or gathering information from a meeting 
archive browser [7]. Once ground truth for these tasks has been created the answers 
can be checked automatically. 

In this paper, indirect evaluation using content search tasks is performed, in com-
bination with psychophysiological methods and a set of open questions. 

2.2 Subjective and Objective Evaluation Methods 

As the terminology in the area is often used confusingly, let’s clarify that by sub-
jective methods we imply here self-reported qualitative measures, as those obtained 
by employing interviews, questionnaires or whatever method in which the user is 
directly asked about some aspect of his experience with a certain content and/or tech-
nology. On the other hand, objective evaluation is meant here to refer to the collection 
of indirect measures of users’ experience, that often reveal reactions that are not con-
sciously available to the user (such as variations in performance, motor behavior, 
emotional reaction and so on) and that therefore cannot be captured by self-report 
measures. A common occurrence is to refer to the former as observational evaluations 
and to the latter as experimental evaluations, though in principle, nothing prevents 
both of these methodologies to work with either objective or subjective data [9]. 

In self report, the user informs directly about his conscious perceptions, and there-
fore is “cognitively mediated” [12], and if users cannot report what they cannot per-
ceive consciously, self-report measures are inherently flawed [6]. What is needed is to 
adopt a dimensional approach to the concept of user experience measurement, where 
the different aspects that contribute to an engaging experience are analyzed in conso-
nance with their own characteristics; such aspects are as varied as perceptual quality, 
comfort, emotional reactions, attentional load, etc. The concept of quality of experi-
ence is a complex one, and any evaluation activity will need to take into account 
which of these aspects is a key in the experience delivered to the user. As regards the 
work discussed here, we consider that the key aspect to measure here is cognitive 
effort, we combine qualitative methods with indirect psychological measures, namely, 
performance measures and psychophysiological measures. 



2.3 Psychophysiological Evaluation Techniques 

Psychophysiological techniques are a perfectly suited methodology for testing 
cognitive effort in reaction to audiovisual media tasks in an indirect fashion, as this is 
the branch of psychology that deals with the physiological basis and indicators of 
psychological processes. Historically, the term has been reserved for the study of the 
responses of the autonomic nervous system. However, techniques such as EEG (elec-
troencephalography, the recording of electrical cerebral activity) or fMRI (functional 
magnetic resonance imaging, the measure of changes in cerebral blood flow) also 
allow observing the activity of the central nervous system. Furthermore, other tech-
niques that cannot be considered as psychophysiological measures (but also let to 
obtain information from users in a indirect way) such as eye-tracking, have been used 
on usability research [15]. In any case, for the study of cognitive effort, and certain 
attentional reactions such us orientation responses, this is still the method of choice 
for many researchers in the area. Traditionally, registering of autonomic activity is 
performed over three main measures: 

- Electrodermal activity (EDA): reflects changes in the electrical conductance 
of the skin due to the activity of the sweating glands induced by the sympa-
thetic system, whose activity is related to the degree of emotional activation 
and it can also be an indicator of cognitive effort. 

- Electromyographyc activity (EMG): It measures muscular activity and is of-
ten employed to measure facial muscle activity. Depending on the registered 
muscle and stimuli conditions it can indicate the emotional valence (posi-
tive/negative valuation), discomfort and attentional capture.  

- Cardiac and respiratory rhythms: indicators of phasic attentional responses 
as well as general stress levels. 

These variables are registered by means of the polygraph, an instrument allowing 
capturing, modulating, amplifying and graphically registering these physiological 
systems. Regarding cognitive activation measurement, and our research objectives, 
EDA measures, are often used as cognitive activation and attentional indicators of the 
level of cognitive effort induced by audiovisual material [11]. Variations in the EDA 
levels reflect variations in arousal [Fehler! Verweisquelle konnte nicht gefunden 
werden.], which can signal increases in emotional activation or cognitive effort, de-
pending on the stimulation conditions. In our research we focus on exploring the ca-
pacity of these technique for measuring cognitive effort. 

3 Video Browsing Tool Evaluation 

3.1 Tool Description 

The developed video browsing tool performs automatic content analysis of newly 
ingested data. Currently, camera motion estimation, visual activity estimation, extrac-
tion of global color features and estimation of object trajectories are performed. In 



order to select content, the users follow an iterative selection process, consisting of 
alternating steps of clustering and selecting subsets of the current data set. Important-
ly, a new feature was introduced in the latest version enabling to handle multi-view 
content. This allows users, especially in 3D productions, to reduce the material they 
have to deal with, and therefore facilitating the search process by reducing the atten-
tional load of the task. The tool does not support text-based queries. The central com-
ponent of the video browsing tool's user interface is a light table, which shows the 
current content set and cluster structure using a number of representative key frames 
for each of the clusters, visualized by colored image borders. The following clustering 
features are implemented in the tool. 

- Motion activity: clusters by the global movement in a given clip 

- Color layout: clusters global color distribution of key frame 

- Media item: shows all the different video files 

- Multi-view camera: shows all videos shot with each of the possible cameras 

- Multi-view media Item: shows all videos, but each view (camera) separately 

The browsing workflow starts with selecting a dataset. Then, by selecting one of 
the available features the content is clustered according to this feature. Depending on 
the current size of the content set and the available space in the browser window, a 
fraction of the segments (mostly a few percent or even less) is selected to represent a 
cluster. The user can then decide to select a subset of clusters that seems to be rele-
vant and discard the others, or repeat clustering on the current content set using an-
other feature. In the first case, the reduced content set is the input to the clustering 
step in the next iteration. If no key frame of the selected view is available then an 
alternative view is selected where the user gets informed by displaying the name of 
the alternative view. On the left side of the application window the history, the simi-
larity search and the result list are arranged. The history feature automatically records 
all clustering and selection actions done by the user. By clicking on one of the entries 
in the history, the user can jump back to the selected point. The browsing path can be 
branched at this point and explored using alternative cluster features without losing 
previous iterations. To execute the similarity search, the user drags the desired key 
frame into the marked area for the similarity search. Then, the application displays all 
available search options to allow the user to further proceed with the search task. The 
result list is used to memorize video segments and to extract segments of videos for 
further video editing, for example, as edit decision list (EDL). The user drags relevant 
key frames into the result list at any time, thus adding the corresponding segment of 
the content to it. Specific clustering features and further options are offered to the user 
via a context menu of the key frames where the users can select and discard a whole 
cluster or select and discard a single video. Furthermore, the metadata of the selected 
key frame can be displayed. 



3.2 Evaluation Measures 

The design of the series is based on item retrieval tasks, where the participant has 
to locate a given item (known or unknown) in a dataset, and performance of the par-
ticipants is observed under conditions in which the new multi-view feature is used or 
not. The measures obtained in this tests are the performance measures employed ear-
lier in [1], namely precision, recall, and F1 (the harmonic mean of precision and the 
recall) of the retrieval task; a psychophysiological measurement of mental activity 
related responses (EDA, as described earlier). A questionnaire was also filled by eve-
ry participant in order to gather qualitative reports of their experience with the tool.  

3.3 Task Design 

For this test we devised four tasks which, we predicted, would vary in difficulty 
due to the number and the length of the available results. Participants were instructed 
to use the browsing tool to locate all segments that matched the given textual descrip-
tion, and to note that for two of the four tasks they were not allowed to use the “multi-
view” clustering feature. For every task, they had a time limit of ten minutes. The two 
a priori easy tasks where task A (look for segments with various people walking 
around) and task C (look for segments showing empty tables with no people present 
on the scene). The first one had eleven possible solutions with large average segment 
durations, whereas the second had five solutions but still long segment durations. The 
tasks where selected also to be more amenable to clustering (by motion activity in the 
case of task A and by color layout in the case of task C). The two a priori difficult 
tasks where task B (look for segments showing a man flashing a light in his hand), 
and task D (look for segments showing two people standing on a platform that falls 
through an abyss), these had respectively six and one matching segment and the event 
searched was always of a very short duration. The clustering features were described 
to the participants and they were introduced to the workflow with the browsing tool. 
All the participants performed the four tasks, and order of presentation of the task and 
the presence of multiview condition were counterbalanced between participants. The 
main condition in the test was the use or not of multi-view clustering, though other 
variables of interest collected in the questionnaire are the familiarity with the dataset, 
with web/video browsing general, and with this browsing tool in particular. 

4 Results 

4.1 Retrieval Performance 

We report here the results from the fourteen participants (28 years old average, 
standard deviation (SD) = 2.7) in the test. Regarding precision and recall measures, 
overall mean precision was .81 (SD = .33), whereas overall mean recall was .53 (SD = 
.33). The precision and recall results by task are depicted in Fig. 1. Mean F1 was .61 
(SD = .32).  



 

Fig. 1. Precision and recall for the four tasks. Error bars represent standard error 

 

Fig. 2. F1 scores for the four tasks. Error bars represent standard error. 

From here on we report only the results of the F1 measure. Fig. 2, depicts the F1 
score for each task. As can be seen, the only task that did not match our predictions 
regarding difficulty was task D, due to the fact that, despite having a single solution, 
the key frame containing the solution appeared repeatedly represented in various clus-
ters and was easily localizable. Therefore, given that there is no variability associated 
to that task, we restrict the following analyses to tasks A, B and C. As regards these 
three tasks, the reasons used to predict their difficulty a priori are supported by the 
performance data. Of the four grouping variables collected in the questionnaire, F1 
scores showed a slight trend to be higher only with high levels of general familiarity 
with video browsing (see Fig. 3). Regarding the main condition on the test, the use of 
multi-view clustering (see Fig. 4), there was a clear trend towards better F1 scores 
when multi-view was allowed for the two harder tasks, but the opposite was observed 
for the easier task. It could be interpreted that for the easier task, the introduction of a 
further clustering feature hampers rather than improves performance, though this 
interpretation must be taken with care, given that the difference in difficulty (as re-
flected by the F1 score) is not too large between tasks A and C. 

Regarding task order, a learning effect was not observed on F1 scores, although for 
the harder task B, there was a clear difference, given that no participant was able to 
provide a single correct answer when this task was presented first. Evidently, as par-
ticipants work with the tool, they grow increasingly familiarized with the materials 
increasing the chances of encountering the relevant segments. 
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Fig. 3. F1 Scores by familiarity with video browsing in general. 

 

Fig. 4. F1 by task and multi-view. 

4.2 Electrodermal Activity Data 

EDA measures were also registered in order to obtain a further indicator of the 
amount of mental effort associated with the browsing activity. As described in above, 
the increase in arousal signaled by variations in EDA levels has been used as an indi-
cator of mental effort when the emotional significance of the experimental material is 
controlled as proposed initially by [5]. Thus, we calculated the mean EDA activity for 
the different tasks and both levels of the multi-view condition. Z-scores (standardized 
scores) of EDA values for each participant in each task were calculated from the raw 
data by subtracting the mean EDA value of all tasks to the value of each task, and 
dividing the results by the standard deviation of all task of this participant. Regarding 
the different tasks there were no significant differences between the levels of EDA for 
the different tasks (F<1, see Fig. 5a), nor for the order of the tasks, that is, during the 
approximate one hour session, the levels did not vary with time (F<1, see Fig. 5b).  

Regarding the multi-view condition though, a clear trend was observed for a higher 
activity in conditions where multi-view was allowed (F = 2.64, p < .078, see Fig. 6a), 
which was mostly due to differences between tasks B and C (respectively F = 2.8, p < 
.20, and F = 2.72, p < .118, see Fig. 6b). The fact that the comparisons fell short of 
significance is clearly due to the few participants tested and a few participants more 
will surely provide significant results.  
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Fig. 5. (a) EDA values by task (query), (b) EDA values by order of presentation. Error bars 
represent standard error. 

  

Fig. 6. (a) EDA average values per multi-view condition, (b) EDA average values per multi-
view condition and task Error bars represent standard error. 

It is evident that the EDA data further corroborates the results from the perfor-
mance test, and this with just an average analysis of tonic activity. These results are a 
further proof of the impact that indirect measures of user’s reaction might have for 
usability tests. The fact that the EDA activity is higher for the condition where multi-
view was allowed might seem counterintuitive at first, if we think that a better per-
formance should be related to less mental effort. But the concept of mental effort is 
not necessarily negative when performing a task. More complex tasks require more 
mental resources (i.e. attention, or cognitive effort) to be processed [5], and it can be 
reflected on an increased arousal. It does not mean that the mental processing of the 
more complex task has to be hindered respect to a simpler one. For example, Lang et 
al. [13] found that increasing the structural complexity of television messages (by 
increasing the number of edits on them) resulted on increased arousal on viewers, 
more attention paid (measured by a decrease on heart rate) and even a better memory 
for the content of the messages. These authors explained that more structurally com-
plex stimuli elicit automatic orientation of attention [14], which, in turn, increases the 
automatic allocation of mental resources to the task processing, and thus improving it. 
However, if the complexity of the stimulus is excessive, the mental resources required 
to its processing exceed the mental capacity of the viewer, resulting in a poor pro-
cessing and a bad recall of the content. Some similar could be happened at our exper-
iment: The inclusion of the multiview condition (i.e. the increase on the complexity of 
the task) might have required more attention (i.e. “cognitive effort”) to the correct 
accomplishment of the task, automatically mobilizing more mental resources than the 
simpler condition, and so providing better F1 results, while the more complex tasks 



(e.g. task B) also demanded more attentional resources, but overloaded the cognitive 
resources availability of users, resulting in poor F1 results. In any case, these results 
are only preliminary evidence and further research is needed to assess how the con-
cepts of cognitive effort and physiological arousal can be employed in usability eval-
uations. But the fact that we have observed this phenomenon opens interesting ave-
nues for future research on usability and browsing behavior. 

4.3 Verbal Reports 

Participants suggested a series of features for improving the usability of the tool, 
for example, customizable window size, showing frames on the timeline of the video 
player or the possibility to select various videos at once. Participants did not like that 
in occasions the clusters are automatically modified when changing frame size, some 
did not like the clustering features available, or the overlapping between the preview 
and video player windows. As it is well known from evaluations of previous versions 
of the tool, the fact that all participants find unanimously distracting is that the key 
frames for a given clip are not constant, but depends on the feature used for cluster-
ing. We found that we had to emphasize the use of discard and select clusters function 
in the context menu. A participant suggested making these actions more evident by 
putting them on the above menu bar. Turning finally to the positive feedback, those 
who were not familiar with this kind of search liked the idea of searching videos by 
visual features and, as one participant put it; its potential utility in editing works 
where the content of the clips is not directly relevant and search by primitive visual 
features suffices. Also, they all unanimously agreed that they were more comfortable 
with using the similarity search than clustering. 

5 Conclusion 

The first thing to note is that participants tended not to produce false alarms, as re-
flected by the asymmetry between high precision and low recall. The explanation 
probably lies in the moderate size of the dataset. The F1 score behaved as expected in 
terms of the predicted difficulty of the queries, and the main result to emerge from 
this study is of course the differential effect of introducing the multi-view condition, 
which was further confirmed by the EDA data, although more detailed analyses could 
shed more light on the exact causes of these effects. For example, looking at phasic 
EDA responses, which would need an event-related approach to the design of the 
task, was not possible with the present material. It is interesting to note how the EDA 
measure was sensible to the manipulation of the search processed introduced by al-
lowing the use of multi-view, but that this was not the case for the manipulations of 
task difficulty in terms of number and size of the relevant segment. This could be 
interpreted as a further confirmation that the variations in EDA level observed are due 
to variations in the attentional load of the task, rather than an increased emotional 
activation due to the difficulty in finding relevant results, though again, an empirical 
confirmation of the latter would require a more controlled task design. Finally, re-



garding the experience of the participants with this kind of software, only the previous 
experience with video browsing in general seemed to have an effect on performance, 
though a bigger pool of participants would be needed to extract firm statistical con-
clusions in this regard. It is also very interesting to note that the verbal feedback pro-
vided by the participants after performing the task made few direct references to the 
effect of having or not the possibility of using multi-view clustering, despite the fact 
that EDA and precision/recall measures indicate that this is a key variable affecting 
their performance. This is an encouraging result in terms of bringing this kind of 
measurement into evaluating tools professionals’ use in their daily work.  
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