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ABSTRACT
This paper presents an interactive thumbnail-based video browser 
for mobile devices such as smartphones featuring a touch screen. 
Developed as part of on-going research and supported by user 
studies, it introduces HiStory, a hierarchical storyboard design 
offering an interface metaphor that is familiar and intuitive yet 
supports fast and effective completion of Known-Item-Search 
tasks by rapidly providing an overview of a video’s content with 
varying degrees of granularity. 

Categories and Subject Descriptors
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces – Evaluation/methodology, graphical user interfaces 
(GUI), screen design, style guides, user centered design 

General Terms
Design, Experimentation. 

Keywords
Video Retrieval, Video Browsing, Mobile Interfaces, Touch 
Interfaces. 

1. INTRODUCTION 
Having observed the exponential growth of the quantity and 
availability of digital video content and also its ever-increasing 
rate of consumption, especially on mobile phones and tablets, the 
need for powerful, effective and flexible video browsing solutions 
is apparent. The nature of such mobile platforms decrees that 
these solutions must take into account the inherent characteristics, 
or as it may at first seem, limitations, of these devices. In 
particular, interfaces for video browsing on such devices must be 
developed in such a way as to overcome one of the most apparent 
issues, namely the devices’ small screen sizes. 

We introduce an interactive thumbnail-based video browser for 
mobile devices such as smartphones and tablets featuring touch 
screens. The concept and design of the interface is a direct result 
of previous research in the domain of mobile video browsing. 
Similarly to [1], our approach relies on an intuitive visualisation 
technique that is optimised for human visual perception and 

cognition in Known-Item-Search (KIS) tasks. The proposed 
interaction design is based on previous detailed studies 
investigating optimum thumbnail sizes [2], film strip 
visualisations [3], and storyboard layouts [4] on mobile platforms. 
The development of the method was in part motivated by the 
successful designs of the video browser showdown [8] organised 
in conjunction with the 18th International Conference on 
Multimedia Modeling. Our prototype system was implemented as 
part of on-going research in the field and was optimised for KIS 
tasks of known segments in single video files. 

2. BACKGROUND & RELATED WORK 
Interfaces and approaches for interactive search and browsing of 
video are gaining increasing attention in the video retrieval 
community, as reflected by initiatives such as the interactive video 
retrieval track at the TRECVid conference series [6], the 
VideOlympics events [7], and most recently the aforementioned 
video browser showdown competition [8]. 
Thumbnails – i.e. small miniature images created from 
representative frames of the related video – are generally 
considered the building blocks of almost all video retrieval 
interfaces (cf. [9] for a recent overview of related approaches). 
Visualizing them on the small screen of a mobile phone can 
hamper visual perception and thus their effectiveness for mobile 
video retrieval seems questionable. Motivated by this [2] carried 
out an evaluation where users were presented with different sizes 
of single solitary thumbnails in isolation and asked to undertake 
common video retrieval tasks. The experiments also examined 
whether static or dynamic thumbnails were more effective. The 
conclusions showed that rather small images can still be reliably 
used for search tasks and if the thumbnails are dynamic even 
much smaller sizes still lead to a reasonable retrieval performance. 
In particular, thumbnail widths as small as 80 pixels for static and 
60 pixels for dynamic ones, respectively, have been determined as 
a viable conveyance of information on a mobile platform. 
In a follow up experiment, [3] identified that these thumbnail size 
results that were valid in the case of a solitary thumbnail 
representation, did not hold for designs in which single linear 
strips of five to nine thumbnails are shown. Here, users preferred 
larger thumbnails. The experiments also revealed that users were 
not taking advantage of the option to play individual thumbnails 
within the filmstrip as dynamic thumbnails – despite their 
superiority for search tasks. Reasons for this might be the higher 
cognitive processing loads resulting from the additional need to 
interact with moving as well static images; the increase in 
available information since more information about a video’s 
content is shown with dynamic thumbnails; and the resulting 
‘busyness’ and clutter of the interface. [4] showed that optimum 
thumbnail sizes do not seem to increase further when switching 
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from a filmstrip to a storyboard layout, but identified initial 
evidence of potential problems in situations when scrolling 
between different screens is required. 
Overall, the results of this work showed that it is worthwhile to 
design thumbnail-based advanced interfaces for video retrieval on 
mobile platforms, but that more work is required to investigate 
open issues, in particular the effects that more complex layouts , 
that require users to scroll between various screens, would have 
on the users’ ability to complete certain video browsing tasks. 

3. THE PROPOSED INTERFACE 
Motivated by the previously mentioned encouraging results from 
studies about optimum interface design for video retrieval and 
based on the related observations, we present an interface for 
browsing the content of one longer video file. The decision to 
focus on single file browsing was motivated by the specifications 
of the latest video browser showdown [10]. However, our design 
can easily be generalized to from searching in single video files to 
browsing larger collections of videos (cf. Section 5). Inspired by 
[1], we decided to use a time-based brute-force approach to 
generate the thumbnails, i.e. thumbnails are linearly extracted 
from the timeline of the video segment that is represented by a 
particular storyboard. More sophisticated mappings, relying for 
example, on content analysis are left out for future work (cf. 
Section 5). Because [4] identified continuous scrolling in large 
storyboard designs as potentially critical for video retrieval 
performance, our approach relies on a hierarchical storyboard 
design that is rooted in a map browsing metaphor. 
So far the designs evaluated in [2–4] have been based on a 
breadth search paradigm. That is users are presented with a large 
number of thumbnails covering the length of a video with a fixed 
time interval between the sampled thumbnails. This expansive 
design essentially operated at a fixed ‘depth’ of the video. The 
thumbnails represented the whole video but at a specific 
granularity, conceptually, this is similar to having a single printed 
map of an area. Depending on the scale of the map there is a fixed 
amount of information and detail, which may be correct for a 
specific task but too little or too much for others. Using this 
analogy of a map, and wanting to avoid the restriction of a fixed 
scale, the proposed interface follows a variable granularity 
approach, emphasizing depth over breadth. It can display fewer 
thumbnails at any given time, but allows control over the 
displayed content. The idea can be compared to contemporary 
map navigation methods. Dynamic Vector maps, such as those 
featured in GPS navigation systems and Google Maps, allow users 
to freely pan and zoom onto the area of their interest, optimally 
framing it at the required scale and therefore level of detail.  
The idea of using hierarchical thumbnail representations of a 
video for browsing its content has been around since the mid 90s 
[11]. Based on our research in [2-4] which has shown that 
storyboard designs can be used successfully on mobile devices, 
we adapt this idea to mobile video browsing in order to cope with 
the potential interaction issues identified in [4]. In particular, the 
proposed design, subsequently called Hierarchical Storyboard
(HiStory), consists of two elements: a storyboard-style grid of 
thumbnails, taking up most of the available screen space and a 
narrow vertical bar on the right side of the screen. The grid serves 
as the primary interaction and visualisation point and the bar acts 
as a non-interactive visual aid that illustrates which part of the 
video is visible at any time (cf. illustration in Figure 1). Both 
elements are detailed below. 

Figure 1 – HiStory Illustrated, the user selects a thumbnail 
that acts as the ‘anchor’ for a new grid. 

The grid features a traditional storyboard design with temporally 
ordered thumbnails that represent still images extracted from the 
video. Depending on the size and resolution of the mobile device 
used, the dimensions of the grid and the thumbnails vary. Figure 2 
illustrates an example from a common mobile phone where the 
video has been split into 36 thumbnails arranged in a traditional 
storyboard layout. 

Figure 2 – HiStory at the highest level; the gray indicator bar 
shows that the entire length of the video is currently visible. 

The indicator bar on the side functions as a reference, representing 
the currently viewable portion of the video. That is, when at full 
length, spanning the height of the screen, it indicates that the 
entire length of the video is currently arranged on the grid. When 
the viewed portion changes, the length and vertical position of the 
bar also change, in order to provide a useful and fast positional 
reference as seen in Figures 2 and 3.  
The core mechanic of HiStory is the ability of the user to 
dynamically change the granularity of the grid in a process similar 
to ‘zooming’, as illustrated in Figure 1. The user specifies a 
thumbnail and the grid is rebuilt in a lower hierarchy with a 
smaller time interval around this ‘anchor’ thumbnail. This means 
that the viewed range shrinks (illustrated by the indicator bar) but 
the time interval between each thumbnail also becomes smaller, 
leading to more detailed information (finer granularity). Thus the 
previously disassociated thumbnails gain context as scenes as 
shown is Figures 3. The snapshot at the top illustrates a situation 
where a user has already ‘zoomed’ into the video that was 
visualized by the initial storyboard depicted in Figure 2. The user 
is now viewing a smaller part of it, as shown by the indicator bar. 
The thumbnails now gain context as scenes. Further ‘zooming’ – 
as illustrated in the lower snapshot – affords much finer 
granularity. At this level the viewable portion of the video is very 
small but the level of detail is greatly increased. In this case 
almost the entire grid is taken up by a single scene. 
Intuitively, the technique is similar to changing the scale of a map, 
affording more detail of a specific area while eschewing the 



general overview. The user can ‘zoom in’ multiple times, until the 
time interval between the thumbnails shrinks enough for a frame-
by-frame representation. Inversely, the user can also ‘zoom out’, 
backtracking through previous choices all the way to the top level 
using the device’s back-button. Parameters such as the number 
and size of the thumbnails are based on previous research in the 
area and were validated by a series of informal user studies [2–4]. 

Figure 3 – Hierarchically browsing storyboards at different 
granularity levels. Notice that the storyboard is expanded 

around the selected thumbnail staying in place, thus 
benefitting from spatial memory in the mental maps created by 

users during browsing. 

4. PRELIMINARY EVALUATION 
As part of this research, a first user study has been performed with 
the proposed HiStory design to establish an initial estimate of user 
performance, for both speed and accuracy, and to gather user 
feedback and preferences. The findings of this study have shown 
that, following a very short learning curve, users, from a wide age 
range and diverse levels of experience, were quick to understand 
and adopt the method in order to easily and accurately complete 
the given tasks. In direct comparison to two conventional 
scrolling methods, the HiStory method achieved comparable 
speed and higher accuracy while the users who participated in the 
experiment expressed a preference for it over the other options. 

Inspired by common approaches to evaluate interactive video 
search tasks in the community [6, 8], the descriptions of the items 
for the Known-Item-Search (KIS) tasks where presented to the 
users in the form of 20 second segments on a separate screen (cf. 
Figure 4 illustrating the setup of the experiment). The users where 
then required to find any frame from the segment within the whole 

video using the HiStory method or the conventional thumbnail 
based interfaces, on a mobile device. This question methodology 
follows that of the Video Browser Showdown [10]. 

The two conventional thumbnail based interfaces consisted of a 
scrollable grid of 180 thumbnails which had been sampled from 
the video source at fixed intervals. The resulting large storyboard 
enabled users to immediately browse a video at a middle hierarchy 
level of the HiStory interface, but at the price of extending across 
the screen – resulting in the need for vertical scrolling interactions 
when browsing the video content. In the experiment, we evaluated 
two common scrolling interactions, a Continuous scrolling mode, 
and a Paged scrolling mode.  

. 

Figure 4 – Users where presented with the known-item-search 
tasks in video form instead of textual descriptions. 

In total, 26 subjects (18 male / 8 female, ages 12 till 60+) 
successfully completed 24 KIS tasks – 8 with the HiStory 
interface design, 8 with the Continuous Scrolling method, and 8 
with the Paged Scrolling method. The users were drawn from a 
variety of backgrounds including novice users with rather limited 
experience with mobile devices and expert users such as mobile 
application developers. However, because all users had at least 
some experience with touch-based scrolling interaction and 
because of the omnipresence of this interaction metaphor for 
browsing large data sets and lists on mobiles, we decided not to 
counterbalance the order of the interfaces in the experiment. 
Instead, the new and rather uncommon HiStory design was always 
evaluated last. At the beginning, a very short tutorial was given to 
each user were they were guided through a single KIS task using 
the HiStory interface.  

During the experiment, users managed to rapidly and effectively 
determine the content of a video as well as accurately complete all 
tasks, demonstrating the apparent ease of use and intuitiveness of 
the presentation and interaction techniques of the method. While 
the storyboards for the two conventional scrolling methods have 
been created before the test, navigation between different 
granularity levels of the HiStory design required recalculation of 
the respective storyboard on the fly, resulting in lower time-to-
complete scores (71.6 sec averaged over all tasks for HiStory, 
compared to 61.5 sec for Continuous and 55.6 sec for Paged 
scrolling). Yet, the overall search time remained competitive with 
the required maximum time of two minutes stipulated in the 
Video Browser Showdown and in most cases remained well 
below a minute. The average success rate of the users, measuring 
whether they correctly completed each task remained at above 
80% throughout the preliminary user study and outperformed the 
two conventional browsing approaches (82.3% success rate for 
HiStory compared 72.9% for Continuous and 69.8% for Paged 
scrolling). 

Indicator bar 
showing the level of 

granularity of the 
currently visualized 

storyboard

Selection of a 
thumbnail expands the 
storyboard around it at 
a finer hierarchy level 



Given that vertical scrolling is the ubiquitous interaction metaphor 
on today’s mobile devices, qualitative user feedback was 
surprisingly positive and particularly encouraging. It shows great 
promise as all the users who participated in the study highly 
praised the HiStory concept and stated a preference for the 
HiStory method over the also offered scrolling methods. The users 
mentioned that they believed that the method was both useful and 
usable, allowing them to accurately search for the item they were 
required to find with complete confidence. They praised the 
ability of the method to allow frame-by-frame browsing of the 
video allowing them complete accuracy. 

Constructive feedback and criticism was noted and documented 
for the post-study review and analysis. Most importantly, users 
complained about the significant time delay when switching 
between different grid granularities. Recommendations 
highlighting interesting avenues for future research included more 
flexible variations of the granularity level and providing 
additional Meta information during the search process. 
Furthermore, the superiority of certain design decisions that we 
made for the initial HiStory implementation need to be further 
verified. Most importantly, expanding the storyboard around the 
fixed position of the selected thumbnail (cf. illustration in Figure 
3) can lead to obvious issues when thumbnails at the beginning or 
end of the storyboard are selected, since the granularity of a scene 
will only be increased in one direction. However, repositioning 
the selected thumbnail in the centre of the screen – as proposed by 
some users – would destroy spatial memory which is an important 
characteristic especially when interacting with large data on small 
screen devices [5]. Likewise, it is yet unclear if the already 
mentioned content based approach for generating the thumbnails 
of a storyboard would be beneficial compared to the here used 
brute-force and purely temporally based approach – which has the 
obvious disadvantage of maybe not showing the most 
representative thumbnails of a scene, but the apparent advantage 
of providing clearer information about the absolute position of a 
thumbnail within that scene. 

5. CONCLUSION AND NEXT STEPS 
Based on and backed up by previous research in the field [2-4], 
we introduced the HiStory mobile video browsing interface which 
utilizes a hierarchical storyboard design in order to enable users to 
flexibly and efficiently solve interactive KIS tasks. Following the 
success of our first study, an expanded user study is planned 
following the incorporation of a small number of improvements 
and refinements stemming from user feedback and researcher 
observations. Additionally the user study will evaluate the 
HiStory method against other mobile video browsing methods 
such as scrollable grids. Interesting options for future research 
resulting from observations in the initial experiment and related 
user feedback are integration of a more flexible way to manipulate 
the hierarchical storyboard granularity (e.g. via multi-touch 
gestures) and additional metadata supporting the browsing 
process. Furthermore, evidence provided by [2] indicates that the 
usage of dynamic thumbnails can be beneficial and thus should be 
further explored. In addition, to the aforementioned alternative 
design choices such as repositioning of a thumbnail in the centre 
of the screen upon selection and usage of a content and scene 
based thumbnail selection (cf. Section 4), extending the design for 
search in a collection of videos instead of single video files is a 
direction worth further investigation. The proposed HiStory 

design can directly be generalized to such a scenario if the initial 
storyboard visualizes a vertical arrangement of horizontally 
depicted film strips from individual video files. If however users 
are able to deal with the resulting additional cognitive load needs 
to be verified with further user studies. 
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