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Abstract 

Authoring tools for interactive non-linear videos or hypervideos often use the graph-based pattern for 
defining the structure between single elements of the multimedia-presentation. Visualization improve-
ments like zooming and focus+context are rarely used. Elements of one category (for example videos, 
images, etc.) are represented by one uniform-looking icon, which makes it difficult to find elements in 
larger projects. This work illustrates that semantic and geometric zooming in combination with over-
view+detail views and a fisheye zoom are able to increase the attractiveness of the GUI and decrease 
the task completion time for several tasks. 

1 Introduction 
Interactive non-linear videos or hypervideos provide a non-linear structure and offer addi-
tional information with a main video. They can be used in e-learning, for tours through cities 
or houses and more. The underlying structure of such videos is an (extended) scene graph 
which links single scene with each other. Additional information (annotations) is linked with 
the scenes. Thereby a start and an end time for display is provided as well as the position 
where the annotation is displayed in the player. For example, a tour through the ground floor 
of an ordinary one family house can have about twenty scenes and thirty annotations. A well 
designed and clearly structured graphical user interface makes it possible for non-
professionals to create their own interactive non-linear video. Bulterman and Hardman 
(2005) describe four different patterns for the authoring of multimedia presentations, namely 
the “structure-based pattern”, the “timeline-based pattern”, the “graph-based pattern” and the 
“script-based pattern”. Tools like the HyperProp system (Soares et al. 2000), Riva Producer 
Enterprise1 and the hypervideo authoring system described by Chang et al. (2004) use the 
graph-based pattern for the creation of multimedia presentations. The scenes in these tools 
are hard to differentiate, because they are all represented by the same uniform icon. No hint 

                                                           
1
  http://www.matchware.com/en/ (accessed January 15, 2012) 
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on the content of the video is given. Annotations are either not visible in the graph represen-
tation or are shown on the same layer as the videos, which can be confusing for authors cre-
ating interactive non-linear videos, where the annotations form a unified whole with the main 
videos. Other authoring paradigms can for example be found in (Chambel et al. 2004), (Stahl 
et al. 2005) and (Stahl et al. 2006). These works focus on learning with hypervideo and de-
scribe different tools and paradigms for the creation of hypervideos. The Diver Project (Pea 
et al. 2004) allows creating new videos from existing ones, by cutting segments out of videos 
and by providing zoomed presentations of parts of a video. Zooming can be found in these 
works, too, but it is used to present a region of the video with more detail. A more detailed 
description of related work can be found in (Meixner et al. 2010). 

2 Research Contributions 
This work shows several possibilities to extend the graph-based paradigm in order to provide 
more information without switching to another paradigm. The main contributions of this 
work are: 

 a concept for semantic zooming in the scene graph (Section 4), 

 a concept for a fish-eye zoom in the scene graph (Section 4) and 

 a usability evaluation of the implementation in comparison to the previous version of the 
scene graph (Section 5). 

We also give an overview over related work dealing with semantic or fish-eye zooming (Sec-
tion 3).  

3 Related Work 
According to Cockburn et al. (2009), four different schemes exist for the manipulation of 
datasets displayed in an interface. The approaches can be categorized as “overview+detail”, 
“zooming”, “focus+context” and “cue-based”, whereby only the first three are relevant for 
this work. Overview+detail provides different presentations of one information, whereby 
one presentation is a rough overview and the other one shows a smaller part with more de-
tails. Examples for overview+detail can be found at Google maps with street view or Mi-
crosoft PowerPoint. Zooming is a technique using “temporal separation”, whereby only one 
zoom step is visible at a time. Geometric zooming "enlarges objects while zooming in and 
shrinks them when zooming back out" (Buering et al. (2006)). Semantic zooming shows 
different types of information about an object when the magnification of an object changes 
(Perlin & Fox 1993). Approaches for semantic zooming can be found in Frisch et al.(2008), 
Stengel et al. (2011) and Mulloni et al. (2010). Focus+context combines overview+detail 
and zooming to one presentation. Elements are displayed with more details while the context 
around them is shown with less details (fisheye) (Furnas (1986)). Fisheyes can be found in 
Rao & Card (1994) or the Mac OS X Dock icon-panel. Semantic Fisheyes combining the 
lens-effect with a semantically more detailed presentation can be found in Zhang et al. 
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(2010) and Yoo et al. (2008). Combinations of fisheye and semantic zooming are presented 
by Paternò & Zini (2004) and Buering et al. (2006) whereas the latter uses a geometric-
semantic zooming.  

4 Zooming Concepts 
Different zooming concepts are needed for a better navigation and usability of the scene 
graph of the SIVA Producer (see Meixner (2010)). Overview+detail is used to show which 
area of the graph is currently displayed, if the size of the graph does not fit the editor area. 
Using the Eclipse Rich Client Platform2, the overview area is freely positionable and can be 
closed if not needed by the user. The overview (see figure 1, (1)) is integrated from very 
early versions of the software on and will not be examined in detail in this work. Geometric 
zooming with four different levels was also integrated during the implementation of the 
scene graph and is not object of this work. The scene graph provides only uniform icons (see 
green rectangles in figure 1, (2)) for all scenes which only differ in the name-labels of the 
scenes. We decided to use the concepts of semantic zooming and focus+context to provide 
more information to the user. 

 

Figure 1: Previous version of the scene graph with overview (1) and detail (2) views 

                                                           
2
  http://wiki.eclipse.org/index.php/Rich_Client_Platform (accessed March 16, 2012) 

(1) 

(2)
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An expert group (see Choi (2009)) with three experts (N = 3) in the area of interactive non-
linear video authoring was conducted to decide how many zoom levels make sense and 
which information should be displayed at which zoom level. Possible elements were deter-
mined in a brainstorming. The display of each element was discussed for each zoom level. 
First ideas for the layout of the graph nodes were discussed. It has been decided that three 
zoom levels and a semantic fisheye are useful which provide the following information to the 
user: 

 Zoom level 1: name of the scene and annotation-icon  

 Zoom level 2: name and preview of a scene, quantity of each kind of annotation 

 Zoom level 3: name, preview, duration and source video of a scene; name, type and posi-
tion of each annotation 

 Semantic fisheye: more detailed scene preview, thumbnails of annotations 

Based on the outcome and discussions during the expert group meeting, up to four meaning-
ful paper prototypes (Snyder (2003)) were created and reviewed by members of the expert 
group. These were integrated into a survey (Salant & Dillman (1994)) to decide the follow-
ing questions: 

 Which icons are the most meaningful for indicating the absence/presence of an annota-
tion in a scene? 

 How to abbreviate long scene names? 

 How to arrange the elements in zoom level 2? 

 How to arrange the elements in zoom level 3? 

 How to arrange the elements for a semantic fisheye? 

The survey contained twelve questions and was conducted with Lime-Service3. Images and 
possible answers of subsequent questions were influenced by previously answered questions. 
If a certain icon was selected in one of the first questions, this icon was used for the 
wireframes in the following questions, too, for example. The questionnaire was carried out 
with 102 students/university employees (N = 102) between the ages of 20 and 35. The results 
are given in percent; the p-value is calculated with a binomial test. As a result, the following 
findings can be noted: 

1. The most meaningful icon for an annotation (creation) is a pen (60.8 %)  
(others: 9,8 % - 26,5 % - 2,9 %) (p < 0.001). 

2. The most meaningful icon for the presence of an annotation is a star-like symbol in the 
upper left corner of the icon (47 %) (others: 37 % - 16 %) (p < 0.05). 

                                                           
3
  http://www.limeservice.com/ (accessed March 9, 2012) 
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3. Long names should be abbreviated at the end with “…” (64 %)  
(others: 19 % - 17 %) (p < 0.001). 

4. The video preview in zoom level 2 should be positioned above the annotation infor-
mation but below the scene name (57 %) (others: 28 % - 15 %) (p < 0.001). 

5. The position information of an annotation in zoom level 3 should either be positioned 
before or after the annotation name (before: 54 %, after: 46 %)  
(p = 0.11). 

6. Scene information like scene name and duration should be placed below the scene pre-
view but above the annotation information (70 %) (p < 0.001). 

7. No clear result emerged on the question how the fisheye should be realized. One possible 
solution is the expansion of a scene node (49 %), the other solution is a tooltip-behavior 
(51 %) (p = 0.69). 

The results of the survey were summarized to final paper prototypes due to their statistical 
significance. The result can be found in figure 2. We decided to put the position information 
(result 5, (p = 0.11)) before the annotation name for a better overview. This leads to a group-
ing of the icons for the type and the position of the annotation. Furthermore, we decided to 
implement the fisheye (result 7, (p = 0.69)) with a tooltip-behavior, because it is easier to 
handle in the graph and does not lead to confusion with zoom level 2. The appearance of a 
scene node in zoom level 1 is quite similar to the original appearance except the new annota-
tion icon and another abbreviation of long scene names. Zoom level 2 shows two preview 
images of a scene as well as a compact list of annotations and their quantity. The most de-
tailed level is zoom level 3, where duration and source video of a scene are shown below the 
scene preview. Each annotation is enlisted with icon, position in the player and name. The 
fisheye shows more preview images of the scene and only thumbnails of the annotations as 
well as the scene name in full text. 

 

Figure 2: Paper prototypes of zoom levels 1 to 3 and the semantic fisheye as a tooltip 

Screenshots of the implementation can be found in figure 3 and figure 4. The color design 
was fit to the rest of the GUI of SIVA Producer with mainly grey and orange color shades. A 
zigzag line was inserted to indicate that the preview images of the scene are part of a video.  
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Due to the geometric magnification of the scene nodes from zoom level 1 to 3, overlapping 
of scene nodes can occur. To avoid overlapping, a graph layout algorithm was implemented. 
It is called Fast-Node-Overlap-Removal and can be found in Dwyer et al. (2006) and Dwyer 
et al. (2007). 

 

Figure 3: Screenshot of the semantic fisheye showing two frames of the scene, two image annotations and one text 
annotation 

 

Figure 4: Screenshots of all zoom levels: Zoom level 1 (left) shows only scene names and indicates that each of the 
three scenes contains annotations. Zoom level 2 (centered) shows a preview of the scene and how many annotations 
are added to a scene. Zoom level 3 (right) is the most detailed one; it shows two frames of a scene, the duration of 
the scene and the source video. Furthermore the title of an annotation is displayed as well as its type and position. 
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5 User Evaluation 
First user tests were performed to show that the proposed test methods are suitable for more 
extensive testing. The goal of the tests is to show that the new graph layout is more intuitive 
and allows shorter task completion times. User observation and the User Experience 
Questionnaire (Laugwitz et al. (2008)) were conducted with twenty users (N = 20). These 
were divided into two groups of ten users each. The test users were aged between 20 and 28 
(group 1: 24.5, 2.16, group 2: 23.7, 1.9) and distributed randomly in 
two disjoint groups; a between subject design was used. Group 1 tested the old and group 2 
the new graph layout. The users had to perform the ten tasks enlisted in table 1 after a short 
introduction to the basic functions of the software. The tasks are typical for working with the 
GUI of the scene graph. Time for completing the different tasks was taken for each task. 

Table 1: Task completion times for different tasks and corresponding p-values (calculated by Welch's t-test) 

The results of both tests can only be seen as a rough trend because of the small user groups. 
Summing up table 1, we can say that the new layout shows a better task completion time for 
eight out of ten tasks. It can be noted that tasks which affect only one scene are completed 
only slightly faster (5s at the maximum) with the new graph layout. Tasks concerning more 
than one scene or a comparison of scenes reveal substantial better task completion times (and 
better significance values) using the new scene graph. Both groups were asked to complete 
the UEQ, which can only show a tendency because of the small test group. Further statistical 
evaluations do not make sense because of the small test group. The results (see figure 5) 
reveal tendentially better values in all categories for the new layout of the scene graph than 

ID Question Average task completion time 
p 

old layout new layout 
1 Describe the content of the graph in 

about 5-7 sentences. 30.8 s ( 5.06  33.4 s ( 7.29  0.261 
2 What shows the “entrance”-video? 14.4 s ( 2.65  9.4 s ( 2.69  < 0.001 
3 Name all scenes with a “layout”-

annotation. 49.7 s ( 7.21  25.9 s ( 8.68  < 0.001 
4 Which scene has the highest quantity of 

annotations? 39.9 s ( 8.46  23.4 s ( 5.55  < 0.001 
5 Does scene “to the exit” contain annota-

tions? 3.1 s ( 0.70  3.2 s ( 1.54  0.847 
6 How many annotations contains scene 

“entrancefoyer”? 6.7 s ( 2.00  7.8 s ( 2.71  0.293 
7 How many scenes contain subtitles? 46.4 s ( 7.32  17.2 s ( 3.09  < 0.001 
8 Are video-annotations used in this inter-

active video? 39.8 s ( 7.67  14.1 s ( 3.21  < 0.001 
9 How long is scene “hallfoyer”? 8.2 s ( 2.04  8.3 s ( 2.61  0.921 
10 Which is the source video of scene “en-

trancefoyer”? 15.5 s ( 4.98  8.6 s ( 2.24  < 0.001 
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for the old one. Especially the values for attractiveness, efficiency and novelty show a rise. 
As a result of the pre-test, it can be noted that both tests are suitable for testing with larger 
user groups.  

 

Figure 5: Results of the UEQ 

6 Conclusion 
We have introduced layouts for three different semantic zoom levels as well as a fisheye 
tooltip in this work. The content of each zoom level and the fisheye was determined by an 
expert group. The findings of this expert group were transferred into paper prototypes which 
were used in a survey to find the most intuitive solution for each question. The implemented 
solution was tested with ten users and compared to the old version of the scene graph, which 
was also tested with ten users in a pre-test. This pre-test was used to ensure the suitability of 
the user test (with measurement of the task completion time) and the UEQ for testing with 
larger user groups. Qualitative findings showed that the task completion time could be im-
proved in eight out of ten tasks, especially in tasks concerning more than one scene or a 
comparison of scenes. Furthermore a UEQ indicated that especially the attractiveness, the 
efficiency and the novelty were improved in the new version of the scene graph. Tests with 
more users are necessary to be able to provide quantitative and statistically significant val-
ues. While some results in the survey had a clear tendency to one of the possible solutions, 
no clear decision was made according to the arrangement of the position information of an 
annotation in zoom level 3. Furthermore, the realization of the fisheye had no clear tendency. 
Further tests are necessary to decide which solution provides a better user experience. 
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