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Abstract
The development of multimedia annotation technique provides the possibility to redesign the interfaces of widely used media players,
and EmoPlayer is such a media player that can be used to play video clips with aﬀective annotations. A user can select a character in a
video clip and view the distribution of his/her emotions along the video timeline through a colour bar based interface. Two experiments
were conducted to evaluate the eﬃciency of aﬀective annotation. The results of these experiments indicate that aﬀective annotation is
eﬀective in both improving the speed of locating a speciﬁc scene within a video clip and helping comprehend a video clip in a limited
viewing time period. Based on the analysis of recorded operations of participants, the strategies employed by participants and the factors
that might inﬂuence the utilization of aﬀective annotation are also highlighted.
 2007 Published by Elsevier B.V.
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1. Introduction
With the rapid development of computing and network
technologies, multimedia and networked multimedia technologies have proliferated quickly in recent years. Nowadays, more and more computer users utilize various
media players to watch movies and TV programmes stored
on their personal computers or in real-time over the Internet. In addition to watching a video clip from the beginning
to the end, users sometimes just view the scenes they are
interested in or browse the video clip to get a summary.
Although this is not what the director wants, users often
employ these methods when they do not have enough time,
or just want to determine whether spending further time on
the video clip is worthwhile. On a media player, the slide
bar, designed for users to seek a speciﬁc scene within the
playing clip, is one of the most important interface compo*
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nents. Currently most users utilize the slide bar to perform
just this function. Since the slide bar in a traditional media
player only provides limited information, such as the total
duration of the playing clip and the position of current
scene, it is diﬃcult for users to rapidly locate a speciﬁc
scene within a video clip or comprehend a video clip in a
limited viewing time period. When watching streaming
media, it is even more diﬃcult, because a drag operation
will cause a short term pause for the media to be buﬀered.
In order to help users locate a speciﬁc scene rapidly,
most DVDs provide index menus. A menu item in an index
menu should be related to a speciﬁc scene, and the representative picture, short video clip, or brief description of
the scene might be included in the menu item. If users select
an item, they are navigated to the corresponding scene. In
this area, Norman (2001) studied the usability problems of
index menu design and Költringer et al. (2005) conducted
some usability tests and identiﬁed several usability issues.
Additionally, storyboards (Christel and Warmack, 2001),
which are common to most digital video libraries, can provide scene navigation by presenting an ordered set of representative thumbnail images simultaneously on a
computer screen. From a technical perspective, both index
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in the speciﬁc research focus of aﬀective annotation (Xia
et al., 2005) coming into being. The results of aﬀective
annotation could be used to perform information indexing
and retrieval, for example, the aﬀective annotations of ﬁlms
were utilized to query speciﬁc scenes in ﬁlms (Chan and
Jones, 2005).
Emotions are of increasing interest to the HCI community (Cockton, 2002). Within the last decade, emotion
research in HCI grew from an eccentric hobby of some
visionary scientists to a widely accepted ﬁeld of research.
Picard and Klein (2002) presented prototypes of interactive
computer systems that can detect and label aspects of
human emotional expression, and that respond users experiencing frustration and other negative emotion with emotionally
supportive
interactions,
demonstrating
components of human skills such as active listening, empathy, and sympathy. Additionally, user needs of such systems were deﬁned in a broader perspective. Partala and
Surakka (2004) investigated the psychophysiological eﬀects
of positive and negative aﬀective interventions in human–
computer interaction during and after the interventions,
the results suggested that both types of aﬀective intervention had beneﬁcial eﬀects over ignoring the user. Peter
and Herbon (2006) proposed a suitable approach to structure and represent emotions for use in digital systems,
which is an applicable model of emotions suitable for
designing emotion-aware systems or performing HCIrelated emotion studies. Besides designing interactions
upon the emotional states of users, HCI community also
works on utilizing the results of aﬀective annotation. For
example, Liu et al. (2003b) presented an interface to visualize the emotional states extracted form sentences in a text
document, with diﬀerent colours to represent diﬀerent emotions and a colour bar to present the emotional distribution
of the document. Evaluation results indicated that with
aﬀective annotation and the colour bar based interface,
within-document information foraging performance was
improved.
In most movies or TV programmes, diﬀerent events or
scenes might be associated with the emotions displayed
by the actors and actresses playing each of the characters.
For example, when a person is given a promotion or wins a
prize, this is most possibly accompanied with happy emotion. The emergence of aﬀective annotation gives a possibility to further improve the eﬃciency of media players
while performing tasks like locating a speciﬁc scene.
Inspired by this, we developed a media player named EmoPlayer which can play video clips with aﬀective annotations. By selecting a character in a video clip, users can
view that character’s emotional distribution along timeline
through the colour bar based interface of EmoPlayer. In
addition, two experiments were conducted to evaluate the
eﬃciency of aﬀective annotation. The ﬁrst experiment studied the eﬀects of aﬀective annotation on locating a speciﬁc
scene within a video clip. The second experiment studied
the eﬀects of aﬀective annotation on the comprehension
of a video clip in a limited viewing time period and the user
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menus and storyboards are based on multimedia annotation and hyperlink, with multimedia annotation assuming
a more important role.
Since multimedia content is becoming a prevalent information source and the volume of such content is continually growing, annotating multimedia content with
semantic information, such as scene/segment structures
and metadata about visual/auditory objects etc., is necessary for advanced multimedia content services, such as
multimedia summarization and multimedia retrieval etc.
In recent years, multimedia annotation has been widely
studied. Related work of traditional multimedia annotating
methods and tools includes: Costa et al. (2002) implemented VAnnotator which allowed users to annotate
audio-visual content through a timeline model; Abowd
et al. (2003) provided a method to archive and annotate
large collections of informal family movies; and Bulterman
(2003) discussed applying facilities in SMIL 2.0 to solve the
problem of annotating multimedia presentations, and proposed a method to represent annotations within a common
document architecture. Related work of innovative multimedia annotating methods and systems includes: Qian
and Feijs (2004) integrated photo annotating tasks into
instant messaging applications; Fogli et al. (2004) proposed
an electronic annotation method for two way exchange of
ideas among humans pursuing a common goal; Bottoni
et al. (2004) presented a multimedia digital annotation system named MADCOW which allows Internet users to create, read, modify, save, search, and ﬁlter public or private
annotations related to the contents of web pages; and Carter et al. (2004) designed methods for users to post and
acquire digital information to and from public digital displays, and to modify and annotate previously posted content to create publicly observable threads. Additionally,
some support techniques for multimedia annotation have
also been studied, for example, Ramos and Balakrishnan
(2003) explored a variety of interaction and visualization
techniques for ﬂuid navigation, segmentation, linking,
and annotation of digital videos.
Human emotion, in its most general deﬁnition, is a neural impulse that moves an organism to action, prompting
automatic reactive behavior that has been adapted through
evolution as a survival mechanism to meet a survival need.
Davidoﬀ (1980) deﬁnes emotion as a feeling that is
expressed through physiological functions such as facial
expressions, faster heartbeat, and behaviors such as aggression, crying, or covering the face with hands. Since emotion
is more explicit than human feeling, it can be recognized
through technical methods, for example facial expression
recognition from the computer vision community (Wang
and Ahuja, 2003), speech emotion recognition from the
speech processing community (Kwon et al., 2003), and textual aﬀect sensing from the natural language processing
community (Liu et al., 2003a). Based on the advances in
multimedia content analysis and the fact that emotion is
a basic aspect of human functioning, researchers have
attempted to realize more semantic annotation, resulting
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2. EmoPlayer
2.1. Emotion categorization
Humans have a large vocabulary with which they can
describe emotion, such as ‘‘happy’’, ‘‘angry’’, and ‘‘sad’’
etc. While metrics concerning human emotion can be
instrumentally measured from facial expression, speech,
and heart rate etc., people still describe emotion and interpret it in impressionistic terms which can be highly subjective (Cowie et al., 2001). Since there does not exist a single
universally accepted human emotion categorization (Russell, 1991), researchers have proposed diﬀerent categorizations for diﬀerent purposes, for example Ekman (1982),
Craggs and Wood (2004), Murray and Arnott (1993) proposed categorizations for facial expression, the linguistic
content of dialogue, and voice, respectively. In order to
improve the accuracy of emotion classiﬁcation, our study
employs a simple existing categorization, in which human
emotion is categorized into ﬁve types: happy, sad, fearful,
angry, and neutral. Thompson et al. (2004), Williams
et al. (2005) employed an analogous categorization in their
studies.
2.2. Colour bar based interface
How to show a character’s emotional distribution along
timeline through the interface was a key problem in the
design of EmoPlayer. The slide bar for seeking a speciﬁc
scene within the playing video clip intuitively shows the
position of that scene as well as potentially showing time

related information. EmoPlayer utilizes this characteristic
of the slide bar and adds an additional bar, which is positioned above and aligned to the slide bar, to show a character’s emotional distribution along the timeline.
How to show diﬀerent types of emotion in the added bar
was another key problem in the design of EmoPlayer.
Inspired by the research of Liu et al. (2003b), EmoPlayer
employs diﬀerent colours to show diﬀerent types of emotion, and analogous design was used to visualize the
embodying information of a playing video clip (Barbieri
et al., 2001). Although there are many studies about the
psychology of colour, for example the eﬀects of colour on
emotions (Valdez and Mehrabian, 1994), the results of
these studies vary largely over diﬀerent situations. EmoPlayer employs a mapping between diﬀerent emotions
and colours, in which yellow, red, blue, green, and grey
indicate happy, angry, sad, fearful, and neutral emotional
states, respectively. This mapping is partially consistent
with generally accepted ﬁndings of colour psychology, for
example yellow, red, and blue are used to indicate happy,
angry, and sad emotional states (Tokitomo et al., 2004),
and attempts to maximize the distances between diﬀerent
colours, for example primitive colour green is used to indicate fearful.
Fig. 1(a) illustrates the added colour bar which shows a
character’s emotional distribution along the timeline with
the colour white indicating the absence of that particular
character. This version of the added colour bar is referred
to as with aﬀective annotation. Compared with the interfaces of traditional media players, this interface can provide information on when a speciﬁc character is present
in the playing clip and the emotional state of that character
whenever he/she is present. The ﬁrst step in employing this
interface is for the user to select a character to be displayed.
The user can then utilize the slide bar to jump to a scene in
which that character is present and given his/her speciﬁc
emotional state. Since the main aim of this study is to
investigate the eﬀects of showing emotion related information on human performance, not the eﬀects of showing
presence related information, EmoPlayer also employs
another version of the added colour bar, which only provides an indication of when a character is present.
Fig. 1(b) illustrates this version of the added colour bar,
in which the colours grey and white are employed to indicate the presence and absence of a character, respectively.
Since emotional state information is not conveyed, this version of the added colour bar is referred to as without aﬀective annotation. Note that for the purpose of clarity and

Fig. 1. Diﬀerent kinds of the added colour bar. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version
of this article.)

Downloaded from http://iwc.oxfordjournals.org/ at Pennsylvania State University on May 8, 2016

satisfaction with respect to aﬀective annotation. To our
knowledge, EmoPlayer is the ﬁrst media player designed
for video clips with aﬀective annotations.
Aﬀective annotation, especially automatically annotating a video clip through facial expression or speech recognition, itself is quite diﬃcult and needs further research.
The primary aim of this paper is to discuss design considerations for creating a media player exploiting the results
of aﬀective annotation and study the eﬃciency of aﬀective
annotation while performing given tasks. The remainder of
the paper is organized as follows: Section 2 describes the
design and implementation of EmoPlayer; Section 3 discusses the designs, procedures, and results of the experiments conducted with EmoPlayer; Section 4 provides
some conclusions and suggests areas of future work given
this research.
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printing in black and white, all illustrated colour bars are
drawn as vector graphs, and the implementation of the
interface can be seen in Fig. 2.
2.3. Implementation

3. Experiments
Two experiments were conducted to evaluate the eﬃciency of aﬀective annotation. The ﬁrst experiment studied
the eﬀects of aﬀective annotation on locating a speciﬁc
scene within a video clip. The second experiment studied
the eﬀects of aﬀective annotation on the comprehension
of a video clip in a limited viewing time period and the user
satisfaction with respect to aﬀective annotation.
The video clips used in the experiments met the following criteria: the characters were rich in the diﬀerent emotion types; and the characters expressed these emotions in
a straightforward way. According to the criteria, three
video clips were selected for the experiments. All these
video clips were dubbed in Chinese, and the durations were
22, 45, and 36 min, respectively. The ﬁrst video clip was
used for participants to practice before the formal experiments while the other two video clips were used for Experiment 1 and 2, respectively.
In order to annotate the selected video clips, a three-person group was set up and the members of the group were

Fig. 2. A screen snapshot of EmoPlayer.
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EmoPlayer is implemented with VC++ and DirectShow
is employed to provide multimedia related functions. Fig. 2
shows a screen snapshot of EmoPlayer which can provide
most functions of a traditional media player, for example
play, stop, and pause etc. What make this interface diﬀerent are the following additional features: (i) an added colour bar over the slide bar to show the emotional
distribution of a character (or just the presence of a character when the bar is without aﬀective annotation); (ii) a
combo box which can be used to switch between diﬀerent
characters; and (iii) a legend which indicates the relationship between diﬀerent emotion types (or presence states
when the bar is without aﬀective annotation) and colours.
The components named event cue and process are added for
the purpose of displaying corresponding information in the
experiments.
Since XML is suitable for aﬀective annotation (Xia
et al., 2005), it is employed by EmoPlayer with the aﬀective
annotation of a particular video clip being stored in an
XML ﬁle. The XML ﬁle should have the same ﬁle name,
and be stored in the same directory, as its corresponding
video clip. When opening a video clip in EmoPlayer, its

corresponding XML ﬁle is also opened and the aﬀective
annotation is read into memory. Subsequently, the colour
bar of the ﬁrst character is generated and displayed.
Fig. 3 is a sample XML ﬁle which stores the aﬀective annotation of a video clip containing three characters named
Ross, Rachel, and Chandler.
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familiar with emotion expression. The task of the group
was to determine the emotional distributions of the main
characters in the video clips. For each video clip, they ﬁrst
annotated the clip separately, and then they discussed
where their results diﬀered. Since the emotions in the
selected video clips were expressed in a straightforward
manner, there were few diﬀerences between the results of
diﬀerent group members and a group consensus was easily
reached. The aﬀective annotations of the selected video
clips were subsequently stored as three XML ﬁles. In the
video clips for Experiment 1 and 2, the numbers of happy,
sad, fearful, angry, and neutral emotional states were 29, 4,
0, 15, 25 and 31, 10, 5, 7, 47, respectively. The numbers of
diﬀerences between the results of group members and the
ﬁnal result were 4, 2, 3 and 4, 3, 4, respectively.
In the experiments, EmoPlayer was run on an IBM T42
laptop which had a 14-inch LCD screen with a resolution
of 1024 · 768 pixels. Since participants used a pointing
device to interact with EmoPlayer and not all of them were
familiar with touch pad and pointing stick, a Microsoft
IntelliMouse Optical mouse was employed as input device,
and all participants used the external mouse to interact
with EmoPlayer.
In order to minimize environmental disturbances, the
experiments were conducted in an empty oﬃce. During
the formal experiments, the operations of all participants
were recorded through a screen capture tool. These records
were used in the post experiment analysis to study the strategies employed by participants and the factors that might
inﬂuence the utilization of aﬀective annotation.
3.1. Experiment 1
3.1.1. Design and hsypotheses
The aim of the ﬁrst experiment was to study the eﬀects
of aﬀective annotation on locating a speciﬁc scene within

a video clip. The task for participants in the ﬁrst experiment was to locate a target scene as soon as possible after
the description of the scene was given. Similar task was
employed to investigate the searching and browsing behaviors of users employing a traditional VCR-like control set
(Crockford and Agius, 2006).
In this experiment, a 2 (with aﬀective annotation or not)
· 2 (participants were familiar with the video clip or not)
between group design was employed. Five target scenes
were selected from the second movie clip before the experiment, and all of them had explicit relationships with diﬀerent emotions, for example, ‘‘the scene in which the lovers
start to dance’’ was the description of a target scene and
this scene intuitively related to the happy emotion of
evolved characters. Of the ﬁve target scenes, three had
explicit relationships with happiness, and the other two
had explicit relationships with angry and sad emotional
states, respectively. All ﬁve target scenes were almost
equally distributed in the video clip, and the order in which
these scene descriptions were given was not necessarily
chronological. For example, if a target scene was located
the next target scene might be before or after the newly
located scene. In order to ensure there were suﬃcient distances between consecutive target scenes, the order of these
scenes was constant across participants and experimental
conditions. The target scenes appeared within the timeline
in the following order: 1, 3, 5, 2, and 4, with these scenes to
be located in an ascending order, i.e. target scene 1, 2, 3, 4,
and 5. In the experiment, the performance metric was Task
Completion Time (TCT), which was the time duration to
locate all ﬁve target scenes. Because TCT was not the time
duration to locate a speciﬁc target scene, ﬁxing the order of
target scenes would not aﬀect the results of the experiment.
Since it was quite diﬃcult for participants to locate a speciﬁc frame within the playing clip, a time range of approximately seven seconds was used for each target scene. If the
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Fig. 3. A sample XML ﬁle storing the aﬀective annotation of a video clip.
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slide was dragged to a position within this range, a window
popped up with a message showing that the target scene
had been successfully located.
Experiment 1 had the following hypotheses:
Hypothesis 1.

Hypothesis 2.

The participants who employed the colour
bar with aﬀective annotation would locate
target scenes more quickly than the participants whose colour bar was without aﬀective annotation.
The participants who were familiar with
the video clip would locate target scenes
more quickly than the ones who were not.

Familiar
Unfamiliar

100
Mean TCT (seconds)

22

80
60
40
20
0
Without annotation

3.1.3. Procedure
Before the formal experiment, the interface and operations of EmoPlayer were introduced to the participants,
and they were given 30 min to familiarise themselves with
EmoPlayer. The ﬁrst video clip was used in this stage.
The ﬁrst 10 min was used for participants to learn the interface of EmoPlayer, and then they did video browsing practice with and without the help of aﬀective annotation
(10 min each). Before the start of the formal experiment,
the task in the experiment was described to the participants. The names and photographs of the main characters
in the video clip were also shown to each participant. In
accordance with the design of Experiment 1 (some participants being familiar with the video clip), the participants in
these groups were shown the entire video clip from beginning to end, before the formal experiment. During the
experiment, the description of each target scene was shown
to participants through the text ﬁeld named event cue, as
shown in Fig. 2. After a target scene was located, the
description of the next target scene was shown, and all target scenes should be located in a constant increasing order,
i.e. target scene 1, 2, 3, 4, and 5. The experiment ended
when all ﬁve target scenes were located, and then the
TCT was recorded for each participant.
3.1.4. Results
Fig. 4 shows the mean TCT over the various experimental conditions. Two-way ANOVA was used to analyze
these results, which showed that aﬀective annotation [F
(1, 22) = 17.313, p < 0.05], familiarity [F (1, 22) = 66.138,

Fig. 4. Mean TCT over diﬀerent experimental conditions. (Error bars
show Std. Deviation).

p < 0.05], and aﬀective annotation · familiarity [F
(1, 22) = 6.800, p < 0.05] had signiﬁcant eﬀects on TCT.
For participants who were familiar with the video clip,
TCT decreased 18.4% with aﬀective annotation compared
to when it was not employed. For participants who were
unfamiliar with the clip, the aﬀective annotation helped
even more, decreasing TCT by 35.3%. One-way ANOVA
showed that aﬀective annotation had diﬀerent eﬀects on
TCT (familiar [F (1, 10) = 4.741, p = 0.054] and unfamiliar
[F (1, 10) = 13.123, p < 0.05]). These results support
Hypothesis 1 and 2, indicating that aﬀective annotation
and the familiarity of the video clip can signiﬁcantly
shorten the time used to locate target scenes within the
video clip.
3.1.5. Operation sequences
The operations of all participants were recorded by a
screen capture tool. All records were reviewed after the
experiment to analyze the strategies used by participants
to locate target scenes.
In order to facilitate analyzing employed strategies, only
the operation sequences between the fourth and ﬁfth target
scenes for selected participants are described here. After the
fourth target scene was located, the description of the ﬁfth
target scene, ‘‘Jizheng (a character’s name) made a strike
while playing 10-pin bowling’’, was shown to participants.
After seeing this description, all participants immediately
switched to the colour bar of Jizheng through the combo
box. Fig. 5 shows the colour bar of Jizheng with aﬀective
annotation and the locations of the fourth and ﬁfth target
scenes, which are marked as starting point and target,
respectively. The ﬁfth target scene is several seconds ahead
of the thin yellow block which is at the center of the presence block, for Jizheng was very happy after the strike and
celebrated it with his friends.
Sequence 1 (see Fig. 5) was the operation sequence of a
participant (referred to as Participant 1), who was familiar
with the video clip and aﬀective annotation was employed.
The strategy Participant 1 used might be: ﬁrst located a
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3.1.2. Participants
Twenty-four participants, both undergraduate and postgraduate students, were recruited from the campus of Zhejiang University. There were 6 females and 18 males and
their ages ranged from 24 to 28 (Mean = 25.375, Std. Deviation = 1.313). All of the participants were familiar with
traditional media players, and Chinese was their native language. None of them had watched the video clip used in
Experiment 1 before. All participants were randomly
divided into four equal groups, corresponding to the four
experimental conditions.

With annotation
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Fig. 5. The colour bar of Jizheng with aﬀective annotation and the operation sequences of participants. (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article.)

not employed. The search strategy employed by Participant
4 appeared to have been to check all presence blocks of
Jizheng from left to right. Based on this strategy, Participant 4 ﬁrst dragged the slide to position a. After ﬁnding
that the scene did not occur in a bowling alley, he immediately dragged the slide to position b. Although the scenes of
positions b, c and d occurred in a bowling alley, he dragged
the slide to position e after brief checking. After ﬁnding
that the scene of position e did not occur in a bowling alley,
he dragged the slide back to position b and ﬁnally located
the target scene after more careful checking.
After reviewing all of the records, a common strategy
across participants and experimental conditions was identiﬁed, i.e. the participants switched to the character related
to a target scene after getting the description of the scene.
This strategy was quite straightforward, and all participants appeared to use it to reduce the area to be checked.
Since the ﬁve target scenes in Experiment 1 had explicit
relationships with diﬀerent characters, all participants
selected the correct characters. This observation suggested
that the annotation of the presence of each character was
useful for participants to shorten the time locating target
scenes.
From the review of the participant records, it can be
seen that most participants familiar with the video clip
(11 out of 12, 5 with aﬀective annotation, and 6 without
aﬀective annotation) appeared to use the knowledge about
the clip to determine whether a block contained the target
scene, and all participants with aﬀective annotation
appeared to employ the relationship between diﬀerent
scenes and emotions. To the participants both familiar with
the video clip and with aﬀective annotation, most of them
(5 out of 6) appeared to utilize the aﬀective annotation
after they had determined the most possible presence block,
while the exceptional participant only utilized the aﬀective
annotation. This observation might explain why the eﬀects
of aﬀective annotation on TCT were diﬀerent according to
whether participants were familiar with the video clip and
that aﬀective annotation had a greater impact when participants were unfamiliar with the video clip.
In order to utilize aﬀective annotation to locate a target
scene, it was very important for participants to relate the
target scene with a speciﬁc emotion of a character. For
example, in locating the ﬁfth target scene, participants
would need to relate the scene ‘‘make a strike’’ with the
‘‘happy’’ emotion of the character. In the experiment, all
target scenes could be easily related with diﬀerent emo-
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scene that Jizheng was in a bowling alley, and then utilized
the relationship between diﬀerent scenes and emotions (e.g.
making a strike should cause Jizheng to be happy) to ﬁnd
the target scene. Based on this strategy Participant 1 did
not utilize the happy emotion of Jizheng ﬁrst, for he
dragged the slide from position a to b which did not relate
to the happy indication. When Participant 1 found that the
scene in position b did not occur in a bowling alley, he
moved the slide to position c immediately. When Participant 1 dragged the slide to position c and found that the
scene occurred in a bowling alley, he utilized the relationship between diﬀerent scenes and emotions to estimate
the position of the target scene. After that, Participant 1
moved the slide a little backward from the thin yellow
block and located the target scene.
Sequence 2 (see Fig. 5) was the operation sequence of a
participant (referred to as Participant 2), who was not
familiar with the video clip and aﬀective annotation was
employed. The strategy used by Participant 2 to locate
the target scene was likely to be completely dependent on
the relationship between diﬀerent scenes and emotions.
Based on this strategy, Participant 2 directly dragged the
slide to the beginning of each main yellow block (positions
a, b, and c), and checked these blocks one by one. When
Participant 2 dragged the slide to position d, he located
the target scene immediately.
Sequence 3 (see Fig. 5) was the operation sequence of a
participant (referred to as Participant 3), who was not
familiar with the video clip and aﬀective annotation was
employed. The strategy used by Participant 3 was similar
with the one used by Participant 2, checking yellow blocks
one by one. Additionally, he checked more carefully than
Participant 2. At the last presence block of Jizheng, Participant 3 checked ﬁve positions (a, b, c, d, and e), whereas
Participant 2 just checked three positions. After checking
position g, it is suspected that Participant 3 became impatient and lost conﬁdence, causing a switch to the colour bar
of Yinzhu (a character’s name) and dragged the slide four
times. After that Participant 3 switched back to the colour
bar of Jizheng and dragged the slide to position h, and the
target scene was located ﬁnally. Note that two positions in
the colour bar of Yinzhu had already been checked before,
but Participant 3 checked these positions again after
switching the colour bar.
Sequence 4 (see Fig. 5) was the operation sequence of a
participant (referred to as Participant 3), who was not
familiar with the video clip and aﬀective annotation was
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3.2. Experiment 2
3.2.1. Design and hypotheses
The aim of the second experiment was to study the
eﬀects of aﬀective annotation on the comprehension of a
video clip in a limited viewing time period. The task for
participants in the second experiment was to attain some
understanding of the content of a video clip given a limited
viewing time period.
In this experiment, a 2 (with aﬀective annotation or not)
· 3 (diﬀerent viewing time periods) between group design
was employed. Three viewing time periods (1/3, 1/2, and
2/3 of the duration of the video clip) were used during
the experiment, and are referred to as short, medium, and
long viewing time, respectively.
In this experiment a test was implemented to measure
the degree of comprehension. The test consisted of ten
questions, each with four choices and one correct answer,
with the positions of correct answers selected randomly.
Participants were instructed to answer all questions even
if they were not sure about their choices. In order to minimize the eﬀects of the understanding ability of participants
on the results, all questions were designed to be straightforward, and each question corresponded to an important
scene in the video clip. If a participant had viewed a scene
to which a question corresponded, he/she was supposed to
answer the question correctly. In other words, the test measured the understanding of the speciﬁc details of the video
clip, which was an important part of comprehension. In all
ten questions, seven corresponded to scenes with non-neu-

tral emotional states of characters, for example ‘‘From
whom did Qiang (a character’s name) receive a gift?’’, while
the others corresponded to other scenes, for example
‘‘What job did Shuan’s father (a character’s name) have?’’
All ten scenes corresponding to these questions were almost
equally distributed in the video clip, and all participants,
regardless of the viewing time period assigned, had an
opportunity to view the scenes that provided answers to
these questions.
The score obtained by each participant in the test was
regarded as the objective metric of the experiment,
although a questionnaire was also employed to gain a subjective evaluation of the exercise. This questionnaire contained three bipolar ﬁve-point Likert-type scales: (i) How
helpful did you ﬁnd the colour bar in understanding the
video clip? (1 refers to totally helpless and 5 refers to very
helpful); (ii) How accurate do you think the aﬀective annotation was? (1 refers to totally inaccurate and 5 refers to
very accurate); (iii) How suﬃcient do you think the given
viewing time was? (1 refers to totally insuﬃcient and 5
refers to very suﬃcient).
The hypotheses for the second experiment were:
Hypothesis 1.

Hypothesis 2.

The eﬀects of aﬀective annotation would
change with the viewing time period
assigned.
The participants using aﬀective annotation would achieve higher scores than
those participants who did not use it.

3.2.2. Participants
Thirty-six participants, undergraduates and postgraduates, were recruited from the campus of Zhejiang University. The participants included the twenty-four
participants of Experiment 1. There were 12 females and
24 males and their ages ranged from 23 to 28
(Mean = 25.083, Std. Deviation = 1.273). All of them were
familiar with traditional media players, and Chinese was
their native language. None of them had watched the video
clip used in Experiment 2 before. All participants were randomly divided into six equal groups, corresponding to the
six experimental conditions.
3.2.3. Procedure
Before the formal experiment, the interface and operations of EmoPlayer were introduced to the participants
that did not attend Experiment 1, and these participants
were given 30 min familiarize themselves with EmoPlayer,
with the same practice procedure as Experiment 1. Before
the start of the formal experiment, the task in the experiment was described and the names and photographs of

Fig. 6. The colour bar of Jifeng with aﬀective annotation. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the
web version of this article.)
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tions. For example, the description of the third target scene
was ‘‘Jifeng (a character’s name) was talking about the
moment he met his girlfriend’’, and it was intuitive for participants to relate the target scene with the happy emotion
of the character. The colour bar of Jifeng with aﬀective
annotation is shown in Fig. 6. While the eﬀects of aﬀective
annotation on TCT are largely depended on whether an
explicit relationship between target scenes and speciﬁc
emotions exists, the frequency and duration of the emotion
related to a target scene can also be signiﬁcant. For example, if a target scene was related with the ‘‘angry’’ emotion
of Jifeng, it would conceivably be easier for participants to
locate this target scene than a speciﬁc target scene from a
video clip in which Jifeng had numerous ‘‘angry’’ scenes.
To summarize the above discussion, the eﬀects of aﬀective annotation on locating a target scene appear to be
inﬂuenced by: (i) whether the target scene can be related
to a character; (ii) whether the target scene can be related
to a speciﬁc emotion of the character; and (iii) the frequency and duration of the related emotion.

L. Chen et al. / Interacting with Computers 20 (2007) 17–28

the main characters in the video clip were shown to the participants. In the formal experiment, participants were asked
to watch the video clip for a speciﬁc viewing time period,
with information about elapsed and remaining time provided through a progress bar named process, as shown in
Fig. 2. After watching the video clip, every participant
was required to complete the test and questionnaire. Participants were instructed to guess if they were unsure of an
answer. Participants who utilized aﬀective annotation in
the experiment answered all three questions in the questionnaire while the participants who did not use aﬀective
annotation only answered the third question.

10
Short

Medium

Long

Mean test score

8

6

4

2

0
Without affective
annotation

With affective
annotation

Fig. 7. Mean test score over diﬀerent experimental conditions. (Error bars
show Std. Deviation).

prehension test scores, is unclear. It can, however, be
suggested that the beneﬁcial eﬀects of aﬀective annotation
on the comprehension of the video clip increased with
viewing time.
The results of the subjective evaluation were: to the ﬁrst
question (How helpful did you ﬁnd the colour bar in understanding the video clip?), the mean evaluation was 4.111
(Std. Deviation = 0.676), and one-way ANOVA showed
that viewing time did not have signiﬁcant eﬀects on the
value [F (2, 15) = 1.711, p = 0.214]; to the second question
(How accurate do you think the aﬀective annotation was?),
the mean evaluation was 4.056 (Std. Deviation = 0.539),
and one-way ANOVA showed that viewing time did not
have signiﬁcant eﬀects on the value [F (2, 15) = 0.172,
p = 0.843]; to the third question (How suﬃcient do you
think the given viewing time was?), the mean evaluations
were 2.500 (Std. Deviation = 0.674), 2.917 (Std. Deviation = 0.669), and 3.250 (Std. Deviation = 0.622) corresponding to the short, medium, and long viewing time,
with two-way ANOVA indicating that viewing time did
have a signiﬁcant eﬀect on the value [F (2, 33) = 3.631,
p < 0.05], whereas aﬀective annotation [F (1, 34) = 0.238,
p = 0.629] and aﬀective annotation · viewing time [F
(2, 33) = 0.060, p = 0.942] did not. These results suggested
that participants thought that aﬀective annotation was useful for them in comprehending the video clip and that the
aﬀective annotation of the video clip was considered accurate. The assigned viewing time, however, was not considered suﬃcient even at its longest.

3.2.5. Operation sequences
The operations of all participants were recorded by a
screen capture tool. All records were reviewed after the
experiment to analyze the strategies used by participants
in comprehending the video clip given a limited viewing
time. The video clip used in the second experiment was a
stage drama in which there were four characters: Qiang;
Qiang’s father; Shuan; and Shuan’s father. The numbers
of happy, sad, fearful, angry, and neutral emotional states
of these characters were (13, 0, 2, 2, 11), (8, 3, 0, 2, 16), (7,
4, 2, 0, 10) and (3, 3, 1, 3, 10), respectively. The length of
the entire video clip was approximately 36 min.
Sequence 5 was the operation sequence of a participant
(referred to as Participant 5), who was assigned 18 min
(medium viewing time) to watch the video clip with aﬀective annotation. In the experiment, Participant 5 took the
presence of a character as a clue to watch the video clip
and browsed all presence blocks of the character from left
to right. The whole watching procedure consisted of four
browsing procedures, with each one corresponding to a
speciﬁc character. If an encountered scene had already
been watched, Participant 5 dragged the slide to jump forward. After four browsing procedures, Participant 5 spent
the remaining time reviewing blocks where diﬀerent emotions were densely distributed. In the post experiment test,
Participant 5 answered eight questions correctly. For the

Downloaded from http://iwc.oxfordjournals.org/ at Pennsylvania State University on May 8, 2016

3.2.4. Results
Fig. 7 shows the mean test score across the various
experimental conditions. Two-way ANOVA was used to
analyze the results, which showed that aﬀective annotation
[F (1, 34) = 10.028, p < 0.05], viewing time [F
(2, 33) = 12.012, p < 0.05], and aﬀective annotation · viewing time [F (2, 33) = 3.367, p < 0.05] had signiﬁcant eﬀects
on test score. Under the short viewing time condition, the
mean score was less than 5 regardless whether aﬀective
annotation was used or not. Under the medium viewing
time condition, the mean score was improved signiﬁcantly,
and with the help of aﬀective annotation participants
achieved a higher mean test score. Under the long viewing
time condition, the mean test score was further improved
with the help of aﬀective annotation, whereas it even
decreased slightly when aﬀective annotation was not used.
Under diﬀerent viewing times, one-way ANOVA showed
that aﬀective annotation had diﬀerent eﬀects on test score
(short [F (1, 10) = 0.052, p = 0.825], medium [F
(1, 10) = 1.875, p = 0.201], and long [F (1, 10) = 16.897,
p < 0.05]). The above results support Hypothesis 1 suggesting that the eﬀects of aﬀective annotation change with the
viewing time, while support for Hypothesis 2, that participants using aﬀective annotation would achieve higher com-
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Table 1
Mean test score over diﬀerent experimental conditions and strategies
Aﬀective Viewing Strategy
annotation time
Without

With

Medium Role-based
Beginning to
Long
Role-based
Beginning to
Medium Role-based
Beginning to
Long
Role-based
Beginning to

Mean
Std.
Number of
test score Deviation participants
5
end 6
5
end 6
8
end 6.4
8.25
end 8

0
1
0
1.41
0
1.29
0.96
0

2
3
1
4
1
4
4
2

browsed the video clip four times with diﬀerent colour bars
of these characters. Without aﬀective annotation, the participants that employed a role-based strategy had to
equally browse all scenes, and the workload of browsing
with diﬀerent colour bars forced them to spend little time
on each scene. This might explain why the mean test score
was lowest when a role-based strategy was employed without aﬀective annotation. Since important scenes in the
video clip often corresponded with diﬀerent emotional
states of the main characters, aﬀective annotation enabled
participants to quickly locate the important scenes and
spend their limited time watching these scenes. This capability could be the reason why the mean test score were
highest when a role-based strategy was employed in conjunction with aﬀective annotation.
In the interface design of EmoPlayer, only one colour
bar is employed to show a character’s emotional distribution along timeline, and the conjunction between the emotional states of diﬀerent characters cannot be explicitly
displayed. From the operation sequence of Participant 6,
it can be seen that with the beginning to end strategy, participants switched between diﬀerent characters to get corresponding emotional state information, which suggested
that the relationships between diﬀerent characters were
important for participants to understand the video clip.
Based on this ﬁnding, the interface design of EmoPlayer
could be leveraged by supporting concurrently showing
multiple colour bars in terms of the emotional distributions
of diﬀerent characters.
To summarize the above discussion, the eﬀects of aﬀective annotation on the comprehension of a video clip in a
limited viewing time period in this experiment appear to
be inﬂuenced by: (i) how much time is assigned; and (ii)
what browsing strategy is employed.

3.3. Summary
The purpose of the experiments outlined above was to
evaluate the eﬃciency of aﬀective annotation through
two representative tasks, one locating a speciﬁc scene,
and the other comprehending a video clip given a limited
viewing time. From the results of the experiments, it can
be concluded that aﬀective annotation can improve the
speed of locating a speciﬁc scene within a video clip, and
these improvements become more evident when users are
not familiar with the clip. If the assigned viewing time is
of a long duration, aﬀective annotation can aid users in
comprehending an entire video clip. Additionally, the
browsing strategies employed by users, as well as viewing
time, appear to be inﬂuential in the utilization of aﬀective
annotation. Note that our work has some limitations and
the results described in this paper are preliminary. For
example, each experiment only used a single video clip.
Only the eﬃciency of aﬀective annotation had been measured. In Experiment 1, the target scenes only related to
limited emotional states. In Experiment 2, only a part of
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convenience of further discussion, this browsing strategy is
referred to as role-based strategy.
Sequence 6 was the operation sequence of a participant
(referred to as Participant 6), who was assigned 18 min
(medium viewing time) to watch the video clip with aﬀective annotation. Although the condition was the same as
Participant 5, the sequence of Participant 6 was radically
diﬀerent. In the experiment Participant 6 browsed the video
clip from left to right and he always dragged the slide forward. After dragging the slide to a new position, Participant 6 switched between diﬀerent characters to get
corresponding emotional state information. When dragging the slide, Participant 6 used small incremental jumps
forward and did not utilize the rims of diﬀerent colour
blocks. In the post experiment test, Participant 6 answered
ﬁve questions correctly. For the convenience of further discussion, this browsing strategy is referred to as beginning to
end strategy.
After reviewing the records for all of the participants, it
was found that it was diﬃcult for the participants with
short viewing time to form a clear viewing strategy. Most
of them (10 out of 12) randomly dragged the slide and
the operations could hardly be interpreted as strategies at
all. In contrast, most participants in the medium and long
viewing time groups (21 out of 24) appeared to employ a
coherent strategy (either rolebased or beginning to end
strategies). Table 1 illustrates the mean test scores of the
participants within the medium and long viewing time
groups who employed viewing strategies. It can be seen
that under all four conditions (2 viewing time periods · 2
strategies), the mean test scores increased with the help of
aﬀective annotation. Additionally, without aﬀective annotation the participants using the beginning to end strategy
obtained higher mean test scores than those using the rolebased strategy, while with aﬀective annotation the results
were reverse. These results suggested that the participants
using the role-based strategy got more help from aﬀective
annotation. Table 1 also shows that except the group with
aﬀective annotation and medium viewing time, most participants selected a strategy through which can obtain a
higher test score.
From the review of the participant records, it can be
seen that employing a role-based strategy increased the
workload of participants, for example Participant 5
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comprehension (i.e. the understanding of the speciﬁc
details of the video clip) was tested.
4. Conclusions and future work

interface can improve the human performance in searching
and comprehending video clips. Thus, further experiments
will be conducted to study this performance in comparison
with traditional media players.
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