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I-Portrait: An Interactive Photograph System for Enhancing Social Presence
Seungwan Ha and Jusub Kim

Department of Art and Technology, Sogang University, Seoul, Republic of Korea

ABSTRACT
People often strive to “externalize” memories for long-term saving or sharing with others using different
forms of media. We devised a new interactive photograph system, I-Portrait, which enables interactive
experiences with figures in a photograph. I-Portrait comprises short video clips that are recorded and
played upon user interactions such as touch, voice, gestures, and facial expressions, providing users with
the virtual experience of interaction with the figure. We evaluated the system by surveying 40 university
students (age 20–29 years) on the level of social presence of the photograph (mutual awareness,
emotional connectedness, and awareness of co-location) and users’ satisfaction, and comparing these
measures between the I-Portrait system and traditional portraits. We found significant differences in all
aspects of social presence suggesting that the interactivity of the I-Portrait system may significantly
increase the social presence of physically distant others.

1. Introduction

The practice of “externalizing” memories using different
forms of media (e.g., drawings, pictures, videos) for long-
term saving or sharing with others is a common human
practice. Throughout the twentieth century, the photograph
(invented by Joseph Nicéphore Niépce in 1826), reigned
supreme as the chosen medium for saving and sharing mem-
ories. With the advent of smartphones with built-in cameras
in the early 21st century, photographs have also become the
primary digital medium for memories (Ji, 2016).

In the age of analog photography, photographs were primarily
used to store autobiographical memories (Van Dijck, 2008).
However, with the introduction of digital photographs – and
particularly the fact that they can be instantly viewed, edited, and
shared – photographs are nowadays used more in forming
and maintaining social relations (Van Dijck, 2008), especially
when used in conjunction with social media (e.g., Instagram,
Facebook, Twitter). People use social media to interact with others
via text, photographs, and videos. Photographs in particular are
often used as a form of self-expression in a way similar to words in
face-to-face conversation, and can help in forming new relation-
ships or strengthening existing ones (Gye, 2007; Kindberg,
Spasojevic, Fleck, & Sellen, 2005; Van House, Davis, Ames, Finn,
& Viswanathan, 2005).

However, the digitization of photographs has done little to
change the way we actually experience photographs. For
instance, variability – a defining characteristic of digital
media – is present primarily in the correction stage (e.g.,
immediate color correction) to produce better photographs,
and does not much influence how individuals experience the
photographs. In other words, the way that users currently

experience photographs, even digital ones, is limited to merely
“seeing” directly stored or shared pictures, much like in the
nineteenth century. Photographs cannot, for example, allow
individuals to actually interact with the figures depicted,
meaning that photography remains limited as an interactive
medium.

In this paper, we suggest a new memory media system,
I-Portrait, which enables users to actually interact with
a figure in the photograph. I-Portrait comprises short video
clips that are recorded and played when the user interacts with
a portrait (e.g., via touch, voice, gestures, and facial expres-
sions), thus providing users with the virtual experience of
interacting with the portrait’s figure. We then evaluated the
system in comparison to a traditional portrait by asking users
to rate the social presence of the portrait’s figure (mutual
awareness, emotional connectedness, and awareness of co-
location) and their satisfaction with the portrait. We were
also interested in which of the subfactors of social presence
relate to users’ overall satisfaction. The remainder of this paper
is organized as follows: a literature review, a description of the
system and evaluation methods, the results, and the conclusion.

2. Related work

In this section, we review previous studies on interactive photo-
graphy, the social roles of photographs, and social presence.

2.1. Interactive photography: Photographs and
interactive media

Memory is crucial for humans, as it enables us to learn how to use
language and tools on a personal level and contributes to the
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development of human society as a whole on a social level. People
are largely aware of the importance of memory, which is perhaps
what prompts them to try to externalize memories through var-
ious media – that is, doing so can help “store”memories for long
periods as well as ease in the sharing of memories. Painting has
been the primary mode of memory externalization (i.e., storing or
sharing memories) for much of human history, although this has
recently progressed into photography and videography.
Photographs have proven to be especially important in storing
and sharing memories (Van Dijck, 2007). With the emergence of
mobile phones with built-in cameras in the twenty-first century,
photographs can nowadays be taken anytime and anywhere for
any purpose (e.g., personal or family use). The increasing avail-
ability and popularity of photography has also led to the introduc-
tion of smartphone applications for organizing, decorating, and
sharing photographs. The convenience of editing and sharing
photographs without cost has effectively enabled photographs to
take the place ofwords in conversation,making them tools for self-
expression (Beldad & Hegner, 2017; Van House, 2009), and initi-
ating and strengthening relationships (Gye, 2007; Kindberg et al.,
2005; Van House et al., 2005). In terms of strengthening relation-
ships, photographs contribute to the enhancement of emotional
connectedness and feelings of co-location (Rivière, 2005).

In the past, letters and telephones were analog forms of
interactive media. However, technological advancements have
expanded the range of interactive media considerably – nowa-
days, we have video conferencing technology, games, and social
media (Markus, 1990). Before going any further, it is vital to
define what is meant by interaction, the interactivity of media,
and interactivemedia as a whole. Here, interaction can be under-
stood as “a cyclic process in which two actors alternately listen,
think, and speak” (Crawford, 2002, p. 5), “a cycle of commu-
nication acts” (Hornbæk & Oulasvirta, 2017, p. 3), and “acting
and being in situations of a material and social world” (Hornbæk
& Oulasvirta, 2017, p. 5), invoking emotion (Brave & Nass,
2003). In the interaction situation, people convey their emotions
(i.e., love, anger, fear) through touch (Hertenstein, Keltner, App,
Bulleit, & Jaskolka, 2006), facial expression (Ekman, 1993), ges-
ture (Friedman & Riggio, 1981), voice (Scherer, 1995).
Interactivity, on the other hand, is used specifically in the context
of human–computer interaction – it can be defined as “the
extent to which users can participate in modifying the form
and content of a mediated environment in real-time” (Steuer,
1992, p. 14) and can influence user experience variables such as
social presence (Fortin & Dholakiab, 2005), satisfaction (Teo,
Oh, Liu, & Wei, 2003), and preference (Chung & Zhao, 2004).
Finally, interactive media can be defined as media that “allow
users to control the sequence in which they access content”
(Lopes, 2001, p.67) and “the digital media including combina-
tions of electronic text, graphics, moving images, and sound, into
a structured digital computerized environment that allows peo-
ple to interact with the data for appropriate purpose” (England&
Finney, 2011, p. 2).

In the field of interactive media, there are two main lines of
research on photo media. The first line relates to various
methods of organizing and modifying photographs. For
instance, Santella, Agrawala, DeCarlo, Salesin, and Cohen
(2006) proposed a method of cropping specific parts of an
image through gaze interaction. Jin et al. (2004), on the other

hand, proposed a method of controlling the editing and
placement of photographs through gestures. Davis, Chen,
and Durand (2015) introduced an interactive video system
wherein the structure of objects is extracted from videos and
used to generate animations that respond to user interactions.
These studies have explored ways of applying various forms of
interaction to photographs, thereby opening the way for
photography to function as interactive media.

The other line of research concerns studies that link photo-
graphic, videographic, and digital information with other
media (Barthel, Kröner, & Haupert, 2013; Kawamura,
Fukuhara, Takeda, Kono, & Kidode, 2007). For example, one
study involved connecting photographs or videos with real
objects through radio frequency identification (RFID) and
quick response (QR) codes. More specifically, photographs or
videos are connected with physical objects to enable users to
recall memories attached to specific objects (Kawamura et al.,
2007). These studies suggest a possible new interactive photo-
graph system without actually adding interaction.

In 2015, Apple added the “Live Photo” function, which
allows users to create interactive videos on the iPhone. With
this function, the user can experience photos more vividly
using the touch interface – when the user touches an object in
a still image, the object appears to move as if in response to
the touch. However, this function can only be enabled
through specific interactions – that is, tapping and Force
Touch – and does not allow users to add desired interactions.

2.2. Social impacts of photographs and social presence

As a communication medium, photographs can have diverse
impacts on interpersonal relationships. To elaborate, photo-
graphs can be used in strengthening and forming relationships
(Hunt, Lin, & Atkin, 2014; Van Dijck, 2008), boosting social
presence (Romero et al., 2007), promoting a sense of coopera-
tion in a game (Zheng, Veinott, Bos, Olson, & Olson, 2002),
and influencing credibility (Fogg, 2002). The presence of
photographs can, for instance, influence the response of reci-
pient of an e-mail request from an unknown person (Guéguen
& Jacob, 2002). Based on these social impacts, researchers have
suggested various systems – such as a digital family portrait
system (Mynatt, Rowan, Craighill, & Jacobs, 2001) or photo-
sharing system (Counts & Fellheimer, 2004) – that rely on
photographs to enhance social awareness or social presence.

Social presence in media is a crucial variable to consider
when evaluating how media affect relationships. Media high
in social presence can enhance interpersonal relationships
(Yoo & Alavi, 2001), closeness (Gooch & Watts, 2015), social
interaction (Tu & McIsaac, 2002), and satisfaction
(Richardson & Swan, 2003). According to past studies,
media that can “convey non-verbal information (such as facial
expressions, posture, gaze)” is rated as high in social presence
(Peters, 1998, p. 24). Social presence markedly differs from
physical presence (Lombard & Ditton, 1997), which is defined
as “the sense of the place” (Biocca, Harms, & Burgoon, 2003,
p. 456), and is considered a main factor in the design and
evaluation of media content in VR-based entertainment, edu-
cation, healthcare, and computer interface design.
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The definition of social presence varies widely. Short,
Williams, and Christie (1976) defined social presence as “the
degree of salience of the other person in the interaction and the
consequent salience of the interpersonal relationships” (Short
et al., 1976, p. 65). In other studies, social presence is defined as
a “sense of access to another mind” (Nowak & Biocca, 2003,
p. 4), a “psychological degree to which one perceives the pre-
sence of and connectedness with others” (So & Brush, 2008,
p. 323), and a “sensation of being with other selves” (Riva &
Mantovani, 2014, p. 18). Biocca et al. (2003) classified the
definitions of social presence into three primary themes: 1) co-
presence; co-location and mutual awareness, 2) psychological
involvement including intimacy & immediacy, and 3) beha-
vioral engagement. Rettie (2003) suggested the logical relation-
ship between the concepts of social presence, awareness, and
connectedness and argued that connectedness is a more funda-
mental concept in the analysis of communication technology.
Rettie (2003) argued that the concept of connectedness is
related to the concept of social presence, but they are not
equivalent. On the other hand, IJsselsteijn, van Baren, and
van Lanen (2003, p. 927) proposed that the concepts of social
presence and connectedness are complementary, arguing that
in an awareness system the level of social presence will be very
low, but “the sense of connectedness, the feeling of being in
touch can be strong.” Based on prior research on social pre-
sence, Hwang and Park (2007) defined social presence as
a sense of “being together” in a mediated communication by
relating social presence to mutual awareness, connectedness,
and co-location. In this paper, we mainly refer to the Hwang
and Park (2007)’s definition of social presence.

The diversity of its definitions has similarly given rise to
a plethora of different methods of measuring social presence.
Short et al. (1976) evaluated social presence on a range of dimen-
sions, including warm/cold, personal/impersonal, sensitive/insen-
sitive, and sociable/unsociable, in an attempt to determinewhether
media with high social presence is warmer andmore personal and
sociable. However, Short et al.’s study was limited by the fact that
they considered social presence as media quality. Hwang and
Lombard (2006) argue that it is important to explore user experi-
enceswhenmeasuring social presence, and suggested several items
based on previous studies (Lombard & Ditton, 1997; Towell &
Towell, 1997) for that purpose. Biocca et al. (2003), on the other
hand, emphasize the significance of measuring the psychological
connection between users and objects in media.

In this study, we evaluated the proposed interactive media
(I-Portrait) by measuring the social presence of the media with
Hwang’s questionnaire (Hwang, 2007; Hwang & Lombard,
2006). We chose Hwang’s questionnaire because we believed
that emotional connectedness was vital to the proposed system.

3. I-portrait system

3.1. Overview

I-Portrait is a new memory media system that provides users
with an interactive experience with a photographed figure.
I-Portrait consists of short video clips that are recorded and
played when users begin interacting with the portrait in var-
ious ways, such as through touch, voice, gestures, and facial
expressions (Figure 1). I-Portrait has two major functions:
recording and experiencing.

3.2. Recording an I-portrait

The process of taking an I-Portrait differs from that of taking
a traditional portrait photograph of a single person. I-Portrait
users must proceed through the processes shown in Figure 2.
First, the user situates the subject and presses the shutter button

Figure 1. A set of short video clips associated with a main portrait photo. Each
video is assigned a unique interaction that triggers when it is played.

Figure 2. Recording process: the position and size of the detected face in the first photograph are presented on the screen as visual guidelines to ensure that the
figure in the first frame of all recorded videos is as similar as possible.
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of the camera. Pressing the shutter button initiates 3 s of recording
and displays a progress bar indicating how long the video has been
recording. As shown in Figure 3, I-Portrait’s user interface (UI) is
designed to resemble a typical digital camera app as opposed to
a video recording app, to ensure that the user feels that they are
taking a photo rather than recording a video. The position and
direction of the camera must also be fixed during recording in
order to ensure a smooth transition between the main photo and
the associated short videos, thereby creating the illusion that users
are interacting with the photos.

When the recording is completed, the user can select
a specific type of interaction from among touch (i.e., swipe up,
down, left, right), speech, facial expressions (i.e., joy, sadness,
surprise, anger, contempt, fear, disgust), and gestures (i.e., wav-
ing hand with five fingers to greet another, expressing “victory”
by forming a “v” with two fingers) to be linked with a specific
video. During this process, the main photo remains in the back-
ground to help users consider a natural link between the main
photo and the specific interaction video. In the case of speech
recognition, the user may type in a word, after which the system
plays the video whenever the user speaks the specific word aloud.

At the end of the above process, the user is asked whether
they would like to take another interaction video. If they
choose “no,” the shooting process is considered complete. If
they choose “yes,” the above process is repeated. When
a video is shot, the position and size of the detected face in
the first photograph is presented on the screen as a guideline
to ensure that the figure of the person in the first frame of all
recorded videos is as similar as possible. The whole process of
creating an I-Portrait can range from 5 s to 1–2 min, depend-
ing on how many interaction-related videos that they want to
add and how many times they re-take the videos.

3.3. Experiencing an I-portrait

The process by which a user experiences an I-Portrait differs
from that by which a user experiences a conventional portrait.

First, each I-Portrait is displayed in a gallery as thumbnails
of the first frame of the first video. Upon choosing a specific

thumbnail, the corresponding I-Portrait is displayed on the
full screen in a standby mode awaiting the user’s interactions.

When an interaction is recognized, the system checks
whether a corresponding video exists. When it does not exist,
it displays a list of recognizable interaction as shown in Figure 5.
When such a video does exist, the photograph switches to the
corresponding video. To enhance users’ feeling that they are
interacting with the figure in the photograph in real time, the
dissolve effect is used to switch between the photograph and
video. In addition, users can opt to make the video played in the
reverse direction after played forward to minimize the break
phenomenon that happens because the last frame of the inter-
action video and the main photo differ. After one playback, the
main portrait video appears again in standby mode (Figure 4).

Sharing I-Portraits with others requires both the sender and
receiver to have the I-Portrait app on their smartphone, given
the unique way of experiencing the photos (as described above).

3.4. Implementation details

I-Portrait was developed using Xcode 10.0, Swift 4, and
Objective-C for iOS devices. Table 1 shows the software libraries
used to implement the various interactions in this study.

4. Evaluation

We evaluated the proposed interactive photograph system in
terms of the level of social presence of the media. Specifically,
we measured three subfactors of social presence considered
most relevant for our purposes: mutual awareness, emotional
connectedness, and awareness of co-location. Table 2 displays
the questions for measuring these social presence factors.

4.1. Participants

We recruited 40 students from Sogang University in their 20s
as participants (mean age: 24.8 years, age range: 20–29 years,
20 men and 20 women). Each group’s participant demo-
graphic information is shown in Table 3.

Figure 3. Recording function: (a) Recording the main portrait photo. (b) Users can create videos linked with specific interactions. (c) The view when a user wants to
make a “swipe right” interaction video. (d) The view when a user wants to make a speech interaction video.
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4.2. Design

In this study, we randomly assigned participants to two inde-
pendent groups: those experiencing traditional portrait photo-
graphs (just the main standby photo of the I-Portrait) and those
experiencing I-Portraits (where the touch, facial expression, ges-
ture, speech interaction videos were available). After being
exposed to each medium with the same device (iPhone 6s), the
participants were asked to respond to the questionnaires.

Figure 4. Experiencing process: various user interactions are detected, causing the associated short videos to play with dissolve effects and forward/reverse play.

Figure 5. Experience function: (a) The standby mode allowing interactions and
the button for initiating speech interaction. (b) The list of available interactions
that users can use for interacting with the subject in a given I-Portrait.

Table 1. Software libraries used for interaction.

Interaction Types Software Library

Touch Apple UiKit Framework
Speech Apple Speech

Framework
Facial Expressions
(Joy, Sadness, Surprise, Anger, Contempt, Fear,
Disgust)

Affectiva Emotion SDK

Facial Position and Area Detection Apple Vision
Framework

Gesture OpenCV

Table 2. Questions for measuring social presence.

Factors Questions

Mutual Awareness ● I was able to feel my partner’s presence.
● I sometimes felt alone during the experiment.

Emotional
Connectedness

● I tried to engage in personal communication with
my partner.

● I felt that we (my partner and I) were close.
● I felt an emotional connection with my partner.

Awareness of Co-
Location

● I felt that my partner and I were in the same place.
● I felt as if my partner was in front of or next to me.

Notes: The above questions were selectively extracted from those used in
previous studies (Hwang, 2007).

Table 3. Participants’ demographic information.

Male Female Age

Group n n Range M SD

Traditional Portrait Photograph Group
10 10 21–29 25 2.384

I-Portrait Group
10 10 20–29 24.6 2.683
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4.3. Procedure

Both groups had the same procedure: participants visited the
experiment room separately at a scheduled time, received
a brief introduction to the experiment, were presented with
each medium for 3 min, and then answered the questions in
Table 2. The traditional portrait photo and I-Portrait were
both of a child with which the participant was unacquainted.
We chose as a school-age child as the subject of the portraits
to minimize individuals’ resistance to interacting with an
unknown person. Participants assigned to the I-Portrait
group were allowed to engage in interactions unrestrictedly
during the given time.

After exposure to the photographs, both groups rated the
level of social presence (mutual awareness, emotional con-
nectedness, and awareness of co-location) of the photographs
and their overall level of satisfaction on a seven-point Likert
scale ranging from 1 (“highly dissatisfied”) to 7 (“highly
satisfied.”).

4.4. Analysis

Using SPSS, Independent t-tests were used to examine the
group difference in mutual awareness, emotional connected-
ness, awareness of co-location, and overall satisfaction. We
also examined whether the subfactors of social presence were
associated with overall satisfaction via multiple linear regres-
sion analysis.

5. Results

Table 4 shows the differences in subfactors of social pre-
sence and overall satisfaction between the two groups.
First, for all three subfactors, we observed statistically sig-
nificant differences between the groups. Emotional con-
nectedness showed the greatest difference (mutual
awareness: t(39) = 2.46, p= .018; emotional connectedness:
t(39) = 6.77, p< .001; awareness of co-location: t(39) =
3.53, p= .001). We also observed a significant difference
in overall satisfaction between the two groups (t(39) = 5.77,
p< .001). More specifically, the I-Portrait group reported
higher scores in all three subfactors and overall satisfaction
compared to the traditional portrait photograph group:
mutual awareness (M = 4.45, SD = 1.18 vs. M = 3.52, SD
= 1.23, respectively), emotional connectedness (M = 5.22,

SD= 0.96 vs. M = 2.89, SD = 1.22), awareness of co-
location (M = 4.08, SD = 1.62 vs. M= 2.48, SD = 1.26),
and overall satisfaction (M = 5.35, SD = 0.81 vs. M = 3.33,
SD = 1.35).

Multiple linear regression analysis was performed to deter-
mine the effects of social presence factors (mutual awareness,
emotional connectedness, awareness of co-location) on overall
satisfaction scores in the I-Portrait. The results of the regres-
sion (Table 5) indicated that it was statistically significant
model and the three social presence factors explained 41.3%
of the variance (R2 = 0.41, F(3, 16) = 3.76, p < .05). The
analysis suggested that awareness of co-location (β = .55) was
the most influential predictor and mutual awareness (β =
−.02) was the least influential predictor in the model.
Awareness of co-location (t = 2.12, p < .05) was also shown
to be statistically significant predictor of satisfaction. Tests for
multicollinearity indicated that a very low level of multicolli-
nearity was present (VIF for all three factors <1).

We also posed additional questions to the I-Portrait group
to further clarify their interaction experience. Participants
reported that the tap interactions created the greatest feeling
of social presence, followed by the swipe, speech, and facial
expression interactions. The gesture interaction led to the
lowest indication of social presence. In a subjective report of
their overall interaction experience, the most frequently
repeated phrases included “felt like touching an actual person,”
“felt like a natural response,” and “my actions and partner’s
actions were related.”

6. Conclusion

Mobile smart devices with built-in cameras are transform-
ing how we record, edit, and share visual memories.
However, as noted above, our way of experiencing photo-
graphs has remained mostly unchanged since the nineteenth
century, being limited to “seeing.” To provide people with
the experience of interacting with the figure in the picture,
we developed the I-Portrait system, which has been
described in detail in this paper. Our evaluation results
show that the I-Portrait system achieves statistically signifi-
cantly higher scores of social presence and also overall
satisfaction compared to traditional portrait photographs.
It significantly increased the level of mutual awareness,
emotional connectedness, and awareness of co-location
with individuals who are physically distant. Particularly
emotional connectedness was more strongly affected than
others. These findings are similar to those of studies indi-
cating that interactivity is correlated with social presence

Table 4. Social presence and overall satisfaction in two groups.

Traditional Portrait
Photograph Group

I-Portrait
Group

M(SD) M(SD) t
Sig.

(2-tailed)

Mutual
Awareness

3.52(1.23) 4.45(1.18) t(39) =
2.46

.018*

Emotional Connectedness 2.89(1.22) 5.22
(0.96)
t(39) = 6.77

<.001***
Awareness of

Co-Location
2.48(1.26) 4.08(1.62) t(39) =

3.53
.001**

Satisfaction 3.33(1.35) 5.35(0.81) t(39) =
5.77

<.001***

Notes: ***p< .001, **p< .01, *p< .05.

Table 5. Association between social presence and overall satisfaction (I-Portrait
Group).

Dependent
Variable

Independent
Variable B

Std.
Error β t R2 F

Overall
Satisfaction

Mutual
Awareness

−.02 .17 −.02 −.10 .413 3.76*

Emotional
Connectedness

.16 .18 .19 .91

Awareness of
Co-Location

.28 .13 .55 2.12*

Notes: *p< .05.
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(Fortin & Dholakiab, 2005) and that social presence
enhances satisfaction (Richardson & Swan, 2003).

With the advent of online social networks, people often
share and exchange their grief and empathy by sharing photos
and memories of bereaved people on the social networks
(Döveling, 2015; Giaxoglou, Döveling, & Pitsillides, 2017).
I-Portraits may be used as a new tool to help people who
have experienced bereavement or separation to gradually
overcome the grief of loss by providing the experience that
seems to interact or have a conversation with the lost ones
anytime they want as well as sharing it with others.

This study has several limitations. First, we did not quan-
titatively investigate how each of the interactions in the
I-Portrait affects social presence. Also, we did not investigate
the effects of age, sex, country, and subject. More specifically,
further research on the effects of the age is needed because the
subjects in their 20s generally have a higher preference for the
use of the interactive system compared to the older age
groups. Lastly, we did not investigate the efficacy of this
system in alleviating the grief of loss, which is a future
research topic. Another future research direction may include
using digital actor technologies along with machine learning
technologies to learn the figure’s facial expressions and gen-
erate reactions of the subject upon users’ interactions rather
than completely relying on recorded video.
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