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Several prominent studies have shown that the imbalanced on-screen exposure of observable phenotypic
traits like gender and skin-tone in movies, TV shows, live telecasts, and other visual media can reinforce
gender and racial stereotypes in society. Researchers and human rights organizations alike have long been
calling to make media producers more aware of such stereotypes. While awareness among media producers is
growing, balancing the presence of different phenotypes in a video requires substantial manual effort and can
typically only be done in the post-production phase. The task becomes even more challenging in the case of a
live telecast where video producers must make instantaneous decisions with no post-production phase to
refine or revert a decision. In this paper, we propose Screen-Balancer, an interactive tool that assists media
producers in balancing the presence of different phenotypes in a live telecast.

The design of Screen-Balancer is informed by a field study conducted in a professional live studio. Screen-
Balancer analyzes the facial features of the actors to determine phenotypic traits using facial detection
packages; it then facilitates real-time visual feedback for interactive moderation of gender and skin-tone
distributions. To demonstrate the effectiveness of our approach, we conducted a user study with 20 participants
and asked them to compose live telecasts from a set of video streams simulating different camera angles, and
featuring several male and female actors with different skin-tones. The study revealed that the participants
were able to reduce the difference of screen times of male and female actors by 43%, and that of light-skinned
and dark-skinned actors by 44%, thus showing the promise and potential of using such a tool in commercial
production systems.

CCS Concepts: • Human-centered computing → Interactive systems and tools; • Social and profes-
sional topics→ Gender; Race and ethnicity.
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1 INTRODUCTION
Visual media play an important role in our society. Visual content in media can be seen as a reflection
of our societal beliefs, but at the same time societal beliefs can be influenced by media [55]. Prior

Authors’ addresses: Md Naimul Hoque, Stony Brook University, USA, mdhoque@cs.stonybrook.edu; Nazmus Saquib, MIT
Media Lab, USA, saquib@mit.edu; Syed Masum Billah, Pennsylvania State University, USA, sbillah@psu.edu; Klaus Mueller,
Stony Brook University, USA, mueller@cs.stonybrook.edu.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee
provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the
full citation on the first page. Copyrights for components of this work owned by others than the author(s) must be honored.
Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires
prior specific permission and/or a fee. Request permissions from permissions@acm.org.
© 2020 Copyright held by the owner/author(s). Publication rights licensed to ACM.
2573-0142/2020/10-ART154 $15.00
https://doi.org/10.1145/3415225

Proc. ACM Hum.-Comput. Interact., Vol. 4, No. CSCW2, Article 154. Publication date: October 2020.

https://doi.org/10.1145/3415225
https://doi.org/10.1145/3415225


154:2 Md Naimul Hoque et al.

research has shown that the abundant representation of passive, sexual and supporting female
characters can increase the likelihood of sexual misconduct in society [29]. Researchers have also
shown that if visual content mostly revolves around characters of a specific gender or race, children
may learn to think less of marginalized groups in society [12]. Therefore, it is imperative that
visual media should not promote gender or racial stereotypes through conscious or unconscious
representations of actors and characters.
In an attempt to make content-creators more conscious to these issues, organizations, such

as UNESCO, the Geena Davis Institute, and UN Women, as well as researchers across many
domains have made enormous efforts to bring forth the implicit biases and stereotypes in visual
media [1, 39, 50, 51, 63]. Recent reports suggest that onscreen gender and skin-tone representation
has been improving [37, 52, 53], but the problem is far from being solved as biases are wired
inherently in different parts of the media production [37]. One of the primary ways media promote
certain gender and racial stereotypes is by allocating imbalanced screen time to actors of different
gender and race [67]. Thus, screen time, defined as the amount of time an actor appears on screen
in a movie or television show, has become an important measure of (mis)representation of different
minority groups in visual media [50].
In this paper, we concentrate on how technology can assist media producers in the task of

allocating different phenotypic groups equal screen time in visual media. We identify that current
commercial video production software provides little support for quantifying the screen time
of actors based on their observable phenotypic traits, but argue that this can be addressed by
taking advantage of recent image analysis and facial recognition technologies. These technologies
have become sufficiently robust such that they are now being deployed in many mission-critical
applications, such as smartphone authentication [5], airport, and home security systems [31, 62].
Of particular note is the GDIQ tool, an analytical tool from the Geena Davis Institute that utilizes
these technologies to determine the screen time of different genders in a video [50].

Tools like GDIQ can be effectively adopted as production tools to measure the gender represen-
tation (in terms of the screen time) in videos that undergo editing phases. For example, a movie
usually passes through several editing phases, each of which can use GDIQ to measure and refine
the gender representation in the edited movie. Even without any technical support, a movie director
can refine the phenotypic representation over the movie’s production period which usually spans
several months.

A live telecast, on the other hand, is unique in terms of the production process as it is created in
real-time with no post-production or editing phase. A video producer takes instantaneous decisions
to produce a live telecast in a dynamic and uncertain production environment, making offline tools
such as GDIQ unsuitable for the task of balancing the screen time of the actors based on their
phenotypic traits.
We introduce Screen-Balancer to address this void. Screen-Balancer allows media producers

to interactively modulate the composition of observable phenotypic traits of the actors in a live
telecast. Screen-Balancer currently supports gender and skin-tone as observable phenotypic traits,
but the interface is not restricted to these two. It augments the current live telecast systems by (1)
automatically extracting the screen time of the different actors based on these phenotypic traits in
the live camera-feeds, and then (2) visualizing these statistics in real time, offering different visual
cues to help media producers balance the screen time of the actors.

Our design of Screen-Balancer has been informed by a field study we conducted in a commercial
production studio. In this study, we observed that during the production of live telecasts, the
production studio typically uses multiple cameras capturing several different perspectives of the
scene. One camera might zoom into a character, another might keep a master angle that shows all
of the actors, and yet another might only capture a subset of individuals in a frame. Consequently,
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these camera-feeds are expected to have di�erent distributions of screen time of the featured actors
and their phenotypic traits. We also observed that choosing a particular camera-feed for telecasting
at any given time typically occurs fully at the producer's discretion.

These observations informed the design of Screen-Balancer. Screen-Balancer gives access to
an enhanced form of situational awareness by proactively displaying the gender and skin-tone
distributions for each camera-feed using a set of easy-to-compare bar-graphs. In addition, we also
present the impact of choosing an individual camera-feed in the near future, enabling producers to
make an informed decision as they choose the next camera-feed.

In summary, we make the following contributions:
� The design and development ofScreen-Balancer, a prototype system to balance screen time

of actors based on phenotypic traits (e.g., gender and skin-tone).
� A user study with 20 participants to evaluate the e�ectiveness of Screen-Balancer in balancing

the screen time in simulated telecasts.
� Feedback from professional video producers and social science researchers regarding the

implications, challenges, and potential deployment issues of Screen-Balancer.

The remainder of this paper is organized as follows. In Section 2 we describe prior research
related to gender and skin-tone bias in visual media, the limitations of the current production
software, and the potential of adapting facial recognition technologies in media production. In
Section 3, we present a �eld study that leads to the design of Screen-Balancer in Section 4 and
implementation in Section 5. We present the evaluation of Screen-Balancer in Section 6 followed
by a discussion in Section 7. Finally, conclusions are drawn in Section 8.

2 RELATED WORK

The notion that there exists gender and skin-tone bias in visual media has been shown both in
quantitative and qualitative manners. In this section, we discuss the studies conducted to evaluate
and determine the e�ect of gender and skin-tone bias in media, as well as movements against such
biases organized by di�erent NGOs and organizations.

2.1 Gender Bias in Media

A fair share of existing literature on the relationship between gender and media revolves around
identifying how gender bias a�ects societal beliefs [54, 67]. More speci�cally, researchers strived to
identify the e�ects of gender bias posed by media on children or teenagers since they are more
susceptible to inherit gender stereotypes at an early age [10, 60, 61, 65]. Gender portrayal in media
has been shown to a�ect career choices in later stages of life [28]. Other studies reported e�ects
of media on acceptance of violence against women [49], low self-esteem of women [6, 27], sexual
socialization among American teens [66], acceptance of di�erent genders and racially aware TV
shows [11, 12]. Several articles analyzed the imbalanced representation of male and female screen
time in live telecasts and discussed implications of such misrepresentation [16, 18, 45].

Considering the crucial role of visual media in society,UNESCOhas declaredGender Sensitive
Indicators for Media (GSIM), a list of indicators that ensures equality and women's empowerment
in media. GSIM states in a report that the balanced representation of men and women in media is
one of the primary indicators of gender equality.

TheGeena Davis Institute on Gender in MediaintroducedGDIQtool [50], the �rst-ever automated
tool to analyze male and female screen time and speaking time in videos. Using theGDIQtool, the
institute has analyzed 200 top-grossing Hollywood movies released in 2014-2015 and discovered
that men appear more than females in almost all types of movies, even in movies with female lead
characters. Similar kinds of tools and machine learning-based methods have also been developed
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to analyze visual content from other countries such as Bollywood movies [48], and Bangladeshi
TV-shows [36]. Recently, Jang et al. [39] discussed in detail the various adverse e�ects of gender
bias in media, their implications, and attempts to quantify such biases. The authors argued why
the Bechdel Test, a popular test used as a measure of gender bias in movies, is not su�cient to
encapsulate the complex notion of gender bias in visual contents and proposed eight quantitative
indices to quantify the gender bias posed by visual media. They analyzed 40 movies using o�-the-
shelf computer vision tools to rea�rm the existence of gender bias based on those 8 indices. Such
tools could help �nd historical gender stereotypes, and only detect biases in already released visual
content.

Our tool is di�erent from these, as we assist content-creators to balance the screen time of male
and female actors during the production of a live telecast, with the hope of making content-creators
more aware of the existence of potential gender bias in their product.

2.2 Skin-tone Bias in Media

Intersectionality [58] is a framework often used to de�ne a population through di�erent identities,
such as gender, race, and class. In this paper, we concentrated on balancing screen time of genders
and race in live telecast videos. But race is not an observable phenotypic trait and the task of
detecting a person's race solely from a face image can be challenging. Neural networks have
shown good performance on detecting race from images for people from some speci�c geographic
regions [64] but not in general. We thus opted for skin-tone as a feature instead of race because
we wanted our tool to be generally applicable. Skin-tone is easy to recognize visually for humans
and computers alike and there is very little chance of disagreement among di�erent users on this
matter. It has been used to identify race in many cultures, albeit it is a method that has seen some
debate in the literature [17, 43].

While gender bias adversely a�ects women, discrimination based on skin-tone disadvantages
dark-skinned people [30]. This phenomenon is often known as Colorism or Shadeism. The idea
behind colorism and racism is quite similar since in both phenomena darker-skinned people are
discriminated against. Ben-Zeev et al. (2014) found that educated African-American men appear
lighter in the mind of their peers [8]. Other researchers linked darker skin-tone to smaller incomes,
lower marriage rates, longer prison terms, and fewer job prospects [30, 33, 35].

A number of studies in Colorism in media found the existence of discrimination against dark-
colored people in movies, tv-shows, and news presentation. Travis Dixon [19� 21] authored a series
of publications to prove that media outlets consistently portray black people as poor, violent,
and dysfunctional, whereas white people are portrayed as stable and welfare-oriented. Several
advertisements from companies such as L'Oreal1, Elle Magazine2 have been accused and criticized
for whitening skin-color of their models.

2.3 Facial Recognition and Commercial Video Production So�ware

Adobe After E�ects [2] supports face tracking in videos. Through face tracking, users can apply
e�ects on facial landmarks, such as nose, mouth, and pupils. Adobe Photoshop [3] uses facial
recognition to organize and search images in a catalog. Similarly, Adobe Premiere allows masking
and tracking of moving objects in videos through facial and object recognition. Final Cut Pro has
a facial detection system to detect faces in a video. To the best of our knowledge, none of the

1https://www.theguardian.com/media/2008/aug/08/advertising.usa1
2https://www.telegraph.co.uk/news/celebritynews/8005734/Elle-magazine-in-Gabourey-Sidibe-skin-lightening-
controversy.html
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Fig. 1. A live telecast setup: (a) the studio stage; (b) the controller, a computer equipped with production
so�ware to process and filter video feeds and audio; (c) the audio mixer; (d) the switcher, a visual interface
that shows di�erent camera-feeds; (e) the switcher controller, a console which a video producer can control
to interact with the Switcher and select a camera-feed.

current video production software provides any kind of functionality related to gender or skin-tone
distribution in a video. This is also true for live telecast or broadcasting software.

Although automated technologies are becoming important features of production software, the
integration of such technologies needs veri�cation since the underlying models are often trained
using historically biased datasets which can lead to the mistreatment of minority groups. For
example, recent research has shown that three automated facial recognition systems are more likely
to miss-classify darker women than white men or white women [13].

3 FIELD STUDY

To understand how live videos and telecast are produced, two of the authors visited a professional
production studio, where a video producer and several technical crews accompanied them. The
video producer gave them a guided tour to the studio stage and control room, and explained the
setups for a live telecast.

3.1 Studio Stage

Figure 1a presents the studio stage at the time of our visit to the studio. The actors perform in this
stage and this is what the audiences see on their TVs. This stage is customizable and the decoration
varies from show to show. At the time of our visit, the stage had a table discussion setup with three
cameras pointing to the table from three directions.

3.2 Control Room

The control room (Figure 1f) is the production hub for creating live telecasts. This room has the
hardware and software panels necessary to process the audio and video feeds coming from the
studio stage. Short descriptions of those panels follow next.
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