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C

ommunication of weather information through
daily forecasts or severe weather warnings is a
critical mechanism for both public safety and public knowledge. Agencies such as NOAA and the NWS
are constantly striving to produce weather products
that will benefit the public by providing information
on current and future weather hazards that enable
the public to make prudent decisions when faced
with potential severe weather. Storm-based warnings
and the relatively recent impact-based warning trials
are evidence of these initiatives. Delivery of weather
information varies greatly among the many sources
available to the public. Television, however, remains
the most frequently utilized source of weather information. How weather information is communicated
on television directly impacts the viewing audience’s
attention and retention of the information presented.
This article presents research using novel approaches
to identify how the public interacts with televisionbased weather forecasts as well as public preferences
for receiving weather information. The use of eye
tracking technology, coupled with analyses of prior
participant knowledge and weather experience surveys, gives insight into weathercast viewer attention
on specific areas of televised forecasts, as well as what
information participants find most useful when
making decisions based on weather information.
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Fig. 1. Examples of a typical weather forecast and elements contained within. Both forecasts were identical
except for the presence or absence of the weathercaster’s gesturing. (a) No Gesture condition forecast
variation. (b) Gesture condition forecast variation.
Forecasts provided by KELO-TV, Jay Trobec, chief
meteorologist.

Determining participants’ attention by measuring
where and for how long they are looking at specific
weathercast components, and coupling this information with participant responses on communication
preferences, provides insight into methods that may
MARCH 2015

| 387

Unauthenticated | Downloaded 01/09/23 08:42 AM UTC

Fig. 2. (a) No Gesture condition with associated areas
of interest (AOI). (b) Gesture condition with associated AOI. All but one of the AOI are identical; the
Hands AOI varies based on main gesturing position
in the video. Face–1, Hands–2, Station banner–3,
Days of the week–4, Scene–5, Forecast–6, Forecast
temperature–7.

improve traditional weather broadcasts. This research
provides the groundwork for future investigations of
weather communication, including the evaluation of
severe weather warning efficacy.
Transference of information presented during
weather forecasts is impacted by a multitude of factors. These may include the type of text, visuals,
animations, and colors used during the forecast
(Fig. 1), and also the arrangement of forecast elements
on the televised weathercast screen. In addition,
weathercasters themselves may also influence audience attention and retention of forecast information
by their presentation style, tone, terminology, and
local knowledge. Combined together, these forecast
elements have the potential to impact the viewing
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audience’s attention to specific weathercast components, and ultimately impact viewer retention of
forecast information. Research has shown that visual
elements tend to reinforce a viewer’s attention to
specific information. Gesturing has also been shown
to redirect viewer attention toward specific visual
elements. Varying amounts of gesturing as part of a
weathercaster’s presentation style is thus expected to
influence a viewer’s interaction with and understanding of a severe weather forecast.
To ascertain the impacts of weathercast components and gesturing techniques used by weathercasters, eye tracking technology was used to capture the
eye movements of study participants as they viewed
a weathercast. Two variations of a typical weather
forecast, the Gesture and No Gesture conditions,
were viewed by different participants during the eye
tracking experiment. The weather forecast presented
graphical information indicating the daily high and
low temperature as well as future weather conditions
(potential for rain, cloud cover) for a seven-day period. The weathercasts contained exactly the same
information presented in the same way, except that
the first forecast condition contained video of the
weathercaster physically gesturing toward the forecast
text by turning his body and extending his arms and
hands toward the information being displayed (Gesture condition). The second variation contained only
minimal gesturing by the weathercaster, as indicated
by minimal movement of the weathercaster’s hands
and no body movement toward the weather forecast
(No Gesture condition). Each participant viewed
either the Gesture condition or the No Gesture condition weathercast.
The eye tracking data collected in this study included both the location and time of each participant’s
apparent focus while they viewed the weathercast. As
the human eyes pursue information from a video,
image, or other visual stimulus, eye tracking measures the eyes’ location 60 times per second. These
data overlaid with still images from the weathercast
videos were used as a basis for investigation in this
study. Through these data, participant viewing patterns while viewing weathercasts as a function of the
presence or absence of gesturing by the weathercaster
were identified and compared.
After viewing the weather forecast videos, participants completed a retention survey containing seven
questions directly related to the seven-day forecast.
The viewer gaze data collected during the eye tracking experiment were used to determine which screen

MARCH 2015
Unauthenticated | Downloaded 01/09/23 08:42 AM UTC

elements attracted the attention of the participants,
and provided a basis for establishing areas of interest
(AOI) within the forecast. These AOI (Fig. 2) were the
focus of the research and were used to establish the
difference in participant attention during both the
Gesture and No Gesture conditions. Ultimately, the
eye tracking data recorded differences in participants’
overt visual attention to weathercast components as
impacted by gesturing of the weathercaster.
The data collected during the eye tracking experiment were analyzed quantitatively. Geographic
Information System (GIS) technology was used to aggregate and overlay each participants’ gaze data on still
images representative of each weathercast condition.
AOIs were identical across both conditions, except for
the AOI representing the weathercaster’s hands. This
AOI was positioned to span the area within the frame
where the hands appeared throughout the weathercast. In the Gesturing condition of the weathercast, the
AOI representing the weathercaster’s hands spanned
a larger area and was representative of the portion of
the video frame in which the weathercaster’s hands
gestured. Using GIS, participant gaze within each AOI
for each condition of the weathercast was summarized. Focused average gaze points, or fixations, representing where participants focused their attention
constituted the eye tracking data and were considered
for each AOI. Eye tracking data were analyzed via a
Mann-Whitney U test in order to determine which
condition had greater fixation and fixation duration
for each AOI. Gaze plots and heat maps, two forms of
eye tracking data summaries, were generated using
ArcGIS in order to graphically illustrate participant
gaze patterns.
In addition to eye tracking data, both the demographic and retention survey were analyzed using
simple descriptive statistics. The retention survey data
were analyzed using an independent samples t test in
order to determine differences in retention survey
scores between the two conditions; the influence of
gender on retention was also evaluated.
Descriptive analysis indicates that data for the
study population are normally distributed. Gender
also appears to have no impact on the retention
scores for both conditions. An independent samples
t test indicated that no significant difference existed
between the retention survey scores for both conditions. Eye tracking data were used to determine the
total number of fixations, average fixation duration,
and total fixation duration spent on each AOI among
participants.
AMERICAN METEOROLOGICAL SOCIETY

Fig. 3. Example gaze plots during No Gesture condition and Gesture condition forecast variations. Each
depiction illustrates one participant’s gaze during each
forecast. (a) A gaze plot for Participant Elab2011020a
during the No Gesture condition forecast variation (b)
A gaze plot for Participant Elab2011006b during the
Gesture condition forecast variation.

The total fixation duration for the No Gesture condition was greater than the Gesture condition for all
AOIs. Average fixation durations per AOI for the No
Gesture condition were also greater than the Gesture
condition except for a slightly higher duration in the
Weathercaster’s Hand AOI for the Gesture condition.
The total number of fixations across most AOIs was
also greater for the No Gesture condition compared to
the Gesture condition except for the Weathercaster’s
Hands and Face AOI. Taken together, these results
indicate that participants spent more time fixated on
the weathercast when gesturing was absent.
For both conditions, Forecast Temperature, Forecast, and Weathercaster’s Face AOI induced the greatMARCH 2015
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Fig. 4. Example heat maps for the No Gesture condition and Gesture condition forecast variations. Each
depiction illustrates the study population’s gaze during
each forecast. (a) A heat map for study participants
during the No Gesture condition forecast variation. (b)
A heat map for study participants during the Gesture
condition forecast variation.

est gaze among participants, while the Station Banner,
Days of the Week, Scene Image, and Weathercaster’s
Hands AOIs induced the least amount of gaze. The
results of statistical comparison of AOI gaze data
across the two conditions indicate that gaze per AOI
was similar across the two conditions except for the
Hands AOI, with more gaze on Hands during the
Gesture condition, as expected.
Gaze plots and heat maps were used to visually
determine which weathercast components were of
interest to the participants and to determine what elements drew the most attention from those viewing the
forecast videos. In this study, the gaze plot represents
one participant’s gaze path while viewing the weath390 |

ercast, while the heat map represents a summation of
all participants for each condition. A comparison of
gaze plots for both conditions (Fig. 3) indicates that
the participant’s attention was heavily concentrated
on both the weathercaster’s face and the forecast regardless of gesturing. The most apparent difference
between the two conditions exists along the participant’s gaze path between the weathercaster’s face and
the forecast. During the No Gesture condition, the
participant’s gaze path displays a single, uninterrupted
movement between the face and the forecast. During
the Gesture condition, the participant’s gaze moves
repeatedly from the weathercaster’s face to the hands
and then to the forecast. This pattern of moving back
and forth between elements can indicate viewer confusion or lack of focus. Although it may appear that
only minor differences exist between the gaze plots
(Figs. 3a, 3b), closer scrutiny reveals that a greater
amount and larger clusters (represented as circles) are
present in Fig. 3b compared to Fig. 3a. Also apparent
are the larger clusters centered on the “days of the
week” AOI in Fig. 3b.
The heat maps developed in GIS summarize
all participant gaze data during each weathercast
condition (Fig. 4). The heat maps utilize a greento-red scale to indicate the level of attention by the
participants. In this case, green indicates a lower
amount of attention, while red areas are indicative of
higher amounts of attention. The heat maps indicate
an area of higher attention on the weathercaster’s
Face and the Forecast for both the Gesture and No
Gesture conditions. For the Gesture condition, the
area between the weathercaster’s Face and Forecast
is also garnering more attention compared to the
No Gesture condition, as would be expected for a
distracted or confused viewer.
Daily weather forecasts are a frequently accessed
source of information that the public counts on for
timely and accurate weather information. The information conveyed in a forecast allows individuals to
make choices regarding daily and future plans. As a
trusted source, the weathercaster plays a critical role
in the delivery of weather information, and is a key
player in the decision-making process. Variations
in screen elements, weathercaster gesturing, and
presentation style all influence viewer attention and
retention of the forecast information being viewed.
For these reasons, it is critical that we understand the
impacts of gesturing on viewer attention to screen
elements to insure that forecast information is being
delivered as effectively as possible.
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This study indicates that gesturing impacts
weathercast viewer attention during weekend
weather forecasts. Interestingly, though retention
scores for both conditions were similar, differences
in attention paid to the weathercaster’s hands and
to various screen elements were evident. Given this
information, consideration should be given to the
overall design of the on-screen elements contained
within the forecast and the weathercaster’s use of
gesturing during the forecast. Although gesturing
has not been shown in this study to influence viewer
retention of the forecast information, it has been
shown to possess the ability to redirect viewer attention. The ability to redirect viewer attention may
impact the ability to reduce viewer confusion and
increase understanding of the forecast.
The novel use of eye tracking equipment and GIS
software to analyze viewers’ attention to and retention of daily weather forecasts provides a unique
method available to researchers to analyze the
effectiveness of weather forecasts. Today’s weathercaster is often considered the science expert of
the television station and often utilized as the “go
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to” person to disseminate scientific information to
the public. Weather is a daily concern for the public
both for everyday decision making and more critical
decisions that must be made in the face of climate
change or natural disasters. What may be even more
critical are local severe-weather events that have
the ability to potentially impact viewer lives and
property. The fact that viewers may be distracted
or confused by gesturing suggests that additional
research into the role of gesture during weathercasts
is needed. The goal of research focusing on delivering a “better” forecast, whether daily or severe,
relies on communicating accurate information
that provides ample opportunity for the viewer to
make effective decisions. These decisions represent
crucial factors that influence immediate and future
plans and decisions among viewers. Additional research utilizing novel methods that investigate the
impact of televised forecasts on viewer attention
and retention is necessary to further improve the
usefulness and effectiveness of weather forecasts.
In particular, this study focused on retention of
information from a seven-day forecast. The impact
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of gesturing on retention of less complex information, such as the amount of time a viewer may have
to seek shelter, should be investigated. The current
study suggests that gestures may induce confusion,
rather than encouraging attention. Based on these
forecast results, we encourage further investigation
of the impact of gesturing on retention of severeweather warnings.
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