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Abstract: Hunger relief is one of the major needs during humanitarian
emergencies. It presents significant challenges to aid organizations trying to
manage data, information and knowledge about the situation or event. Food
banks receive donations from a variety of sources to meet their demand.
The distribution of donated food to meet the unmet hunger needs is a
critical issue faced by the food banks across the nation. This paper presents
a methodology to apply interactive dashboards to a food bank’s decision
making process. The first step of this research focuses on understanding the
existing decision making process of a food bank. Data from a local food
bank was used for this research. Data mining tools were employed to
develop predictive models for food bank decision making. Appropriate
visualization techniques were identified that can be used to visualize the
data mining results. An interactive dashboard was developed and evaluated
to enable effective decision making. The results indicated that interactive
dashboards were highly effective as compared to the traditional data
retrieval system for decision making in food bank operations. The new
methodology can be extended to other food banks and hunger-relief
organizations which deal with big data.
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Introduction

An estimated 14% of households in the United States
were food insecure at least once during the year 2014
(Coleman-Jensen et al., 2015). Food insecurity means
that households had a shortage of food for an active,
healthy life for one or more of their members. In
addition, 5.6% of households had very low food
security which meant that their eating patterns were
disrupted because of the lack of money and other
resources for food (Gundersen et al., 2011). Studies
have shown that most food insecurity is associated with
chronic poverty and temporary unemployment (Barrett,
2010). On the other hand, American families waste
approximately 25% of the food and beverages they buy
(Bloom, 2011). Reducing food losses by just 15%
would be enough to feed more than 25 million Americans
every year when one in six Americans lack a secure
supply of food to their tables (Coleman-Jensen et al.,
2011). Increasing the efficiency of the food system is a
triple bottom-line solution that requires collaborative
efforts by businesses, governments and consumers
(Coleman-Jensen et al., 2011).
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One of the nation’s largest hunger-relief
organizations, Feeding America assists local food banks
in acquiring and dispensing food, raising funds and
acquiring more donors, sharing best practices amongst
food banks and other agencies. Food banks receive
donations from a variety of sources to meet their
demand. However, the donations received may not be
efficiently translated into food provision for the hungry
due to several shortcomings. Some of the reasons
include (1). Uncertain donation and demand patterns,
(2). Untimely logistical needs to deliver food to the
hungry population, (3). Limited information on the local
distribution and manpower needs to distribute food and
(4). Unavailability of a structured information tool for
decision making at different levels in the food bank
hierarchy. Thus, it is imperative that a systematic
methodology be developed that can assist food bank
administrators make informed decisions on food and
resource allocations. In addition, it is important to be
able to predict food demand accurately and investigate
the critical factors that impact food demand.

In recent years, data mining has been applied to
develop an empirical model to investigate various factors
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that affect food demand for a food bank (Okore-Hanson,
2012). A logistic regression model was developed to
predict whether a person will donate or not to a
humanitarian agency during natural disasters. Brock and
Davis (2015) used neural network models to forecast in-
kind donations from retail donors for a food bank.
Nuamabh ef al. (2015) have developed a state-space based
simulation model for exponential smoothing to determine
the expected quantity of food donations received per
month in a multi-warehouse distribution network. The
donation data for the food bank was analyzed using time
series models based on product types, branch and program
types (Terry, 2013). Though, several approaches to
analyzing food bank data have been conducted, a systems
level approach needs further investigation. Further, the
visualization of the food bank data in a real-time system
for decision making is missing.

Visual analytics (VA) is a combination of automated
analysis techniques with interactive visualizations for an
effective understanding, reasoning and decision making
for large and complex data sets (Keim et al., 2008).
Andrienko et al. (2007) have developed a visual
analytics software module to support planning of
massive transportations under time-critical conditions, in
particular evacuation of people from a disaster-affected
area. Arias-Hernandez and Fisher (2013), present a
qualitative methodology for design research in the
domain of visual analytics for emergency management.
In recent years, the International Organization for
Migration (IOM) has used SAS® data visualization and
text mining to identify and rally responders to assist with
the most critical problems in areas devastated by super
Typhoon Haiyan (SAS, 2015). The application of VA
can uncover hidden data trends that would go unnoticed
due to lack of visualization techniques. Achieving this
goal requires advanced analytics, including forecasting
and optimization, as well as integrated data management
with visualization tools.

In this research, interactive dashboards were
developed using a user centered approach. Visual
Analytics (VA) approach was used for developing
interactive dashboards. Visual analytics software
Tableau® was used to develop the interactive
dashboards. These dashboards were evaluated for their
effectiveness and ease of use with subject matter experts
(food bank personnel) and user participants.

Methodology

Interactive dashboards were developed using visual
analytics which is composed of data analytics,
visualization and interactivity. Data analytics models
were built using supervised and unsupervised learning
methods. Time series models were developed to forecast
distribution trends for the food bank. Different
visualization tools were selected based on a detailed
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literature review provided below. User centered design
approach was used for developing interactive
dashboards. Further, interactivity modes applicable to
food bank data were evaluated by the participants. The
dashboard was evaluated by subject matter experts (food
bank personnel) and user participants. Statistical analysis
including descriptive and inferential statistics were used
to evaluate the dashboard design based on time to
completion of a task and overall satisfaction. The final
dashboard interface was developed using the above
described inputs. This paper focuses the on the
development of the interactive dashboard to visualize the
results of the data analytics.

Visualization Tool Selection

A detailed literature review was conducted to justify
the use of different visualization and interactive tools to
be implemented in this research. The following are
examples of visualization tools for display of the food
bank data: Pie-charts, Line charts, Bar charts.

Pie charts should be used when visual representation
of discontinuous variable (discrete or nominal) is desired
(Annesley, 2010). Briefel et al. (2003) have used pie
charts to visualize the food insecurity and frequencies of
visits to different Emergency Food Assistance System
(EFAS) providers. Line charts have been used to show
prevalence of food insecurity and very low food security
in U.S. households over the years (Coleman-Jensen et al.,
2015). Barrett (2010) uses a line chart to show how
different food security proxy indicators paint different
pictures (Barrett, 2010). Taking insight from literature
sources, line charts have been utilized to display
fluctuations in foodbank resources with respect to time.
Bar charts have been used to visualize EFAS data to
show the percentage of different EFAS provider who
distribute USDA food commodities (Briefel ef al., 2003).
Further, bar chart has been used to visualize delays and
cancellation of surgical procedures for different
specialties making it easy to understand the data
(Jonnalagadda et al., 2005). In this research, bar charts
have been used to display different food types, branch
types and donation types.

Dashboard Development Using User Centered
Design

Regular monitoring of data is critical for effective
decision making of the food bank. Dashboards are used
to show key performance indicators of an organization.
The interactive dashboard has been built using a User
Centered Design (UCD) approach. The following
iterative five-step process was employed to build the
interactive dashboard.

The UCD focuses on user requirements in the initial
stages of product development to ensure completeness
and satisfaction of the final interface design. To achieve
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effective, efficient and usable interfaces the user’s
perspective needs to be included through all the stages of
the design and development process (Adams, 2002). The
UCD approach involves multidisciplinary design teams
which leverage user feedback during the planning,
design and evaluation phases of system design
(Wickens et al., 1998). This concept ensures that the
system is designed from a user perspective versus
designs in which the user has to adapt to the design
(Vredenberf ef al., 2001). The basic UCD methodology
follows an iterative five-step process which includes: 1.
User Profiles, 2. Task Analysis, 3. Prototype, 4.
Usability Evaluation, 5. Final Interface. In this research,
the UCD steps were implemented for the dashboard
development as described below.

User Profiles

The first phase was identifying the food bank users of
the dashboard. It involved data collection related to the
needs and expectations of the users. In the initial phase
five food bank personnel were interviewed with a
questionnaire designed to extract information about their
decision making process. The local food bank involved
in this research was Food bank of central and eastern
North Carolina (FBCENC). The key stakeholders for this
research were the Vice president of operations, FBCENC
managers and data management staff. Foodbank data
was used to develop the prototype interactive dashboard.

Task Analysis

The task analysis was carried out to identify and gain
deeper understanding of the user tasks. The subject
matter experts which include the Vice president of

operations, IT manager and data management staff from
FBCENC were interviewed. The primary tasks were
discussed with them. FBCENC officials perform several
tasks to obtain data for decision making. The most
common task is to generate report for a given
agency/branch. A hierarchical task analysis was
performed for the existing process as shown in Fig. 1.

Prototype

In this phase, an interactive dashboard was
developed based on inputs from the previous two
steps. A prototype interface was created using
Tableau®™ software. Key attributes derived during the
interview and the task analysis were used as inputs to
develop design guidelines for the dashboard. This
prototype was used in the early dashboard testing
trials. Five Subject Matter Experts (SME) were
utilized as a pilot test group to screen for major
problems before user testing. SMEs were encouraged
to interact with the prototype to evaluate the usability.
SME review comments were incorporated as a
feedback for iterative improvement of the dashboard
design. Based on the feedback from FBCENC
personnel, a new process was developed for the task of
generating a report for a given agency/branch. Figure 2
shows the task analysis for the new process.

Usability Evaluation

In this phase, usability testing was performed on
the prototype interactive dashboard. The testing
protocol was developed to conduct the study.
Institutional Review Board (IRB) approvals were
sought before running the experiment.
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Fig. 1. Hierarchical task analysis for generating a report for a food bank branch
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Fig. 2. Hierarchical task analysis for the new interactive dashboard design

Participant

Fifteen graduate and undergraduate students were
recruited to evaluate the dashboard design. The details
of the participant collected in a pre-trial survey are as
follows. 33% of the participants had a proficiency
level of “good” and 60% of the participants had a
proficiency level of “very good” with computer usage
and had prior experience with visualization tools. 13
out of the 15 participants had used data analytics with
a high level of proficiency. For a total of 15
participants, 27% were undergraduate versus 73%
were graduate students. 67% were male participants
and 33% female participants. 40% of participants had
an age group of 20-24 years, while the age groups of
25-29 was 34% and 30-34 had 20% of the
participants, respectively.

Stimulus Material

Interactive dashboards built for this research were
evaluated.

Experimental Design

A completely randomized design was used. Participants
were randomly assigned to the two dashboards (existing vs.
prototype dashboard) to be evaluated.

Task

The participants evaluated 3-4 different dashboards
and answered related questions. One of the tasks the
participants performed was to generate the report for the
different branches.
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Procedure

Participant were asked to complete a pre-test
questionnaire to solicit background information and
experience. The participants were given training on how
to use the interactive dashboard. Then, he/she was asked
to evaluate the interactive dashboards. The interactive
dashboards consisted of different visualization charts
(pie chart, bar chart, line chart etc.) used to show data
from different branches for different entities over the
years. Participants answered the questions related to the
food bank data for different charts. After the dashboard
evaluation participants filled the Post Study System
Usability Questionnaire (PSSUQ) survey (US, 2015).

Data Collection

From the given set of tasks of evaluating the
interactive dashboards, performance data of time and
error was collected. Both subjective and objective
measures were collected from the experiment. The
subjective measure consisted of 16 question survey
which was designed to test the overall dashboard design.
The survey questions were divided into: (a) Ease of use,
(b) information quality and (c) interface quality. The
survey questions were rated on a Likert scale of 1
through 7. Multivariate analysis of variance was used to
analyze the data. The objective measure includes the
time to completion for the task.

Implement

Using the evaluation findings of the study, the
dashboard was revised and given to FBCENC for
potential implementation.
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Results
Dashboard Development

Based on discussion with the food bank Subject Matter
Experts (SME) and studying the donation/distribution
process an interactive dashboard was developed.

Dashboard Prototype

An initial version of the dashboard was developed
based on the process evaluation and requirements
analysis. Visualization tools such as bar charts, pie charts
and line charts were selected based on their applicability
towards food bank data as discussed in the methodology
section. Figure 3 shows the initial version of the
dashboard interface. It consists of the home page,
FBCENC overview, FBCENC donation details, FBCENC
distribution details and FBCENC branch details. The
home page for the dashboard has four categories which
will navigate to individual dashboards for specific details.
The FBCENC Overview gives the overall information for
the donation and distribution. The FBCENC Donation and
Distribution Details dashboards give detailed information
for each category based on product type, donation and
distribution programs. The FBCENC Branch Details gives
detailed information on a branch. Detail dashboard views
and explanation for some of the dashboard categories are
described in this section.

FBCENC Overview Dashboard

Figure 4 shows the detailed view of “FBCENC
Overview” dashboard. The dashboard layout is divided
into four individual windows.

FOOD BANK (FBCENC) Menu System

FBCENC Overview

@ |2

FBCENC Donation Details

413

1

2

FBCENC Distribution Details

y.
A

FBCENC Branch Details

ioll]

Fairshare Window

The top-left window shows the Fairshare
allocations for different branches/counties. Fairshare
is the primary food allocation policy used by food
banks to distribute the food to each county based on
the poverty rate. The Pound per Person in Poverty
(PPIP)/Meals per Person in poverty (MPIN) is
calculated by dividing the amount of food distributed
to the people in poverty. Different data mining models
were built to evaluate whether the fairshare policy
being “met” or “unmet.” The PPIP/ MPIN threshold
of 75% is shown wusing a dotted line.
Branches/counties meeting or exceeding this 75%
threshold are shown in blue color and the unmet
PPIP/MPIN allocations are shown in orange color.

Donation by Year Window

The bottom-left window shows the donation by
year to forecast future donations. Data is presented
using line chart for different years for all branches.
Each branch can be selected using the multiple drop-
down box to see donation received for a branch.
Exponential smoothing method is used to forecast the
donation data.

Donation by Program Window

Donation Program details are shown in the top-right
window by gross weight using a stacked bar chart. When
a particular branch is selected in a donation by program
window all the participating program for that branch are
updated in this window.

Fig. 3. Home page for FBCENC Dashboard
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Fig. 5. FBCENC donation details dashboard

Distribution Program Window

A piechart shows the distribution program details
using multi-color display. A multiple dropdown menu
can be used for each of the above windows to select a
specific branch.

FBCENC Donation Details Dashboard

Figure 5 shows the detailed view of “FBCENC
Donation Details” dashboard. The dashboard layout is
divided into four individual windows which gives details of
the donation received through different donation programs.
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Donation by Year Window

The top-left window shows the donation by year to
forecast future donations. Data is presented using line
chart for different years. The number of years can be
selected using a slider bar interactivity mode. Exponential
smoothing method is used to forecast the donation data.

Donation by Branch Window

The bottom-left window shows the donation received
in gross weight for all the branches. Data is presented
using a bar chart for different branches.

Donation by Product Window

Donation Product details are shown in the top-right
window by gross weight using a stacked bar chart.
Multiple drop- = down box can be used to select
different product types received.

Donation by Program Window

A piechart shows the donation by program details
using multi-color display. When a particular donation
program is selected using a click then all the other three
windows are updated with information related to that
donation program.

Table 1. Basic statistics for SME evaluation

SME Dashboard Evaluations

The dashboards developed in this research were
evaluated by Subject Matter Experts (SME) at the
FBCENC. Five participants participated in the
evaluation experiment. The PSSUQ survey results are as
shown in Fig. 6. It shows the SME mean scores (error
bars-standard deviation) for the three dashboard
evaluation measures.

Basic Statistics

Data on time and overall satisfaction was collected
and the basic statistics can be seen in the Table 1. The
SME performed a list of tasks using both the
traditional (existing) system and the new dashboard
developed in this research. The mean time to generate
a report for a particular branch using the traditional
method was 16 minutes. Whereas, it took only 1.84
min using the new dashboard system. Thus, there was
a significant reduction in the time as well as the
number of steps to generate a report using the newly
developed dashboards. This is evident from the task
analysis shown in Fig. 1 and 2 that indicates a
simplified report generation process using the new
dashboard system.

Overall Satisfaction

Time (minutes)

Mean

StDev Mean StDev

w B

Old system 3.0
New system 5 6.6

0.71 16.0 4.24
0.55 1.84 0.25

EVALUATION OF DASHBOARD BY SME

7.00 r 6.55

6.00

5.00 r

4.00

MEAN SCORE

200

1.00

0.00

6.27 6.40

EASE OF USE

INFORMATION
QUALITY

INTERFACE QUALITY

EVALUATION MEASURES

Fig. 6. Subject Matter Expert (SME) evaluation of dashboard
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Inferential Statistics

A correlation analysis between (a) time to
completion and (b) overall satisfaction was
performed. A strong negative correlation between the
two dependent variables was found (r = -0.849, p =
0.002). Therefore, the Hotelling’s T’test was
conducted to analyze both time and satisfaction
simultaneously. Model adequacy was checked to
evaluate multi-variate normality for the variables and
no violation was found. The output revealed that a
statistically significant difference was found between
the two systems when time and overall satisfaction
were analyzed simultaneously (Wilk's A = 0.0339, F, ;
=99.71, p<0.0001).

A paired t-test was performed on the time and
overall satisfaction separately. Results indicated a
significant system effect on time (t; = -7.89, p<0.001)
as well as overall satisfaction (t4 = -14.70, p<0.001).
Specifically, the new dashboard system had statistically
the lowest mean time and the highest overall
satisfaction score. Based on the above results it was
concluded that the new dashboard system can serve the
FBCENC for effective decision making.

The SME comments and evaluations were taken
into consideration for improving the dashboard
design. The recommendation of the SME included: (a)
Color coding of different branches should match the
FBCENC system (for example data for R branch
should be displayed in purple color), (b) highlight
each window title in upper case letters, (c) the

multiple drop-down menus should be in the right edge
of the window as applicable. These suggestions were
included in the dashboard design for evaluation by
participants to test overall satisfaction of the
dashboard interface.

Discussion
Overall Dashboard Evaluation

Based on the inputs from the SME and feedback
from the user participants an improved dashboard
design was developed as shown in Fig. 7. The
improvements in the dashboard design include: (a)
Color display of different branches was matched with
the existing FBCENC color code system (for example
data for R branch is displayed in purple color), (b)
highlighted each window title in upper case letters and
(c) multiple drop-down menus placed in the right edge
of the window as applicable. The new dashboard
design was further evaluated for overall satisfaction.

Figure 8 shows the mean scores and standard
deviation for the three dashboard evaluation measures of
the PSSUQ survey. Based on the survey results, all three
evaluation measures had a high mean score (close to 6.0)
indicating that the interactive dashboard design was user-
friendly and could capture food bank information. As
can be seen from Fig. 8, the information quality had the
highest mean score of 6.22 which indicated that the
information displayed was well presented and participant
could interpret the data for the given task.

Distribution Details

DISTRIBUTION BY YEAR

Forecast Indicator
W 2ctunl

2006 w007 2008 2000 w0 2011 2012 2013 2014 2015

DISTRIBUTION BY BRANCH

DISTRIBUTION BY STORAGE

i _ _
i -. e
i -.

PRODUCE

DISTRIBUTION PROGRAM

Distribution Program
{MuRiple yadues)

Fig. 7. Updated dashboard design for branch details
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Fig. 9. Final interactive dashboard interface

The recommendations included that the bar graphs Conclusion
used in the dashboard to be made descending where
applicable which will make it easy to compare
between the data sets. Also, a few participants who
were not familiar with FBCENC suggested of the
color change for the charts, but due to the color
coding of the branches this change was not possible.
The final dashboard interface was developed based on
the survey results and recommendations of the food bank data were selected. Pie chart were used to
participants. The final dashboard interface for the evaluate the donation sources as well as distribution
Branch Details is displayed in Fig. 9. programs. Line charts were used to compare the

In this research, interactive dashboards were
developed for effective decision making in a food
bank. With this methodology food bank personnel,
can get access to structured information for decision
making at different operational levels which is not
readily available. Different visualization tools (pie
chart, line charts and bar charts) appropriate to the
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demand and supply of food throughout the year. Bar
charts were used to display different food types,
branch types and donation types.

Interactive dashboards were developed using a
User Centered Design approach. Results indicated that
the new interactive dashboard outperformed the old
method for both the evaluation measures (Wilk's A =
0.0339, F,; = 99.71, p<0.0001). These findings along
with the feedback from the SMEs were used to revise
the dashboard. The revised dashboard was tested for
overall performance to evaluate (a) the ease of use, (b)
information quality and (c) interface quality. The
dashboard was highly rated for all three evaluation
measures. The mean score for the information quality
(6.22) was the highest among all three which
indicated that the information was well presented and
participants could interpret the data for the given task.
The final dashboard interface was developed based on
comments from the user evaluation.

The interactive dashboard developed in this
research will provide food bank personnel easy access
to data, improve information reporting and
customized data presentation view. The results of this
research provide a foundation for using a visual
analytics approach to support decision making in the
food bank. It can be extended to other food banks and
humanitarian relief agencies.
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