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ABSTRACT

Scientists and policymakers are increasingly leveraging complex, multi-scale data
from diverse, worldwide sources to understand the causes and consequences of
economic development, social stratification, climate change, cultural diversity, and
violent conflict. This work frequently requires integrating data across diverse datasets
by complex, dynamic categories (e.g., ethnicities, languages, religions, subdistricts).
However, different datasets encode corresponding categories in disparate formats
and at different resolutions (e.g., Guatemala Indigenous vs. Maya vs. K’iche’). These
diverse encodings must be translated across datasets before bringing them together
for analysis. At global scales across thousands of categories, the combinatorial
complexity creates thorny challenges for manual reconciliation and for transparent
documentation and sharing of researcher decisions. There is a need to investigate
direct and uncomplicated ways to support search and explore the semantics for
complex and diverse datasets.
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INTRODUCTION

Scientists and policymakers are increasingly leveraging complex, multi-
scale data from diverse, worldwide sources to understand the causes
and consequences of economic development, social stratification, climate
change, cultural diversity, and violent conflict. This work frequently
requires integrating data across diverse datasets by complex, dynamic
categories (e.g., ethnicities, languages, religions, subdistricts). However,
different datasets encode corresponding categories in disparate formats
and at different resolutions (e.g., Guatemala Indigenous vs. Maya vs.
K’iche’). These diverse encodings must be translated across datasets before
bringing them together for analysis. At global scales across thousands
of categories, the combinatorial complexity creates thorny challenges for
manual reconciliation and for transparent documentation and sharing of
researcher decisions. There is a need to investigate direct and uncomplicated
ways to support search and explore the semantics for complex and diverse
datasets.
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We design and deploy such a tool, CatMapper, to support semantic
discovery through exploration and manipulation for large, complex and
diverse datasets. CatMapper enables exploring contextual information about
specific categories, translating new sets of categories from existing datasets
and published studies, identify and integrating novel combinations of datasets
for researchers’ custom needs, including automatically generated syntax to
merge datasets of interest, and publishing and sharing merging templates
for public re-use and open science. CatMapper does not store observational
data. Rather, it is a dynamic, interactive dictionary of keys to help users
integrate observational data from diverse external datasets in disparate
formats, thereby complementing and leveraging a fast-growing ecology of
datasets storing observational data.

In Figure 1, we present SocioMap, an instance of CatMapper that
visualizes the distribution of all the available datasets in the system. Table 1
illustrates the dataset coverage in the SocioMap.
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Figure 1: SocioMap. an instance of CatMapper that organizes the thousands of
sociopolitical categories.

Table 1. The dataset coverage summary of SocioMap.

Focus Datasets  Areas Ethnicities Languages Religions
Attitudes, values, and beliefs 774 27,475 13,441 2,720 1,651
Genetics 3 0 461 1 0
Geospatial boundaries 3 194,045 1,362 1 0

Health and human biology 1,077 5,112 3,065 649 598

Social and demographic 1,721 28,057 13,633 1,828 1,657
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System Design

CatMapper aims to improve the efficiency, accuracy and transparency of the
key steps in the reconciliation and merging process by (1) automating tasks
when possible, but eliciting (and documenting) user input when ambiguities
arise (Holzinger, 2016), (2) maintaining a well-documented and expandable
repository of categories and translations so users can build from prior
work rather than duplicating effort, and (3) documenting user decisions
in a common machine readable form for easy inspection and re-use by
future users. CatMapper does this with four sets of tools aimed at (1)
exploring contextual information about a specific category, (2) translating
new classification schemes to existing ones in CatMapper, (3) integrating
data from multiple external datasets by categories, and (4) documenting and
sharing researcher decisions when integrating data for their specific study
(Hruschka et al., 2022).

CatMapper currently focuses on the domains of categories commonly used
in diverse social sciences that pose challenges for data synthesis because they
have a large number of categories frequently nested at multiple scales and
encoded by thousands of datasets in idiosyncratic ways. The sociopolitical
categories are defined by ethnicity (Alesina et al., 2013; Hillesund, 2017;
Kirby et al., 2016), religion (Matthews, 2012), language (Kirby et al., 2016;
Liu & Pizzi, 2018), and administrative subdistricts (Ruggles et al., 2011;
Schiirer et al., 2018; Zhukov et al., 2017; Kugler et al., 2015; Pezzulo et al.,
2017; Carrao et al., 2016; Samberg et al., 2016; Sundstrom & Wingnerud,
2018; Falk et al., 2018; von Grebmer et al., 2017; Smits & Permanyer, 2019)
—are crucial for a wide range of comparative analyses (Jstby et al., 2011;
Zhang et al., 2017; Suiter& Taylor, 2016; Azzarri et al., 2016).

The system interface is shown in the Figure 2; The system architecture is
illustrated in the Figure 3.
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Figure 2: Front-end explore function in the SocioMap.
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Figure 3: Back-end architecture of the system.

USER STUDY & RESULTS

A heuristic study was designed and administered to evaluate the Explore
function in the SocioMap. There were 29 participants in the study. They
were a combination of junior and senior students in the class of web
usability offered from the Department of Computer Science Engineering at
the authors’ institute. The study was designed and tasked as one of the
lab assignments allowing students to practice exercising heuristic evaluation
principles. Jakob Nielsen’s (Nielsen, 1994) 10 interaction design heuristics
were introduced a week prior to the study. The participants followed
the standard expert review procedure with a small group 3-5 people,
evaluate individually, aggregate discovered issues, apply severity ratings, and
summarize the results.

There were 71 items listed across 10 heuristics by 7 groups of 29 students.
Based on the severity ratings outcome, 56.3% of the items were minor or
cosmetic user interface issues; 18.3% of categorized as catastrophic issues;
25.3% items were rated as major issues.
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Figure 4: Preliminary heuristic evaluation on SocioMap explore function outcome.
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CONCLUSION

Our preliminary study demonstrated that the deployed tool, CatMapper,
specifically the SocioMap user interface, supported semantic discovery
and data exploring. Several heuristic issues were surfaced out during the
evaluation, which motivated us and provided guidelines for the next iteration
of the system development.
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