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Abstract
Large-scale digitization efforts and the availability of computational methods, including text
mining and information visualization, have enabled new approaches to historical research.
However, we lack case studies of how these methods can be applied in practice and what their
potential impact may be. Trading Consequences is an interdisciplinary research project
between environmental historians, computational linguists and visualization specialists. It
combines text mining and information visualization alongside traditional research methods in
environmental history to explore commaodity trade in the nineteenth century from a global
perspective. Along with a unique data corpus, this project developed three visual interfaces to
enable the exploration and analysis of four historical document collections, consisting of
approximately 200,000 documents and 11 million pages related to commodity trading. In this
paper we discuss the potential and limitations of our approach based on feedback from
historians we elicited over the course of this project. Informing the design of such tools in the
larger context of digital humanities projects, our findings show that visualization-based
interfaces are a valuable starting point to large-scale explorations in historical research.

Besides providing multiple visual perspectives on the document collection to highlight
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general patterns, it is important to provide a context in which these patterns occur and offer
analytical tools for more in-depth investigations.

1. Introduction

Trading Consequences? is a two-year interdisciplinary project funded under the “Digging into
Data™? initiative. The project, conducted by researchers in environmental history,
computational linguistics, information visualization, and database systems, focuses on the
exploration of commodity trade in the nineteenth century British world. Information on
commodities was computationally extracted from over 200,000 historical documents. This
data was then visualized to enable large-scale open-ended explorations in ways that authors of
the original documents would have never imagined.

Traditionally, historians studying commodities and their environmental consequences have
tended to focus on a limited number of commodities (e.g. William Cronon's influential
research on beef, lumber and wheat (Cronon, 1992)). In contrast, Trading Consequences aims
to identify global trends in commodity trading for different natural resources — raw materials
or lightly processed goods — by correlating information extracted for one commodity with that
of others or showing all commodities relevant to particular locations and dates. The main
contribution of the Trading Consequences project is the exploration of computational
methods — text mining and information visualization — help to identify and illustrate the
significance of specific commaodities in relation to particular places and time to facilitate in
environmental history research.

This paper describes our approach of facilitating the investigation of high-level trends in the
collocation of commodities and place names in text, based on a large corpus of nineteenth
century (mostly) government documents, while enabling detailed analysis of trends on a
sentence-level. We particularly focus on the visualization-based tools that were developed to
make the text-mined data explorable. We discuss design considerations and resulting

functionalities but also reactions from historians within and outside our research team. As

1 http://tradingconsequences.blogs.edina.ac.uk/
2 http://www.diggingintodata.org/
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computational tools are increasingly becoming a vital part of humanities’ research methods, it
is important to consider how they are utilized and experienced, and, ultimately, if and how
they can facilitate new discoveries. Our work provides insights on the role that information
visualization, beyond the ubiquitous map display, can play in environmental history research.
We first present an overview of our general approach, followed by a description of the
initial visualization prototype we developed and the feedback provided by a group of
historians from the Network in Canadian History & Environment (NICHE).® We then present
the second visualization prototype we developed based on this feedback and which historians
in our team tested for several months. We end with a critical discussion of our approach to
facilitate the analysis of large document corpora as part of historical research and outline
considerations that can inform the design of exploratory, visual interfaces to support research

in the humanities in general.

2. Trading Consequences — Underlying Sources & Technical Approach

As part of Trading Consequences, we computationally analysed digital documents from four
major British and Canadian text collections relevant to trade in the 19th century.* The British
House of Commons Parliamentary Papers (ProQuest) and Early Canadiana Online
(Canadiana.org) are some of the largest digitized collections of British and Canadian
historical documents with a combined total of more than ten million pages. They are a major
source for more conventional historical research and the most obvious collection for a text
mining project interested in British and Canadian history. The other two major collections,
Confidential Prints (Adam Matthews) and Kew Gardens Directors Correspondence, are
significantly smaller, but focus on global correspondence, which was of particular interest to
this project. We only included English documents — processing documents in other languages
was beyond the scope of this project. While the resulting document collection is limited, it

still consists of over 200,000 documents, 11 million pages, and over 7 billion analysed word

% http://niche-canada.org/
4 Data collections, including two additional small collections and a collection that was not processed:
http://tradingconsequences.blogs.edina.ac.uk/about/the-corpus/
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tokens. The digital documents form the basis of our text-mining approach which relies
heavily on the use of lexicons and gazetteers. The mined information is stored in a relational
database, which serves as the backend to three exploratory, visualization-based interfaces. An
overview of the technical approach of Trading Consequences is shown in Figure 1 and
described in the remainder of this section.
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Figure 1: Technical Approach of Trading Consequences.

2.1 Text Mining
The text mining (TM) tools were developed by the Language Technology Group at the
University of Edinburgh.® We adapted an existing text mining pipeline built on in-house

tools® to process historical text. As mentioned above, we only processed English documents

5 http://www.ltg.ed.ac.uk/
6 LT-XML2: http://www.ltg.ed.ac.uk/software/ltxml2
LT-TTT2: http://www.ltg.ed.ac.uk/software/lt-ttt2
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within a highly multilingual text collection (e.g. Early Canadiana Online). If a text’s metadata
did not include its language origin, we computed it automatically’. For collections that we
knew contained mostly English language content, we processed all documents.

A large amount of the input text was of poor quality as a result of optical character
recognition (OCR) — the digitisation process used to convert scanned images to electronic
text. We devoted some research to rating the quality of the text documents automatically and
to identify an appropriate threshold above which documents were considered as sufficiently
high quality for text mining (Alex and Burns, 2014). However, this was carried out after
completion of the last iteration of text mining processing and OCR accuracy-based filtering
was not applied in practice in this project.

The TM component includes a series of processing steps that build up the linguistic
information in a given text. A pre-processing stage includes tokenization, sentence-splitting,
part-of-speech tagging, lemmatization and chunking to determine words and sentences,
identify their syntax, compute canonical forms of word tokens and to recognize verb and
noun phrases within sentences. The next steps are named-entity recognition and grounding:
mentions of locations, commaodities, and dates are automatically identified in the text and
grounded to unique identifiers in existing knowledge databases. For example, we ground
location mentions to GeoNames? identifiers, together with their corresponding
latitude/longitude coordinates and feature types. We use an adapted version of the Edinburgh
Geoparser for this geo-referencing process (Grover et al., 2010, Alex et al., 2015). The final
TM step identifies relations between commodity, date, and location mentions Here a
commodity-location relation is recognized if both appear within the same sentence. The
resulting TM output is stored in XML format.

At the start of the project we did not have software for recognising and grounding
commodity mentions in text, and there was no comprehensive list of commaodities relevant to

the nineteenth century available. We therefore created such a resource semi-automatically,

" TextCat: http://odur.let.rug.nl/~vannoord/TextCat/
8 GeoNames: http://www.geonames.org/
9 http://tradingconsequences.blogs.edina.ac.uk/about/the-corpus/text-mining-document-example/
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starting with a small seed set of commodities manually collected from archival sources which
we expanded automatically from several hundred commodities to a lexicon of over 20,000
entries linked to DBpedia®® concepts and categories. The historians then manually edited this
resource: missing commodities were identified by means of contextual bigram analysis of
development data. This manual error analysis resulted in an increase in both precision and
recall of the mined commaodity output (Klein et al., 2014b). The output of the improved text
mining system forms the basis for the visualizations that are accessible today.

2.2 Relational Database

The TM output is stored in a relational PostgreSQL™ database set up and hosted by EDINA?
for subsequent querying and visualization. PostgreSQL is an open-source object-relational
database system with the advantage of supporting geospatial queries through PostGIS. The
database consists of four main tables that contain information about each historical document,
the extracted commodities, the extracted locations, and the commodity-location relations.*®

The Documents table stores information about 200,871 documents — document title, author,
publication year, collection and a URL to the original digitized document.

The Commodity Mentions table stores all mentions of each commodity (currently
28,595,550) reproducing exactly the spelling of the commaodity in the text. Each commodity
mention is linked to the corresponding document, the page identifier, sentence from which it
was extracted, and the corresponding DBpedia concepts and categories. The latter helps to
categorize, e.g., commaodity mentions of different spellings that refer to the same commaodity.

All Location Mentions are stored along with their corresponding document, sentence, page
identifier, latitude/longitude coordinates and GeoNames identifier (see Section 2.1). There are
currently 74,744,515 location mentions stored in the database, corresponding to 2,275,186

unique locations identified in the corpus.

10 DBpedia: http://dbpedia.org. We accessed DBpedia via the SPARQL endpoint
(http://dbpedia.org/OnlineAccess), most recently on 16/12/2013, corresponding to DBpedia version
3.9.

1 http://www.postgresgl.org/

L2 EDINA, the Jisc-designated centre for digital expertise & online service delivery: http://edina.ac.uk/
13 The Trading Consequences database is available for download at:
https://github.com/digtrade/digtrade
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The TM component identified a total of 13,969,659 Commaodity-Location Relations across
the entire document corpus which are stored in an additional table. Each commodity-location
pair is linked to the corresponding commodity/location mentions tables via identifiers to
enrich them with additional information such as the corresponding document, sentence,
commodity concept, and latitude and longitude.

There are some limitations to our text mining approach. For instance, while the text mining
tools automatically identified 595,121 unique commodities, this large number is the result of
incorrect identifications: sequences of commodities found in tables (e.g., “Wheaten Bread
Horned Cattle Sheep”) were misidentified as a single unique commodity.'* Such inaccuracies
add noise to our data set and, in some cases, also limit the accuracy of our exploration tools.
Further improvements of the text mining tools will address this issue. However, the vast
majority of misidentified commodities appear less than ten times in the corpus, and many
were not connected to a location, which is why this issue does not have a major effect on the
tools’ overall functionality. In fact, most aspects of the exploration tools focus on patterns
where individual commaodities and locations collocated hundreds or thousands of times.

As the numbers above show, the data resulting from the TM output is large and stored in a
format unfamiliar to a majority of historians. While the database is available to scholars
directly and it is possible to retrieve and filter data via database queries, this still leaves
researchers with thousands of rows of data, which are effectively impossible to read and
analyze manually or through conventional tools such as Excel. It was our goal to make the
mined data accessible and explorable to historians across the world, without requiring
knowledge of database queries.

Geographic Information Systems (GIS), familiar to a growing minority of historians,
provide methods of visually mapping the type of data we produced. For instance, one could
guery the database for all location mentions related to “coal” and input this data into GIS

software. Even temporal aspects could be explored, using the Timeline features recently

14 There are only 6,439 unique commodity terms with an assigned DBpedia concept which should be
considered of higher reliability than those without a concept attached.



introduced into ArcGIS™. This, however, still requires writing SQL queries and experience
with GIS software, and the time involved in transferring the database and becoming familiar
with its content hinders an exploratory approach to the data..

We therefore developed a number of visualization-based web interfaces that show the
different aspects of our mined data in textual and visual ways and, as part of this, enable
interactive explorations, without requiring prior knowledge of database systems or GIS tools.
2.3 Database Interface
We first built a database interface that supports standard text-based search to query for
commodities and locations of interest.'® A search for a commodity brings up a view that lists
its corresponding DBpedia categories (see Fig. 2.A) and provides a zoomable heatmap
displaying location clusters related to the selected commodity term (see Fig. 2.B).

In addition, a list of documents is shown that contains the selected commodity term (see
Fig. 2.C) and which can be filtered by collection and decade (see Fig. 2.D & E). Selecting a
document brings up a view with more details about related commaodity/location mentions
within the document, their immediate context and links to their digital sources (see Fig. 3).

The database interface also supports location queries. Figure 4, for example, shows the view
resulting from a query for “Ceylon (Sri Lanka)”, which highlights over 60,000 commaodity
mentions, nearly 56,000 found in the HCPP collection, peaking at approx. 12,000 mentions
early in the twentieth century. The text mining results generally correspond with the island’s

major nineteenth century exports, and tea and coffee rank second and third in the list.

15 https://www.arcgis.com/features/index.html
16 http://tcgdev.edina.ac.uk/search/commodity/



https://www.arcgis.com/features/index.html
http://tcqdev.edina.ac.uk/search/commodity/

Cinchona

ﬁ The comm

hona'is 2 membar of the following commody categones

Possible Locations related to the trade of ‘Cinchona’

H

«

sowrerz

¥ Filter Documents in which ‘Cinchona’ is mentioned’ (Page 1 of 109)

#Mentions & Document Title

Figure 2: Trading Consequences database interface.
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Eighth report from the Select Committee on Sugar and Coffee Planting; together with an appendix.
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AL Author  Not known
& Publication Year 1847
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Commodity text Sentence Scanned page

sugar 1214 Further evidence to show that the losses sustained by the Dhobah Company may be attributed to the View
introduction of slave-grown sugar into this country. ib, 12 1 7-1 ajji — — See also Freights, Itrkoot.

sugar 16068-16074 Witness delivers in papers relative to his proposed plan, and on other subjects con~ nected with View

the cultivation and manufacture of sugar ; reference to the heads of these various papers, ib.

sugar But allow me to carry the comparison to the year 1851 ; then this description of British sugar would, under the View
existing law, be taxed 127 per cent., whilst our highly favoured foreign slave-trading competitor would only be
taxed 60 per cent., leaving him a bounty of 67 per cent, against our own subjects.

sugar Statement in detail, showing that the course pursued towards the West Indies has been altogether different from View
that pursued towards any other interest whatever, and to this may be attributed the state of distress at present
existing, hues 13382 The present condition of our West India islands may be in a great measure attributed to the
social regulations existing with regard to our colonies, Miles 13699 It is just a question now whether, if something
be not done, we shall have any sugar from the West Indies at all, ib.

sugar Cane Sugar ; and he answers, " | should say decidedly not ; it is very weak sugar, and sells lower than Martinique View
or Guadaloupe refining sugar, and therefore | do not think it can be so."

Figure 3: Database interface — document view.
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The database interface employs a familiar search style, as seen in library catalogues.
Research shows that such interfaces efficiently support targeted search where the search goal
is clearly defined (Marchionini, 2006). However, more open-ended inquiries that characterize
approaches in historical research are not well supported through list-based results, especially
since these can contain hundreds to thousands of documents. We therefore designed
alternative interfaces that draw from information visualization techniques, aiming to facilitate
both targeted and open-ended exploration of the Trading Consequences data.

2.4 Visualization Approach

Information visualization as ‘the use of computer-supported, interactive, visual
representations of abstract data to amplify cognition’ (Card et al. 1999, p.7) enables the
discovery and exploration of patterns and relations within data that would otherwise be
difficult or impossible to recognize. In the context of Trading Consequences our strategy was

to provide information visualizations of the mined data to:



1. Highlight trends across the historical documents, in particular, relations between
different types of commodities and the discourse around them in the context of
geographic location and time.

2. Enable the interactive and iterative exploration of the document collection,
supporting both targeted and open-ended search approaches.

Overall, our goal was to facilitate the development of new insights and/or research
guestions based on collection sizes that exceed possibilities of traditional humanities’
research methods, and to promote data probing without requiring well-defined queries.

We decided early on to implement all visualizations as web-based tools'’ to make them
easily accessible and sharable by historians worldwide. The tools are implemented using PHP
and JavaScript (D3.js*® and jQuery*®); no installation of additional software is required. The
visualizations have been optimized for and tested in the freely available Google Chrome
Browser.? In the following sections we describe two visualization tools we developed as part
of Trading Consequences. We outline how historians within and outside of our research team
used and experienced these tools and how the visualizations can facilitate environmental

history research in general.

3. Interlinked Views Visualization

The first visualization tool we developed—Interlinked Views?—aims at representing the
three major attributes of our mined data: the temporal document distribution, the variety of
commodities mentioned within these documents and the spatial relationships extracted by the
TM pipeline. Linking different types of visualizations leverages the advantages of different
visualization techniques and has been previously applied, for example, in the context of news

articles (Dork et al, 2008).

17 All information visualizations as well as the database interface we describe in this paper are
accessible on the Trading Consequences webpage: http://tradingconsequences.blogs.edina.ac.uk/
18 http://d3js.org/

19 http://jquery.com/
20 hitps://www.google.ca/chrome/

21 hitp://tcqdev.edina.ac.uk/vis/tradConVis/
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3.1 Design & Functionality

Interlinked Views consists of three interlinked information visualizations (see Fig. 5). A map
visualization provides an overview of the geographic context of commodity mentions (see
Fig. 5.A). A vertical tag cloud shows the top 50 most frequently mentioned commaodities in
alphabetical order (see Fig. 5.B). A bar chart presents the temporal distribution of historical
documents across the source collections (see Fig. 5.C). A ranked document list provides
direct access to the relevant articles (see Fig. 5.D), and a horizontal chart shows the
distribution of documents across the collections (see Fig. 5.E).

Interaction with one visualization acts as a filtering mechanism of the data shown in the
others. For instance, zooming into the map adjusts the tag cloud to include only commodities
mentioned in relation to visible locations, and the bar chart only shows documents that
include these commodity/location mentions. Particular time frames can be selected to further

filter the document corpus; the other visualizations are updated accordingly (see Fig. 6).

;u!(-:\
Cattle
Coal
Copper
Cotton
O 3“ s:c Beverage
Fish (Food
Food Grain
Fruit
7Fur»
Gold
Florse

Iron

lime
Lumber
Maize

—_——-—--— e
- 2o ) ) I s = e

= Petroleum
Pig

Figure 5: Interlinked Views visualization.



B ENTER A COMMODITY OF INTEREST

-ommodity search

NUMBER OF LOGATION MENTIGNS [absolute values]

1750 20 1800 1 1510 s e 1500 s 1510

=0

DISTRIBUTIGN OF DOGUMENTS AGROSS COLLEGTIONS [in

Figure 6: Adjusting one visualization acts as a data filter on the others.

A OOMMODITY OF IN

REST

SUGAR

DISTRIBUTION OF COMMCDITY MENTIONS ACROSS YEARS: SUGAS. [absolute vales]

l-!-l - Ill llIII-lI IlIl-

s 1580 e

LOCATICN MENTIONS: ASSOCUTED VATH SUC

Kanizredsten 2014 Bazarsoft, Google, INEG, ORION-AE | Meutzurgebedingung=n
DISTRIBUTION OF ALL DOCUMENTS BY DECADE Jabsclute waltes]

N ..I

DISTRIBUTION OF DOCUMENTS ACROSS 00

ECTIONS INCLUDING SUGAR [In %]

FREQUENT COMMODITIES [top 50]

Gold
Hering (Food)

ron
Lamb And Mutton
Leather
Lumger

Madras
(Cloth)

Maize

Mest

o

Nt R
Petroleum
Pig

Pork

o
Rantide
Rz

COMMODITIES RELATED TO SUGAR
Elaney

Butler

Capsieum
Cattle
Cheese
Coal

Cocoa Bean
Cod (Food)

Coffee
Copper
Cotton

Distilled Beverage
Egg (Foed)
Fish (Food)

Flour
Food Grain
Fruit

Fur
Goki

Iron

Juice

Lam

Lead

Leather

Lime
Lumber
Maize
Meat
Molasses

Petro\eum

Pig
Plant Stem
ok
Potato
Rawhide

Rice
Salt

Sheep
Silk
Stess

Tea

Tin
Tobacco
‘Viegetabie vary
Wheat
Wine

Woad

Wool

Figure 7: Selecting a commodity further adjusts all visualizations.

Tuading Creseguences
DOCUMENTS [top 100]
.wn Report rom the Select Commties on Catte Plagus and Imgoriaton o Live

Stock; togather with the pracssdings of the commitiss, minuies of svidencs, and
aprendin; House oF Commans Panamentary Fapers

225 Annual ststement o the trade and navigstion of e United Kingdom wih
foreign countries and British possessions in the year 1864.; House of Commons
Parlismentary Papers

1572 Regort from the Select Commities on Sugar Industries: togsther with the
G he commitiee, minuiss of avidence, and appendix. House of Commons
Pariamentary Papers

Bl1556: Annual statement of the trade and navigation of the United Kingdom with foreign
‘countries and British possessions in the year 1988 House of Commons Pariiamentary
Fapers

radie and navigation. Accounts relating to trade snd nsvigation o
B 1565: Trade and navigation. A Jating to trade snd nsvigation of e Unied
Kingdom, for the month endsd 31st Decembr 1 ‘bweive months ended 31st
December 1864.; House of Gommons Parliamentary Papers

1967 Trade and navigaiion. Accounts ralating fa trade and navigation of the United
Kingdom, for the month ended 31st December 1868, and tweive months endsd 31st
December 1868.: House of Commons Parliamentary Papers

1587 Annual statement of the irade and navigation of the United Kingdom with foreign
countries and British possessions in the year 1888.: House of Commons Pariamentary
Fapers

W1850: Annus! sistement of the trade and navigation of the United Kingdom with forsign
countries and British possessions in the year 1886.: House of Commons Pariamentary
Papers

IB1555. Trade and navigation accounts. For the morth ended 30th Noverber 1988, and
eizuen monins anded 300 Novamoer 1888+ 100t 0f Corions Farl ey Casers

11853: Trade and navigation sccounts. For the month ended 30th Mavember 1852, snd
eleven manths ended 30th November 1883 : House of Commons Pariiamentary Papers

W1575: Gommercial. No. 20 (1575). (Sugar conferences ) Comespondencs respecting
ne sugar comvertion o 1934, and tie sonTaremces Pk ot Brocuat in May 1976 Hooke
of Commens Parliementary Papers

W1373: Report from the Select Committes on Centagaus Dssases [Amm-\s) togsther
with the proosedings of the commitiss, minutes of evidence, and sppendoc.; House o
Commans Parlismentary Papers

B1528: Insex 10 the reportfrom the Seieat Commiise on Trade 1 Animals. House of
Commons Paiamentary Papers

W1252: Trade and navigation. Accounts relating to trade and navigstion of the United
Kingdom, for the menth ended 315t December 1361, and year ended 215t Decembar
1861.; House of Commons Pariamentary Papers

W1577: Report from the Select Commitee on Catile Plague and Importation of Live
Stock; togsther with the pracssdings of the commitiss, minuies of svidencs, and
‘appendix.; House of Commons Pariamentary Papers.

1868 First report from the Select Gommittze on the Metropalitan Foreign Cattle Market

Tradiag Erasegusnes
DOCUMENTS INGLUDING SUGAR [top 100)

METE: Repart trom tne Select Committes on Sugar Industriss; together with the
proczedings of the commiize, minutes of evidence, and appendix. House of Commans
Panilamentary Papers

W c75: Repont o the Sesect cammitiee on Sugar ndustnies: fogater wan the
procedings of the commitiee, minutes of evidence, and appendix,; Fouse of Commans
Parllameniary Papers

Ml1zc2 separt fom e Salest CommAtes an Sugar DUES: Igemer Wil he
proceedings of the commitiee, minutes of evidence, appendlx, and Index.; Houss of
Commons Pariamentary Papers

1362 Report from the Select Committes on Sugar Duties; fogether with e
proceadings of the commiize, minutes of evidence, appendix, and Index.; House of
Gommons Pariamentary Papers

1579: Repart from Me S2iect COMMALES an SUgar AUEINes: 10geMer witn
Dlobebdings of e comaies, iutes of SUceAcA. 370 Sppendit | pvee of Commons
Farllameniary Papers

M1£34: Sugar bounties. Retum i an order of ihe Honourable the House of Commons,
d31ed 12 AUGUE! 135310, FEILT “0f 3l COTESPANENCE SINCe tha dale Of e (321 return
Gelwesr, Ine Urade and the Foreign Cffice, beswaen he iade and the Soard of Trade, and
BENGESN e FOrEign OMice 3n0 TOr2ign QOVEMmMENts, on e GLBJECt of SXPon BOLMEE an

sugar."; House of Commons Parlizmentary Papers

H1£75: Report from the Select Commitiee on Sugar Industles: togefer wih the
procsedings of the commite, minutes of evidence, and appendiz. House of Commans
Farllameniary Papers

BE7S: Sugar dulles (nemorial rom Ine rade), Copy ofsugar rfivers mamortl o e
Gale 24 FELAAErY 1572; SUGAF refiners’ memonal, dated 6 May 1872 memonal
of Viest incla merchanis, s0gar rokees, uholesae grocer, rocers Ec. fom varous
BRI of 1 COUny. AP Wy, of JUne 1872: Eugar reMners memara, 12 December
72 reply thereto sugar refers’ memarlal, 23 June 1572; reply thersta: and statement
ol nhaeEe sk Seireosed o e Treasury. February 1873.: House of Commans
Farliamentary Paper:

WETE: Reporl from ine Select Commitie= on Sugar Indusiries; togemer wiih the
prostetinge of the commitae, MINUIZE OF EAGENCE, and APPENdIX.. HoUSE o Commans
Farllameniary Papers

EQ: Report from the Select Commitles on Sugar Industiss: kegether with
proceedings of the commiize, minuies of evidence, and appendix.. House of Commans
Farllamentary Papers

H1350: Genaralndes 1 th s, repors, accounis. and efher papers. prinfed by order
af the House of COMMONS: 1345~1850.: HOUSE of COMMANs Pariamentary Saper

m1575: ComMErial No. 20 (1575). (SUGST CORMERENc:s | COMesponoance rEspecting
the sugar convention of 1362, and ihe corferences hek at Srussels In May 1675, Holse
of Commons Pamamentary Papars

W1552: Report from e Select Committes on Sugar Dulles; togeter whn the
proceedings of the commities, minutes of evdence, appendis, and Ingex.: House of
COmMONS Paniamentary Papers

W1ES: Reort from the Select Commitise on Aallways: togemer with the proceedings of
11 commile. minuies of evidence. and appendi. Fart . Halse of Commans.
Paniamentary Papert

m1E7S: Commercial. No. 20 (1575). {Sugar conferences.) Comespordence respecting
12 SUGar caTerlon o 1364, NG 1 cOrMerencss N a1 STUssel n May 1875 Holse
af Commons Paramentary Fa

W1ES4: Sugar bountiss. Retum o an ordr of he Honourabée e House of Commons,
daled 12 August 1884~for, retum "of all corespondence singe the dale of the las! retum
BetES, Ine lrade 370 e FOrsgn Gice. BESWSSN e K0 and the Soar of Trace. and
elwesn Ine Forelgn Office and forzign govemments, on M subject of expart bouniss an
SUGAr" HouEe of COMMON Pariamentary Papers.

m13EE: Commercial. No. 15 (353), Further corsspondznce respecting e Intematonal
‘GOATEI=NOE ON INE SUJAT QUESHION: 1553 [IN CONENLIBAN of "CommMerolal No. 2 {1838)." C.
5253 ]: House of Commons Parliamentary Papers

m1573: Report from the Select Commitizs on Sugar Industries: together with
proceedings of the commiize, minuies of evidence, and appendix.. House of Commans
Farllamentary Fapers

1E30; Report from Me Select Commisie on Sugar Induszies; logethar wilh the
proseemIngs of te commitiee, mInUtes of E4CENCE, ANd APPERGIK. HoUse of Commans
Farllameniary Papers

w1E55: Parllamentary papers, List of the bllls, recorts, satmates, and sccounts and

papers, printed by order of the Hous2 of Cammens. and of the papers presented by
command, ssssion 1352-55; W 3 general aiphabatical Index thereto. 13 Parament-




Historians can specify commodities of interest, either by textual query (see Fig. 5.F) or by
selecting commaodities from the tag cloud. All visualizations adjust, with the tag cloud
showing commodities related to the selected ones (i.e., commodities that are mentioned on the
same document page with the selected commodity). An additional line chart presents the
frequency of mentions of the selected commodities across time (see Fig. 7).

Selecting a document title from the list loads the corresponding digitized version of its
source document in a new browser tab.

3.2. Feedback from Historians

To gain expert feedback on our Interlinked Views, we conducted a half-day workshop at the
NICHE Summer School 2013 in Nanaimo on Vancouver Island, Canada? (see Fig. 8). Over
twenty environmental historians and geographers at varying career stages participated in our
workshop (PhD students, postdoctoral researchers, and tenured professors). While all
participants use computational tools as part of their research (e.g. digital search interfaces,

databases, or GIS tools), none of them had used this visualization before.

Figure 8: Gathering feedback from workshop participants.

22 CHESS 2013:
http://70.32.75.219/2013/04/12/cfp-canadian-history-and-environment-summer-school-2013-
vancouver-island/
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During the workshop we first introduced the general background and goals of Trading
Consequences. This was followed by a short introduction of the Interlinked Views
visualization, including its range of features. Participants were then asked to explore the
visualization in groups of two. Each group had their own desktop computer with the tool
launched in a browser, showing the initial overview screen (see Fig. 5). We chose to have
participants work together in groups to promote discussions during their explorations.

While participants were generally encouraged to explore the visualizations based on their own
(research) interests, we suggested four open-ended exercises to initiate engagement with the
different features of the visualization: exploring the commodities (1) “cinchona” and (2)
“cheese”, (3) zooming into a location of interest, and (4) exploring a particular time period.
The exercises were introduced one-by-one, and participants were given 10 minutes to explore
corresponding features. Each exploration session was followed by an open-ended discussion
among workshop participants about their discoveries and impressions of the tool. The
workshop concluded with a general discussion about the visualization and the use of
computational methods as part of environmental history research.

Some historians immediately started to focus their exploration on the Vancouver Island area
where the workshop took place. Others experimented with commaodities and locations related
to their own research. In general, these first exploration periods were about confirming
familiar facts to assess the capabilities of the visualization and the trustworthiness of the
underlying data. The historians quickly understood the general purpose and high-level
functionality of the visualizations and were able to start their explorations immediately. There
was some confusion, however, about lower level details. For instance, the meaning of the size
and number of clusters in the map was unclear (e.g. do they represent number of documents,
or number of individual commodity/location mentions?). Observing changes in the
visualizations while adjusting parameters improved understanding, but we reflect that clear
labelling and tooltips are crucial for visualizations in the context of digital humanities, not

only because these are a novel addition to traditional research methodologies, but also



because they can be easily misinterpreted. The meaning of visual representations needs to be
clear in order to make visualizations a valid research tool.

Workshop participants found the meta-level overviews of the visualizations valuable, as
these can aggregate information about the document corpus beyond human capacity. In the
short time of the workshop, historians made (sometimes surprising) discoveries that sparked
their interest to conduct further research. While it is unclear if these discoveries withstand
more detailed investigations, this shows that information visualization has the potential to
support exploration and insight in the context of historical research.

Since exploration can result in long document lists, additional features that allow a quick
exploration of the document content were suggested. We addressed this in an iteration of the
Interlinked Views visualization by providing a glimpse of sentence snippets as they occur in a

document, based on a selected commodity (see Fig. 9).

TS INCLUDING ftop 100]

18E2: Report from the Select Committee on Sugar Duties; tegether with the
proceedings of the committee, minutes of evidence, appendic, and indsx;

1875 Report from the Select Committee on Sugar Industries; together with the
proceedings of the committee, minutes of evidence, and appendix.;

1848: Eighth report from the Select Committee on Sugar and Coffee Planting; together
with an appendix.;

1851: Second report from the Select Committee on Customs; together with the
proceadings of the committee, minutes of evidence, appendix and index.;

1888: West India Royal commission. Report of the West India Royal commission.
Appendix Vol. I, containing part |, minutes of proceedings. reports of evidence, and
copies of certain documents received in London;

1848: First report from the Select Committee on Sugsar and Coffee Planting; tegether
with the minutes of evidence, and sppendix.;

; I have Sugar now in the docks in Londen which was shipped as sugar from the
Mauritius, it is now valued at 28 5.

If the \West Indies and the Mauritius should give up the cultivation of Sligar. this
market would have to be supplied from Cuba and Brazil, and from China, Manilla,
and Javs.

If we were left with only the Mauritius, the West Indies and ourselves to supply
|sugar in this country, we could compete, but it would or Iy be at a price.

& ton would prevent your having any loss ? — You must take into censidera— tion
the Mauritius. with other SUgar colonies. is now in & prosirate state.

But since the withdrawsl of that higher duty. Penang has not been allowed to
import [Sugar.
What is the lowest price you ever did buy SWgar of that guality for in Caloutta?

It is the fact now; there is the same duty upon Sugar produced in Belgium, and
refined there, as there is upon SUGER refined in the fropics ¥ — But there are not
the same duties upon SUGar refined in Belgium as upon SWgar refined in England.

The -Committee may conclude that the Tirhoot district is not so con— genial to the
growth of Sugar as to be sble st all to compete with tropical climates?

Is it not the fact that the export of sugar from Calcutis, up to the year 1838, did not
excesed from 5,000 to 7,000 tons of SUGSAT 8 year 7— In 1538-37 the exportstion
from Bengal to the United Kingdom was | believe 13.000 tons.

Are not tworthirds of the entire trade of Cubs carried on in foreign ships ; and if the
Mavigation Laws were repesled, might not United Sistes ships, Danish ships,
Spanish ships. Prussian ships. ships of any country in the world, compste in
bringing home sugal from Cuba?

Have you any knowledge what the mortalty of slaves employed on 5 SUGaF esiate
is ? — Mo, | cannot say ; but from what | have seen of them | should say of those
who were treated well in Brazil, it was much less than it was in the West Indies ;
but | speak in reference to the daves that came in olden times ; not lately, since
your cruisers have been on the coast; because, as regards those, the system

Figure 9: Integrated sentence snippets in the document view.



Other criticisms included the lack of feedback mechanisms that communicate, for example,
the loading of data, a sometimes lengthy process. Furthermore, historians expressed the need
for confidence values to provide a better understanding of the reliability of the data and the
corresponding visualizations. Future research needs to explore these issues from both a text
mining and visualization perspective.

Some historians pointed out that the visualizations represent the rhetoric of commodity
trading in the nineteenth century: they show a correspondence about commodities and
locations, rather than providing information about the occurrence of commaodities in certain
locations. This raises the question of how we can clarify what kind of data the visualizations
are based on to avoid misinterpretations. With the Location Cloud visualization, we aimed at

addressing this particular challenge.

4. Location Cloud Visualization

The Location Cloud 2 moves toward a text-based visualization approach, highlighting the
rhetoric nature of our data, while still providing a strong focus on its underlying geographic
and temporal features. Furthermore, we aimed to provide more analytic functionalities that
could help quantitative comparisons of geographic references and their frequency over time.
The design of the Location Cloud is inspired by previous approaches from the information
visualization literature, in particular, by utilizing vertical tag clouds to visualize email content
across time (Viégas et al., 2006) and the concept of parallel tag clouds (Collins et al., 2009).
4.1 Location Cloud — Design & Functionality

In the Location Cloud all locations mentioned in relation to a selected commodity are plotted
in stacks, horizontally ordered by decade from 1800 to 1920. The size of location terms
corresponds to their relative frequency of mentions within the decade. To account for the
varying distribution of documents across decades, we normalize the number of location
mentions related to a specific commaodity based on the total number of location-commaodity

relations within the particular decade.

23 http://tcgdev.edina.ac.uk/vis/locationCloud/
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The Location Cloud in Figure 10 shows that Mauritius, England/UK, and Cuba were
prominent locations mentioned in relation to the commodity “sugar”. This type of text
visualization has two advantages: Firstly, it does not suggest a particular context of the data

(e.g. export/import or production locations), but merely reports that a relation has been

L ~ A

Lo o w0 wowoouw owwoww e |

Canada

Ciiba
Egl4Hd

Elifope

United States
-

gdontnited Kingdom
United Staies et

Figure 10: Location Cloud for the commodity “sugar”.

identified. Secondly, in contrast to a map which can only provide an overview of commodity-
location relations within one particular time frame in a single view, the Location Cloud
provides details about temporal changes within the data. For instance, the distribution of
mentioned locations becomes increasingly even in later decades as individual locations
become less pronounced. This neatly reflects how trade globalization has increased the
number of relevant locations over time and, in the case of sugar, the growing importance of
sugar beets grown in Europe. Also, the frequency of particular locations changes over time.
In later decades, locations such as Canada and the United States become more prominent.
Location terms are ordered alphabetically to facilitate searching the lists for a location of
interest. Depending on the selected commodity and decade, hundreds and thousands of
associated location terms may need to be plotted. This can lead to overlapping location terms
obscuring individual terms. To overcome this issue, we decided to show only the top 60

locations within each decade.
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Figure 11: Hovering over “Mauritius” in the “Sugar” Location Cloud.

Hovering over a location highlights its appearance in the documents across decades (see
Fig. 11). Locations that are not part of the “top 60” will appear at the bottom of the location
list of their corresponding decade. For instance, Mauritius was not mentioned in relation to
“sugar” in the 1800s, but occurs in the 1810s, though not as part of the “top 60” locations.

The Location Cloud provides a range of features to evaluate and further explore apparent
trends in more detail. For instance, locations can be filtered by continent and by frequency.
Figure 12 shows all African locations that have been mentioned in relation to “sugar” more
than twenty times. This type of filtering allows historians to focus on particular continents
and to filter out potentially irrelevant locations due to their low frequency within the
document set. At the same time, it allows for a more detailed exploration of “outlier”
locations that have not been mentioned often, but may still be of interest.

Selecting a location of interest brings up a detailed view of the distribution of location
mentions across individual years as well as sentence snippets that contain the mentions of the

selected commodity and location within the selected decade (see Fig. 13).



Figure 12: Filtering the Location Cloud by continent and frequency of mentions.
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Figure 13: Detail view for the location “Mauritius”.

If this detail view shows promise, a full document list can be brought up that contains all
documents relevant to the selected commaodity/location mention including all corresponding
sentences with the selected commodity and location mentions highlighted (see Fig. 14).

Selecting a document will open its original digital copy a new browser tab.



Documents from the 184
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Eighth report fram the Select Committee on Sugar and Coffee Planting; tegether with an appendix.;
1848:

124g: First report from the Select Committee on Sugar and Coffee Planting; together with the minutes of evidence, and appendix.;

1841: Hill ceolies. Return to an order of the Honourable the House of Commons, dated 29 January 1841,—for, copies of a letter
frem the Secretary to the Government of India to the committee appointed to inquire respecting the exportation of hill
coolies, dated the 1=t day of August 1838:—of the report made by that committee; with the minutes of evidence and
appendix:—of any minute recorded on that report by any member of the committes:—of the letters from the government of
India to the Court of Directors of the East India Company, dated the 16th and 15th days of October 1840, on the same
subject;
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1848: Second repert from the Select Committee on Sugar and Coffee Planting; together with the minutes of evidence, and
appendix.;

1840: Report from the Select Committee on East India Produce; together with the minutes of evidence, an appendix, and index.;

1848: Mauritius. Return to an address of the Honourable the House of Commons, dated 28 November 1847,—for "copies or
extracts of correspondence between the Secretary of State and the Goeverner of Mauritius, with respect to the general
condition of the coleny, and the measures adopted to meet the difficulties to which it may be exposed by the recent
commercial failures affecting it."—(In continuation of the papers erdered by the House of Commons to be printed, 8 August
1845, no. 841; 26 August 1848, no. 891, parts | Il and IIl; and 27 April 1847, no. 325},

1842; British possessions abroad. A bill to amend the laws for the regulation of the trade of the British possessions abread.;
1845 Trade of British pos=essions abroad. A bill to regulate the trade of British possessions abroad.;

1848: Third repert from the Select Committee on Sugar and Coffee Planting; together with the minutes of evidence, and
appendix.;

1843: Journal and proceedings of the House of Assembly, 1843;

1847: Custems. Abstract of the net annual produce of the duties of customs on all articles imported inte the United Kingdem, in
the two years 1845 and 1848, &c.;

Figure 14: Full document list, including sentence snippets.

4.2 Location Cloud — Internal Evaluation

The historians on the Trading Consequences team provided ongoing feedback throughout the
development of the Location Cloud and have been utilizing it as part of their research since
early 2014. Their feedback confirmed that one of the strengths of this visualization, is its
ability to show change over time — a key goal of historical inquiry. In contrast, the Interlinked
Views visualization allows the selection of particular decades, but it does not allow the side-
by-side comparison of related location data without opening multiple browser tabs. Historians
confirm that the Location Cloud facilitates the detection and exploration of the places

associated with different commodities in the corpus across time.



4.2.1 Confirmation of Known Historical Facts

Our team of historians found that, in many cases, the Location Cloud confirms expected
trends. For instance, searching for the term “wheat”, shows that place names in Western
Canada become more prominent by the end of the century (see Fig. 15). Furthermore, India is
strongly associated with cinchona during the 1860s (see Fig. 16). The success of the
visualization in highlighting known historical trends suggests the tool works and increases

historians’ confidence in researching the unexpected trends.
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Figure 15: Prominent connections of “wheat” to locations in Western Canada.
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Figure 16: Cinchona — India.
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Figure 17: Tallow — Russia.
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4.2.2 Unexpected Trends & Their Background

In other cases the visualization shows unexpected results, which highlight the power of text
mining coupled with exploratory visualizations. Nineteenth century historians are confronted
with a deluge of sources and it is much easier to follow obvious trends and more difficult to
find sources that provide a richer perspective. Trade statistics, which are easy to find and
read, show the collapse of Russian tallow exports to the United Kingdom during the mid-
1860s. It is surprising, therefore, to see the continued prominence of Russia through to the
1890s in the “tallow” Location Cloud (see Fig. 17). This is where historians found the ability
to link through to the actual documents particularly helpful. In some cases, the connection
between Russia and tallow remains because the trade statistics tables kept Russia in place,
even as the quantity of exported tallow declined. In other cases, however, the documents
actually discussed the lack of tallow exports and the significant reduction in the number of
Russian cattle since the mid-nineteenth century. The fact that British consular officials were
still discussing the collapse of Russian tallow exports in the 1890s is historically significant,
and it would have been hard to find these discussions without the Location Cloud
visualization prompting the question and providing a link to the source. This example shows
how the Location Cloud can facilitate exploring the relationship between the text mining
results and trade statistics. In future work, we need to focus on distinguishing between
commodity-location relations with positive and negative linguistic contexts and more fine-
grained attributes as shown in this example. The Russia tallow example is not an eureka
moment where an unknown relationship between a major commodity and an important
location is discovered, but this is rarely how we develop historical knowledge. Instead, it is an

example of a historian with prior knowledge of the global tallow trade using the Location



Cloud to find relevant new information about the long decline of the tallow industry on the
Eurasian Steppe. Computational methods overlap with more traditional methods and it is in
combination that they provide new insights.

4.2.3 Additional Features

While the Location Cloud shows a lot of promise, our in-team evaluation revealed some
aspects that can be addressed through the introduction of additional features. The nature of
the corpus, which includes significantly more documents towards the end of the nineteenth
century than at the beginning causes most commodities to follow a similar trend. To
counteract this we normalized the data as described above. This improved the results in that
apparent trends have more merit in many of the cases the historians studied. However, for
certain analyses, different normalizations or even no data normalization at all may be
desirable. Future features could provide ways of changing the type of normalization on
demand, fluidly adjusting font sizes of location mentions in the Location Cloud.

Furthermore, the Location Cloud shows individual location terms as they occur throughout
the documents — terms such as “Britain” and “United Kingdom” with identical meaning, as
well as “Montreal,” “Quebec,” and “Canada” are treated in the same way. Future features
could allow different types of aggregations of location terms, e.g. by country or by
equivalencies on demand.

The document list view currently appears in a separate browser tab which the historians
experienced as slightly disruptive to the flow of explorations. The document list could be
integrated into the main visualization view to enable fluid switching between the
visualizations and corresponding documents (similar to the Interlinked Views).

Last but not least, in terms of quantitative analysis, the Location Cloud is just scratching the
surface of possibilities. Future iterations will investigate further features that enable a fine-
grained analysis of changes of location mentions over time.

Overall, the Location Cloud is a highly promising approach to visualizing
location/commaodity relations over time. In fact, our historians requested an additional

visualization that focuses on changes of commodity mentions across time, based on selected



locations (an inverted version of the Location Cloud). This can show the changing

prominence of different commodities for locations such as Canada or Singapore.

5. Discussion

As a case study, Trading Consequences provides rich examples and insights into how the
combination of text-mining and information visualization facilitates historical research. In the
following we discuss the role of information visualization in such research and provide
considerations to inform the design of visualization-based exploratory interfaces for
humanities research.

5.1 Information Visualizations as a Starting Point for Historical Research

At a glance, information visualizations can help historians to draw conclusions about the
relationships between commodities and places, and how these changed over time. Yet, to use
these tools effectively, historians need to resist the urge to treat the visualizations as an end
point. The entire social, economic, and environmental history of a specific commodity is not
represented in the visualizations — what Trading Consequences provides is a starting point.
The reasons for this are related to the nature of the data we processed, which researchers
should bear in mind while using our visualization tools.

First, Trading Consequences relies on a finite number of sources: the database comprises
location-commodity mentions contained in the written documents of a selected number of
digitized primary source collections which, while large, are not comprehensive. As a result,
depending on the commodity, some of the story is missing.

Second, our corpus includes documents written in English by and for people living in
Britain and British North America or Canada. British sources tend to privilege the perspective
and context of places where commodities were marketed, processed and consumed, and
under-represents places where commodities originated.?* Furthermore, the corpus draws

mainly, although not exclusively, from sources produced during the second half of the

2 Tim Hitchcock argues this is a major problem for the digital humanities more generally, as digital
collections privilege an elite European and North American perspective (Hitchcock, 2013).



nineteenth century. The data available for decades between 1850 and 1900 is more plentiful
and therefore more reliable than the data available for before 1850 and after 1900.

Finally, the text mining output contains mistakes, resulting from the error-prone OCR
process which can only be partially addressed by fine-tuning the text mining technology for
processing historical texts. This noise does not significantly affect the larger trends presented
by visualizations, but results become less reliable when drilling down into the data. For
instance, “Madras” is sometimes incorrectly identified as a type of cloth, rather than a
location; “Italy” is sometimes identified as a town in Texas, “Baltic” as a town in
Connecticut, or “British West India Islands” as “Western India”. That said, the results
produced when searching common historical document databases also come with a non-trivial
level of noise. However, false negatives are rarely acknowledged by these interfaces, because
the textual lists of search results do not reveal the missed pages where poor OCR caused the
search to fail (Milligan, 2013). As our explorations show, information visualizations highlight
this noise — historians in our workshop recognized irregularities within just minutes of
exploration. While this can reduce trust in the underlying data, visualizations can also add
transparency to the data, leading to a critical and responsible use of digital tools and interfaces
as part of historical research. Furthermore, we found that producing visualizations of the
mined data early on in the project facilitated improvement of the text mining.

Text-based information visualization is always an abstraction of rich sources. As such, it
cannot replace an in-depth analysis of original texts. Using the Trading Consequences
visualization tools effectively means keeping these limitations in mind. Their benefit to
historical enquiry is derived from the information contained within the digitized corpus and
limited by the capacity of the technologies applied, not that it tells us the entire history of a
specific commodity. Being clear eyed about these limitations does not take away from the
powerful new tools created as part of Trading Consequences — historians simply need to
remain alert to what the visualizations actually show and use more traditional research

methods in conjunction to help ground any observations made with the tools.



5.2 Design Considerations

The insights we gained from designing the three visual exploration tools and our discussions
with more than twenty historians, from our team and beyond, have led to a number of
considerations that may facilitate the design of visualization tools to support research in
history and the humanities at large.

Offering Different Visual Perspectives on the Data. Current search interfaces for document
collections are typically dominated by text-based lists. In contrast, information visualizations
can provide rich visual perspectives on the different aspects of the collection, without even
requiring a textual query. In many cases, these visual perspectives can be enriched with
interactive features to support the filtering of data.

Making the Context of Data Visible. Large document collections include a range of topics
and perspectives. It is therefore important to provide contextual details as part of the
exploration process. Such a context can be provided by juxtaposing visualizations with
snippets from the actual data sources (see, e.g. Fig. 9 & 13). As our explorations show,
disconnecting metadata-based visualizations from the actual documents can disrupt the
fluidity of the exploration process and, in the worst case, lead to misinterpretations.

Quantitative Details. In order to make visual exploration tools a valid addition to historical
research methods, it is important to provide detailed and exact quantitative analytical views.
For instance, different types of normalizations can help to explore trends from various angles.
Since researchers have different interests and requirements, it can be useful to support the
download of corresponding data subsets, resulting from an exploration of the visualizations,

to enable the researcher to analyse this data further using their preferred tools.

6. Conclusions

As part of Trading Consequences we have explored how to combine different
computational approaches — text mining and information visualization — to facilitate research
in environmental history. The three visualization-based exploration tools that we have

presented enable the navigation of large-scale historical document collections that would



otherwise be impossible. Furthermore, they highlight trends and relations within the data
which can facilitate discoveries and inform new research questions in environmental history.
The feedback from historians which we have gathered throughout the project, highlights the
great potential of our approach of combining text mining and information visualization to
facilitate research in the humanities, but also point to limitations. Results produced by such
tools therefore have to be considered as a starting point to humanities’ research — they are a
valuable addition, not a replacement of current research methods.
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