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Geographical Information Science and Systems

Science (GISci) - fundamental theories, principles, methods, and knowledge

Systems (GIS) - technology of problem solving (tools and their applications)
Longley et al., 2015

G.I.S
Computer systems for managing, analysing and visualising geographic data

https://en.wikipedia.org/wiki/Geographic_data_and_information
https://en.wikipedia.org/wiki/Geographic_data_and_information


Evolution of GIS 

research (GISR)
• Large gaps in our understanding

• Focus on origins and tech dev

• Less so thematic development

• Bibliographic data analyses of GISR 

literature limited

"...few comprehensive sources that cover the full range of GIS [research] 

(thematically, spatially, and temporally)..."

Chrisman (2016, p.1)



Author(s) Time range n (articles)

Wu et al (2023) 1991-2020
9,400

(10 journals)

Huang (2022) 1990-2017 16,096

de Melo and 

Queiroz (2019)
2007-2016 2,053

Biljecki (2016) 2000-2014 12,436

Duckham (2015) < 2015 27 journals 

Tian et al (2008) 1997-2006 9,849

Sun and Manson 

(2011)
1992-2007 20,181

Bibliographic analyses 
of GISR

Selected recent articles on bibliographic analysis of GIS literature

• Predominantly scientometric

• Limited thematic analysis

• Focussed on specific area of lit

• Lit searches limited scope (small samples)

• Lack of data filtering/cleaning

• No differentiation of GIS and GISci



Why improving understanding of GISR 

thematic structure?

1. Better understand how knowledge has developed over time in GISR – 

detecting trends/shifts/“turning points” that have shaped research (Chen, 2004)

2. Help identify gaps in the literature and guide research direction- e.g., 

focussing on unexplored areas (José De Oliveira et al., 2019)

3. Inform decisions regarding resource allocation and identifying areas within a 

field of research that require further investment (De Bellis, 2009)

4. Understand if/how GISR responds to societal challenges/real-world problems



Aim

1 2

Conduct an extensive, robust computational analysis of the GISR literature to 

produce a comprehensive model of its thematic structure



Research questions

RQ1 – What is the thematic structure of the GISR literature? 

RQ2 – Can GISR lit be meta-categorised into science  and systems?

RQ2 -  How has the thematic structure of GISR evolved over time?

RQ4 – What are the drivers for major changes/turning points in GISR?

RQ5 – How is GISR responding to major societal challenges?



Methodology

Reproducible research

R programming language (v. 4.2.0)

R Studio (v. 2023.06.0)



Data acquisition

• “Topic” search

• Title, Keywords, Abstract

• Includes core GIS journals (Duckham, 2016)

• 139,491 articles from 8,354 journals



Data cleaning
• Extensive, iterative

• Removed:

⚬ 1,077 journals

⚬ 20,367 papers

• Cleaned DB:

⚬ 119,185 papers

⚬ >8000 journals



EDA



Title Author(s) Year Journal Citations

Very high-resolution interpolated climate surfaces for global land areas Hijmans et al 2005 International Journal of Climatology 14715

Local indicators of spatial association - LISA Anselin 1995 Geographical Analysis 6580

The global distribution and burden of dengue Bhatt et al 2013 Nature 5516

Koppen's climate classification map for Brazil Alvares et al 2013 Meteorologische Zeitschrift 5447

Large area hydrologic modeling and  assessment part i: model development Arnold et al 1998
Journal of the American Water 

Resources Association
5284

A review of assessing the accuracy of  classifications of remotely sensed data Elly 1991 Remote Sensing of Environment 5261

Predictive habitat distribution models in ecology
Guisan & 

Zimmermann
2000 Ecological Modelling 5210

Collinearity: a review of methods to deal with it and a simulation study 

evaluating their performance

Dormann et 

al
2013 Ecography 4669

The shuttle radar topography mission (SRTM) Farr et al 2007 Reviews of Geophysics 4415

A global map of human impact on marine  ecosystems Halpern et al 2008 Science 4268

EDA

Top ten articles (in the geographical information science & systems literature) by number of citations (Data source: Scopus, January 2023)



EDA



Geographical analysis 



n = 4 n = 25

n = 68 n = 134

Geographical analysis 



Geographical analysis 



1. Develop a thematic structure for GIS lit

2. Chart prevalence of topics over time

• Using AI/machine learning (ML)

• Data source                abstract text

• Richer than keywords, more informative 

than “ready-made” subject area tags

Thematic 

Analysis



Topic modelling 

(TM)

• Natural language processing (NLP)

• Computational content analysis

• Unsupervised probabilistic ML 

• Discovers latent or “hidden” topics

• For large-huge databases





Structural topic model (STM)
Roberts et al (2019)

• State of the art framework for TM

• Estimate effect of metadata on topics

• Diverse applications

⚬ Political science (Johnston and Sprong, 2023)

⚬ Human-nature relations (Mul et al., 2022)

⚬ Land Use Classification (Shao et al., 2020)

structuraltopicmodel.com



The “STM” R package:
Functions
(Roberts et al. (2019, p.6)  

https://cran.r-project.org/web/packages/stm/index.html 

https://cran.r-project.org/web/packages/stm/index.html
https://cran.r-project.org/web/packages/stm/index.html
https://cran.r-project.org/web/packages/stm/index.html


STM: Preparation

• Remove papers where n words in abstract < 100

• stm::textProcessor

⚬ Convert to lower case

⚬ Remove punctuation

⚬ Remove stop words (e.g., and, the, that)

⚬ Stem words (e.g., family, families, family’s mapped to famili)

• stm::prepDocuments

⚬ Several corpus manipulations including removing very rare words



STM: Preparation

Conversion of text into numerical data

• Document 1: "I love cats"

• Document 2: "I hate dogs"

• Document 3: "I have a pet cat and a pet dog"

I love cats hate dogs have a pet and

D1 1 1 1 0 0 0 0 0 0

D2 1 0 0 1 1 0 0 0 0

D3 1 0 1 0 0 1 2 2 1

Document-term matrix



Papers 

111K

Vocabulary 

17K words

Corpus 

1.9M words



A topic is a probability 

distribution over words

Blei (2012, p. 78)  

A document is a probability 

distribution over topics

Probabilistic topic modelling



Generative process and estimation of the STM 
(Roberts et al. (2019, p.4)  

Prior distribution

Posterior distribution



Topic modelling : Challenges

1. Cleaning data

2. Computation

3. Finding K (no. of topics)

4. Interpreting topics 

5. Aggregating topics

Linked



Challenge 1: Cleaning data

• 2,189 terms removed through iterative model runs

• Geographical (continents,  countries, regions, languages, nationalities)

• Common subject terms (e.g., “geographical information systems”)

• Other stop words not removed in first step

• Numbers (incl. dates)



Challenge 2: Computation

• Full model estimation run time

⚬ 35+ hrs (standard)

⚬ 4.5 hrs (parallel)

purrr (standard) furrr (parallel)



How to determine number of topics K ?

• No “best” model – no “right” answer for K

• No systematic evaluation framework

• One solution - compute multiple models with different K and evaluate outputs

• Combination of:

• Quantitative evaluation metrics

• Qualitative assessment of model outputs

• Domain knowledge

Challenge 3: Finding K



STM: 
Finding K

Lee and Minmo (2014)

K = 95

Quantitative evaluation



Finding K and topic interpretation is performed concurrently 

using range of quant and qual STM outputs:

• labelTopics

• Topic plots

• ldaViz

• wordCloud

• findThoughts

• Literature sources

Challenges 3 & 4: Finding K and interpreting topics

For series of 15 models (K = 10 to K = 150)



Final model selected

K =135



stm::labelTopics

Qualitative 

topic

evaluation



stm::labelTopics

Qualitative 

topic

evaluation

Agriculture: horticulture & viticulture



stm::labelTopics

Qualitative 

topic

evaluation

Agriculture: Arable farming



stm::labelTopics

Qualitative 

topic

evaluation

Rural geography



stm::labelTopics

Qualitative 

topic

evaluation

Agriculture: Irrigation & water management



stm::labelTopics

Qualitative 

topic

evaluation

Agriculture: Food systems and 
sustainability/security



stm::labelTopics

Qualitative 

topic

evaluation

Agriculture: Livestock farming



stm::wordCloud



https://robertberryuk.github.io/ldavis/stm135/index.html

stm::toLDAvis

Qualitative 

topic

evaluation

https://robertberryuk.github.io/ldavis/stm135/index.html


stm::findThoughts

Qualitative 

topic

evaluation



stm::findThoughts  + ChatGPT-4

STM 135



http://gistbok.ucgis.org/

Maintains a list 
of topics in GIS

GIS&T Body of Knowledge

http://gistbok.ucgis.org/


Results



Whole corpus 

(all years)

Raw topics

Level 1

(135 topics)
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Raw topics

Level 1

Topics over time
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Raw topics

Level 1

Topics over time



STM 135  - Aggregating topics

4 levels:

• Raw topics (Level 1) to highly 

aggregated topic groups (Level 4)

Using:

• Domain knowledge

• Statistics (correlations)

• Literature

135 50 21 3



Aggregating topics: topic correlations 

stm::topicCorr



stm::topicCorr

factoExtra::fviz_dend

Health 

Aggregating topics: topic correlations 

Dendrogram



Health 

Ecology & env 
management

stm::topicCorr

Aggregating topics: 
topic correlations 



Whole corpus 

(all years)

Aggregated 

Topics

Level 2

(50 topics)



Whole corpus 

(all years)

Aggregated 

Topics

Level 2



Aggregated 

Topics

Level 2

Topics over time



Aggregated 

Topics

Level 2

Topics over time



Aggregated 

Topics

Level 2

Topics over time



Whole corpus 

(all years)

Aggregated 

Topics

Level 3

(21 topics)



Aggregated 

Topics

Level 3

Topics over time



Whole corpus 

(all years)

Aggregated 

Topics

Level 4

(3 topics)



Aggregated Topics: Level 4 
(Highest level of aggregation)



Summary

• Most comprehensive computational thematic analysis of GIS (any?) lit 

• Provides a wealth of new insight into the evolution of GISR

• GISci / GIS (applications)

• Evolution and major trends/turning points

• Responding to societal challenges (health, climate change, urbanization, economic inequality) 

• Limitations

• Single data source, biases English language 

• “Human in the loop” - no ‘best’ model

• Aggregation difficult and imperfect - contentious

• Computation improvements

• Only one interpretation of the results

• Open code – allows other interpretations



Outputs

• Conference paper

• GISRUK Conference, Glasgow, April 2023

• Journal papers

1. Cartography and Geographic Information Science  – This work (thematic analysis) 

2. Journal of Maps – Geographical analysis

3. International Journal of Geographical Information Science – Spatio-thematic/impact 

analysis

• Wider CCRI research 



Thank you!
rberry@glos.ac.uk

@rural_gis
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