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Using models to investigate the world and perform scientific 
inquiries became popular during the 19th century—mainly within 
physics when ideas from classical mechanics were applied to 
other fields within physics.  



Essentially, the idea—or concept—of a model has three 
meanings:
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First of all, the Latin word modellus—stemming from modulus—
refers to a small measuring device.



Secondly, the word “model” also has an everyday meaning—how 
something should look like or how some procedure ought to be 
carried out.
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something should look like or how some procedure ought to be 
carried out.

Essentially, the idea—or concept—of a model has three 
meanings:

First of all, the Latin word modellus—stemming from modulus—
refers to a small measuring device.

Final ly, more explicit scientific models function as 
simplifications.





Gerlee and Lund argues that the word model also applies—at 
least to some degree—to world views that ”existed before the 
scientific revolution of the 18th century, such as the geocentric 
model of the solar system. An important difference between this 
use and the modern concept of a model is that the scientists of 
antiquity and the Middle Ages didn’t consider their models as 
simplifications or idealisation of a more complex world, but rather 
as direct representations of reality. In this sense the pre-modern 
concept of a model lies closer to models as ideals, and not 
models as simplifications.”  





What we today call scientific models have thus historically been 
perceived as idealisations or abstractions and even analogies—
illustrated by this image from 1568: Figure of the heavenly bodies 
by cosmographer and cartographer  Bartolomeu Velho from the 
Bibliothèque Nationale.

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


However, during the 18th century these ideas were gradually 
transformed—and the notion of models also began to refer to 
small-scale physical manifestations.



Importantly, the actual word ”model” has had its current 
meaning only since the beginning of the 20th century—before the 
word was used exclusively to denote actual physical models. 



Models as Illustrations 
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Models as Illustrations 

Illustrations as Models 

Images of models as illustrations 



Yet, if scientic models function as simplifications—does such a 
perspective apply for history as well?



Can the history of models or modelling practices, for example, 
tell us something about the relation between models, theory 
and experiments? 
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Christopher Polhem’s hydro-dynamic ”experimental machine” for water pressure measurements (1705).
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With generous funding from an anonymous donor and the National Science Foundation, and in
close cooperation with the Soprintendenza per i Beni Archeologici del Lazio, an international team
has been creating a restoration model of Hadrian's Villa, a World Heritage Site, and the best-
preserved imperial villa in the hinterland of Rome. The model includes terrain, gardens, water
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over the Internet. This talk will present the project, its history, goals, current state, and future
prospects.



A certain relation between the way you can use 
technology and model the past …







Data modeling in computer science and software engineering 
is esssentially a process of creating a data model for an 
information system—through the applications of certain formal 
techniques.  



The term “data modeling” in computer science is often used in a 
fairly restrictive sense for the modeling of relational databases
—while according to Julia Flanders and Fotis Jannidis, the 
digital humanities has a more general understanding of the 
term:

Data modeling in computer science and software engineering 
is esssentially a process of creating a data model for an 
information system—through the applications of certain formal 
techniques.  



”Data modeling is the modeling of some segment of the world in 
such a way to make some aspects computable, referring to 
creating database schemas … XML schemas [or] ontologies.” 

Flanders & Jannidis white paper, ”Knowledge Organization and Data Modeling in the 
Humanities” (2015) – https://hcommons.org/deposits/item/hc:12445/







https://code.google.com/archive/p/word2vec/

… to train models …

https://code.google.com/archive/p/word2vec/


So called ”word-embedding models” 
basically computes words into pure 
numbers—representing semantics as 
mathematical vectors.  

A word-embedding model  embeds  a 
word in a space that represent 
semantic and syntactic relationships 
between words.



So called ”word-embedding models” 
basically computes words into pure 
numbers—representing semantics as 
mathematical vectors.  

A word-embedding model  embeds  a 
word in a space that represent 
semantic and syntactic relationships 
between words.



In these models words are represented as vectors along a few 
hundred artificial dimensions—that do not correspond to 
documents or other real textual contexts. It is pure numbers—
words become vectors. 

Some word-embedding models are therefore prediction-based. 

word2vec







Interestingly, word-embedding models can 
mathematically represent and predict semantic 
relationships between words as complex as 
analogy. 

word2vec



”What is the word that is similar to 
small in the same sense as biggest is 
similar to big?” 



”Somewhat surpr i s ing ly, these 
questions can be answered by 
p e r f o r m i n g s imp le a lgeb ra i c 
o p e r a t i o n s w i t h t h e v e c t o r 
representation of words. To find a 
word that is similar to small in the 
same sense as biggest is similar to 
big, we can simply compute vector X 
= vector(”biggest”) – vector(”big”) + 
vector(”small”). Then, we search in the 
vector space for the word closest to X 
measured by cosine distance. When 
the word vectors are well trained, it is 
possible to find the correct answer 
(word smallest) using this method.”





Which more abstract concepts can be detected through word-
embedding models? Is it possible to discern the conceptual 
limits of what can be said and stated (Foucault) in a larger 
corpus, for example? 
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Images from Nyköping (Svenska Bio, 1909)







Archival driven media historical cultural research … 



http://mediehistorisktarkiv.se/

http://mediehistorisktarkiv.se/












digitisation



From documents to data—a shift that concerns 
the epistemic foundation and status of the 
library and ”the archive” (understood in an 
abstract Foucauldian sense as a system of 
discursivity that establishes the limits of what can 
be said and stated).







From my perspective data driven humanities research—with a focus 
on the historical sciences—departs from the fact the epistemic 
foundation of ”the archive” has been altered and modified due to 
digitisation. 

Nothing more, nothing less.



As a consequence, some humanistic research practices—but far from 
all—needs to adapt and try to take advantage of scholarly 
possibilities that arise when ’documents as data’ are sharable and 
networked, linkable and traceable, reusable and processable.







Data Driven Humanistic Research 

What type of data is going to drive the research process?



Data Driven Humanistic Research 

Well, it naturally depends and hinges on which research question 
that are being posed—in analogy to the ways in which 
historical sources are used and conceptualised within the various 
sciences of history.





”Data are evidence that underpins 
the answer to the research question, 
and can be used to validate findings 
regardless of its form (e.g. print, 
digital, or physical).” 



My own research was for a number of years driven by what I 
found in ”the archive”.

From Archival to Data Driven Humanistic Research 
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From Archival to Data Driven Humanistic Research 

Today—given the rapid pace of the digitisation of cultural 
heritage—it is increasingly driven by the access and analyses of 
data, including the various tools and mehods on offer.
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Today—given the rapid pace of the digitisation of cultural 
heritage—it is increasingly driven by the access and analyses of 
data, including the various tools and mehods on offer.



From Archival to Data Driven Humanistic Research 

Importantly, data driven humanities research needs to pay 
attention to the altered materiality of the archive, the 
production processess of data, to various forms of data 
”agency” or the epistemic machinery that produces data 
etcetera etcetera.



”Digitally driven humanistic research has in recent years shown a 
potential to connect critical and technological perspective—where the 
task is not only about managing data, building tools or studying digitally 
distant phenomena but also to engage and intervene with this data.”

http://patriksv.net/2017/09/om-datadriven-forskning/

http://patriksv.net/2017/09/om-datadriven-forskning/
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The research project ”Digital Models. Techno-historical 
collections, digital humanities & narratives of industrialisation” is 
funded by the Royal Swedish Academy of Letters, History and 
Antiquities between 2016 and 2019. It is a collaboration 
between the Swedish National Museum of Science and 
Technology—located in Stockholm and with a national 
responsibility Sweden’s technical and industrial heritage—and 
the digital humanities hub, Humlab at Umeå University.



Based on selected parts of the Technical museum’s 
collections the project aims to explore the potential 
of digital technologies to reframe Swedish 
industrialisation and its stories about society, people 
and environments. 



In short, the project uses three different cultural heritage 
perspectives to examine the specificity of digitisation and its 
potential to bridge research, institutional heritage and interest from 
the general public. Material from the museum’s collections selected 
for digitisation and research are all related to different phases of 
Swedish industrialisation. 



(C). 31 wood models from Swedish 
pre-industrial inventor Christopher 
Polhem’s ”mechanical alphabet” 
from the early 1700s.

(A). Parts of the business leader and industry historian, 
Carl Sahlin’s (1861-1943) extensive collection.

(B). All editions of the museum 
yearbook, Daedalus ( 1931-2014).



Karta öfver Fahlu eller Stora Kopparbergs Grufwor (1845) 



These materials and phases correspond to three 
methodological approaches: traditional digitisation (A), 
mass digitisation (B) and critical digitisation (C).  

Digitisation methods are also correlated with different 
industrial-historical periods, and will result in three sets 
of digital tools and applications focused on various 
narratives of Swedish industrialisation.



http://digitalamodeller.se/





Karta öfver Fahlu eller Stora Kopparbergs Grufwor (1845) 



Karta öfver Fahlu eller Stora Kopparbergs Grufwor (1845) 

One important part of the project is to try bridge and 
scholarly connect the digital and environmental 
humanities—by a set of linked research questions, for 
example centered around the Falu copper mine.



Modell 1 (A). Carl Sahlin





The DH scholar Anna Foka is, for example, interested in 
the very nature and structure of the Sahlin archive (A.)—
and if it is possible for new digitisation practices or tools to 
bring in a feminist perspective on an archive assembled 
pre-feminism.



Is it, for instance, possible with different digitisation 
practices to look into the Sahlin archive and retell stories 
of women in the Swedish industry that are concealed 
and untold?



Carl Sahlin’s extensive collection at the 
Technical museum was crucial for the 
inauguration of the museum.  

In a similar vein the wooden models by Polhem 
were also important objects for the museum—
hence the project uses a meta-museological 
perspective of the ways in which digitisation 
today alters museological practices.





Book frontispieces of Carl Knutberg’s, Tal om nyttan af et laboratorium mechanicum, hållit för 
kongl. vetenskaps academien (Stockholm, 1754), as well as the inventory (of models and 
machines) at the Royal Swedish Model Chamber in 1779 (compiled by Jonas Nordberg), 
Inventarium öfver de machiner och modeller, som finnas vid kongl. modell-kammaren i 
Stockholm, belägen uti gamla kongshuset på k. Riddareholmen (Stockholm, 1779). 



A representation of the Royal Swedish Model Chamber (with some original models) 
displayed at the Swedish National Museum of Science and Technology in 1947.
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B.

The meta-museological aspect of our project is as stated 
accentuated by  the digitisation of the more than 80 museum 
yearsbooks—Daedalus, published between 1931 and 2015—
resulting in a minor cultural data set with some 15,000 pages and a 
few million words.



http://digitalamodeller.se/modell-2-daedalus/alla-arsbocker/

http://digitalamodeller.se/modell-2-daedalus/alla-arsbocker/


The plan is to use different types 
of text ana lyses tools and 
methodologies to work and 
wrangle this data—i.e algortihmic 
models and packages such as 
topic modeling, NER-analyses 
and word2vec.
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The industrialisation of Sweden put brand new geographical 
places on the map. Towns grew up around mines, saw mills, 
and mechanical factories all over the country.  

Yet, precisely where is the national history of technology 
located geographically when presented by Daedalus? And how 
does this historiographical geography change over time? 

Textual Models of the Past



Textual Models of the Past

We extracted the texts from the alto-xml files and cleaned the 
texts manually in order to get rid of place names in 
bibliographies, advertisements etcetera.  

A named-entity recognition (NER) implementation for 
Swedish was used to extract place names from the cleaned 
texts1. Unique hits were checked, false hits deleted and the place 
names assigned GIS coordinates (using Google Maps 
Geocoding API).





Textual Models of the Past— 
Where is the World of Technology (according to Daedalus)?



Textual Models of the Past— 
Where is the World of Technology (according to Daedalus)?



When is the history of technology?—most frequent years 
mentioned in Daedalus.



How frequent are years mentioned in Daedalus—as for example 
1897?



And what about the time horizon of the history of technology 
(according to Daedalus)? Amount of years that each yearbook 
looks back in time.



At present we are working with preparing the Daedalus data set 
for topic modeling, where articles need to be clearly 
segmented.  

We have also begun—in collaboration with our programmers at 
Humlab—to try to understand if and how word-embedding 
models can be useful.

Textual Models of the Past



At present we are working with preparing the Daedalus data set 
for topic modeling, where articles need to be clearly 
segmented.  

We have also begun—in collaboration with our programmers at 
Humlab—to try to understand if and how word-embedding 
models can be useful.

Textual Models of the Past

Some of our first try outs, for example, show that the word 
vector ”technology” has an analogy an affinity to ”iron 
handling”—which is hardly suprising. But also to a word vector 
as ”possibilities”, hinting at the ways in which technology and 
future are linked concepts.



2. From Archival to Data Driven Humanistic Research 

3. About the Research Project ”Digital Models”

4. Textual Models of the Past

5. Visual Models of the Past

6. Conclusion

1. Introduction

All slides in the form of a PDF can be found at http://pellesnickars.se/

http://pellesnickars.se/






According to Polhem, mechanics was the foundation of all 
knowledge. As a pre-industrial inventor working during the 
early 1700s, he sincerely believed that physical models were 
always superior to drawings and abstract representations.



Since a writer naturally had to know the alphabet in order to 
create words and sentences, Polhem argued that a 
contemporary mechanicus had to grasp a similar mechanical 
alphabet to be able to construct and understand machines. This 
seems to have been Polhem’s main idea for constructing and 
establishing the different wooden models in his so called 
mechanical alphabet. 



Models from Christopher Polhem’s “mechanical alphabet” from the early 1700s. 
Actual models—whether in the form of originals or copies—can today be found at 
the Mining Museum in Falun as well as at the Swedish National Museum of Science 
and Technology in Stockholm.





During the latter half of the 18th century these models—and 
many others—were displayed at the Royal Swedish Model 
Chamber—located at the fashionable Wrangels Palace on 
Riddarholmen in Stockholm. The institution was open to the 
public, and counted as one of the finest physical model 
collections in Europe.



In order to investigate the specificity of three-dimensional 
scanning, rendering and modeling, we decided to apply five 
different forms of 3D visualisations of Polhem’s alphabet—
executed in altered media modalities.

Visual Models of the Past



We used an ordinary iPhone—and the Agisoft Photoscan 
software—to repeatedly photograph one of Polhem’s models.

I. Stupid Scanning





A. Stupid Scanning



Simple scanning of one wooden model from Polhem’s mechanical alphabet—using an iPhone and the 
software Agisoft Photoscan. The IMG.jpg-markers indicate where photographs were taken.

polhem_modell.psz



We collaborated with the professional Swedish animator Rolf 
Lindberg who computer-animated some models (rather than 
scanning them).

II. Computer Animated Models



Rolf Lindberg simulated a model from Polhem’s mechanical alphabet—by way of a few photographs—
and constructed a brand new virtual object in the software Cinema 4D.





The difficulty in rendering Polhem’s models based on “technical 
rigour in digital heritage visualisation”—to quote the London 
charter on 3D heritage—became especially problematic 
regarding animations of model movement.



Naturally, computer code could make all models run completely 
smooth. In one original model, however, a cogwheel caused a 
lot of friction; the model was built by wood after all.  

We hence asked Lindberg to make friction more noticeable in 
his animations when the cogwheel moved (which he did).  

In fact, the tricky issue of how to represent friction in a technical 
rigours way in 3D, became an interesting research question for 
us.



We CT-scanned some models—that is, X-ray computed 
tomography—at Linköping University Hospital in a collaboration 
with the Center for Medical Image Science and Visualization.

III. CT-Scanning Models



CT-scanning a model from Polhem’s mechanical alphabet at the the Center for Medical Image Science 
and Visualization at Linköping University Hospital.





Inside Polhem—CT-scanning a model in collaboration with the 
company Interspectral made it possible to see inside models 
without breaking them.





We collaborated with two students that—training to become 3D 
technicians—who used photogrammetry to make 3D 
visualisations of all models.

IV. Student Scanning



http://digitalamodeller.se/modell-3-polhems-mekaniska-alfabet/visualiseringar-av-modeller/

 Student photogrammetry 

http://digitalamodeller.se/modell-3-polhems-mekaniska-alfabet/visualiseringar-av-modeller/


The purpose of these try-outs of multiple scanning procedures—
or perhaps models of models—was to raise awareness within 
the heritage domain that 3D digitisation and visualisations can 
be done in various ways.

Visual Models of the Past



It might not come as a surprise, and the London charter on 
computer-based visualisation recognises a wide range of 
available methods. Yet it is quite another matter for a heritage 
institution to have the ability to practically test differences in 
3D procedures and results.

Visual Models of the Past



The specificity of 3D digitisation depends on factors as 
selected materials, scanning, rendering and modeling 
procedures—not to mention funding. It goes without saying 
that the contrast between self-scanning Polhem’s models and 
CT-scanning them is foremost one of money.

Visual Models of the Past



Visual Models of the Past

Using Polhem’s mechanical alphabet as a case, different 3D 
digitisation methods will result in representations that share 
some attributes with the original models—but not all of them.  

You can, for example, move a 3D model around—but not move 
its parts. In an animation, on the other hand, all parts move—
but you cannot steer movement yourself.



At Humlab we hence decided to re-modelled Polhem’s 
mechanical alphabet by building a virtual reality model—for 
HTC Vive glasses with the software Unity—of the Royal Swedish 
Model Chamber around 1760.

V. Remodeling the Swedish Model Chamber in VR



VR simulation beta
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3. About the Research Project ”Digital Models”
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1. Introduction



As long as the library or ”the archive” was considered a place 
for historical scholarly practices—that is, essentially a 
repository of a static set of documents against which history 
refined itself—digital resources were foremost a way or an 
instrument that provided access to the past.

Conclusion



Conclusion

However, all forms of digitisation transforms ”the archive”—in 
quite different ways—and makes it processable and 
calcuable.  

Documents and resources then become constitutive parts of 
the digital repository. They also become subject to analysis in 
their own right—as James Mussel and others have argued—
and they can be analysed anew with the help of novel tools or 
applications. 



Conclusion

I would argue that if the epistemic foundation of ”the 
archive” is altered—then scholarly historical practices needs 
to change too. Not all—but some.



Conclusion

Modeling the past—in textual, visual or algorithmic ways—is 
one way to understand and scholarly work with both the 
science of history as well as the history of science and 
technology (in my case) from a somewhat different 
perspective, where the history of technology hopefully 
appears in a new light.  

3D digitisation can, for example, be done through various 
modeling procedures, even if textual and algorithmic 
models on big data sets needs repeated computational 
training.



Conclusion

I would, however, finally also like to stress the advantage for 
the humanities—and in particular the digital humanities—to be 
able to work with the more general concept of scientific 
modeling.



Conclusion

I would, however, finally also like to stress the advantage for 
the humanities—and in particular the digital humanities—to be 
able to work with the more general concept of scientific 
modeling.

It might help us to learn more.



– kiitos!

www.pellesnickars.se


