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ABSTRACT

DEPTH OF FIELD: HISTORIC STEREOPHOTOGRAPHY AS A
RESOURCE FOR LANDSCAPE RESEARCHERS

Diana Pfeffer      Advisor:
University of Guelph, 2022    Martin Holland

Stereographs (3D photographs) of urban landscapes enjoyed widespread 

popularity from 1850 to 1920; though many extant stereographs are available 

in public archives, these images have seen little use in landscape research. 

This project aims to explore and theorize relationships between stereographs 

in order to articulate, in three dimensions, the morphological history of an urban 

landscape. More than 2250 stereographs of the city of Paris were collected, 

analyzed, and coded by subject; subjects were then located on a map of the city. 

Analysis revealed different ways in which stereographs relate to one another, 

pointing to a novel source of spatial and temporal landscape data; mapping 

revealed several corridors of the city that had been intensively documented, 

suggesting that a continuous and uninterrupted experience of the historic city in 

3D may be possible. Stereographs were found to have significant latent potential 

for landscape research, and strategies to realize this potential are proposed.
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1.0 Introduction

Finding the Right Question

Many European and North American cities were richly documented in 

stereograph between 1850 and 1920. Stereographs were the first 3-D photos, 

and the Victorian antecedent to virtual reality; the capacity to encode depth 

information makes stereography a singularly appropriate medium in which to 

record this critical period in the evolution of urban form.

Stereographs are irreplicable documents; in aggregate, they form a unique 

historical and spatial record of the built environment. Viewing stereographs 

feels like time-travel. I am fascinated by them, and when I first conceived of this 

project, I saw an opportunity to use this inexplicably neglected resource.

I wanted to investigate the shape and quality of public life before the automobile. 

I would explore this question by comparing the historic usage patterns of public 

spaces, as documented in extant stereographs, to current usage patterns. 

The focus of this research would be Paris, France, as it is typically well-

represented in collections of international stereographs; after collecting all 

available stereographs and categorizing by location, I had intended to carry out a 

comparative study of the sites with the most comprehensive coverage.

This preliminary task of ‘collecting and categorizing all available stereographs’ 

unexpectedly became my primary research activity. Contextual information is 

critical to this project, and the universally poor quality of image metadata could 

only be mitigated through many, many hours of detective work.

Stereographs had always seemed underutilized compared to other historic 

documents like photos and drawings, and I could have only speculated as 
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to why. After spending months assembling a dataset, some of these reasons 

became very clear: stereographs require special viewing equipment, are rarely 

catalogued by location or subject, and, though many tens of thousands of extant 

stereographs exist, are virtually impossible to find. They are also rarely used, and 

never for this kind of project; a general lack of awareness might be the cause of 

their marginalization, but it could also be an effect of it.

My first line of inquiry could have been (and may yet be) pursued with this 

dataset, but the study could not have been completed within the period of study 

for a Master’s thesis. Beyond issues with search insensitivity and nonexistent 

metadata, the infrastructure that would be needed to organize, understand, and 

spatially contextualize the images I had retrieved did not exist, and would need to 

be purpose-built.

These unanticipated challenges were accompanied by compelling discoveries, 

and a new research question emerged:

Can 3D images be used to reconstruct the historic spatial relationships of a 

modern city?

An Untapped Resource

Stereographs were once a commercial venture, produced for popular 

consumption, and their significance now is due to the patterns revealed in 

aggregate rather than any coordinated documentary intention; they were sold in 

curated sets, which featured a variety of popular views taken contemporaneously. 

This project, meanwhile, compares views between sets, introducing the 

dimension of time.

The 19th Century Paris was the epicentre of profound technological, political, 
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and social change. These changes were borne out materially as the city was 

reorganized and rebuilt, its defining features repurposed and renamed. Because 

the stereograph’s popularity endured some 60 years, we have visual record of 

Paris before and after the Haussmann renovations; before and after the advent of 

mass transit; before and after the defeat of Napoleon III by the Paris Commune.

However, stereographs are rarely used this way; at this time, it appears that they 

have never been aggregated, and some of the patterns identified have not been 

documented before. This thesis finds enormous unexploited potential in the use 

of stereographs for landscape research and suggests stereophotography as an 

underutilized tool in the documentation of modern landscapes.

An Overview 

I begin with essential background in Foundational Concepts (Chapter 2), 

describing the mechanism of stereopsis and the history of stereophotography. In 

Chapter 3, I detail the research design and the methods of this study, including 

the rationale for decisions which changed the course of the research as it was 

happening. In Chapter 4, I describe my findings, and explain the different types of 

potentially knowledge-yielding inter-stereograph relationships I discovered; then 

in Chapter 5, I discuss the barriers to the realization of that potential, and present 

solutions. Finally, in Chapter 6, I evaluate the state of the research question, and 

my ability to satisfactorily answer it now and in the future.

Researcher’s Perspective

My own history and experiences have shaped my approach to this topic.

I am interested in the way people engage with and in public space. After studying 

Landscape Architecture for three years, I have learned that spatial organization 
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will profoundly affect behaviour, and that the character of public space can be a 

determining factor of the quality of public life in an otherwise-stable society.

I am also fascinated with the individual experience of space and environment in 

three dimensions - cultivated during my undergraduate, studying Performance 

Production. Of course, in this context, three-dimensional perception is immediate 

and real, as live theatre is a direct experience. The tertiary influence is 

Archaeology. Although I have no qualifications in the field, it was the substance of 

my first years of university.

In Archaeology, very little can be known directly. Instead, meaning is inferred 

from the spatial relationships of objects to one another as discovered during 

excavation, and on the patterns that emerge between studies. The reliability of 

conclusions is evaluated according to the volume of evidence; the quantity and 

relative plausibility of alternative explanations; and the logic of the proposed 

narrative in the context of everything else known, specifically and generally, 

about the conditions in which ancient peoples lived.

The passage of time, and relationships in space, feature prominently - but 

differently - in each.
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Figure 1.  The function of stereoscopy (Brisbin, 2003)

2.0 Foundational Concepts

Depth Perception

Depth perception helps us understand three-dimensional space, which enables 

us to operate effectively within it. Broadly speaking, it is the ability to see in 

three-dimensions; more specifically, it is the ability of the brain to extract depth 

information from visual input. Visual input comes in the form of both monocular 

and binocular visual information.

Monocular (single-eyed) depth perception relies on visual cues, including size 

disparity, motion parallax, and shadow (Hirshfield, 2019); it is the mechanism by 

which depth is interpreted from 2D media.

Binocular depth perception is known as stereopsis. Though stereopsis is clearly 

not the only mechanism which contributes depth perception, full depth perception 

is not possible without it.

Because stereopsis can be induced, the perception of three-dimensional space 

can be artificially replicated. Stereographs are pairs of photographs which relate 

to one another the same way that the visual information of the left eye relates 

to that of the right; in order to produce an effective stereograph, a photographer 

must pay close attention to the offset distance and relative angles between the 

camera’s lenses or mirrors.

Stereographs can only be viewed with the use of supplementary optical 

equipment – the stereoscope. A stereoscope uses a pair of lenses to change the 

perceived origin of each of photograph, so that the images appear to overlap 

(Figure 1). The brain then reconciles the images as binocular representations 

of the same view and uses stereopsis to infer depth information from the 
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Figure 2.  The subtle perspectival differences between the two photos in a stereograph are best expressed in anaglyph 
(the 3D technology which uses magenta and cyan filters to help the brain align the two images). Understanding that the 
red image corresponds to the left eye, and the cyan to the right eye, the degree of offset is determined by the distance 
of the object a) from the viewer and b) from the focal point of the view. (U.S. Department of the Interior, 2003)

differences. This results in a 3D view (Figure 2).

Generally, a stereograph’s paired photos have been taken simultaneously. 

Whatever the absolute relationship between the cameras, lenses, or mirrors, the 

images are inherently and consistently related to one another. The images (and 

the 3D stereograph produced) can be considered factual, if situationally relative, 

spatial information. Insofar as the subject or scene in any unaltered photo is 

‘real’, the depth data extracted also describes real relationships between objects.

Commercial Stereophotography

The period of interest in stereophotography – 1850 to 1920 – coincides with 

rapid advances in camera technology and a rising demand for photographs. 

Stereographs were especially popular with a middle-class interested in 

vicariously touring foreign locales (Figure 3). Commercial photographers 

captured a multitude of urban landscapes views in major European cities, 

inadvertently producing a rich visual record of the era.

As the market for western views was became saturated, production companies 

sent their photographers further afield; the Keystone View Company produced 

a collection of views of Japan, a country and culture still largely inaccessible to 

western tourists at that time, while Underwood & Underwood (among others) 

documented the Boer War in South Africa.

By the 1920s, Keystone had acquired the negatives of virtually every other view 

company, and virtually all cards published after 1920 appear to be reprints from 

this consolidated back-catalogue. Popular interest in stereographs did not survive 

the Great War, and their decline cannot be positively attributed to any single 

event or innovation; likely factors include the dampening of the general optimism 

and enthusiasm for international travel so characteristic of Victorian society, 



12 13

Figure 3.  Advertisement for the ‘Underwood Travel System’ from an Underwood & Underwood catalogue, around 
1907. (Underwood & Underwood, 1907)

travel by car rendering ‘vicarious’ tourism redundant, and the advent of film 

and its superior narrative capability as media took a post-war turn towards the 

sentimental, rather than the ‘scientific’.

Photographs viewed stereoscopically would, of course, be useful to the 

interpretation of aerial reconnaissance images during and after The Great War 

(Kelly, 2011). However, stereographs would not be a mainstream cultural product 

again.
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3.0 Research and Study Design

Approach to the Research

While historic photograph analysis is well-tread ground, there is no existing body 

of stereograph research upon which to build this study; the research question 

required me to work with stereographs in a novel way. Grounded Theory 

Methodology was found to be a natural fit for this project, and the framework was 

applied as outlined in Grounded theory research: A design framework for novice 

researchers (Chun Tie et al 2019).

Unlike most GTM research, which seeks to theorize and articulate the invisible 

dimensions of human experience, this project seeks to theorize relationships 

between historic artefacts, and use them to articulate an invisible dimension of 

the urban landscape; that is, its morphological history.

In this study, I have attempted to reconstruct the first-person visual experience 

of mid-to-late 19th century public outdoor spaces in Paris, creating a conceptual 

model of the city as-it-was through the recontextualization of extant stereographs. 

Importantly, theory-generation is denoted by the concept of recontextualization; in 

this study, to recontextualize stereographs does not mean ‘to put them in a new 

context’, but rather ‘to return them to their original context’. This study adopts 

the practical position that the original context of these images – a past version, 

or versions, of Paris – no longer materially exists. In the project and process of 

recontextualization, the ability of stereographs to document the material history of 

Paris is explored and the knowledge-yielding relationships between stereographs 

is theorized.

The process was highly recursive; the addition of new material always restarted 
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Figure 4.  Diagram of the research process. (Pfeffer 2021)

the cycle. Familiarity with the landscape and precision of NVivo coding improved 

in tandem; the two were effectively inseparable. This cyclical, interdependent 

process may be visualized as in Figure 4. The findings are presented using 

storyline technique.

Data Collection

The stereographs used in this research were collected from an eclectic mix of 

museums, libraries, galleries, and institutes. None of them, however, are actually 

known for their stereograph collections. Finding archives, in general, is easily 

done; finding appropriate archives is not.

Many online ‘directories’ for researchers identify archives which are broadly 

accessible; few of these archives are ultimately useful. Rather than capture-and-

evaluate every archive listed in every directory, I decided to search for those 

which had digitized stereographs. Though the results surely excluded those 

which have not been made ‘crawlable’ by Google, the strategy did turn up a 

subset of archives more likely to be appropriate and valuable.

A complete list of archives used is included in Figure 5, and will provide a number 

leads to researchers looking for similar material; without such a list myself, I 

discovered my sources in two ways:

•   Wikimedia Commons. Archives discovered by browsing images 

in Wikimedia Commons’ ‘Stereocards’ category (via the Wikipedia 

entry of the same name); as public domain images, most have been 

legally scraped from the websites of host archives and are cross-linked 

accordingly.

•   Google Image Search. Specifically, this refers to Google Searching 
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List of Archives Used 

Institution Terminology Search Terms Retrieved 
Boston Public Library stereograph; stereo 

card 
Paris 33 

The Danish Film 
Institute/Filmhuset 
(Copenhagen) 

stereoview; 
stereocard 

[manual search]  
34 

J. Paul Getty Museum (Los 
Angeles) 

stereograph Paris; [site title]  
368 

Library of Congress 
(Washington) 

Stereograph; 
stereograph card; 
stereo card 

Paris 367 

Maison de Victor Hugo, 
Paris 

tirages 
stéréoscopiques; 
vue stéréoscopique  

stéréoscopiques 1 

The Metropolitan Museum of 
Art (New York) 

stereograph views Paris 12 

Musée Carnavalet, Histoire 
de Paris 

Vue stéréoscopique stéréoscopique 408 

Museum of Fine Arts Boston stereocard, 
stereograph 

[manual search] 174 

National Gallery of Australia 
(Canberra) 

stereograph Paris 4 

National Gallery of Victoria, 
Melbourne 

stereocard Paris 33 

National Museums Scotland 
(Edinburgh) 

stereocard [manual search] 5 

Rijksmuseum (Amsterdam) stereofoto Parijs 770 

Smithsonian Online Virtual 
Archives (Washington) 

stereograph Paris 6 

State Library of Victoria 
(Melbourne) 

stereocard; 
stereograph 

Paris 5 

Ville de Paris/Bibliothèque 
de l’Hôtel de Ville 

vue stéréoscopique Paris 10 

Wikimedia Commons stereo card Paris 6 

TOTAL   2234 

Figure 5.  A list of archives used, with the archive’s preferred terminology, search terms used, and number of 
stereographs retrieved from each. 2234 stereographs were retrieved in total; about 1900 of them were unique.

keywords, including ‘Paris’ and all conceivable synonyms for and 

permutations of ‘stereograph’. Stereographs were identified on sight and 

followed back to their source.

Sufficiently ‘useful’ archives were not without their drawbacks:

•   There does not appear to be standard terminology for stereographs 

in English-language archives; all terms must be attempted, to increase 

likelihood of retrieving all media.

•   Valuable resources like The J. Paul Getty Museum, a visual arts 

museum in Los Angeles, California, do not consistently or fully describe 

their holdings. A search for ‘Paris’ returned just more than half of all 

images ultimately retrieved from the archive, while the remainder were 

found through targeted searches for image subjects known to the 

researcher. It is very likely that some relevant objects were not retrieved.

•   Misspelling is common, especially when the image caption is a 

transcription of a handwritten label – some cursive is completely illegible, 

and archivists are unlikely to be familiar with all possible subjects.

•   Although catalogues will give contextual information when known, it is 

not always made clear how this information is known. When authorship 

is indicated in the catalogue record but not on the object, the researcher 

must take it for granted; when a different catalogue credits a different 

author for the same work - with similarly unexplained rationale - the 

credibility of both is undermined. This persuaded me to disregard paratext1 

in favour of independently verifiable information.

1  The term ‘paratext’ is borrowed from literary studies, where it traditionally refers to information 
around, beside, or otherwise ‘parallel’ to the main text. In this context, I consider the ‘main’ text to be the 
stereograph; the stereograph is mounted to create a stereocard, which is typically inscribed or printed with 
descriptive text.
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My search for stereographs within the given search parameters was successful 

but not exhaustive. Unreliable, inconsistent, or nonexistent search terminology 

virtually ensures that some relevant images were not retrieved; from technical 

errors to serious oversights, there was no practical fail-safe or redundancy to 

catch my own errors.

That the aggregate suffers for lack of important individuals is certain, but 

unquantifiable. Nevertheless, the collection is adequately comprehensive to 

satisfy this investigation.

Data Management

Contextual- and citation-data were copied to the digital reference manager 

Zotero at the time of collection. The ‘artwork’ item type is flexible enough to 

accommodate the different categories of information made available by different 

archives, and for the catalogue entry to be connected directly via URL. Each 

image was assigned its own entry and named according to the specific object or 

reference number assigned by its originating archive. To keep the record faithful, 

information was added and amended in a separate note attached to the Zotero 

entry.

The image files were stored in a folder on Dropbox, an online file hosting service. 

File names were made to be consistent with their corresponding Zotero entries. 

Supplementary research images and maps were documented in their own 

respective Zotero collections, and also stored in Dropbox. The ‘Tag’ function 

was useful here; tagging entries according to the subject (consistent with the 

titles assigned to nodes in NVivo) would later allow me to easily retrieve relevant 

material when looking to verify site identification. 

I kept memos – written records of my thoughts, observations, and questions – 
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throughout the research process; these documents were analytic tools at the time 

of writing, and they serve now to explain and justify my decisions. ‘Memoing’ was 

conducted via the word-processing software Microsoft Word and timelines were 

represented graphically with the spreadsheet software Microsoft Excel (Figure 6).

The qualitative research software NVivo was used for data coding. Codes 

operate like tags; individual objects can be assigned multiple tags, and each tag 

links all objects to which it has been assigned. NVivo, however, allows codes to 

be explored almost as though they are file folders and includes thumbnails of 

all assigned images. NVivo uses ‘nodes’ to enable this kind of tag-first analysis; 

when I use the term ‘node’, I am referring to an NVivo-based code. Direct image 

comparison was essential to data coding, and NVivo facilitated both (Figure 7).

Figure 7.  Screen-capture of the NVivo coding system, with left panels available for comparison. (Pfeffer 2021)
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Criteria for Exclusion 

Stereograph was 
taken after 1920 

Most stereographs published after this year are prints made from older 
negatives; as interest in the medium waned through the 1910s, new 
views were rarely produced. Very few novel images were taken after this 
date, and those that appeared to have been taken for a ‘documentarian’ 
purpose, and feature unmarked, unpeopled street scenes. These views 
appear to share no common subjects with - and consequently, to have 
little to no identifiable spatial relationship to - the pre-war stereographs 
which form the collection. 

Stereograph 
features 
temporary 
architecture 
(primarily or 
exclusively) 

“Temporary architecture” is defined here as any purpose-built, 
standalone structure which does not persist in the landscape beyond its 
intentionally-limited lifespan. Paris has hosted the World’s Fair 
(Exposition Universelle) numerous times since the event began, and 
those which occurred in 1855, 1867, 1878, 1881, 1889, and 1900 were 
all well-documented in stereo; however, only those stereographs which 
feature enduring architecture have been included in the collection. The 
list of included fair-architecture is brief: le palais de l’Industrie (1855-
1896) le palais du Trocadéro (1878-1935), la tour Eiffel (1889-present), le 
Grande Roue de Paris (1900-1920), and le Petit Palais/le Grand Palais 
(1900-present). 

Stereograph 
features an 
interior space 

These do not contribute any information to an understanding of the 
overall spatial fabric of Paris, which is the primary focus of this research. 
Similarly, ruins of interior spaces have also been excluded, despite their 
superficial resemblance to open-air courtyards (which were included). 

Stereograph was 
significantly 
modified post-
production (image 
content not 
reliable) 

Stereographs are valuable historical documents regardless of alteration, 
but the apparent level of ‘fidelity’ is also consequential to the work 
produced here. Views with painting and embellishment on the viewing-
side (rather than the reverse side, only be visible while backlit) were 
excluded. Pierced images, though noticeably altered, were often not so 
egregiously defaced; they were generally considered to be too important 
(and frankly, too numerous) to exclude, and can be found throughout the 
dataset. 

Stereograph was 
significantly 
modified post-
production 
(stereo-effect 
compromised) 

The stereograph has been modified in such a way that the stereo-effect 
is fatally compromised. This typically only occurs if one of the images is 
severely damaged or altogether missing. 

Stereograph’s 
digital 
reproduction of 
low quality 

Low-resolution images were excluded. A diversity of image size is 
represented in the collection, but all meet a minimum threshold that 
allows the image to be enlarged and examined. The ‘smallest’ images in 
the collection were retrieved from the Museum of Fine Arts Boston and 
are typically 1600 x 800 pixels, or about 96 pixels per inch (ppi); this is a 
reasonable standard for the minimum acceptable resolution. 

 Figure 8.  Criteria for exclusion, explained in full.

Research Process

Purposive Sampling

Extant data was collected through purposive sampling. The first archive 

I discovered was Rijksmuseum, the national art and history museum of 

the Netherlands, by way of Wikimedia Commons; from it, I retrieved every 

stereograph of Paris (except for duplicates).

Initial Coding

Stereographs were classified by author; publisher; date of copyright; and named 

site or location. This information was taken from catalogue captions and the 

stereographs’ paratext.

This process led to structural changes (fully elucidated in Figure 8):

•   I decided not to treat paratextual data as reliable unless it could be 

independently verified; stereographs would only be coded according to 

named site/location. Stereographs often lacked information about the 

author, publisher, date of copyright, and location; when they did include 

this information, it was occasionally contradictory (see ‘Duplicates’ in the 

Discussion section).

•   Stereograph views of interior scenes did not help address the research 

question and would not be included in the dataset.

•   Damaged and significantly altered stereographs did not produce useful 

or reliable data and would not be included in the dataset.

•   Excluding artefacts with duplicative stereographs diminished the rigour 

of data collection and foreclosed on the possibility of using higher-fidelity 

versions of images already collected. All duplicates would be collected and 
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included in the dataset.

At the end of initial coding, all codes had been derived from labels or captions 

on the collected stereographs, while unlabeled stereographs were categorized 

as ‘Unknown’ and left for future identification. These codes were as specific as 

‘Statue of Étienne Marcel’ and as general as ‘the Seine’, with many stereographs 

left uncoded.

Some nodes, such as ‘Cathédrale Notre Dame de Paris’, were already well-

populated; others, such as ‘Bal Mabille’ or ‘Bains de la Samaritaine’, were 

referenced only once or twice. The under-represented sites were the most 

compelling to me, as these erstwhile landmarks are what make past-Paris 

so different from the present-day city. However, the code for Notre Dame 

already contained interesting information, as stereographs of Notre Dame had 

incidentally captured the restoration of the Cathedral and the evolution of the city 

around it.

Theoretical Sampling

Initial coding had identified two points of interest:

•   Landmarks which no longer exist;

•   The evolving landscape around the most famous landmarks.

To follow these leads, I sampled the smaller stereograph collections of several 

other online databases, including those of the Metropolitan Museum of Art (New 

York), Boston Public Library (via Digital Commonwealth), and the National 

Gallery of Australia (Canberra).

My goal was to develop the ‘location’ nodes established during initial coding, so I 

proceeded to collect all stereographs of Paris, including duplicates and excluding 
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interior views and badly damaged or altered stereographs. While this data served 

to flesh-out some lesser-known categories, it required the creation of many, many 

more. For example, the initially-obscure ‘Bains de la Samaritaine’ – a public 

bathhouse on the right bank of the Seine, just upriver of Pont Neuf – turned out 

to be relatively well-represented in the data with 13 unique images. Three of the 

four other public bathhouses identified during theoretical sampling, which were 

not as long-lived or well-marketed as the Bains de la Samaritaine, are each 

represented by two images or fewer; in this case, the process of fleshing-out of 

one category resulted in the creation of four more.

I also began spatially contextualizing these codes by plotting them on a 

customizable ‘MyMap’, a product of the navigation and mapping arm of Google 

(Figure 9). This brought my attention to clusters of intensively-documented sites, 

and raised questions about the gaps between them – were these empty pockets 

the former homes of those ‘obscure’ landmarks? Could stereographs of clustered 

sites help fill in the gaps in coverage between them?

Intermediate Coding

As the collected stereographs had been ‘fractured’ according to their captions 

and labels, intermediate coding involved the reforming of these codes into 

conceptual entities linked to individual architectural features and sites.

Upon reviewing the NVivo nodes, it became clear that

•   Some of the images within a given node were clearly not the same 

place (suggesting that the caption or label was incorrect), and that

•   Multiple nodes had been created to identify a single feature or site. This 

was typically because the evolving political situation in Paris necessitated 

the frequent renaming of streets and squares, and because the city’s 
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urban infrastructure frequently needed to be replaced.

Accordingly, I proceeded to parse the contents of each node and attempt to verify 

that the images were accurately titled. Cursory internet research usually provided 

an explanation for naming inconsistency, informing the creation of new nodes 

and the collapse of duplicative ones. In such cases, codes of a single site were 

merged and given the subject’s current (or most recent) name; the former names 

were noted in the node’s metadata, for future reference.

Through the Google MyMap, a web of spatial interrelationships emerged. This 

directed the secondary and tertiary coding of images; to locate the view-origin 

and aspect of a complex scene, at least two known features need to be identified 

within the image. Considering this, the NVivo node system was revised to include 

sub-nodes for views which clearly originate from a site that is otherwise the 

subject of an image (typically a church, or the roof of a tall monument). I called 

these instances ‘Reverse Views’.

This allowed the codes to be refined to possess consistent properties; namely, 

that each code represented an entity with defined boundaries. Previously, some 

codes had been too broad (‘Montmartre’, ‘the Seine’) or constrained along one 

axis but longitudinally nonspecific (‘Rue de Rivoli’, ‘Canal St Martin’, ‘Champs de 

Mars’). With secondary features identified, an approximate geographic location 

could be established.

Some locations, of course, were not mappable at all, having no modern 

equivalent at the original site (including the various public baths on the Seine). 

However, the exercise was an important step towards the conceptual integration 

of these points in space.

Intermediate coding was also a milestone in the development of my own 
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theoretical sensitivity. As I became conversant in the architectural language 

of the city, I no longer needed captions to identify subjects, and I could ‘read’ 

stereographs for new and interesting data. Stereographs with novel or unusual 

perspectives on established locations were immediately recognizable to me.

At the same time, I continued to collect stereographs; the greatest contributors 

to this dataset, in addition to the Rijksmuseum, were the Library of Congress, the 

national research library of the United States; the Musée Carnavalet, a City of 

Paris museum; and the J. Paul Getty Museum. After images from a new archive 

were incorporated into the NVivo file, the content of each node was reviewed for 

anomalous objects.

Advanced Coding

At this point, I began to work within the nodes. This resulted in the discovery of 

(non-obvious) duplicate, serial, paired-reverse, and ‘layered’ views.

In the process of excising duplicates (while retaining those most legible and least 

cropped), I discovered that:

•   some views with apparently similar composition must in fact be 

duplicates, and that the variation between them was consistent with 

‘printing-out’ errors (namely, image distortion likely incurred during manual 

reproduction). These might be thought of as ‘non-obvious’ duplicates.

•   some ‘obvious’ duplicates were in fact different exposures taken during 

the same photography session; this resulted, at times, in shots which vary 

in minor ways, but capture the impression of change over a short period of 

time. I called these ‘serial’ views.

The nodes with the greatest number of unique views – ‘Cathédrale Notre-Dame 

de Paris’, ‘Tour St-Jacques’, and ‘Musée du Louvre’ among them – provided 
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ample opportunity for comparative viewing. Two interesting patterns observed 

were: 

•   pairs of stereographs in which the focal point and (inferred) origin are 

reversed, meaning that the two stereographs appear to be ‘looking at’ one 

another other; I refer to these as ‘paired-reverse’ views.

•   multiple stereographs which look at the same subject from 

approximately the same view-origin, but were taken days, months, years, 

or decades apart. These views reveal large-scale change, as the city 

appears to evolve around the more stable architectural elements; I refer to 

these as ‘layered’ views.
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Figure 10.  (Top) Place de la Bastille; view copyrighted by William H. Rau of the Universal View Company 
([PH9541] Musée Carnavalet, Histoire de Paris 1898). (Bottom) Place de la Bastille; view copyrighted by 
Keystone View Company. ([1s23977] Library of Congress 1926)

4.0 Findings

Duplicate Views

Duplicate Views, in this context, are discrete physical objects which appear to be 

prints of the same negative.

Incidents of duplication can help contextualize the collection. In the first pair 

given (Figure 10), duplication indicates that the Keystone View Company, the 

leading stereograph manufacturer of its time, acquired the catalogue of negatives 

belonging to an independent photographer named Rau; it indicates that the 

original stereograph was captured no later than 1898; and it suggests that other 

images issued by Keystone in 1926 may have a similar lineage.

The appearance of the image at the time of digitization is determined by the 

type and quality of the original photo process, by the manufacturer’s standards 

for cropping and placement, and by the nature of storage conditions in the 

intervening period. These qualities are, therefore, not relevant to assessment; 

features within the photo must be persuasive. Assessment is easy when the 

scene contains highly dynamic elements such as people; when there are no 

people, specific elements - shadows lying across discernable cobblestone, or the 

dark patterns of water half-evaporated on the streets - must match up precisely 

between the images. To evaluate non-obvious duplicates in the latter category, 

I overlayed the views in the Adobe image editing program Photoshop and 

used layer transparency to align stationary objects in the foreground (typically 

lampposts and curbs, as in Figure 11).

To complicate the matter, earlier prints are often optically distorted; this prevents 

the perfect alignment of every element, casting doubt on the provenance of 
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otherwise-identical shots. The process of developing contact-prints on albumen-

treated paper is not foolproof, and irregularities in glass thickness and flatness 

(due to manufacturing flaws or heat expansion) within and between the 

developing frame and the negative plate can create lens-like distortion in the 

final image. As this is found less often in later printings of duplicate views, I think 

it is reasonable to conclude that the effect is primarily due to the inconsistent 

quality of glass before the field was fully 

professionalized, not to mention the standard 

practise of printing out in sunlight (a source of 

ultraviolet light which is, unfortunately, constantly 

moving). Alternatively, but less plausibly, it might 

be attributed to the optical characteristics of the 

archives’ scanners, or even to the introduction of 

the vertically curved card around the turn of the 

century.

Potential duplicates were detected by direct 

comparison of left panels1 (Figure 12). Naming 

conventions were maintained between Zotero, 

Dropbox, and NVivo, duplicates excepted; new 

Zotero entries were generated for duplicates in 

a dedicated collection and given unique titles 

(beginning at PF0001). The file names of the 

included duplicate views were listed in a note 

associated with the entry. The version retained 

in NVivo is indicated with bold text, and the respective NVivo entry was renamed 

accordingly (to denote the ‘representative’ function of that file). In this way, an 
1  Very early stereographs were sometimes produced asynchronously, and as a consequence the 
right and left panels can be noticeably different; comparing left panels exclusively helps avoid confusion.

Figure 11.  (Top) Église de la Madeleine; view attributed to Joseph L. Bates. ([07436201] The J. Paul Getty 
Museum, c1870); (Bottom) Église de la Madeleine; no attribution. ([RP-F-F05585] Rijksmuseum, 1850-1880)

Figure 12.  Left panels of [07436201] and [RP-
F-F05585], colour-corrected and aligned using the 
foreground lampost as reference. The frame was 
applied post-alignment to make the relative distortion 
more apparent. (Pfeffer 2021b)
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Figure 13.  (Top) Fontaine Médicis; Underwood & Underwood ([1s23878] Library of Congress, 1901), 
(Middle) Fontaine Médicis; Underwood & Underwood. ([1s23877] Library of Congress, 1901), (Bottom) 
Fontaine Médicis; Underwood & Underwood. ([1s23876] Library of Congress, 1901)

image’s title in the PF#### format refers the researcher to an entry in the Zotero 

‘Duplicates’ collection; from there, one can obtain a list of the relevant object 

names, so that the specific files can be retrieved using Dropbox.

Serial Views

Serial views are sequentially captured stereographs. This designation is specific 

to views captured by a single camera from a single tripod position; it is indicated 

when views have been captured from precisely the same vantage point, such 

that the relative positions of fixed objects in the scene are identical. I consider 

this to be conclusive evidence that the camera was not relocated between 

exposures.

Several stereographs of the Fontaine Médicis at the Palais de Luxembourg 

(Figure 13) led to my discovery of serial views. At first glance, the images appear 

to be completely identical, and I opened them in Photoshop to demonstrate 

this definitively. Instead, I discovered that the woman at the right side of the 

image was posed differently in each shot (Figure 14) – presenting unambiguous 

evidence that these shots are verifiably different, yet intimately related.

Serial views capture the passage of time at a human scale and make motion 

visible: the overlay-image (Figure 15) is striking because the static features, 

Figure 14.  Colour-corrected details of [1s23878] Left, [1s23877] Middle, and [1s23876] Right. (Pfeffer 2021)
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Figure 15.  Transparent left panels of [1s23878], [1s23877], and [1s23876] overlayed. Static objects have 
defined edges, while moving objects are blurry. (Pfeffer 2021)

which appear sharply defined, create a frame around which the dynamic 

elements of the scene are clearly moving. The shrubs are still, but the trees 

are disturbed by wind; the woman stands in one place, but her pose changes. 

The scene’s energy is revealed by the direct comparison of all three. One can 

imagine a breezy, sunny day, harsh shadows softened by the tree canopy around 

the fountain; birds land on the water near the fountainhead and swim apart, 

suggesting an order of capture, and the time elapsed in between. The woman at 

the right-edge of the image looks at the camera, then at a visitor behind her, and 

then at the water.

Serial views are fairly common; about 70 ‘sets’ of two-to-four images were 

identified from a pool of some 1900 unique views. They exist because 

manufacturers used their glass-plate originals in regular production, as the 

technology needed to create high-fidelity duplicates of negatives did not exist. 

Even if the fragile plates survived constant handling, routine exposure to UV light 

would eventually degrade it beyond usability; attrition was anticipated, so several 

exposures were taken of the same view to provide backup negatives. Because of 

this, a broken or degraded negative could be replaced with the next in the series, 

and production could continue apace2.

Importantly, this means that these views were never intended to be seen in series 

– and may not have been associated since their manufacture.

Printing errors have occasionally led to image distortion. This can be countered 

with Photoshop (as with duplicates), as objects’ relative positions should remain 

the same3. Further, shifting the camera stand (no mean feat with a period 

2  An example of this is explored in Chapter 5; the given series (Figures 20 and 21) all bear the same 
issue-number, suggesting that they were meant to represent effectively the same view in the collection - but 
were issued in different production runs of that collection.
3  Were the issue in-camera lens distortion (different lenses indicating the use of different cameras), 
objects would be more distorted at the edges of the image than at the centre, and uniform manipulation 
(stretching or squeezing) would not make the two images align.
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rig) would have produced a view from a slightly different perspective, and the 

obstructed sides of objects in one view would be more visible in the other.

The overlay technique produces ‘readable’ images, in which static elements 

appear dark and well-defined while dynamic elements are pale, and sometimes 

blurred. In Figure 16, ‘intermediate’ features are perceivable too, like the parked 

carriages which appear in more than one image but not all three; there is a clear 

gradient by which the ‘permanence’ and ‘transience’ of scenic elements are 

legibly discrete.

Figure 16.  Transparent left panels of [PH9499] (Musée Carnavalet 1850-1900), [SC352095] (Museum of Fine 
Arts Boston n.d.), and [PH11354] (Musée Carnavalet 1850-1900) overlayed. Translucent objects appear in only one 
photo. (Pfeffer 2021)
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Many sets of serial views feature streetscapes characterized by pedestrian and 

vehicular traffic. Researchers of public space may find this particularly useful, 

as patterns of behaviour may be observed. As these are, for the most part, 

identifiable locations, the view direction can be determined; from this, one can 

use the length and direction of shadows to determine time of day, and time-

between-shots, and shot-order.

Serial views were verified in Photoshop, by aligning the left-panels with 

transparency according to fixed landscape elements like lampposts. Of course, 

cropping and spacing are not consistent between stereographs; in order to 

render a stereoscopic overlay image, the left and right sides must be aligned 

independently (Figure 17, though it does not use transparency, is an example of 

this). Good practice is to test the stereoscopy of both cards separately, and then 

use the ‘better’ card as the guide.

Paired-Reverse and Layered Views

Earlier I mentioned ‘Reverse Views’, the NVivo subcategory that allowed 

stereographs could be coded according to view origin, if known. I used these 

codes to match views which seemed to ‘look at’ one another, resulting in paired-

reverse views.

Together, reversed stereographs can mimic the effect of a 360-degree panorama, 

depending on the angle of the view; they also offer a comprehensive view of the 

territory between the respective focal landmarks (Figure 18).

Of course, the problem of image-dating remains, and the individuals within a pair 

will typically not be contemporaneous; however, this may be mitigated if paired-

reverse views are used in conjunction with layered views.
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‘Layered’, here, refers to the way coverage of the same subject, from the same 

origin, largely appears to overlap. This impression is especially pronounced 

when examining a number of very similar, but temporally distinct, views. Contrary 

to paired-reverse views, which reveal spatial relationships but poorly capture 

change-over-time, layered views are uniquely suited to observing formal change 

and neglect the general spatial context (Figure 19).

Figure 18.  (Top) View taken from North Tower of Notre-Dame, towards Église Saint Gervais-Saint Protais at 
top right; publisher unknown ([PH9500] Musée Carnavalet, 1852-54), (Bottom) Notre-Dame Cathedral, from 
the tower of St Gervais; Underwood & Underwood ([1s24094] Library of Congress, 1900)
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Figure 19.  (Top) Panorama of Paris, taken from the towers of Notre Dame; publisher unknown. ([PH11391] 
Musée Carnavalet, 1852-1858), (Middle) Panorama of Paris, looking up the Seine; Keystone View Company. 
([1s24105] Library of Congress, 1926), (Bottom) Paris and the Seine, East from Notre Dame; Keystone View 
Company. ([1s24101] Library of Congress, 1931)
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Figure 20.  (Top) Rue Montmartre, View ‘B’; likely by London Stereoscopic Company. ([09326101] The 
J. Paul Getty Museum 1860s). (Middle) Rue Montmartre, View ‘C’; likely London Stereoscopic Company. 
([09325801] The J. Paul Getty Museum 1860s). (Bottom) Rue Montmartre, View ‘C2’; likely London 
Stereoscopic Company. ([09329101] The J. Paul Getty Museum 1860s). 

5.0 Discussion

Contextualization in Practise

‘Soft’ landmarks1, like streets and quays, are important coarse-grain location 

tools. To map a viewshed, at least one known point (with its own clear 

orientation) must be identifiable within the scene; streets and quays are linear 

information, so a second coordinate is required to produce a datapoint.

This may be as simple as identifying an intersecting street; however, if no 

identifiable points are visible, then the question must be approached from the 

other end of the equation. Rather than finding a known landmark in the image, an 

unknown landmark needs to be found – and then identified.

“Rue Montmartre, Paris”

A set of three images by the London Stereoscopic Company, a prominent 

producer of photographs and stereographs, supposedly depict views of rue 

Montmartre (Figures 20 and 21). The three are referred to here as A, B, and C; 

1  This is a project-specific term – a ‘soft’ landmark provides a handy frame of reference for 
identifying views, and a ‘hard’ landmark is a geographically precise location. It is not related to ‘hard’ and 
‘soft’ as typically used in landscape architecture.

Figure 21.  Rue Montmartre, View ‘A’; likely by London Stereoscopic Company. ([RP-F-F05143] 
Rijksmuseum 1850-1875).
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HÔTEL DE ROME

Figure 22.  (From Top Left): Left panel of view C; Detail of view B, with sign reading “Hôtel de Rome’; Keepsake token 
issued by the Hôtel de Rome, with street address on reverse (([NJ11610] Musée Carnavalet 19thC)

HÔTEL DE ROME

PRÈS LA BOURSE 
TENU PAR BONIFACE

RESTAURANT DE ROME

138 R. MONTMARTRE 
PARIS

C2, the last image, is a faded, highly cropped duplicate of C.

The view could not be approximated to anything on the modern rue Montmartre – 

even after ‘strolling’ the length of the street using Google Street View. The names 

of the shops on the left side of the street did not return any hits in the Paris 

Musées archive, despite the distinctive paintings of stockings at the bonneterie 

at the left side of the image (visible in images B, C, and C2) and the suit-of-

card sign to the right. Though the letters are illegible, the shape of the words on 

the street sign on the facade of the bonneterie resemble the names of several 

intersecting streets – but none of those appeared to intersect rue Montmartre at 

the correct angle, nor did the street bend sharply in the distance.

An over-focus on image C had led to the neglect of the other views. There was 

text on a small sign on the right-side of the street, shadowed in image C but 

legible in B: ‘Hôtel de Rome’2 (Figure 22).

A Paris Musées search for ‘Hôtel de Rome’ returned a souvenir coin, bearing 

the same name. The reverse side, advertising what is presumably the hotel’s 

restaurant, has an address; using that address as a reference point, it appears 

that the view in question looks NNW from rue Reaumur.

The Google streetview perspective captures the defining details (Figure 23). The 

row of storefronts I had worked so long to identify were, apparently, long gone: 

the building on the left side of the view is modern, and considerably set back from 

the street.

I returned to the indecipherable street sign; I was certain that it did not, in fact, 

say ‘RUE LEON CLADEL’, the name given to that street on the modern map. 

A Google search revealed that RUE JOQUELET (as it was likely printed on the 

2  This case demonstrates the ‘redundancy’ value of duplicate and serial images: prints of different 
quality, or in better condition, can provide different information.
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sign in these views) was renamed by decree on 10 June 1897 (Gloaguen, 2014); 

thus, the view was confirmed, and the image series dated to no later than 1897.

“Flower Market, Paris”

Different stereographic views, however, call for different strategies. Sometimes, 

an ostensibly Parisian view can’t be linked to a site in Paris because it isn’t a 

photo of Paris at all. This typically becomes apparent after extensive sleuthing; 

French-language signage suggests, reasonably but not necessarily correctly, that 

a view is French, and when paired with a stereotypically Parisian subject it seems 

a sure thing. Some stereographs were mislabeled by the makers themselves 

(wittingly or otherwise).

If the goal is to positively identify the subjects and locations of stereographs 

taken in Paris, then the corollary of that work is to positively identify those views 

which were not taken in Paris. Some are truly rare subjects, and naming these 

uncommon views adds to the geographic continuity of coverage; certainty of a 

stereograph’s context is an objective appropriate to the project goal, whatever 

that context may be.

Figure 24.  Labeled ‘Flower Market, Paris’ by the publisher ([RP-F-F05889] Rijksmuseum 1875-1900)
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Figure 25.  A vintage photo of the same view. (Vintage-Sights 1900s)

The background architecture of the view captioned ‘Flower Market, Paris’ 

(Figure 24) was not consistent with other identified flower-markets of Paris. 

This suggested the exciting possibility of a new node – a yet-unidentified flower 

market in Paris. Upon close scrutiny, the names of the storefronts are legible: the 

foremost of these, ‘A L’ETOILE - ESTAMINET - DISTILLERIE’ (assuming accents 

were foregone due to capitalization, this directly translates to ‘TO THE STAR - 

TAVERN - DISTILLERY’). While the Paris Musées database returned no hits, I 

managed to retrieve a salient object using Google (Figure 25).

According to the seller’s listing, this is a photo of the Grand-Place de Bruxelles, 

or Grote Markt (Dutch), the central square of Brussels and the location of its 

City Hall. The architecture in this image is directly comparable to that in the 

stereograph.

Satellite imagery and the 3D function in Google Maps were used to explore the 

square. The buildings have been whitewashed since these photos were taken, 

Figure 26.  The present-day row of buildings. (Google Maps 2021b)
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and the façade in question can no longer be distinguished by its tonal variation. 

Instead, the photograph offers a decent view of the decorative upper-stories of 

the townhouses; the original buildings were identified by their distinctive façades 

and arrangement of windows (Figure 26). This confirmed that the site is Belgian, 

not French.

“Bridge and Fountain, Paris, France”

A view given the caption ‘Bridge and fountain, Paris, France’ by the Library of 

Congress (Figure 27) – likely due to its formal resemblance to the grandiose 

Château d’Eau built for the 1900 Exposition Universelle in Paris – was not, in 

fact, that fountain.

Descriptive keywords and Google Search lead to the Font de la Cascada at 

the Parc de la Ciutadella, Barcelona, to which it is very similar. However, that 

fountain has different statues, and never included a colonnade.

The animals on the statue appeared to be horses, but close inspection revealed 

horns. A keyword-search for fountains with “bull” in the description retrieved 

this stock image (Figure 28). Though titled incompletely in the description itself 

Figure 27.  Labeled ‘Bridge and fountain, Paris, France’ by the archive ([1s23708] Library of Congress 1906)



62 63

Figure 28.  The stock-image which lead to the discovery, as found; close-up of the fountain’s bulls (Laudonien 2019)

(the location name appears to have been cut off by the word limit), the ‘Similar 

Images’ suggested by the search engine lead directly to another Château 

d’Eau. This one is the central architectural feature of the Palais Longchamp at 

Marseilles - in France, but several hundred kilometers from Paris.

“View of Fountain at Paris, France”

While using keyword-searches to return images based on prominent architectural 

features has often been helpful, it is not a universally successful solution.

The monument labeled ‘View of fountain at Paris, France’ (Figure 29), features 

three figures, surrounded by columns and angels. The central figure wears 

something like the Papal tiara or a Byzantine crown; the angels have a cultural 

association with Catholicism. The inscription appears to use Latin characters with 

interpuncts between words, consistent with Classical Latin text (whether extant 

or revival). The only legible word is ‘DAVIDICA’, which likely means “of David” 

(inferred from turris davidica – ‘tower of David’).

Windows of a similar design are found in Paris, but also in Vatican City, Rome, 

and likely many other European cities of the era. While this monument has 

Figure 29.  Labeled ‘View of fountain at Paris, France’ by the archive ([08115401] The J. Paul Getty Museum 
c1865)
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not been identified, it seems no more likely to be in France than in any other 

historically Catholic country. Despite in-depth analysis of the image, it has not yet 

been identified.

“Arch, Paris, France”

Finally, an image captioned ‘Arch, Paris, France’ (Figure 30) looks like a French 

porte but does not appear to match any documented city gate in Paris. In fact, 

it is considerably smaller than the surviving gates, and while the architectural 

details resemble those found in Parisian buildings of the era (the rusticated 

masonry resembling parts of the Musée du Louvre), it is still less ornate - such a 

gate in Paris would have been mounted with a crest of some kind, at least.

A sign just beyond the gate begins with the letters ‘PAR-’. Between the Latin 

characters, the letters suggestive of the word ‘PARIS’, and the style of the 

streetlamp, that city is clearly called to mind. But why would a storefront in Paris 

need to specify that? Why are the buildings lower and so much less ornate than 

is typical of Haussmann’s Paris? Why is there no reference to this gate?

It is unlikely that this stereograph was taken in France at all: the man standing 

Figure 30.  Labeled ‘Arch, Paris, France’ by the archive ([09359301] The J. Paul Getty Museum c1865)
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to the left of the arch appears to be wearing a variation of Ottoman military 

dress. The tower visible through the archway is quite unlike most European 

church spires, and there appears to be a heavy barrier drawn up with chains. 

The window on the sunlit-face of the building appear to be shuttered, at least 

partially, suggesting temperature-control, and the lack of visibly open shutters on 

the shadowed side suggest that they open to the dwelling’s interior - what North 

Americans would call ‘plantation shutters’, a feature of hot-climate architecture.

In fact, there is nothing in this image that is inherently French: many European 

countries used Latin script and had colonies at this time, often in places directly 

or indirectly influenced by the Ottoman Empire (assuming that that analysis is 

correct).

If the positive identification of all of these images is ever to be attempted, the 

aggregated recognition-abilities of many other people will be required. These 

examples illustrate search obstacles, but also showcase questions that I spent 

a significant amount of time trying to answer; while the ‘hunt’ can be challenging 

and rewarding, it can also be inordinately demanding. The participation of other 

people – those familiar with different cultural contexts, and who have specific 

geographies within their frames of reference – could improve the efficiency of 

identification and the overall success rate.

Representing Breadth and Intensity of Coverage

Building the dataset was an exercise in spatial association. The contextualization 

of these documents required the stitching-together of geographic fabric as it 

appeared in stereographs. I attempted to represent spatial coverage graphically 

using the website Heatmapper.ca, a tool for generating custom heatmaps3.

3 Details of this process can be found in Appendix A.
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Figure 31.  Two heatmaps expressing the uploaded data; Top is numerically accurate, while 
Bottom is algorithmically inferred using the ‘Gaussian’ smoothing tool. (Pfeffer, 2021)

The Heatmapper program correlates a gradated colour palette to the range 

of values, and then applies the appropriate colour to each grid square. In its 

most basic form, the graphic will appear to be an arrangement of coloured grid-

squares overlaying the base image. The ‘Gaussian’ display setting, meanwhile, 

allows the pattern to be progressively abstracted using sliders which adjust the 

Gaussian radius multiplier, the contour smoothness, and the number of shades 

in the palette (the interval). Heatmaps are expressive because the transition 

between spatially discrete values is mathematically inferred.

I assigned one ‘point’ to a node (or a part or facade of a node) each time it 

appeared in a stereograph; 538 stereographs were evaluated to produce the 

example given here.

The ‘Square’ setting produced a numerically accurate expression of the uploaded 

data; the ‘Gaussian’ version of the same produced an expression which better 

represents the geographic continuity captured in the assessed stereographs 

(Figure 31).

The program correctly inferred ‘corridors’ of intensive view-coverage between 

nodes. However, areas with ‘hotspot’ nodes were somewhat over-represented, 

while areas between hotspots were under-represented. This is because the 

assessment method didn’t capture the broader spatial coverage of each 

viewshed, and so it was biased toward close-range façades shots and 

against ‘panoramic’, bird’s eye, and similar large-scale views. Broad-coverage 

stereographs are not effectively represented using this method.

Overlaying data which represents the view’s coverage, and not merely the points 

identifiable within the view, would likely produce the desired result. However, this 

could only be reasonably accomplished with the appropriate software to support 

the process and render the result.
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Accessing the Research via Digital Interface

The existence of serial images is the most compelling argument for data 

aggregation: though the initial discovery was due to three images all retrieved 

from the Library of Congress, inter-archive pairs and triads are in fact the norm. 

Without the benefit of a researcher’s purposeful deep-dive into the archive, these 

connections may never have been made.

I am interested in communicating this research more fully than a written thesis 

will permit; indeed, I think the project is far more compelling as a dataset to be 

accessed and experienced directly.

Reflecting on how this would best be accomplished, I ‘storyboarded’ a 

stereograph-specific search portal, informed by what worked (though more 

often, by what did not work) as I plumbed archives for material4. An element of 

this hypothetical purpose-built interface has been produced to demonstrate the 

core behaviour of the proposed search interface; I am aware of no single tool 

similar enough to use as a reference point. This element is an interactive model 

of a subsection of Paris, in which clickable ‘pins’ appear to mark the view origins 

and orientations of stereographs that selected in the search results5. Each result 

contains a QR codes, which links to a hosted version of that stereograph for 

viewing on a smart phone.

The page-layout is basic (Figure 32); web-design is beyond the scope of this 

project. The web-infrastructure for the model component is a work-in-progress; 

it is currently an offline PHP file, which can be deployed to a website-hosting 

service, and will at that point become a webpage.

The model appears on page start-up; it is only loaded by the webpage once, 

which improves performance. The search bar, at the top-right of the screen, 
4 A review of my research experiences and the storyboard has been included in Appendix B
5 The process by which the interactive model was developed is detailed in Appendix C.
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enables keyword search; if an entry in the database contains that keyword, a 

thumbnail of the left-panel of corresponding image appears in the space below.

The thumbnail can be selected by clicking once; a ‘pin’ then appears in model-

space, indicating the vantage point from which that view was presumed to have 

been taken [Action 1], and a QR code linking to the full image file appears in the 

space below the results list [Action 2].

[Following Action 1]

•   When the pin is clicked, the model’s camera re-orients to the ‘apparent 

vantage point’ (AVP) position; this is the view that corresponds to that of 

the relevant stereograph. To verify, the user moves the cursor over the 

‘Overlay’ button on-screen, which brings up the stereograph’s left-panel 

at full size; when the cursor is moved back and forth over that button, the 

image toggles on and off (rapid alternation between images can facilitate 

visual comparison).

•   The user zooms in and out along the view axis and continues to 

move the model and view it from other perspectives. The user returns 

the camera to the AVP position by clicking the pinhead again. Selecting 

another result makes a new pinhead visible, and the previous one 

disappears.

[Following Action 2]

•   By focusing a smartphone’s camera on the QR code and following the 

link, the full stereograph image will be rendered on the phone’s screen. 

With use of a stereoscope or virtual-reality headset, the stereograph on 

the screen can be viewed as intended.

Other aspects of the search function are being theorized and tested:
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•   The search results list leaves empty space to the right of the 

thumbnails; this should be filled with context, such as date-range and 

author or maker, if known.

•   Serial views appear first, should they be retrieved in a keyword search; 

this is the most direct way to visually associate them. Serial views should 

also interlink within the thumbnail’s associated text.

•   QR codes currently link directly to image files stored in my Dropbox, 

and each code was generated using the image’s specific Dropbox URL; 

should this model ever be publicly accessible, the URLs would need to 

refer to their source archives, or to copies stored on the website.

•   As an alternative to the ‘Overlay’ icon, a hotkey may be programmed 

(ideally, the space-bar - especially as the page does not ‘scroll’).

•   A visualization of the viewshed in model space would improve the 

apprehension of the view as having volume in space. The preferred 

form would be a translucent, square based pyramid, with its apex at the 

vantage point (VP) and its central axis running between the vantage point 

and the focal point.

•   Filtering results by time or date-range should be implemented.

•   A ground plane should be added to the model; perhaps a map of 

geographic features so that critical elements of the landscape, like the 

Seine, are visually present.

•   The model should account for elevation change.
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Figure 33.  Assembled 3D-printed stereoscope in use. Adapted for 3D-printing by George Balyasin. 
(Pfeffer, 2021)

Viewing Stereographs

Equipment is needed to view stereographs (otherwise, one is simply viewing two 

photographs). This is a significant obstacle to the accessibility of the medium 

generally and the project specifically; to address this, I designed a stereoscope6 

(Figures 33 and 34).

This stereoscope is suitable for use with the aforementioned digital interface; it 

was designed to be:

•   Compatible with the viewing of stereographs;

•   Operable on a desktop surface (enabling hands-free viewing);

•   Ergonomically similar to the posture and hand-position of a person 

using a monitor and mouse/keyboard (eyepiece at or near natural viewing 

height, parts to be manipulated near the computer’s auxiliary devices);

•   Conducive to as-needed focal length adjustment;

•   Compatible with the human face (namely the nose) and its natural 

variations, including pupillary distance (compatibility with glasses depends 

on the strength of the lenses used in the stereoscope, as close-viewing 

will cause the devices to conflict);

•   Compact/compactable, makeable as a DIY project or inexpensively 

manufactured.

6 Details of the research and design of the stereoscope are included in Appendices D and E, 
respectively.

Figure 34.  Assembled 3D-printed viewer in use, with earliest iteration of lens housing. Adapted for 
3D-printing by George Balyasin. (Pfeffer, 2021)
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6.0 Conclusion
I wanted to determine whether or not it would be possible to reconstruct the 

erstwhile spatial relationships of Paris using stereographs, so I collected, 

analyzed, and contextualized almost 2000 historical 3D images. A substantial 

body of work was generated, only a very small portion of which is presented 

here; nevertheless, I believe it persuasively answers that question in the 

affirmative.

Stereographs are clearly interesting artefacts in their own right, but this research 

finds that stereographs in relation to each other may have a great deal of latent 

potential. It also elucidates the barriers currently limiting this potential, and posits 

solutions.

There is certainly more work to be done with this dataset – attempting to 

infer more precise chronological relationships between images and between 

manufacturers of images, for example – but there is also room for more 

datasets, of other cities and countries. I can’t confidently predict how different 

collections will relate to each other, or what, if anything, will be discovered, but 

my experience with this project leads me to believe that something surprising will 

come of it.

Most of all, I hope to see the solutions presented in ‘Discussion’ come to 

fruition; the most important of these being, in my opinion, the proposed interface 

for aggregating, organizing, and accessing stereographs. The potential of 

stereographs lies in their interrelationship, across time and space, and there are 

barriers that need to come down before that potential will be realized.
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Figure 35.  Ideally, the graphic would account for the entire viewed area; this concept created using 
Illustrator and Photoshop. (Pfeffer 2020)

Figure 36.  Original map image. (Bradshaw 1840).

Appendix A: Representative Graphics
An effective demonstration of the spatial recontextualization achieved in this 

research may be a graphic representation of coverage-intensity, as it relates to a 

plan-view of the landscape.

Early experiments in Adobe Illustrator involved the placement of a transparent 

viewshed for each view in the database (the example in Figure 35 focuses 

on Notre-Dame Cathedral). The image was exported to Photoshop, and the 

viewsheds merged and blurred to achieve the ‘heatmap’ effect: areas of more 

intensive coverage are increasingly opaque, making apparent both ‘hot spots’ 

and the in-between areas where coverage overlaps.

While this effect was more or less what I was looking to achieve, the process to 

achieve it was painstaking. The plan to render the viewsheds of more than 1900 

stereographs this way was not viable.

The website Heatmapper.ca is an effective, efficient tool for generating 

customized heatmaps; however, it required data to be imported in a CSV table, 

with (x,y) coordinates and a ‘value’ assigned to each point.

The ‘values’ for each coordinate were found by tallying the “instances” 

of identified landmarks in the stereocard collection. This required that a 

representative plan-drawing of the city be subdivided into a grid, and cells of that 

grid assigned to the spatial areas which represent the different nodes.

The historical map chosen to be the ‘base’ of this graphic was produced in 1840 

(Figure 36), and colour-corrected using Photoshop. Many tourist-maps of this 

period feature a flat plan with orthographically-projected illustrations of notable 

places, which is not appropriate for this exercise. Although the chosen map 

is geared similarly, the noteworthy structures are merely darkened, and don’t 
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meaningfully interfere with the legibility of surrounding streets.

The grid PNG file was applied to the map using Photoshop. It was scaled so that 

the grid-squares would overlap view-areas where necessary, but otherwise allow 

the discrete association of each square with a single architectural feature. The 

miniscule size which would have been required to faithfully trace all locations 

would have inflated the amount of work to an unjustifiable degree – and have 

been somewhat futile in any case, as fidelity to the Northward orientation of 

the map means that its own urban grid is predominately in conflict with the 

superimposed system (Figure 37).

While a modern map may have more precisely reflected the built form of the city, 

the labels on this map are consistent with most of the street names and features-

of-interest which are used to locate the stereographs. Comparing nineteenth-

century stereographs to a contemporary map made sense.

The digital image is of high-resolution, which is essential to the granular work 

of view-identification. However, the image was not usable at its original size, 

as there was a need to frequently refer to the applied coordinate system (to be 

marked along the edges of the map). Interested in streamlining the process, I had 

a large version of the map-with-grid printed at the office supply store Staples.

Ultimately, this print was subdivided into 12” x 17” sheets, in order to fit 

comfortably onto the lightboard used for much of the process. The full-bleed 

of the pages allowed them to be realigned when necessary, so that landmarks 

which fell near to or overlapped those page boundaries could be included.

Referring to the NVivo nodes, the pinned locations in the Google My Map, 

and the historical base-map itself, each grid-cell was assigned to the site or 

feature which filled at least half of its visual space, with no fewer than one grid 
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Figure 38.  Screenshot of Excel table with assigned cells (Pfeffer 2020)

square assigned to each location (when the cells happened to correspond to an 

identified node).

This process was, as with most of this project, iterative, and subject to refinement 

as the volume of work-product increased. It was important that the hard-copy not 

be permanently marked, so trace paper was used extensively to keep the original 

as legible as possible; as cells were assigned on paper, they were also marked 

and annotated in an Excel table designed to reflect the unified grid-system 

applied to the map before it was segmented (Figure 38).
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With this protocol in place, assignment of values to the cells could begin. 

However, the generation of a heatmap for the full document – the original 

intention – was found to be arduous and likely unnecessary, as the program 

used to render the 3D model in the parallel ‘interface’ exercise could not, itself, 

manage a model file of anything more than a small subsection of the city. In 

keeping with that model, I worked to produce a heatmap graphic which would 

represent approximately the same portion of the city. The drawings produced 

subsequently represent this narrowed scope.

Recognizing that the Heatmapper’s algorithm had the capacity to represent 

‘bleed’ between values, I was able to assign one ‘point’ to a node (or a part or 

facade of a node) each time it appeared in a stereograph. A PDF of the complete 

list of stereographs was exported from NVivo, and titles were struck off using 

Adobe Acrobat as they were counted; in keeping the list digital, I was able to 

make use of ‘Find in page’, an essential tool given that the document was 35 

pages long.

The most efficient approach was to process views in order of their relation to one 

another; this avoided context-confusion, and improved the accuracy of the count 

overall. Views were examined in their NVivo nodes, meaning that cards which 

featured a specific location were evaluated together.

Nevertheless, the process involved the evaluation of 538 stereographs, and took 

three days of work.

This information was then translated into the described three-column table format 

and exported for use.
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Appendix B: Research Interfaces

Evaluation

With regard to stereographs, ‘search tools’ are the search portals of host-

archives. Unsurprisingly, there is no standardization between them: terminology, 

captioning conventions, the type of context provided, and even the existence of 

an ‘advanced search’ function must be discovered anew by the researcher each 

time.

The most accessible of all search portals was Wikimedia Commons. I will 

speculate as to the reasons for this only so far as it can inform the rest of this 

process:

•   Wikimedia Commons is likely accessed by more users, and more often, 

than any one of the archives accessed for this project. As a free resource, 

funded by donation in proportion to its usefulness, it has the incentive to 

make its search portal as comprehensible and user-friendly as possible.

•   The Wikimedia Commons image database is the institution, and its 

optimal functioning is the priority; most other virtual archives are an 

attempt to provide greater access to physical holdings, in order to justify 

the work of a greater body. Their respective priorities, in this sense, are 

not comparable.

•   The user is empowered to submit images to Wikimedia Commons, 

and to contribute descriptive information; users have contributed high-

resolution scans of stereograms, from their own collections or from other 

online sources (namely eBay listings). Descriptive information is therefore 

often richer, leading to better searchability.
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•   Wikimedia Commons is not expected to hold the originals of their 

hosted images, and work is submitted with the understanding that the 

Creative Commons license will apply. Many of the archives accessed host 

works which are under copyright, the distribution of which is controlled; 

they cannot treat the entirety of their digital holdings the same way they 

might treat stereographs (which are all now in the Public Domain, due to 

their age). In recognition of this, some archives (including the Metropolitan 

Museum of Art) appear to have collaborated with Wikimedia Commons to 

host their out-of-copyright images, making them more accessible (and in 

turn, directing traffic to the Museum’s website). In this regard, Wikimedia 

Commons already functions as an ‘aggregator’ of images, appearing 

to advance the Museum’s mandate while making its own service more 

valuable.

•   Wikimedia Commons makes images easily viewable, with files 

downloadable directly from the ‘viewer’ page. Most images come in a 

range of file sizes, including large/high resolution.

Other archives were not without their standout features:

•   Rijksmuseum, the Library of Congress, and Digital Commonwealth all 

provide permanent URLs which will redirect to the image-entry even if it 

is moved or renamed (like DOI numbers, this is infrastructure for digital 

perpetuity).

•   Rijksmuseum, The J. Paul Getty Museum, and the National Gallery of 

Australia all provide unique, searchable object or accession numbers in 

the archive entry, which makes searching for a specific image much more 

efficient (especially when all descriptive keywords used in that entry are 

very common). The availability within the text (rather than the image itself, 
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the URL, or the page’s metadata) is critical, as it allows the researcher to 

copy this unique identifier to a reference manager.

•   Digital Commonwealth and The J. Paul Getty Museum have uploaded 

scans both the fronts and backs of images to the same listing, ensuring 

that all possible first-hand context is readily available to the researcher.

•   The National Gallery of Victoria, Melbourne transcribes all card-text in 

full, making the written data on the card fully searchable as well.

•   Musée Carnavalet, Histoire de Paris provides an iconographic 

description and historical context - typically only a few sentences, but very 

useful to the researcher.

•   While I have yet to take advantage of it, Rijksmuseum enables the user 

to report incorrect information, prompting a form-email with the object’s 

identifier already supplied in the header.

Finally, there were specific layout strategies which seemed especially valuable, 

and worth emulating:

•   Rijksmuseum’s catalogue entries effectively use white-space, insets, 

and typeface variation to make the content legible and consistent were 

much easier to read, even after many hours.

•   The overall legibility of Digital Commonwealth’s catalogue is diminished 

somewhat as space is constrained by the addition of widgets, but the 

entry text is thoroughly interlinked, facilitating further exploration. The 

Smithsonian virtual archive, while thoroughly impenetrable in all other 

regards, allows the collection to be navigated through a tree-hierarchy 

similar to that used to visualize folder organization on a computer.
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Figure 39.  Storyboard panels: layout of the search and results page. (Pfeffer 2020)

•   I found the layout of The J. Paul Getty Museum’s ‘results’ page to be 

very clean and easy-to-understand; thumbnails of images, faded-out 

descriptive text, and a full list of possible search fields along the left side 

(pre-empting the hunt for the ‘Advanced Search’ option).

•   Interestingly, there does not appear to be a convention for aligning this 

list with the right or left side of the page. I typically expect search modifiers 

to be displayed on the left and results on the right, as the order-of-use 

would result in visual movement from left to right. However, there is sense 

in the reverse, as well; right-handed mouse-users may favour the right 

side of the screen for interactive features like these, and the alignment 

with ‘handedness’ does feel natural. Rijksmuseum search page is an 

example of the former, with streamlined layout and a header that, while 

large, is still slimmer and less congested than many. As a notably insightful 

gesture, he ‘Refinements’ menu is collapsible, opening up more of the 

page to image results.

The ‘storyboarding’ of the ideal search portal is an end in itself (Figures 39-41): 

this project has taken place over a condensed timeline, and it is not sufficiently 

resourced – nor do I have the skillset, or aptitude for the skillset – to realize a 

search portal in full.

One element of this design has been produced, and only because there exists no 

single tool which is similar enough in function to cite as an example. The addition 

of an interactive model with view-orientations linked to search results, themselves 

linked to QR codes which link to hosted images (for viewing on a smartphone, in 

a viewer) has been generated, and can be accessed online.

The page infrastructure which leads to and from this model is important to the 

workings of the whole, but is not novel, or not sufficiently novel, to necessitate or 
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Figure 40.  Storyboard panels: operation of the embedded model tool. (Pfeffer 2020)

justify its realization as well. As such, I lay out here the concept, which is wholly 

descriptive on the page but for which there is a supportive component accessible 

by other means.

Figure 41.  Storyboard panel: layout of an appropriate catalogue page. (Pfeffer 2020)
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Figure 42.  Promotional image for the CGTrader/3polies model of Paris (3polies n.d.)

Appendix C: Interactive Model

The Model

The webpage-embedded 3D model obviously requires a 3D model.

CadMapper, which has been a reliable source of urban base-maps for use in 

AutoCAD, could not provide a similarly-reliable map with 3D elements. I then 

intended to generate a 3D model of modern Paris from OpenStreets data using 

ArcGIS; however, ArcGIS was not compatible with the platform available (Mac). 

After experimenting with model generation on a building-by building scale – 

predictably unfeasible – I started looking for purchasable 3D models of Paris.

The model was purchased via CGTrader, a platform for buying and selling model 

files, from user 3polies (Figure 42). Critically, it could be downloaded in file types 

which were compatible with the Mac-friendly Autodesk program Maya, which 

would be used for view-framing. Symbolic objects would be modeled in AutoCAD 

and exported as STL files, and then converted from STL to Maya-compatible OBJ 

using the open-source modelling software Blender.

Needless to say, the model is not being used for its intended purpose; it was built 

to be used as a whole, not broken into parts and stripped of the details which 

make it render so cleanly in promotional images. Further, it only symbolically 

renders some critical infrastructure – specifically, bridges – which undermines 

its usefulness as a reference tool for locating views and on the basis of its visual 

similarity to the landscape it is intended to represent. Future work with the model 

will require that these features be created and added to the model.

Its most critical flaw is its disregard for elevation change in the landscape. The 

river’s surface sits at ground-level, when it should be several meters lower 
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Notre 
Dame Pont St Louis

Figure 43.  View of the rear of Notre Dame Cathedral, over Pont St Louis; photo colour-corrected and re-mounted to 
improve legibility. ([RP-F-F24968] Rijksmuseum 1868-1890)

than the embankments; image vantage points, when determined, appear to 

hang precariously in space, or stick partway into the ground plane, despite the 

persistence of most of the architecture from that time; and architectural portraits 

or urban vistas which rely on the ascent or descent of geography cannot be 

replicated in a model which does not account for topography.

Locating Stereograph Views in Model Space

Once the model was acquired, the challenge arose of how to effectively use it. 

Proof-of-concept was necessary.

For this exercise, I chose the Cathédrale Notre-Dame de Paris. Even at that 

early stage, it was, by far, the most comprehensively-photographed site in the 

collection. Selecting several representative views of the building, and several 

from the building (‘reverse views’), I colour-corrected and remounted the images 

to be more legible (Figure 43).

I tried to determine the ‘shape’ of the viewsheds in plan first, using AutoCAD 

and a basemap generated from CadMapper. By roughly measuring the relative 

visibility of two walls which meet at a right-angle, I was able to infer line-of-sight 

and approximate photographer’s position (Figure 44).

Unfortunately, there proved to be too many unknown variables to be certain 

of the view position; without knowing the lens-angle used, or how much of the 

original image was cropped out, this method could not produce reliable data. 

Further, the ratio technique used to determine viewing angle required that the 

reference object be more-or-less centered (in the image’s ‘original’ center, 

before cropping) to be accurate; barrel-distortion, the inverse of the ‘fisheye’ 

effect, means that the center of the image will be of the most reliable consistent 

proportion.

Figure 44.  Screen-capture of the attempt, using AutoCAD, to determine the viewshed of Figure 39 in plan view. 
(Pfeffer, 2020)
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Figure 45.  Approximation of view RP-F-F24968 using Maya, rendered in Arnold (Pfeffer 2020)

Taking for granted that a stereograph is not a complete-enough document to 

reliably provide this kind of data, the remaining option is to ‘eyeball’ the view in a 

3D environment.

While comparably flawed, this method does not pretend to geometric accuracy. 

Instead, determinations are ‘near as the eye can tell’, which is of course the 

practical standard by which a user would evaluate accuracy. That it can be 

immediately demonstrated makes the process more efficient, and the product 

more appropriate to its end-use.

Upon reaching this conclusion, I began working with the CGTrader model in 

Maya. Using Cameras and multiple view-panels, I was able to approximate the 

selected views (Figure 45).

What emerged from this process was the recognition of three important 

coordinates inherent to each view (and the validation of concerns about angle-

of-view). The first was the focal point (FP), typically an object or feature at the 

geometric centre of the image; the second I called the vantage point (VP), or 

origin, from which the image may have been taken, consistent with the model’s 

geography; and the third I called the apparent vantage point (AVP), or frame, the 

camera position from which the image appears to best-resemble the view it is 

trying to emulate. The FP and VP define two ends of a single axis, with the AVP 

falling between; the difference between the AVP and the VP - the apparent and 

the actual - is a product of the unknown variables ‘photo-cropping’ and ‘angle-of-

view’.

Preparing the Model for Web

In order to work smoothly, the model’s file-size cannot exceed 20MB; this is a 

substantial reduction from the original model’s 400MB. Adjacent sites-of-interest 
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were chosen for this iteration, so that the ‘context’ benefit of a continuous 

map could be demonstrated despite the size limitation. In this case, the model 

encompasses the Île de la Cité, and its connections to Île Saint-Louis and the 

Right Bank of the Seine.

The model-for-export was generated in several steps:

With the full Paris model open in Maya, all objects within relevant area were 

selected; they were then exported as a single FBX file using the ‘Export 

Selection’ command. Notably, buildings in the original model are clustered 

according to different physical characteristics, and those clustered meshes are 

treated as a single object, regardless of proximity (specifically, lack thereof); 

because of this, selecting an area will result in the inadvertant selection-and-

export of objects from different areas of the model. In order to produce a model 

which only contains the desired meshes, more work needs to be done.

This FBX file was imported to Blender.

In Blender, the ‘Separate by Loose Parts’ command was applied to these 

clusters, breaking the single clustered ‘object’ into separate meshes by 

determining whether or not they touch each other. As clusters are not determined 

by proximity, this typically involves clicking-and-processing every building within 

the desired area, to free it from objects lying outside of the target area.

Once objects are separated, blocks of buildings within the target area they can 

be rejoined using the ‘Join’ command. Objects beyond the target area can safely 

be deleted, as this will no longer cause the loss of any desired buildings. This 

strategy is painstaking, and demands a lot of processing power, but it avoids 

breaking meshes, as happens with tools like ‘cut’; despite the fact that most 

of these ‘objects’ are clusters of unnattached meshes, the fact that they are 
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considered to be associated changes their treatment within the program.

Once out-of-bounds buildings have been removed, the remaining array can be 

merged into one ‘object’, simplifying the model.

At this point, the global origin can be recalculated. For later additions to the 

model in the prototype, it was essential that the coordinates (x, y, z) of the object 

be recorded before any transformation, and again when all transformations 

have been completed; any objects added to the model afterward will need to be 

transformed the same way in order to align as intended.

The model can then be exported as an OBJ file. The process will create an OBJ 

file and an MTL file; the MTL encodes the material properties, and it is necessary 

when the model is rendered in the web-infrastructure.

Programming Views

The key feature of the web-embedded model is the pre-programming of views.

‘Cameras’ in Maya are capable of simulating the optical characteristics of real 

cameras, and the scenes could therefore be ‘framed’ from the VP by adjusting 

the ‘angle of view’ setting. The web-infrastructure for this component also has 

virtual cameras with the ‘angle of view’ feature; however, the information doesn’t 

consistently translate between Maya and the view-database which the web 

infrastructure references.

Instead, two coordinates (Vantage Point and Focal Point) can be exported from 

Maya to the web-model; with that model’s Camera positioned at the View Point 

and aimed at the Focal Point, it can be dollied along the axis generated by the 

two points. When the framed view is consistent with the associated stereograph, 

the coordinates can be saved, and a third point – the Apparent Vantage Point – 
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generated in-program.

Should there be an opportunity to pursue this in future with a larger image-set, 

it may be advantageous to work exclusively in Blender. It would also be an 

advantage to future work-partners, as Blender is a free program, unlike Maya 

(used here under the educational license). Blender does have its own Camera 

functions, and is theoretically as capable as Maya, overall (and with better file-

compatibility); however, I found Blender to be the far less intuitive program. This 

is a considerable challenge, as neither program is known for user-friendliness, 

and time was limited. A more comprehensive understanding of the program 

would be of benefit in future.
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Figure 46.  Tabletop stereoscope; open, in the middle position. (Harp Gallery Antique 
Furniture, 2019a)

Figure 47.  Tabletop stereoscope; closed. (Harp Gallery Antique Furniture, 2019b)

Appendix D: Existing Stereoscopes

Victorian Tabletop Stereoscopes

Victorian-era tabletop stereoscopes have a ‘fixable’, or adjustable-as-needed, 

relationship between the eyepiece and the photo-support (Figure 46): the image-

holder can be moved nearer to or further from the lenses, to accommodate the 

user’s vision and the image’s size; the ‘tilt’ of the viewing device is adjustable, 

creating a more natural viewing angle; and the device is stable enough for use 

when viewing fragile glass daguerreotypes, with its solid wood construction and 

flat base wider than the working parts. It is also compactable, folding flat by way 

of hinges (Figure 47).

This example is close to the ideal, but falls short in several ways: first, it is much 

too short to use from a seated position, and secondly, it would require elevation 

(possibly on a stack of books); second, the lack of nose-accommodation means 

it must be used at a distance; and thirdly, while compactable, it is built from 

relatively expensive materials and would require skill to craft.

Early 20th Century Stereoscopes

A 1930s stereoscope is depicted in lithograph (Figure 48), with a flanged base for 

stability. A small lamp is visible just over the lens-barrels, illuminating the image 

in the holder. The eyepiece accommodates the nose. This photo-holder appears 

to be adjustable and is secured with a pin where it attached to the body of the 

viewer.

With respect to usage, this viewer is closer to the ideal for this project; however, it 

is considerably more complex than the wooden device. It cannot be compacted, 
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Figure 48.  Drawing of 1920s- to 1930s-era stereoscope (Pearson Scott Foresman n.d.)

and certainly cannot be made at home.

The comparable device in Figure 49 pivots at two positions, allowing its tilt and 

height to be adjusted but also allowing some amount of compaction. However, 

it appears to be made of cast-iron - every piece is custom to the device. This 

process is well beyond the scope of non-professional fabrication.

The photographed devices 

were made by Keystone 

View Company, which had by 

this point become a leader 

in vision-testing equipment; 

the era of stereograms-as-

entertainment was winding 

down, and the company 

pivoted to supplying the 

medical market. These 

heavy-duty instruments 

were essentially medical 

equipment, and this is 

reflected in their quality and 

style of manufacture.

Late 20th Century 

Stereoscopes

The ScreenScope line appears to have been launched in the early-laptop era; 

the version featured here has been adapted for LCD screens, which allow 

significantly less ‘gripping’ surface than CRT monitors (Figure 50). This viewing 

Figure 49.  Professional opthalmic stereoscope, made of cast iron, 1920s. 
(bhen2436, 2020)
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Figure 50.  Stereoscope for an LCD screen. (Structure Probe Inc, n.d.)

method is not fundamentally incompatible with the platform designed for this 

project; the ‘Overlay’ function’s left-panel image could easily be substituted with 

a full-screen stereogram image, which would make this device a practical and 

efficient choice. Indeed, it is optimally adjustable, stable for desktop use, and 

space-efficient. The parts are also quite modular, and the design does not require 

heavy materials for its ballast (it appears to make use of the monitor’s weight).

The significant drawback to this design is that the very specific relationship of the 

eyepiece to the screen - which must be maintained to effectively see the image 

in stereo - puts the viewer squarely in the middle of the screen’s usable viewing 

space. If this device is completely stationary, then, for non-stereo use, the user 

would need to approach the screen from an unnatural, indirect angle.

If the device is capable of a degree of motion along one axis - specifically, a 

horizontal path parallel to the screen - then the viewer might be moved out 

of the way, and then back into position, relatively easily. In some images, the 

ScreenScope viewer has been moved along the top bar; however, the lightweight 

construction and slight downward-drift of the that piece in the provided image 

suggests that the viewing piece is relatively heavy compared to the arm, and that 

frequent horizontal adjustment may be inconvenient.

The list price is $445.89USD, and the device appears to be made of aluminum 

pipe held by plastic joints. This reinforces my impression that the optical device is 

the heavy, high-value component on a relatively unstable support system.

The ‘G-Labs Stereoscope Kit for iPad’ (Figure 51) – intended to be used with the 

company’s vision-training app – is similar, and potentially quite useful; within the 

context of this viewing system, an iPad or other tablet would be comparable to a 

smartphone. This viewing device mounts magnetically or by suction, and permits 

the kind of adjustment needed of a secondary viewer. Made primarily of plastic, 

Figure 51.  Stereoscope for Ipad (Gerrull Labs LLC, 2020a), Stereoscope for Ipad (profile view) (Gerrull Labs 
LLC, 2020b)
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Figure 52.  Assembled Google Cardboard (Evan-Amos 2015), Google Cardboard 
with phone-slot open (othree 2014)

the eyepiece itself appears to be well-balanced against the arm, of adjustable 

focal-depth, and quite stable.

The critical obstacle to its implementation is that, as it currently functions, the 

tablet would need to be released from the device each time a new image needed 

to be opened – that is, it would to be able to read and open the QR code from the 

computer screen. This would require the device to be refocused each time.

While incompatible with the current version of the web-interface, it could be 

useful with a different mode of connection. iPads can’t be used as secondary 

screens, but they can still be connected to the main computer; with more 

advanced programming, perhaps the devices (computer and tablet) could work 

synchronously through a more direct form of connection.

Stereoscopes for Virtual Reality

There has been a resurgence in commercial production of stereoscopes in the 

last decade. This is due to the advent of virtual-reality (VR) and augmented-

reality (AR) technology. While some VR headsets are standalone devices with 

integrated hardware, many are made for use with a smartphone.

Google Cardboard is the best-known of these (Figure 52); upon its retirement, 

Google released the plans and cutting files so that users could build their own. 

While some of the required parts listed are hard to find – such as neodymium 

magnets and ceramic rings – it is, of all designs evaluated so far, the most 

accessible to the home-user.

However, the design features which allow VR devices create an immersive 

environment render them unsuitable for use with the proposed viewing interface. 

First, the enclosed smartphone would need to be removed from the device each 
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time a new QR code was to be read – not because the phone’s camera would 

be obscured by the backing, as AR requires that the camera be engaged, but 

because there is no way for the user’s fingers to reach the screen and take 

the photo. Second, the focal length of standard VR lenses is about 4cm, while 

traditional stereoscope lenses have a focal length of 10-20cm - generally a more 

comfortable viewing distance for images of this size.

Google followed Cardboard with the Daydream View headset and controller 

(Figure 53). The elastic-loop closure was intended to make the phone more 

accessible - removable “within a few seconds” (Robertson & Kastrenakes 2016). 

The controller allows some the phone’s basic features to be used even while it is 

enclosed. Its comparative comfort and wearability is also an improvement over 

the Cardboard design.

Nevertheless, it too was discontinued, and apparently for the same reason: users 

do not like to lose access to their phones (Robertson 2019).Figure 53.  2nd Generation Google Daydream (Y2kcrazyjoker4, 2019)
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Appendix E: Stereoscope Design

Considering Fabrication

Lenses cannot reasonably be fabricated. While it is possible to make lens-like 

objects from poured resin, the silicone molds needed to create optical lenses 

(at least, lenses of known optical properties) are not commercially available; 

furthermore, resin-pouring is a skill, and flaws like trapped bubbles (hard to avoid, 

especially for a beginner) would make the lenses unusable.

Instead, plastic and glass lenses can be purchased online. Plastic lenses 

are typically of a size and focal-length best suited to VR headsets (34-45mm 

diameter, focal length around 4cm). Reasonably-priced biconvex glass lenses 

can also be purchased: the lenses acquired for this project came from Ajax 

Scientific, a laboratory supply company in Ajax, Ontario.

Studying a vintage stereoscope directly, it is apparent that the lenses are in fact 

square-cut, and thicker toward the outside of the viewer but much thinner near 

the bridge of the nose. Both appear to be biconvex, and to be regularly rounded 

on both surfaces.

While searching for lenses of an acceptable focal-length, the explanation for 

the lens-shape became clear: both were cut from a single large lens, achieving 

the substantial focal-length advantage of a 50mm or 100mm diameter lens 

(proportionately, much thicker as well) without any excess material carried over to 

the stereoscope. Lenses of this size were available but cutting lenses from them 

was not realistic. Instead, I used an adequate alternative: glass lenses of 38mm 

diameter and 15cm focal length.

The potential fabrication materials for the non-lens parts of the viewer are limited 
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in number, with diverse properties:

•   Corrugated cardboard can be cut by laser-cutter or by hand, with basic 

tools; is readily available to most people; is directionally structural (along, 

but not across, the corrugation); is suitable to interlocked- and layered-

construction; will degrade with repeated dis- and re-assembly.

•   Paperboard (‘cereal box material’) can be cut by laser or by hand, with 

basic tools; is readily available to most people, though pieces are typically 

smaller; is flexible, but can become structural if folded; folded objects can 

be flat-packed, but repeatedly doing so will degrade material at folded 

edges.

•   Medium-density fibreboard (MDF) is laser-cuttable, with qualifications 

(requires multiple medium-power, high-speed passes and abundant 

ventilation or it will catch fire), and technically cuttable by hand (long, 

strait cuts only, with an Olfa knife); is available at most hardware stores; 

structural, solid, medium-weight for most projects, will lend itself to 

assembly with some traditional hardware (small nails and screws) and 

glue; screw/nail holes, glued areas will degrade over time.

•   Plywood (1/4” to 1/2”, usually laminated with birch) is laser-cuttable, 

with qualifications similar to those of MDF; is cuttable with jigsaw (manual 

or mechanical); is available at most hardware stores, but moderately 

expensive; is structural, lightweight but solid; should hold up moderately 

well over time.

•   PLA Plastic (‘polylactic’ plastic, a thermoplastic) requires 3D-printer; 

access to 3D-printers is situationally variable, and printing can take a long 

time; prints can be structurally strong, lightweight (usually hollow with 
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internal scaffolding); hold up moderately well over time; printing artefacts 

like ‘elephant foot’ can pose a problem for pieces designed to fit together 

precisely.

•   Aluminum tube (1/2” to 3/4”): manually cuttable with a hacksaw, and 

comes in small enough gauges for this to be practical; available at most 

hardware stores, but moderately expensive; structural, lightweight, though 

aluminum is soft and will deform is overloaded; dependent on the load, 

can hold up well over time; will need to be joined with a pre-made or 

custom joint hardware (usually plastic).

•   PVC pipe (tubes of polyvinyl chloride): manually cuttable with handsaw; 

large gauges available at most hardware stores, smaller gauges may not 

be - can be moderately expensive; structural, medium-weight, will need 

pre-made or custom fittings to connect segments; can hold up well over 

time.

•   Hardwood doweling (gauges run from very small to very large): 

manually cuttable with handsaw; available at most hardware stores, 

though gauge range can vary, and larger can be moderately expensive; 

flexible generally, structural at shorter lengths and with appropriate load, 

and typically of a comparable size to drill-bits so very basic custom joint-

hardware is possible; can hold up well over time.

•   Corrugated cardboard and PLA for 3D-printing are prioritized in the 

design process, as these are the materials/technologies available to me; 

others have been considered as required to support cardboard or plastic 

construction.
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Figure 54.  Rendering of the initial lens-holder design, optimized for 3D-printing by George Balyasin of Acrebot Inc. 
(Pfeffer 2021)
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lenses held in place via tension

Figure 55.  Rendering of the second iteration for cardboard. (Pfeffer 2021)

flat, stable base

comfortable viewing angle

nose accommodation

eyepiece & image stay 
parallel

adjustable for focal 
lengthhollow centre allows 

weight or ‘ballast’ to be 
inserted for stability

cutouts will 
accommodate side-to-

side repositioning of 
lenses in housing

lens-housing easily inserted

dowel for sliding-track a 
simple, cheap solution



140 141

Figure 56.  Model ‘sliced’ for interlocked construction; the 
program flags assembly-issues by highlighting the edges 
of problematic cuts in red. (Pfeffer 2021)

Figure 57.  (Left) Model ‘sliced’ for stacked construction; the program flags free-floating pieces by highlighting the 
edges in dark blue; (Right) A closer look at the ‘floating’ pieces. (Pfeffer 2021)

Design and Modelling

As the first-established element, the lenses dictated the functional requirements 

of their housing. Molded plastic lenses are usually made with ‘tabs’, which allow 

them to be clipped into generic housings, and even glued in place; glass lenses 

are not made this way. These lenses have rounded edges and need to be firmly 

held in place through other means.

The lenses needed to maintain the same relative orientation to one another and, 

as a pair, needed to be stably oriented relative to the viewer body. Additionally, 

the lenses needed laterally adjustable. Initial cardboard designs were quickly 

revealed to be insufficient, and the design was instead optimized for 3D-printing.

The 3D-printed adaptation ‘pinches’ the lenses in place (Figure 54): the half-

circular plastic rim is slightly smaller than the lens, and the resulting tension 

keeps the inserted lens from falling out. The rims have ‘feet’ which slide along a 

track, allowing the lens-distance to be adjusted.

The overall viewer-body design emulates the Victorian tabletop viewer, as that 

style is most likely to achieve acceptable results when fabricated from cardboard 

The phone-support piece is completely adjustable, held on its track by a piece of 

hardwood dowel fed through the viewer body by way of a hole in the nose-cutout. 

It should be quite firmly held in place, as the holes are precisely the diameter of 

the dowel (the cardboard is expected to deform slightly to fit the dowel for a snug 

fit) (Figure 55).

The lens housing is inserted from the top and is centered by a ridge of material 

that will fit the hollow space between the lenses. The holes are stretched-circles 

(not quite ellipses) to accommodate side-to-side adjustment of the individual 

lenses.




