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Abstract 
 

This thesis examines the work of the nineteenth-century Stevenson civil engineering firm to argue 

that civil engineering should be approached geographically both because it takes place in and is 

shaped by particular spaces, but also because the result of such work reshapes space and the 

relationship between places. Geographers have extensively analysed the ways in which humans 

have worked to alter environments, but relatively little attention has been paid to engineering as a 

socially and geographically transformative process, to the technical questions and to the engineering 

professionals whose work brought about such change. This thesis analyses engineers as social and 

technical agents of environmental change, rather than viewing their role as the simple 

implementation of directives developed elsewhere and by others. It combines insights from the 

history and historical geography of science, environmental history and the history of technology to 

make a case for the relevance of an historical geography of engineering.  

The thesis explores these issues through the work of the Stevenson family. The Stevensons 

were an Edinburgh-based and internationally-renowned firm of engineers who specialised in the 

construction of coastal infrastructure. The start and end dates of the thesis indicate, broadly, the 

careers of David and Thomas Stevenson, who jointly managed the family firm under the name D. & 

T. Stevenson between 1850 and 1886. The empirical basis for this thesis draws upon the detailed 

analysis of the firm’s archival records: technical publications, project reports, diaries, 

correspondence, maps, plans and diagrams.  

The work of the Stevensons—their engineering epistemologies, practices, and professional 

identities— are examined through four diverse projects undertaken by the firm in the nineteenth 

century. These projects are: the training of new engineers; surveying and designing improvement 

works for the rivers Tay and Clyde; the implementation of a coastal sound-based fog signal network; 

and the failed attempt to expand Wick harbour through the construction of a breakwater. These 
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projects highlight the range of activities undertaken by nineteenth-century engineers and illustrate 

the ‘making’ of engineers and the work they did by highlighting training and learning, surveying, 

maintenance, testing, evaluation, repair and the explanation of failure. With reference to these 

projects and by drawing upon relevant contextual material, the thesis examines the 

conceptualisation of geographical space and natural forces in engineering, the relationship between 

science and engineering, the nature of expertise and notions of engineering judgement, and the role 

of family, legacy and reputation in securing professional credibility and status. 

This approach challenges older historiographical traditions which portrayed engineers as 

individual geniuses. The thesis instead understands engineering to be a combination of specialist 

knowledge and tacit skill and situates engineers within their social and institutional networks of 

power and authority. In pointing out that some engineering works failed, the thesis challenges the 

tendency in histories of engineering works to focus on success. It makes the case for an historical 

geography of engineering as a way of understanding engineering as an activity, a status and as 

processes which changed human-environment relations 
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Lay Summary 
 

In the nineteenth century, engineers worked to make numerous and significant changes to 

Scotland’s landscape. While their work may have been planned in offices and drawn up in maps and 

plans, what was being engineered—lighthouses, harbours, improvements to rivers—occupied 

particular locations.  This thesis argues that geography was important to the nature and results of 

engineering and that different local contexts influenced how engineers did their work.   

This thesis focuses on the role and work of the Stevenson family. The Stevensons were an 

Edinburgh-based and internationally-renowned firm of engineers who specialised in the construction 

of coastal infrastructure. The start and end dates coincide broadly with the careers of David and 

Thomas Stevenson, who jointly managed the family firm under the name D. & T. Stevenson between 

1850 and 1886. The empirical substance of the thesis is the result of detailed analysis of the firm’s 

archival records: technical publications, project reports, diaries, correspondence, maps, plans and 

diagrams.  

The thesis focuses on four projects undertaken by the firm in the nineteenth century: 

training new engineers; surveying and designing improvement works for the rivers Tay and Clyde; 

the implementation of a coastal sound-based fog signal network; and the failed attempt to expand 

Wick harbour through the construction of a breakwater. These projects highlight the range of 

activities undertaken by nineteenth-century engineers including training and learning, surveying, 

design, maintenance, testing, evaluation, repair, and the explanation of failure.  

The thesis challenges the idea that engineers were individual geniuses. It argues instead for 

an understanding of engineering as a combination of different skills that had to be learned and 

practised, and that engineers were reliant on the expertise and advice of other people. In pointing 

out that some engineering works failed, it challenges the tendency in histories of engineering to 

focus only on success. The thesis argues that consideration of engineering as geographical in several 
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ways allows for a better understanding of what engineers do, and of engineering as a set of 

processes which transform environments.   
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1 

 ‘The trained eye and the feelings of the engineer’1 

The engineer has need of some transcendental sense. Smeaton, the pioneer, bade him obey his 

‘feelings’; my father, that ‘power of estimating obscure forces which supplies a coefficient of its own 

to every rule.’ The rules must be everywhere indeed; but they must everywhere be modified by this 

transcendental coefficient, everywhere bent to the impression of the trained eye and the feelings of 

the engineer.2 

Introduction 

In 1896, renowned Scottish author Robert Louis Stevenson – Louis to his family and friends – 

reflected in his biographical Records of a Family of Engineers on what made a successful engineer.3 

For Louis, engineering skill was not simply the knowledge of scientific laws and mathematical 

principles, but involved something more – some ‘transcendental sense’ that set the engineer apart 

from others in society, that uniquely qualified him to manage the design and construction of 

infrastructural projects.4  

Records presents a romanticised history of the engineering profession’s transition from an 

‘art’ in the eighteenth century to a nineteenth-century ‘science’ through the work of the Stevenson 

family. Highlighting increasing quantification and the use of rules and formulae, the development of 

training and resources, and a growing understanding and embrace of scientific knowledge, Records 

 
1 Stevenson, Robert Louis, (2011: 1896) Records of a Family of Engineers, Cambridge: Cambridge University 
Press, 85. 
2 Stevenson, Robert Louis, Records, 85 – 86.  
3 I refer to members of the Stevenson family by their preferred first names in order to distinguish between 
family members with the same initials. Outside of the family, individuals are referred to by surname.  
4 From Louis’ perspective, engineers were exclusively male, although recently historians have shown that 
women could work as engineers in this period, see: Edwards, Roy, and Keith Harcourt, (2018) ‘Engineering and 
the family in business: Blanche Coules Thornycroft, naval architecture and engineering design’ Science 
Museum Group Journal (online publication), Issue 10, http://journal.sciencemuseum.ac.uk/browse/issue-
10/blanche-thornycroft/ [Accessed 3 October 2021]; Rees Koerner, Emily, (2021) ‘Inventor, devoted daughter, 
or lover? Uncovering the work of Victorian naval engineer Henrietta Vansittart (1833 – 1883)’, Science 
Museum Group Journal (online publication), Issue 15, http://journal.sciencemuseum.ac.uk/browse/issue-
15/henrietta-vansittart/ [Accessed 3 October 2021]. 

http://journal.sciencemuseum.ac.uk/browse/issue-10/blanche-thornycroft/
http://journal.sciencemuseum.ac.uk/browse/issue-10/blanche-thornycroft/
http://journal.sciencemuseum.ac.uk/browse/issue-15/henrietta-vansittart/
http://journal.sciencemuseum.ac.uk/browse/issue-15/henrietta-vansittart/
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is at once a glorification of contemporary engineering knowledge and capabilities and a lamentation 

for a perceived lost age of engineering discovery. The text is littered with metaphors of engineering 

as exploration, which in the late nineteenth century was similarly characterised by nostalgia for a 

narrative of heroic discovery and adventure that was thought to be ending.5 In Records, Louis wrote 

that  

The engineer of to-day is confronted with a library of acquired results; tables and formulae 

to the value of folios full have been calculated and recorded; and the student finds 

everywhere in front of him the footprints of the pioneers. In the eighteenth century the field 

was largely unexplored; the engineer must read with his own eyes the face of nature; he 

arose a volunteer, from the workshop or the mill, to undertake works which were at once 

inventions and adventures. It was not a science then—it was a living art; and it visibly grew 

under the eyes and between the hands of its practitioners.6 

The substance of Records was the history of the Stevenson family of engineers, particularly the first 

Stevenson engineer – Robert – who was Louis’ grandfather. The Stevensons were an Edinburgh-

based and internationally-renowned firm of engineers. The family had been employed since the 

1780s in designing and managing Scotland’s lighthouse service, and had also worked on projects 

ranging from harbours and river improvement works to railways, bridges and roads. As the century 

went on, the firm’s work became more specialised, focusing in particular on fluid mechanics – 

engineering involving moving water. They were well respected in the profession as members of the 

Institution of Civil Engineers, Royal Society of Edinburgh, and Royal Scottish Society of Arts and were 

often called to present evidence to Parliament and the courts on engineering matters.  

This thesis explores the records and archives of the Stevenson firm in order to understand 

the culture and context of nineteenth-century civil engineering from a geographical perspective. Civil 

engineering always happens in places and is shaped by particular spaces. It also results in the 

 
5 Driver, Felix, (2001) Geography Militant: Cultures of Exploration and Empire, Oxford: Blackwell.  
6 Stevenson, Robert Louis, Records, 21 – 22.  
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reshaping of space and the relationship between places. Geographers have extensively analysed the 

ways in which humans have worked to alter environments, but relatively little attention has been 

paid to engineering as a socially and geographically transformative process, to the technical 

questions involved and to the engineering professionals whose work brought about such change. 

This thesis analyses engineers as social and technical agents of environmental change, rather than 

viewing their role as the simple implementers of directives developed elsewhere and by others.  

Through a study of the Stevenson engineering firm, the thesis addresses themes that might 

be included in an historical geography of engineering. These will include the shifting relationship 

between theory and practice and the meaning of expertise across different locations, the way in 

which engineers conceptualised space and their professional relationship with it, the ways in which 

engineers acquired and maintained their status as experts and the power this gave them to shape 

landscapes, and the role of family, legacy and reputation in conditioning these relationships and, for 

the Stevensons, in facilitating their reputation as successful engineers.  

 

Research Aims and Motivations 

This thesis began with the exploration of the extensive archive of the Stevenson family’s maps, plans 

and business papers held in the National Library of Scotland (hereafter NLS). Rather than developing 

a research question and using that question to locate archival materials, this thesis started from the 

archive, developing research questions through an ongoing engagement with archival materials and 

by using those archives and questions to structure further research both within and outside of the 

NLS. While my research led in many directions – to published works and archival materials in 

institutions from London to Caithness – the project started from and always circled back to the work 

of the Stevenson firm as it has been recorded and held in what is now the Stevenson archive.   

This archivally-rooted research process inevitably shaped the stories that this thesis could 

tell. Stylistically, such an inquiry was better suited to in-depth, detailed qualitative analysis of specific 

examples rather than to broader examination of changes in society or to a study of the engineering 
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profession through the lens of business history. Geographically, the Stevensons, with the exception 

of Louis who moved to Samoa in later life, were based in Edinburgh. While they travelled 

extensively, they made the city their intellectual and practical home. This provided a specific 

geographical orientation to their work that is, to an extent, echoed in this thesis, although chapter 

seven highlights the ways in which the Stevensons’ geographical assumptions were challenged by 

their contemporaries. This focus on the Stevenson archive as the starting point of the project has 

shaped this thesis in line with the emphases and absences of the archive. Such concerns are 

discussed in depth in chapter two.  

The research was organised through the UK Arts and Humanities Research Council’s 

Collaborative Doctoral Partnership scheme, which identified the Stevenson archive as an under-

researched collection. Dual collaborative affiliation with the NLS and the University of Edinburgh was 

established during the research process. This facilitated access to the Stevenson archive and to the 

expert advice and guidance of library and university staff. I was also able to undertake a three-

month placement working directly with the Stevenson archive at the NLS in which I developed an 

online and map-based finding aid for the Stevenson maps and plans. The impact of this placement 

on my thesis is discussed in more detail in chapter two.  

I was scheduled to carry out a further placement with the NLS in the summer of 2020, but 

the later stages of my research were disrupted by the Covid-19 pandemic. In addition to the 

cancellation of my second placement, the closure of archives and libraries and the implementation 

of travel restrictions presented significant challenges. I was fortunate to be able to consult a wide 

range of resources digitally, including many of the Stevenson maps and plans which were made 

available online for the first time in September 2020, and I was able to access the NLS archive during 

periods of reduced restriction. Nevertheless, it is important to acknowledge that the pandemic 

shaped the research directions that were possible.  
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Research Questions and Themes 

What did it mean to be a good engineer? This was the question that Louis was trying to answer in his 

reflections on the profession in Records. This thesis takes up the same question. Where Louis 

highlighted the inarticulable, tacit judgement and experience that distinguished engineers from the 

general public, and therefore made a case for the social and historical significance of his family, I 

take a broader approach. Rather than focusing specifically on the innate qualities of engineers, I 

understand engineering as encompassing a broad range of knowledge, skills, practices and identities, 

the combination and nature of which changed over time and space and varied between individuals.  

This thesis focuses predominantly on themes in the activities of the Stevenson firm in the 

period between 1835 and 1887. This time frame begins with the start of David Stevenson’s 

apprenticeship and runs until Thomas Stevenson’s retirement. David was the second son of Robert 

Stevenson to follow his father into engineering, and took over as managing partner of the firm upon 

his father’s retirement in 1850 – his elder brother Alan was too busy with work for the Northern 

Lighthouse Board to manage the firm, and retired from engineering in 1854 due to chronic illness. 

David and his younger brother Thomas continued in partnership as D. & T. Stevenson until their 

retirement within a year of one another in the 1880s, at which point the firm passed to David’s sons, 

David A. and Charles.  

 This time period has historically been associated with a dramatic shift in the role and status 

of the engineering profession in Britain. In the 1980s, Buchanan noted a pattern in popular histories 

of engineering, arguing that, with the exception of ‘the later Stevensons’, the engineers who had 

been cemented in popular perception as heroes ‘were all dead and buried by 1860. As far as the 

British public imagination is concerned, I feel justified in claiming that the Age of the Great Engineers 

was confined, for the most part, to the century before 1860’.7 This observation raises several 

important questions: what shifts in engineering cultures, behaviours and practices in the 1850s and 

 
7 Buchanan, R. Angus, (1987) ‘The Rolt memorial lecture 1987: the lives of the engineers’, Industrial 
Archaeology Review, 11:1, 6.  



   

17 
 

1860s led to changes in how the role of the engineer was understood? If the age of ‘Great Engineers’ 

was over in 1860, what did it mean to be an engineer after this point? Was Louis correct that 

increasing reliance on scientific formulae, tables and precedents transformed engineering from an 

art into a science over the course of the nineteenth century? What function did such arguments 

have in shaping perceptions of the profession? Why were ‘the later Stevensons,’ as Buchanan 

identified them, an exception, continuing in practice until the 1880s but still identified with this 

earlier narrative of ‘Great Engineers’?8 

This thesis considers what engineers did, how and why they did it, and how they presented 

it to one another and to persons outside of the profession. With reference to specific themes, it 

examines how engineers influenced places and spaces and promoted certain ways of thinking about 

nature and the environment. It analyses engineering practices and epistemologies, and asks why and 

how engineers were entrusted to make changes to the landscape. In addressing these issues, I 

consider engineering in three ways: engineering as a process that mediates relationships between 

humanity and the environment; engineering as a series of practices; and engineering as a 

professional and social identity associated with certain kinds of power. 

 

Engineering as relationship with environment 

The nineteenth century saw a dramatic growth in the number and scale of engineering projects in 

Britain, and in the number of people working as engineers. Historians and geographers have 

analysed a wide range of processes that reshaped the British landscape in this period. This work, 

however, has often neglected the role of technical professionals such as engineers in bringing about 

these changes, focusing explanations of change on political or economic decision-makers. As Lane 

has pointed out, ‘few historical geographers have explicitly addressed engineering in a science and 

technology studies framework – as a profession, practice, narrative, or mode of knowledge creation’ 

 
8 Buchanan, ‘The Rolt memorial lecture’, 6.  
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despite the significance of environmental knowledge and transformation and human-environment 

relations in geography.9  

 One way of approaching the work that the Stevensons did, therefore, is to focus on how 

engineering influenced the world. This understanding of engineering was common in nineteenth- 

century discourse. In the 1828 charter of the London-based Institution of Civil Engineers, Thomas 

Tredgold defined civil engineering as ‘the art of directing the great sources of Power in Nature for 

the use and convenience of man’.10 The Aberdeen Journal in 1886 described ‘the gigantic 

engineering works that excite the average mind by their sublime domination over the forces of 

nature’.11 Louis echoed this focus on control over nature as the fundamental aim of engineering in 

Records, defining a civil engineer as ‘above all things a projector of works in the face of nature, and a 

modifier of nature itself.’12  

This idea of engineering as the dominance of nature endured throughout much of the 

twentieth century. Henry Petroski, civil engineer and philosopher of engineering, argued in 1985, for 

example, that engineering ‘is the process of design, in which diverse parts of the “given-world” of 

the scientist and the “made-world” of the engineer are reformed and assembled into something the 

likes of which Nature had not dreamed’.13 Maria Kaika associates this way of understanding 

engineering with ‘modernity’s Promethean project’ to tame a wild nature for human purposes and 

manifest control over space through engineering.14 Thus one way of understanding engineering has 

been to see it as the act of imposing human will on nature and remaking nature to serve human 

ends. 

 
9 Lane, K. Maria D., (2020) ‘Engineering’ in Domosh, Mona, Michael Heffernan and Charles W. J. Withers (Eds) 
The SAGE Handbook of Historical Geography, London: SAGE, 698 – 719, 713.  
10 Tredgold, Thomas, (3 June 1828; 1867) ‘Charter of the Institution of Civil Engineers’ Charter, supplemental 
charters,  by-laws and regulations, London: Institution of Civil Engineers, page 9.   
11 ‘Two views’, (24 July 1886), Aberdeen Journal, 8.  
12 Stevenson, Robert Louis, Records, 82. 
13 Petroski, Henry, (1985), To Engineer Is Human: The Role of Failure in Successful Design, London: Macmillan, 
8. 
14 Kaika, Maria, (2005), City of Flows: Modernity, Nature and the City, London: Routledge, 13. 
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Recently, however, theorists and engineers have begun to suggest different models of 

human-nature relations in engineering. As Sons, de Block and Jongepier explain in their work on 

seawalls in the Netherlands, engineers have begun to replace ‘hard’ engineering solutions which 

attempted to impose human will on nature with ‘soft’ engineering or ‘building-with-nature’ 

technologies. Rather than controlling nature for human ends, these technological solutions, 

informed by modern environmentalist perspectives, ‘are geared at green, ecological, and biophysical 

infrastructure derived from elements within the landscape as a means to divert risk and (re-)direct 

urbanization’.15 Such a shift in perspective in the present highlights the historical and geographical 

contingency of models of engineering as dominance, and provokes the question of why this model of 

human-environment relations was so dominant in nineteenth-century discourse around engineering.   

It was not necessarily the case that nineteenth-century engineers were always able to fully 

control the natural phenomena they interacted with. Historians of disaster, in particular, have often 

illustrated the ways in which engineering control was temporary and limited in practice.16 Theorists 

from a range of disciplines have begun to suggest models of hybridity, negotiation and compromise, 

rather than dominance, to explain the complex interactions between engineering and the natural 

environment. Models which acknowledge the complexity of this relationship include Richard White’s 

‘organic machine’; Sara Pritchard’s ‘envirotechnical systems’; Shane Ewen’s ‘socio-technological 

 
15 Soens, Tim, Greet de Block and Iason Jongepier, (2019) ‘Seawalls at work: envirotech and labor on the North 
Sea coast before 1800’ Technology and Culture, 60:3, 689. 
16 See, for example: Mukerji, Chandra, (2007) ‘Stewardship politics and the control of wild weather: levees, 
seawalls and state building in 17th-Century France’ Social Studies of Science, 37:1, 127 – 133; McEwen, Lindsey 
J. and Alan Werritty, (2007) ‘ ‘The Muckle Spate of 1829’: the physical and societal impact of a catastrophic 
flood on the River Findhorn, Scottish Highlands’ Transactions of the Institute of British Geographers, 32, 66 – 
89; Mizelle, Richard (2014) Backwater Blues: The Mississippi Flood of 1927 in the African American 
Imagination, Minneapolis: University of Minnesota Press; Ewen, Shane, (2014) ‘Sheffield’s Great Flood of 1864: 
engineering failure and the municipalisation of water’ Environment and History, 20, 177 – 207; Hill, Lisa J., 
(2015) ‘More-than-representational geographies of the past and the affectivity of sound: revisiting the 
Lynmouth flood event of 1952’ Social & Cultural Geography, 16:7, 821 – 843; Gill, Bikrum, (2016) ‘Can the river 
speak? Epistemological confrontation in the rise and fall of the land grab in Gambella, Ethiopia’ Environment 
and Planning A, 48:4, 699 – 717.  
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disasters’; and Erik Swyngedouw’s ‘hybridized landscape’, all of which inform later chapters of the 

thesis.17 

While acknowledging and analysing the concept of dominance over nature, this thesis 

explores how in practice engineers worked with, rather than against, natural phenomena such as 

river flows, weather and atmospheric conditions, oceanic waves and tides. It considers how such 

accommodations were understood and explained, and identifies the understandings of natural 

phenomena that animated engineering work in practice, especially where this differed from 

engineers’ professed commitment to engineering as dominance over nature.  

 

Engineering as practice  

As Shapin notes, ‘knowledge, it is rightly said, does not stand outside of practical activity: it is made 

and sustained through situated practical activity’.18 Secord similarly understands science as ‘a 

practical activity, located in the routines of everyday life’.19 This shift to focus on what scientists do 

has more broadly been referred to as the practical or pragmatic turn.20 Drawing on insights from 

phenomenology and hermeneutics, interpretive sociology and anthropology, and gender studies, the 

shift to focus on practice provided a significant reorientation of the field of history of science.21 

Latour, for example, grounded his work in the observation of the daily activities of scientists in order 

to understand how they made knowledge through practice, consequently drawing attention to the 

 
17 White, Richard, (1995) The Organic Machine: The Remaking of the Columbia River, New York: Hill and Wang; 
Pritchard, Sara B., (2011) Confluence: The Nature of Technology and the Remaking of the Rhône, Cambridge, 
Mass.: Harvard University Press, 19 – 20; Ewen, Shane, (2014), ‘Socio-technological disasters and engineering 
expertise in Victorian Britain: the Holmfirst and Sheffield floods of 1852 and 1864’ Journal of Historical 
Geography, 46, 13 – 25; Swyngedouw, Erik, (2015) Liquid Power: Contested Hydro-Modernities in Twentieth-
Century Spain, Cambridge, Mass.: MIT Press, 4.  
18 Shapin, Steven, (1994) A Social History of Truth: Civility and Science in Seventeenth-Century England, 
Chicago: University of Chicago Press, xix. 
19 Secord, James A., (2004) ‘Knowledge in transit’ Isis, 95:4, 657.  
20 Taub, Liba, (2011) ‘Introduction: reengaging with instruments’ Isis, 102:4, 690. 
21 Golinski, Jan, (1998) Making Natural Knowledge: Constructivism and the History of Science, Cambridge: 
Cambridge University Press, 9; Secord, ‘Knowledge in transit’, 658.  
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material culture of science that conditioned everyday scientific activity.22 Scholars who focused on 

practice challenged approaches to scientific knowledge that consider it as primarily theoretical and 

idea-based, focusing on textual, usually written, outputs and, in the physical sciences, upon the 

search for laws or hypothetico-deductive generalisation. These works have been a significant 

influence on the approach taken in this thesis. 

This thesis focuses primarily on identifying what engineers did, and how by carrying out 

specific actions they were able to make authoritative knowledge. By understanding engineering as a 

series of specific practices, it is possible to identify the tacit skills and specialist knowledge required 

for different parts of engineering work. Such a focus on practice similarly enables a detailed 

understanding of the complex relationship between scientific theories and principles and practical 

activity in the work of the Stevenson engineers, contributing to ongoing debates over the 

relationship between science and engineering.  

Historians have long argued that engineering is far from simply ‘applied science’, and in fact 

requires specific knowledge and skills. As Mitcham and Schatzberg note, ‘scientific laws do not 

immediately function as engineering design principles’.23 To convert scientific ideas into practical 

action requires skills of translation and interpretation in relation to particular materials and 

locations. Engineers in the nineteenth century worked between the scientific and the technological:   

Harwood referred to ‘the Janus-faced nature of engineering as an activity – situated since the 19th 

century between the worlds of ‘science’ and of ‘practice’’.24  

 In this way of studying engineering, knowledge often took the form of tacit skills – a concept 

suggested by Michael Polyani which challenges positivist conceptions of knowledge as ‘abstract, 

 
22 Latour, Bruno, (1987) Science in Action: How to follow scientists and engineers through society, Cambridge, 
Mass.: Harvard University Press; Latour, Bruno and Steve Woolgar, (2013) Laboratory Life: The Construction of 
Scientific Facts, Princeton: Princeton University Press. 
23 Mitcham, Carl and Eric Schatzberg, (2009) ‘Defining Technology and the Engineering Sciences’ in Meijers, 
Anthonie (Ed.) Handbook of the Philosophy of Science. Volume 9: Philosophy of Technology and Engineering 
Sciences, Burlington, Oxford & Amsterdam: Elsevier, 40.  
24 Harwood, Jonathan, (2006) ‘Engineering education between science and practice: rethinking the 
historiography’ History and Technology, 22:1, 54.  
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mechanical, deterministic and therefore possible to centrally plan’.25 Some knowledge, Polyani 

argued, such as how to play the piano, cannot be articulated, codified, or formalised, but is 

fundamental to the ability of an individual to successfully complete a task. Collins and Evans used 

this concept to argue that expertise in a scientific context is not simply a case of knowing scientific 

facts or theories, but includes knowing how to perform particular actions such as, for example, 

calculating, measuring, or drawing.26 This thesis thus takes a broad approach to knowledge, using a 

focus on practice to highlight the tacit skills required for successful engineering in addition to 

analysing the ways in which formalised scientific and engineering knowledge was applied to specific 

problems.  

Through this focus on practice, it is possible to consider the relationship between knowledge 

derived through personal and professional experience, knowledge derived through measurement 

and observation, knowledge gained through education or collaboration, and tacit skill gained 

through practice in nineteenth-century civil engineering. This thesis asks questions about the 

function and status of each of these different kinds of knowledge. How was each made, and made 

authoritative? What hierarchies structured the relationship between different types of knowledge-

making, and did these differ across space or over time? What was the role of science as a set of 

practices but also, importantly, as a discourse that was beginning to be invested with certain kinds of 

power and authority in the period?  

 

Engineering as identity 

The final set of questions raised in this thesis concern engineering as an identity. One major concern 

addressed is what it meant to be an engineer. When one of the Stevensons referred to themselves 

 
25 Nightingale, Paul, (2009), ‘Tacit knowledge and engineering design’ in Meijiers, Anthonie (Ed.), Handbook of 
the Philosophy of Science, Volume 9: The Philosophy of Technology and Engineering Sciences Burlington, 
Oxford & Amsterdam: Elsevier, 353.  
26 Collins, Harry M. and Robert Evans, (2002) ‘The third wave of science studies: studies of expertise and 
experience’ Social Studies of Science, 32:2, 235 – 296.  
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or someone else as ‘an engineer’ or signed their name as ‘David Stevenson, C. E.’, for example, what 

associations, statuses and expectations were invoked by the use of that term? 

Historians have identified the nineteenth century as a period of growing professionalisation 

within society in general.27 Involving a vast range of people providing specialist services of various 

sorts over the course of the century, professions have been theorised as characterised by a range of 

social activities, institutions and markers of status, the accumulation of which is a non-linear and 

profession-specific process. Engineering is often included in such discussions, and did incorporate 

many of the characteristics of professions set out in Morrell’s work on professionalisation. The 

number of engineers increased quickly in the nineteenth century, and engineering work was 

correspondingly difficult to gain access to and associated with institutions, behavioural expectations, 

power and prestige.28  

Studies of professionalisation often operate on a broad scale, studying the trajectory of a 

group of workers as a whole. This thesis, on the other hand, focuses on individuals, asking how 

specific engineers were able to demonstrate their competence and secure status and prestige within 

society. The academic study of questions of competence, specialist knowledge and its use to acquire 

power in an individual context has more often focused on the notion of expertise. Expertise has 

featured heavily in recent work in the history of science. Collins and Evans went so far as to suggest 

that expertise and experience were so significant in the history of science as to merit being called a 

‘third wave in science studies’.29 In their model, expertise is a substantive thing that distinguishes 

those with specialist knowledge or experience from those without, as well as a social construct that 

empowers those recognised as experts. This thesis considers knowledge and experience both in its 

 
27 Morrell, J. B., (1990) ‘Professionalisation’ in Olby, Robert C., Geoffrey N. Cantor, John R. R. Christie and M. 
Jonathan S. Hodge (Eds), Companion to the History of Modern Science, London and New York: Routledge, , 980 
– 989; Allen, David, (2009) ‘Amateurs and Professionals’ in Bowler, Peter J. and John V. Pickstone (Eds) The 
Cambridge History of Science, Volume 6: The Modern Biological and Earth Sciences, Cambridge: Cambridge 
University Press, 13 – 33.   
28 Buchanan, R. Angus, (1989) The Engineers: A History of the Engineering Profession in Britain 1750–1914, 
London: Jessica Kingsley Publishers. 
29 Collins and Evans, ‘The third wave of science studies’, 235.  
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own right as the foundation of engineering work, but also explores how it was used to demonstrate 

expertise and thus secure the confidence of clients, other engineers, the government and the public.   

Such questions take on different meaning in relation to the Stevenson engineers, for whom 

engineering was as much a family legacy as a professional identity. Engineering in the nineteenth 

century often ran in families, with engineering businesses being passed down from fathers to sons 

or, rarely, to daughters. Historians have identified family as vital in facilitating women’s entrance 

into the engineering profession and, importantly, in shaping how they conducted their work and 

presented themselves as experts in their fields.30 No similar work, however, has considered the 

influence of family in the work of male engineers, despite the frequency with which engineers 

worked alongside or inherited businesses from male relatives.  

For the Stevensons, family was important both as a practical resource and as a powerful 

concept. From their apprenticeships onwards, family members provided financial and material 

resources as well as networks and expert guidance. For the later Stevensons, working throughout 

their careers in partnership was the norm. Projects commenced by one family member could be 

completed by another – Thomas, for example, supervised the completion of the lighthouse at 

Skerryvore that was famously designed by his brother Alan. The majority of the engineering reports, 

plans, specifications and letters written by David and Thomas during the mid-century, for example, 

were not signed individually but as the collective moniker ‘D. & T. Stevenson’. For the Stevensons, as 

I shall show, the boundaries between individual, family and firm were blurred.  

Family also mattered in terms of reputation. The Stevensons worked hard to create an 

enduring narrative about their family’s engineering – a narrative which continues to affect how they 

are understood historically. This interest in controlling how the family’s story was told was made 

clear in much of the family’s work. For example, a poem by Louis in 1898 reads:  

 
30 Rees Koerner, ‘Inventor, devoted daughter, or lover?’; Edwards and Harcourt, ‘Engineering and the family in 
business’. 
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Say not of me that weakly I declined 

The labours of my sires, and fled the sea, 

The towers we founded and the lamps we lit, 

To play at home with paper like a child. 

But rather say: In the afternoon of time 

A strenuous family dusted from its hands 

The sand of granite, and beholding far 

Along the sounding coast its pyramids 

And tall memorials catch the dying sun, 

Smiled well content, and to this childish task 

Around the fire addressed its evening hours.31 

This autobiographical poem clearly demonstrates that Louis was contemplating how he and his 

family would be remembered, and was working to shape that legacy around their engineering work. 

The publication of this poem in his anthology Underwoods in the late 1890s broadly coincided with 

Louis’ work on Records, another attempt to shape the history of the family and ensure their 

engineering legacy was recognised.  

This thesis highlights the processes by which the Stevensons continuously constructed their 

own narratives about the family, their expertise and their engineering work. It considers the 

significance of this work in establishing the Stevenson reputation and enabling family members to 

exert authority in a range of contexts. By explicitly addressing the role of the family’s own narratives 

and reputation, this thesis also disrupts any simple acceptance of such claims at face value, asking 

what function the family name and reputation served rather than simply reinforcing it. 

 
31 Stevenson, Robert Louis, (1898) ‘Say not of me that weakly I declined’, Underwoods, London: Chatto & 
Windus, 73. 
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Thesis Structure  

The empirical core of this thesis is structured around four projects that occupied the Stevensons 

over the course of the nineteenth century. These projects are: the training of new engineers; 

surveying and designing improvement works for the rivers Tay and Clyde; the implementation of a 

coastal sound-based fog signal network; and the failed attempt to expand Wick harbour through the 

construction of a breakwater. Within these projects, I explore the environments in which they 

worked, and the ways in which their work was situated with geographies which were both the 

subject and the context of their engineering. I identify and analyse the methods that they used to 

carry out engineering projects and establish credible knowledge about their products, and I examine 

how the Stevensons developed and deployed their reputation as expert engineers across a range of 

contexts.  

The thesis as a whole begins by introducing the Stevenson archive and discussing 

methodological issues associated with archival research. Chapter two highlights the influence of the 

family on how the Stevenson history has been constructed and explains the implications of this 

version of the Stevenson narrative on the archive. It draws attention to the importance of visual 

materials in the Stevenson archive, and introduces the theoretical approaches to maps and scientific 

diagrams that inform my later analysis.   

Chapter three situates the research in relation to existing scholarship in the historical 

geography of science, the history of technology and the history of engineering. It identifies major 

ideas and debates in these fields which inform the thesis and proposes an historical geography of 

engineering that applies the questions, approaches and key themes that have characterised the 

historical geography of science to the knowledge and practices of engineering. This chapter situates 

the thesis as a whole in relation to other scholarly works, and provides the context for the 

approaches that have been taken in the later chapters. Those historical and geographical works 

relevant to the specific context of the four specific projects are introduced in subsequent chapters.  
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Chapter four focuses on training. Drawing on recent historical work which has highlighted 

the potential of studying scientific education, this chapter asks how young Stevensons developed 

skills, acquired knowledge and demonstrated their capacity to others. Tracing the young Stevensons 

through universities, learned societies, engineering offices, and construction sites, this chapter 

introduces many themes that recur in the later analysis of the Stevensons at work. It presents an 

account of engineering expertise, considered both as a real set of specialised knowledge and skills 

and as a social status and power afforded to certain people, focusing on how this expertise was 

acquired at the beginning of an engineering career.   

In chapter five, I turn to the processes by which engineering expertise was used to make 

authoritative knowledge about the world. Using the example of the Stevensons’ ongoing work on 

the rivers Tay and Clyde, the chapter focuses on practices of measurement, the relationship 

between engineering, instrumentally-derived data and data visualisation, and the role imagined for 

formulae and scientific theory in engineering work. Drawing on work on the history of scientific 

instruments and visual methods, the chapter considers how engineers constructed an abstract, 

standardised and predictable version of the river which they could use to make predictions about, or 

assign responsibility for, changes made by river engineering works.  

In chapter six, I challenge the focus of histories of engineering on design by considering the 

Stevensons as evaluators, implementers and managers of systems that were designed by others. 

This chapter examines sound-based fog signal systems around Scotland, considering how the 

Stevensons were involved in testing, installing and maintaining these devices despite not inventing 

them. This chapter shows how engineering was an international and interdisciplinary collaborative 

enterprise, involving engineers, government officials, inventors and physicists across multiple 

nations, and considers the importance of testing and evaluation in engineering work.  

Chapter seven addresses failure. It analyses the ways in which the Stevensons maintained 

their reputation in the face of the repeated destruction of the breakwater they designed at Wick in 

the 1870s. By analysing the events at Wick from the perspective of the British Fishery Society, the 
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Stevensons, and the local population, it explores competing explanations for the ongoing damage to 

the structure. Using this project, I explore the importance of linguistic and rhetorical skill alongside 

reputation and experience in maintaining credibility in the face of engineering failures. In part, this 

chapter draws upon my published paper.32  

The thesis concludes by returning to questions of expertise, professional status and 

reputation, family, engineering practice and scientific theory-making, and the relationship of 

humanity with nature. Chapter eight draws connections between the Stevensons’ work in different 

contexts and highlights the contributions made by this thesis to an historical geography of 

engineering and proposes future directions for research that have arisen from this research.  

  

 
32 Dishington, Rachel, (2020) ‘Towards a historical geography of marine engineering: D. & T. Stevenson, Wick 
harbour, and the management of nature’ Journal of Historical Geography, 69, 80 – 90. 
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2 

‘A surprising medley’: methodological questions, archival contexts 

and the ‘Stevenson engineering family’33  

Introduction   

This chapter introduces the empirical source material upon which this thesis primarily draws and 

explores some of the issues with conducting a historical analysis of the works and lives of the 

Stevenson engineers. The thesis draws upon manuscript material of different sorts, published books 

and papers, government documents, newspaper reports, maps, plans and diagrams: the chapter 

highlights the ways in which these materials have been shaped by their archival context, and 

particularly by the ongoing work of the Stevenson family to construct a particular narrative about 

their own history, consequence and legacy.   

 The first section draws on a range of biographies of the Stevenson engineers to summarise 

the conventional narrative that has been told about them. I introduce the eight family members who 

worked as engineers and note some of the events and projects usually highlighted as key points in 

their lives. The remainder of the chapter deconstructs this narrative. First, I introduce the Stevenson 

archive and explain the processes of ‘archivisation’ that shaped its contents and which have given 

‘archival credibility’ to certain ways of telling the Stevenson story.34 I highlight how the archive was 

shaped by the family’s assumptions about the meanings and significance of their own lives and the 

ways in which the tools developed by the family continue to guide researchers accessing their 

archive today. I explore the archive in terms of form and genre, highlighting how various kinds of 

evidence have been constructed as objective, factual or scientific and therefore treated as 

authoritative.  I explicitly engage with legacy, reputation and the family story, drawing attention to 

 
33 Stevenson, Robert Louis, (2011: 1896) Records of a Family of Engineers, Cambridge: Cambridge University 
Press, 86. 
34 Derrida, Jacques, (Trans. E. Prenowitz), (1995) ‘Archive fever: a Freudian impression’ Diacritics, 25:2, 9 – 63; 
Osborne, Thomas, (1999) ‘The ordinariness of the archive’ History of the Human Sciences, 12:2, 53. 
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how the ‘Lighthouse Stevensons’ narrative that characterises many works about the family was 

constructed by the Stevensons themselves. In these ways, I show that much can be learned from a 

new study of the Stevensons that challenges traditional framings of the family as heroic, individual 

geniuses; a study that allows and learns from failures, difficulties, compromises and collaborations, 

rather than accepting the account of remarkable feats that the family has constructed for 

themselves.   

 

The story of the ‘Lighthouse Stevensons’ 

Most histories of the Stevenson family begin with the appointment in 1787 of Thomas Smith, an 

Edinburgh-based lamp-maker, to the newly established Northern Lighthouse Board. Thomas was 

asked to construct and manage four lighthouses on the Scottish coast: at Kinnaird Head near 

Fraserburgh, the Mull of Kintyre overlooking the Firth of Clyde, Eilean Glas off Harris and North 

Ronaldsay, an island just north of the Orkney mainland. Thomas retired in 1800, passing his lamp-

making business to his son James and leaving step-son Robert as Engineer to the Northern 

Lighthouse Board, a position which he used as the foundation for the engineering firm that would 

bear his family name.35 

Robert Stevenson consolidated his reputation as a lighthouse engineer in the early 

nineteenth century, completing the Bell Rock lighthouse in 1810.36 Subsequently, he diversified his 

practice, working on projects ranging from the Hutcheson Bridge in Glasgow, to the deepening of 

the Forth and Tay rivers in the east of Scotland, to the development of Regent Road, an approach 

from the east to Princes Street in Edinburgh’s New Town.37 Robert married his step-sister Jane Smith 

in 1797 and the couple had nine children, of whom five survived to adulthood – Jane, Alan, Robert 

 
35 Bathurst, Bella, (1999) The Lighthouse Stevensons. London: Harper Perennial, 21; 45. 
36  Morrison-Low, Alison D., (2010) Northern Lights: The Age of Scottish Lighthouses, Edinburgh: NMS 
Enterprises, 127. 
37 Mair, Craig, (1978) A Star for Seamen: The Stevenson Family of Engineers, London: John Murray, 105; 110; 
131. 
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(Bob), David and Thomas. Three of Robert’s sons – Alan, David and Thomas - followed him into 

engineering. 

Robert’s eldest son Alan joined the family business in 1823, taking over the role of engineer 

to the Northern Lighthouse Board in 1843.38 He was most famous for designing and supervising the 

construction of a lighthouse at Skerryvore, an isolated outcrop 12 miles off Tiree in the Inner 

Hebrides.39 Alan suffered with ill health. Bathurst recounts that ‘he had what was variously described 

as lumbago, rheumatism, paraplegia and an unidentified aching in his joints’.40 He was forced to 

resign in 1853 as he could no longer complete the arduous travel required of a practising engineer 

and was replaced as engineer to the Northern Lighthouse Board by his brothers, David and Thomas. 

The work of lighthouse construction continued, spurred on by the outbreak of the Crimean War and 

 
38 Mair, A Star for Seamen, 116; 162.  
39 Morrison-Low, Northern Lights, 153; Leslie and Paxton, Bright Lights, 52. 
40 Bathurst, The Lighthouse Stevensons, 196. 

Figure 2.1: The Stevenson Engineering Family, c. 1770 – 1970  
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a newfound urgency to ensure that routes around the Northern Isles were safely navigable for 

warships. 41 

David and Thomas wrote extensively for academic and lay audiences. Both contributed 

articles to the Encyclopaedia Britannica and published in the journals of learned societies including 

the Institution of Civil Engineers, Royal Society of Edinburgh and Royal Scottish Society of Arts. 

Accounts also mention the treatises both wrote on engineering topics. One biographer claims that 

Thomas wrote ‘98 major learned papers’ in his life.42 Biographers also mention Thomas’ 

‘tremendous curiosity’ for devising and carrying out experiments, sometimes with devices of his own 

invention, such as the marine dynamometer or Stevenson screen.43 David and Thomas successfully 

completed projects across Scotland. This led to international fame and work in Singapore, India, 

Newfoundland, Japan, New Zealand and China.44 

David retired in 1883 and died in 1886. After David’s retirement, Thomas worked with his 

nephew David Alan and Alan Brebner, a long term assistant who had become a partner within the 

firm, until his own retirement in 1886. Thomas died in 1887 and was replaced as a partner by his 

nephew Charles. The firm was eventually renamed to D. & C. Stevenson to reflect the new 

ownership.45  

David and Charles followed a similar career path to their father. David A. worked with 

Thomas to design lighthouses and took over as Engineer to the Northern Lighthouse Board from 

1887. He continued to work as an engineer until his retirement in 1938. Charles was made a partner 

in the family firm in 1887.  Where David focused on lighthouses, Charles was responsible for much of 

the firm’s other business, particularly the development and repair of small local harbours. Having 

observed Alexander Graham Bell’s telephone while travelling, Charles also pushed for the 

 
41 Bathurst, The Lighthouse Stevensons, 200 – 205. 
42 Mair, A Star for Seamen, 185. 
43 Mair, A Star for Seamen, 185. 
44 Morrison-Low, Northern Lights, 187; Bathurst, The Lighthouse Stevensons, 219; Mair, A Star for Seamen, 189 
– 191. 
45 Mair, A Star for Seamen, 214 – 216.  
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development of better technology in Scottish lighthouses, particularly fog horns and flashing river 

buoys. He was particularly interested in sound engineering, including inventing the ‘talking beacon’ 

in collaboration with his son D. Alan, which allowed ships in thick fog to plot their location from radio 

signals. He retired in 1940, having set up a new partnership with his son in 1936, A. & C. Stevenson, 

which his son carried on without him. 46 

David Alan Stevenson, the only son of Charles Stevenson, became a partner in 1919. When 

the First World War broke out in 1914, Alan was commissioned as a Captain in the Royal Marines 

and travelled to construct lights in the Dardanelles as part of the Gallipoli campaign in 1915. 

Lighthouses were extinguished during the war, so the firm continued to work on other projects, 

including advising on legal disputes, harbour improvements and river management. Alan gradually 

took on more of the work of the family business as his father and uncle, both in their eighties, grew 

less capable of travel.47  

In 1936 when Charles was 81 and David 82, the tension caused by this arrangement led to a 

split in the firm. Alan and Charles founded A. & C. Stevenson while David continued on for another 

two years alone, finally retiring in 1938, aged 84. A. & C. Stevenson worked mainly as engineers to 

the Clyde Lighthouse Trust. Charles retired in 1940, leaving Alan in sole control of the business until 

he retired in 1952.48 In retirement, Alan served as custodian for the family history, collating and 

organising the firm’s collection of maps and plans and donating them to the National Library of 

Scotland in the 1950s.49 Alan also likely managed the firm’s written archive which was purchased 

after his death by the NLS. This collection became the principal archival source drawn upon in this 

thesis. This collection was amassed through the work of the Stevenson engineers alongside their 

wives, sisters and daughters. The Stevenson women are also often peripheral in family biographies. 

Jane Stevenson (nee Smith); Jane Warden (nee Stevenson) and her daughter Jane Warden; Elizabeth 

 
46 Mair, A Star for Seamen, 216 – 251.  
47 Mair, A Star for Seamen, 249 – 251. 
48 Mair, A Star for Seamen, 251 – 253  
49 Mair, A Star for Seamen, 253. 
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Mackay who married David in 1840; Margaret Scott Jones who married Alan in 1844; and Margaret 

Isabella Balfour who married Thomas in 1848 were not engineers. 50 Some of them likely influenced 

the Stevenson archive, however, through administrative and secretarial roles in the family 

business.51 Jane Warden (née Stevenson) illustrated the title page of her father’s Account of the Bell 

Rock Light-House in 1824.52 Robert wrote in an index to his reports in 1850 that ‘my amanuensis 

exhibited the greatest patience and got on with wonderful adroit refs. Yet you must both from her 

work and mine … examine and compare the 8 volumes of Reports with the two Volumes of Index’.53 

In writing to his sons, Robert drew attention to the careful work that he and Jane had carried out to 

organise the family’s archive of reports in a way that would be useful for his sons, as well as 

acknowledging the incompleteness and contingency involved in his own archive. 

 

The Stevenson archive and the nature of archives  

This thesis draws the majority of its empirical material from the Stevenson firm’s archive. This 

collection of working documents was kept and used by the family while the business was 

operational. The maps and plans from this archive were donated to the National Library of Scotland 

by D. Alan Stevenson in the 1950s, and subsequently the firm’s written records were purchased from 

his Trustees by the library in 1993.  The archive contains letters, reports, memoranda, notebooks, 

drafts of publications, diaries and many other written sources. as well as maps, plans and technical 

drawings. The earliest materials in the archive relate to Robert Stevenson’s work in the late 

eighteenth century. The latest materials in the archive are inventories created by D. Alan Stevenson 

in the 1950s as guides to the archive. The majority of the material, however, dates to the mid-

nineteenth century when most of the Stevenson engineers were active in the family firm. Not all of 

the material in the archive is by the Stevensons, and there is evidence of a range of complicated and 

 
50 Bathurst, The Lighthouse Stevensons, 193. 
51 Bathurst, The Lighthouse Stevensons, 182. 
52 Stevenson, Robert, (1824) Account of the Bell Rock Light-house, Edinburgh: Archibald Constable & Co.  
53 Stevenson, Robert, (March 1850) ‘Memoradum’ NLS/Acc.10706/124. 
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overlapping systems of organisation that suggest the materials were used for reference in the 

Stevenson’s engineering works prior to being acquired by the National Library of Scotland and used 

for research purposes. The archive thus presents, as Louis suggested in reference to his 

grandfather’s collection of information and anecdote in his travelling diaries, ‘a surprising medley’ of 

diverse materials.54  

Archival materials do not exist in a vacuum. They are always shaped by and encountered 

within a particular context which can influence how they are read. As Ketelaar argues, it is important 

that researchers drawing on materials held within an archival context ‘make these contexts 

transparent’ in order to give readers an informed understanding that the research has emerged 

from the encounter between archive and the researcher.55 

 Archives were first theorised as more than simply places that hold records - sites for dead 

certainties - in Derrida’s Archive Fever (1996). For Derrida, archives were not neutral spaces but 

were produced by a series of choices. To pass into an archive, he argued, a record must first have 

undergone the process of archivisation. This term referred to all of the processes by which a record 

came to be held within an archive, from the moment of its creation for some other purpose to the 

decision to keep that particular item.56 Such was the power of these forces to shape interpretation, 

Derrida argued, that ‘archivization produces as much as it records the event’.57  

Cook, taking a postmodernist approach, argues that, ‘Nothing is neutral. Nothing is 

impartial. Nothing is objective. Everything is shaped, presented, represented, re-presented, 

symbolized, signified, signed, constructed by the speaker, photographer, writer, for a set purpose’.58 

This postmodernist approach encourages consideration of the significance of a text as constituted 

and informed by its context – by the processes by which it was created, the functions it served and 

 
54 Stevenson, Robert Louis, Records, 86. 
55 Ketelaar, Eric, (2001) ‘Tacit narratives: the meanings of archives’ Archival Science, 1:2, 137.  
56 Derrida, Jacques, (Trans. E. Prenowitz), (1995) ‘Archive fever: a Freudian impression’ Diacritics, 25:2, 9 – 63.  
57 Derrida, ‘Archive fever’, 17.   
58 Cook, Terry, (2001) ‘Archival science and postmodernism: new formulations for old concepts’ Archival 
Science, 1:1, 7.  
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the ways in which it was read and interpreted.59 This type of contextualisation is more complicated 

when applied to documents stored within archives because the historian’s interpretation is 

influenced not only by the context of creation and dissemination but also by the archival context -  

processes as varied as appraisal, categorisation, indexing, storage, access and display of archival 

documents. 60  

In response to the postmodernist dismantling of archival objectivity, Cook suggests that 

‘archival science should shift its research paradigm from the analysis of the properties and 

characteristics of individual documents or series of records, to an analysis of the functions, 

processes, and transactions which cause documents and series to be created’.61 In other words, 

research should acknowledge and analyse the processes that shape an archive in order to better 

analyse the records in that archive.  

Archives are always implicated in power relations: stories about the past are powerful, and 

can be vital to the exercise of power in the present. 62 Berger argues that the existence of a state 

archive allows the state to attach what Osborne calls ‘archival credibility’ to powerful ‘master 

narratives’ upon which national imagined communities are shaped.63 These emotional connections 

to a national imagined community can then be mobilised for political purposes by the state.64 

Archivisation processes in state archives reflect the priorities of the state and the stories that will be 

the most politically useful.65  

 
59 Baker, Alan. R. H., (1997) ‘“The dead don’t answer questionnaires”: researching and writing historical 
geography’ Journal of Geography in Higher Education, 21:2, 235. 
60 Cook, Terry, (2013) ‘Evidence, memory, identity, and community: four shifting archival paradigms’ Archival 
Science, 13:2-3, 99.  
61 Cook, ‘Archival science’, 21. 
62 Cook, ‘Archival science’, 18; Ogborn, Miles, (2003) ‘Knowledge is power: using archival research to interpret 
state formations’ in Ogborn, Miles, Alison Blunt, David Pinder and Jon May (Eds) Cultural Georgraphy in 
Practice, London: Edward Arnold, 14.  
63 Berger, Stefan, (2013) ‘The role of national archives in constructing national master narratives in Europe’ 
Archival Science. 13:1, 3; Osborne, Thomas, (1999) ‘The ordinariness of the archive’ History of the Human 
Sciences, 12:2, 53. 
64 Berger, ‘The role of national archives’, 3 
65 Ogborn, ‘Knowledge is power’, 12. 
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Scholars of archives have only recently begun to consider how archives work outside of 

national and state administration contexts. One strand of research has considered business archives. 

Like the Stevenson firm, modern businesses tend to operate predominantly within Cook’s first 

paradigm, namely, understanding archives as collections of evidence to settle disputes about past 

activities or transactions.66 Some, particularly older brands, have made efforts to reconceptualise 

company archives as a ‘business asset’ that can ‘add corporate value’ through support of marketing 

and the maintenance of brand identity. 67 Because archives bestow credibility upon narratives, they 

can be used in a business context to support marketing, particularly in businesses with long histories 

that use their age as a marketing strategy. This marshalling of archival credibility to support a master 

narrative underpinning a business brand is similar to the work Louis was doing when he invoked the 

family archive to support his claim that his grandfather, and not John Rennie, had constructed the 

Bell Rock.68 This was an ongoing dispute between the two families, stemming from Robert 

Stevenson’s original Account of the Bell Rock Light-House, published in 1824, which Rennie’s family 

thought gave too much credit to Robert Stevenson and not  enough to Rennie.69 Louis addressed the 

controversy briefly, claiming that ‘it will be enough to say here that Rennie did not design the Bell 

Rock, that he did not execute it, and that he was not paid for it’.70 Instead of an explicit business 

brand, Louis deployed the family’s archive to support his work to defend the family reputation as 

lighthouse engineers. Given the ongoing controversy over design credit, and the significance of the 

Bell Rock as the foundation of the narrative of the Stevensons as pioneering lighthouse engineers, it 

is perhaps unsurprising that the Stevenson’s archive contains more detailed records of the Bell Rock 

than of any other engineering project undertaken by the firm.  

 

 
66 Cook, ‘Evidence, memory, identity’, 99. 
67 Ravenwood, Clare and Tim Zijlstra, (2018), ‘Business archives and local communities: corporate heritage in 
Loughborough, UK’ Archives and Records, 39:2, 215; Gray, Vic, (2002), ‘Developing the corporate memory: the 
potential of business archives’ Business Information Review, 19:1, 34. 
68 Stevenson, Robert Louis, Records, 94. 
69 Stevenson, Robert, An Account of the Bell Rock. 
70 Stevenson, Robert Louis, Records, 94. 
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The Stevenson Archive at the National Library of Scotland  

The Stevenson archive is now held by the National Library of Scotland and comprises three sets of 

records. Accession 4125 was transferred from the Printed Books collection in 1966 and contains 

‘reports and other material, 19th century, by the Stevenson family and others relating to engineering 

projects’.71 The printed material in this collection was separated and integrated with NLS print 

collections. MSS.5843-5896, donated by D. Alan Stevenson, contains mostly maps, plans and 

diagrams and is stored in the NLS Map Library with other map-based collections. 72 The third 

collection, Accession 10706, is held by the Manuscripts Department. This collection was purchased 

in 1993 from the Stevenson family and includes the business papers of the firm and a smaller 

collection of maps and plans, categorised by type of project.73  

Ketelaar argues that ‘tacit narratives are hidden in categorization, codification and labeling’ 

which can influence how an archive is interpreted. 74 Rose agrees, noting that archives are organised 

by ‘linguistic practices. . . that perform work; they have effects’.75 The language of the archive – its 

catalogues, accession slips, instructions, signs and posters – produces records and their subjects in 

certain ways.76 The explanatory text introducing the Accession 10706 catalogue clearly produces a 

certain impression. The introduction claims that ‘the main interest lies in the material relating to 

harbours and to lighthouse construction, and to the work of the Northern Lighthouse 

Commissioners’.77 In producing a summary of the collection, detail is necessarily missed. The archival 

apparatus such as catalogues and labels through which the reader encounters the Stevenson 

 
71 Records of Robert Stevenson & Sons, Civil Engineers. 
https://manuscripts.nls.uk/repositories/2/resources/7339 [Accessed 3 October 2021], 2. 
72 See: Dishington, Rachel, (2019) ‘The Stevenson maps and plans of Scotland, 1660 – 1940’ 
https://maps.nls.uk/projects/stevenson/ [Accessed 12 December 2019]  
73 ‘Papers of Robert Stevenson and Sons, civil engineers’, 
https://manuscripts.nls.uk/repositories/2/resources/1363 [Accessed 3 October 2021], 2. 
74 Ketelaar, ‘Tacit narratives’, 135. 
75 Rose, Gillian, (2000) ‘Practising photography: an archive, a study, some photographs and a researcher’ 
Journal of Historical Geography, 26:4, 559. 
76 Rose, ‘Practising photography’, 559. 
77 ‘Papers of Robert Stevenson and Sons, civil engineers’, 
https://manuscripts.nls.uk/repositories/2/resources/1363 [Accessed 3 October 2021], 2. 
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materials encourage particular ways of organising archival fragments, although researchers can 

ultimately choose to work ‘against the grain’ and challenge these ways of reading the archive to 

uncover new narratives and voices.78 

 

Engineering the archive 

In the case of the Stevenson archive, the archive was consciously developed by Robert Stevenson, 

primarily as a set of working documents but with an awareness that the records he was compiling 

could be used for reference by future Stevensons – working within Cook’s first paradigm of archive 

as ‘trustworthy evidence’ of what had taken place.79 The records Robert amassed, alongside 

instructions for how to maintain and extend them, were handed down to his descendants. The 

Stevensons understood the development of an archive of reference material as an important part of 

the engineer’s work. Louis explained Robert’s approach, noting that he ‘came to engineering without 

a library’ and so spent his life attempting to develop one.80 Accepting Derrida’s claim that 

expectations of future archival use could shape the creation of records from the very beginning, it is 

important to understand, where we can, what the Stevensons included or excluded from their 

archive and how expectations that their works would be passed on influenced how they were 

written or drawn. 

Because they considered archiving a part of engineering work, the Stevensons did 

occasionally refer to the logics that governed their document creation and organisation when 

discussing engineering training or practice. Louis wrote of his grandfather that ‘scarce anything fell 

under his notice but he perceived in it some relation to his work, and chronicled it in the pages of his 

journal in his always lucid, but sometimes inexact and wordy, style. The Travelling Diary (so he called 

it) was kept in fascicles of ruled paper, which were at last bound up, rudely indexed, and put by for 

 
78 Daston, Lorraine, (2017) Science in the Archives: Pasts, Presents, Futures, Chicago: University of Chicago 
Press, 2.  
79 Cook, ‘Evidence, memory, identity’, 99. 
80 Stevenson, Robert Louis, Records, 87. 
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future reference’.81 In addition to passing on the volumes themselves, Robert instructed his sons in 

how to continue to build the collection. He wrote in 1850 alongside the index to some reports he 

was transferring to them, admonishing their carelessness in reporting, and advising that ‘from your 

own omissions of dates and sometimes even the address of the parties – and likewise your economy 

of labour in not useing [sic] both sides of the leaf – I say on all these accounts you must examine and 

compares the 8 volumes of Reports with the two Volumes of Index’.82 This suggests Robert tried to 

establish conventions governing how the Stevensons documented their engineering practice, while 

also highlighting the ways in which these conventions were not perfectly adhered to, especially 

when they had to be communicated with other family members. Although much of the Stevenson 

archive is carefully organised – the report books and memorandum books, for example, are sorted 

by theme and date and comprehensively indexed – evidence from other parts of the archive 

suggests that David and Thomas occasionally omitted dates or addresses despite their father’s 

instructions. 

No similar instructions have survived explaining how the Stevensons managed their 

collection of maps and plans before the 1950s, although surviving shelfmarks on the maps and plans 

hint that some kind of system was employed. Instead, the spectre of D. Alan Stevenson looms large 

over MSS.5843-5896, which he sorted, ordered and catalogued prior to transferring it to the 

National Library of Scotland. Alan arranged the material geographically in two lists, one pertaining to 

places in Scotland, the other to the rest of the world. Each list was then ordered alphabetically by 

location, including towns, villages and rivers, and the records of each location are listed 

chronologically by date. While organisation alphabetically by place is characteristic of indexes to the 

reports, memoranda and letterbooks, the separation of Scotland did not exist in earlier ordering 

systems. This suggests that the choice to divide material relating to Scotland from that showing the 

 
81 Stevenson, Robert Louis, Records, 86.  
82 Stevenson, Robert, (1850) ‘Memorandum’ NLS/Acc.10706/124.  
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rest of the world likely reflects Alan’s view of how future researchers might want to interact with the 

materials.  

 Alan also limited the material in his collection by format, retaining a large volume of 

business papers that were later bought from the Stevenson family and are now in the NLS as 

Acc.10706. 83 MSS.5843-5896 holds only visual materials, mostly large format maps, plans and 

engineering diagrams. Acc.10706 holds mostly letters, accounts, journals, notebooks and other text-

based materials, although a small number of maps and plans were uncovered at a later date and 

form part of this collection. This broad separation by format has been largely replicated by the 

organisational structures of the National Library of Scotland where maps and other large format 

visual materials are stored separately from manuscripts and managed by different members of staff.  

The third set of papers held by the NLS relating to the Stevensons is a small collection 

entitled Acc.4215. This collection’s organisation is similarly reflective of the archival logic developed 

by the Stevenson family. This collection is sorted by a combination of project type, for example 

‘harbours’, and project location, for example ‘Wick’.84 The NLS, following the principle of archival 

respect des fonds, retained the volume numbers ‘originally allocated by the firm’.85 Such replication 

of the Stevensons’ ordering, selection and labelling practices enables us to recover more of the 

organisational logic that they used during archivisation – in this case the significance of 

understanding projects as examples of a broader project type, and the importance of certain 

geographical locations – Wick, for example, was particularly talismanic within the Stevenson firm’s 

history for reasons explained in chapter seven.  

 

 
83‘Stevenson Collection List’ National Library of Scotland Website, https://www.nls.uk/collections/rare-
books/collections/stevenson-list/ [Accessed 3 October 2021].  
84 Records of Robert Stevenson & Sons, Civil Engineers. 
https://manuscripts.nls.uk/repositories/2/resources/7339 [Accessed 3 October 2021], 2, 6.  
85 Records of Robert Stevenson & Sons, Civil Engineers. 
https://manuscripts.nls.uk/repositories/2/resources/7339 [Accessed 3 October 2021], 2. 
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Website as Archive 

As does Derrida in Archive Fever, theorists often begin by acknowledging that an archive is a physical 

space within which records are held, in addition to being a concept stretching beyond physical 

location.86 The physical site of the NLS, and particularly the practical issue that different types of 

document must be stored in different places makes it more difficult to link documents in the maps 

collection with the rest of the business archive.  

While undertaking my research, I worked with the NLS to improve the accessibility of the 

Stevenson maps and plans and minimise the influence of the geographical distance between the 

maps and plans and the business records through digital methods. I created a website using GIS to 

display the geographical distribution and extents of the maps and plans of Scotland in the Stevenson 

collections in a different and more easily accessible way.87 Cook and Schwartz emphasise that 

archivists have a ‘responsibility to be self-consciously accountable for documenting their practice 

with open transparency’.88 In making this resource, I engaged in archival interpretation and 

generated archival apparatus that encouraged a geographical approach to the Stevenson archive. 

My decisions when creating the website were conditioned by the circumstances of the archive as I 

found it – the existing catalogues and indexes, the storage conditions, and the existing geographical 

organisation of many of the maps and plans.  

My practical development of the online resource evolved alongside my analysis of the 

Stevenson archive, mutually reinforcing the significance of geography in understanding the 

Stevensons’ work. While it was possible to interact with the website in different ways, for example 

filtering the maps and plans by subject, date and size, or searching by key word, the use of a map 

interface foregrounded geographical approaches. This made it harder to find non-geographical 

materials, for example drawings of vehicles or machinery that were not associated with a particular 

 
86 Derrida, ‘Archive fever’, 9.  
87 Dishington, Rachel, (2019) ‘The Stevenson maps and plans of Scotland, 1660 – 1940’, 
https://maps.nls.uk/projects/stevenson/  [Accessed 12 December 2019] 
88 Cook, Terry and Joan M. Schwartz, (2002) ‘Archives, records, and power: from (postmodern) theory to 
(archival) performance’ Archival Science, 2, 183.  
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place. The website, like this thesis, only includes material relating to Scotland. This practical 

consideration reflected the time available and the workload required, as well as mirroring the 

separation method of D. Alan Stevenson in MSS.5843-5896, suggesting the Stevensons similarly 

considered their Scottish work to be distinct from their operations elsewhere. 

Other Stevenson sources and archives 

The materials at the NLS do not include everything ever generated by the Stevenson firm. The 

Stevensons generated a wide array of published work in a range of genres including engineering 

textbooks, project or travel narratives, biographies and, in the case of Robert Louis Stevenson, 

novels, poetry and essays. Using the family as an organisational device, I searched records held by a 

range of contemporary institutions including the Institution of Civil Engineers, UK Parliamentary 

Papers, Wick Harbour Trust, British Association for the Advancement of Science, and the Board of 

Trade. I traced and studied references to the Stevensons and their works in contemporary 

newspapers and periodicals. Such references provided a vital additional resource for understanding 

the family, offering external perspectives. As I show in this thesis, for many family members 

controlling the narratives, reputation and legacy of their engineering ancestors was an ongoing and 

intentional activity. By locating alternative perspectives not featured in the Stevensons’ own version 

of their history – their own archive – it is possible to uncover the complicated, negotiated and 

contingent processes by which they secured their reputation and expertise. 

Beyond these scattered paper traces that made their way into a variety of archives, we can 

also stretch the concept of the Stevenson archive to include other types of record: as Lorimer points 

out ‘there are archives to be found embedded within the field’.89 If we include all traces left by the 

activities of the Stevensons, then still extant technology, infrastructure and changes to the landscape 

generated by the firm become part of the archive. The lighthouses, harbours, roads and railways 

that they built, and the riverbeds and estuaries that they altered are another type of record 

 
89 Lorimer, Hayden, (2010) ‘Caught in the nick of time: archives and fieldwork’ in DeLyser, Dydia, Steve 
Herbert, Stuart Aitken and Linda McDowell (Eds) The SAGE Handbook of Qualitative Geography, London: SAGE 
Productions, 257.  
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Figure 2.2: The remains of the Stevenson breakwater, Wick Bay. Photographs by the author (October 2018). 
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of the activities of the Stevensons.  These physical traces have undergone their own processes of 

preservation or decay within their own local contexts, have been ascribed and reinscribed with new 

meanings as parts of dynamic and changing landscapes and can be brought into dialogue with the 

paper records held in more traditional archive spaces in creative and interesting ways.    

This expansive view of the archive presents significant challenges to the historian, even using 

biography as a focusing tool to sift through the excess of the modern archive. The sheer number of 

traces of the Stevensons and their work created over the course of more than a century and 

preserved all over Scotland and further afield makes the comprehensive discussion of everything 

they did impossible. For these reasons and in order to explore aspects of their work informed both 

by its contemporary context and by modern scholarship, this thesis takes a case study approach, 

focusing on specific projects in particular places to illuminate broader issues in the historical 

geography of engineering. Instead of attempting to source, read and interpret every record relating 

to the Stevensons that has survived, I use a smaller set of thematically-linked sources relating to a 

specific project from which to investigate broader themes.  

Archives do not provide access to a single, final and closed meaning. Contextualisation of the 

Stevenson archive enables the researcher, as Ketelaar suggests, to ‘investigate multiple meanings by 

interrogating not only the administrative context, but also the social, cultural, political, religious 

contexts of record creation, maintenance, and use - in other words, by interrogating the archive's 

semantic genealogy’.90 These multiple meanings provide insight into landscape, power and 

engineering in the past, as well as the changing ways in which the Stevenson family sought to make 

sense of their own work and history. By drawing attention to these issues, I hope, as Cook and 

Schwartz advocated, to be transparent about the ways in which the archive has facilitated, and also 

constrained my research.91  
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Visual culture in the Stevenson archive 

The Stevenson archive is diverse in its type and contents. It contains maps, plans, diagrams, letters, 

notebooks, scientific datasets, journals, account books and many other records. The firm used 

different record types in combination to intellectually produce the landscapes they worked in. 

Analysis of this archive, therefore, requires sensitivity to the differences between these forms. 

Without the synthesis of visual, textual and other types of records, the researcher risks 

misinterpreting the family’s work. Although the archival context has separated the material by type, 

meaning for the Stevensons was constructed across and between forms. Any study addressing the 

processes and practices of their engineering must therefore consider a range of different types of 

material.  

 Different types of source material are validated by different practices and logics. While all 

materials are produced by someone for some purpose, and are therefore constructed, this process is 

more obvious in some genres than others. Novels and poetry, for example, are not generally taken 

to directly represent the world or the author’s perspective on it, and must be interpreted in order to 

generate such insights. A similar process of interpretation applies to sources that present themselves 

as direct, scientific reflections of reality such as maps, datasets and photographs.  

Maps, Plans, and Diagrams 

There are 2,147 maps, plans and diagrams of Scotland held in the NLS Stevenson map archive. The 

majority of the plans are detailed representations of a particular site, landscape feature or artefact, 

drawn in relation to a particular project. The archive includes reference material made by other 

mapmakers, including Admiralty Charts, Ordnance Survey maps, copies of older Gordon maps and 

nineteenth-century plans by engineers such as Thomas Telford, Robert Bald, Thomas Grainger, and 

John and Alexander Gibb. In addition to the maps, the archive also contains 101 diagrams of 

machinery, devices and other non-geographical features.  

The maps, plans and diagrams are diverse. They differ in size from small tracings, 

approximately A5 size, to rolled maps over several square metres which require several people to 



   

47 
 

unroll. They differ in terms of type of material, bindings, condition, and difficulty of interpretation 

due to faded ink, inconsistent spelling, or indecipherable handwriting. This suggests the range of 

uses to which these visual records were put by the Stevensons: office copies were likely used as a 

visual means of working through problems and communicating ideas quickly and informally while 

large, detailed, and visually impressive maps were intended to demonstrate their claim to 

authoritative knowledge or to emphasise the significance and scale of the project.  

As Harley and Woodward have argued, maps ‘have an ”extraordinary authority," even when 

they are in error, that may be lacking in other forms of images’.92 Harley’s work challenged 

conventional histories of cartography which accepted what he calls the ‘scientistic rhetoric’ of 

mapping that saw maps as ‘an unquestionably 'scientific' or 'objective' form of knowledge 

 
92 Harley, J. Brian, and David Woodward (Eds) (1987) The History of Cartography. Volume 1. Cartography in 
Prehistoric, Ancient and Medieval Europe and the Mediterranean. Chicago: University of Chicago Press, 2. 

Figure 2.3: Consulting engineering plans of different sizes from the Stevenson archive in the Map Reading 
Room in the National Library of Scotland. Image courtesy of the National Library of Scotland 
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creation’.93 This empiricist approach to maps led to histories of cartography that offered a narrative 

of progress towards perfectly precise and accurate maps. Maps which did not comply with these 

requirements, including early or non-Western maps, were seen as culturally or historically inferior – 

a foil against which a narrative of cartographic progress was constructed. In opposing this 

interpretation, Harley considered maps as a tool through which certain ways of understanding space 

were codified and imbued with authority and others were omitted based on the social conventions 

and assumptions governing the work of the mapmaker.  

Harley’s work has had significant impact on the way that maps were studied, chiefly towards 

a focus upon mapping as a contextually situated and historically contingent practice. Edney has 

expanded this approach beyond the mapmaker to focus on discourse, which he defines as ‘the 

regulated network of representation’ involving a ‘network of people who produce a coherent set of 

texts, circulate them and consume them’.94 Edney suggests that meaning is constructed dialogically 

between users and creators through the semiotic conventions of the shared discourse, placing maps 

and plans within a series of intertextual relations that construct their meaning, rather than isolating 

them as non-verbal and self-explanatory.  

Using this approach, maps are understood not simply as reflections of the world but as a 

‘graphic language’ encoding complex meanings.95 Their construction, characteristics and features are 

shaped by the ‘semiotic conventions and institutional rules’ of discourse, which change over time.96  

These rules and conventions govern what is possible and what is assumed in the creation and 

interpretation of any map. Scientific visualisations such as diagrams are also always embedded in 

and conditioned by contemporary cultures of scientific knowledge. Kusukawa, for example, has 

explored shifts in scientific diagrams drawn by Richard Waller and Henry Hunt for the Royal Society. 

Where earlier diagrams aimed to present an idealised type of a specimen using artistic judgement, 

 
93 Harley, J. Brian, (1989) ‘Deconstructing the map’ Cartographica. 26:2, 1–2.  
94 Edney, Matthew H., (2014) ‘Academic cartography, internal map history, and the critical study of mapping 
processes’, Imago Mundi, 66:sup1, 95 – 6.  
95 Harley and Woodward, The History of Cartography, 4; Harley, ‘Deconstructing the map’, 7. 
96 Edney, ‘Academic cartography’, 96.   
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later diagrams tried instead to faithfully record the details of one particular individual specimen. 

Kusukawa linked this shift in visual production with the wider movement from the ideal to the 

particular, from expert judgement to mechanical observation, demonstrating the important role 

images played in the construction of scientific knowledge in the early Royal Society.97 

It is therefore important to understand how visual materials were used in nineteenth- 

century British engineering in order to interpret the maps, plans and diagrams in the Stevenson 

collection. Ferguson presented visualisation as an important part of engineering thought; an 

engineer ‘thinks with pictures’.98 The process of design, he argued, ‘translates a picture held in his 

[the engineer’s] mind into a drawing that will produce a similar picture in another mind and will 

eventually become a three-dimensional engine in metal’.99 While Ferguson’s model of transference 

of the imagination of the designer into reality was simplistic, his work drew attention to the 

importance of visual methods in the historical development of engineering.100 Belosfky, and later 

Brown, analysed the differences in conventions of engineering diagrams between nations, 

suggesting that such outputs were representative of wider differences in national engineering 

cultures.101 Mori suggested (in response to Belofsky) that early engineering diagrams were 

considered by mechanics to be ‘heavenly documents’ that were ‘rarely copied and indeed were 

rarely seen by anyone except foremen and managers’.102  

These theorists interpreted the role and purpose of engineering diagrams narrowly, as 

simply a method of instructing manufacturing workers to make something.103 This interpretation 

understated the complexity of engineering drawing as a creative process of visualising and 

 
97 Kusukawa, Sachiko, (2011) ‘Picturing Knowledge in the early Royal Society: the examples of Richard Waller 
and Henry Hunt’ Notes and Records of the Royal Society, 65:3, 273 – 294.  
98 Ferguson, Eugene S., (1977) ‘The mind’s eye: nonverbal thought in technology’ Science, 197:4306, 828.  
99 Ferguson, ‘The mind’s eye’, 828.  
100 Ferguson, ‘The mind’s eye’. 
101 Belofksy, Harold, (1991) ‘Engineering drawing-a universal language in two dialects’ Technology and Culture 
32:1 23 – 46; Brown, ‘Working drawings’ 
102 Mori, Sadahiko and Harold Belofsky, (1992), ‘Comment and response on "Engineering drawing-a universal 
language in two dialects" Technology and Culture 33:4, 853. 
103 Ferguson, ‘The mind’s eye’; Brown, ‘Working drawings’; Belofsky ‘Engineering drawings’ 
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representing an imagined reality, and ignored questions of interpretation and the uses of 

engineering plans. Robertson suggested an alternative interpretation, arguing that ‘knowledge was 

made and defended by visual means in engineering’.104 Plans were not only instructions. In fact, this 

was often not their primary purpose, especially in civil engineering where, unlike in mechanical 

manufacturing, approval and funding had to be secured before the creation of the product. While 

engineers did map real spaces using many of the same logics as other mapmakers, they also used 

plans to represent objects that did not yet exist. In doing this, engineers had to construct a different 

kind of visual objectivity based on calculation rather than observation. Plans were used to construct 

and communicate what Robertson calls ‘fantasy visualisations of perfect mechanical servants that in 

reality would be much more messy and unreliable’.105 The ability to create successful visualisations, 

or imagined future geographies, was key to civil engineering success and required a combination of 

visual skill, quantification, measurement and engineering judgement. 

The display of visual materials was also an important means of developing professional 

status.106 Robertson notes that the Great Exhibition of 1851 enabled elite engineers to achieve 

‘status as heroic individuals through visual display’.107 Dobraszcyk similarly argues that engineering 

diagrams were used to demonstrate expertise, understanding engineering diagrams as ‘mediating 

representations’ used to communicate ideas about London’s sewer system to contractors and the 

public.108 Nystrom analyses the use of visual materials to convey status on engineers using the 

concept of a developing ‘visual culture of mining – a set of practices, artifacts and discourses tied to 

visualizing underground mines [which] … helped render underground mines – as spaces and as 

businesses – more predictable, controllable, and understandable’.109 By producing maps and models, 

 
104 Robertson, Frances, (2013) ‘David Kirkcaldy (1820–1897) and his museum of destruction: the visual 
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engineers were able to reshape how mines were imagined, as well as to claim expert knowledge of 

mine environments that eluded even the most experienced miners and thus to confer privileged 

status upon the engineer, not the miner. 

In analysing the Stevenson archive, therefore, it is important to consider the conventions 

and rules governing how visual materials were constructed and interpreted within the specific 

context of nineteenth-century engineering. This required attention to practices of measurement, 

data collection, surveying and drawing that formed the basis of visual representations that were 

considered a trustworthy representation of an artifact or geographical space. In chapters four and 

five in particular, I analyse how the Stevensons understood and demonstrated their effectiveness at 

the processes of measurement, observation, surveying and mechanical drawing that were involved 

in the creation of visual engineering materials.  

 

Instrumental Data 

While most records are analysed with an awareness of their mediation between reality and its 

representation, some methods of creating records have historically escaped this scrutiny. Daston 

and Galison argue that, in the nineteenth century, data generated by instruments, either through 

observations taken with a measuring device or, more recently, records directly generated by 

machines such as cameras, sensors and computers began to be constructed as more reliable than 

human observation.110 Vested interest, insufficient sensory capacity, imprecision, or simple mistakes 

might influence human observation but would be eliminated by the introduction of data generated 

by machine. Daston and Galison describe this as a culture of ‘mechanical objectivity’ – the intention 

to remove all human influence over image-making for the sake of greater scientific reliability.111  

Robertson describes this as ‘getting nature to represent herself’.112 This drive shifted cultures of 
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science to prioritise ‘mechanical indefatigability, indiscriminate objectivity and optical reliability’.113 

As Withers and MacDonald argue in the context of geographical works, ‘observation, inscription, 

reliance upon instrumentation, and trust in numbers went hand in hand’.114  

These issues are discussed in the following chapters in relation to the Stevensons’ work with 

and reliance upon instruments. Tachometry, hydrometrical observation and the importance of 

measurement in river engineering will be discussed in chapter five. Chapter six analyses attempts to 

present fog signalling devices as ‘instruments of precision’. Chapter seven considers how Thomas 

Stevenson’s wave dynamometer was used as a source of authority in the aftermath of the 

destruction of the breakwater at Wick. By situating accounts of instrumentally collected data within 

the structures of knowledge that shaped their creation, I explore how instruments were implicated 

in the construction of engineering knowledge about a place, in engineering judgements and the 

evaluation of scientific theory, and in the demonstration of expertise. 

 

Telling family stories and stories of families 

People tell stories to create logical order from the events that they experience, to provide examples 

of moral righteousness that should be followed, to generate empathy or to shape an imagined 

community around (often national) heroes or villains. Stories can engage a reader in a compelling 

way and conveying new insights on a situation, as has been demonstrated by geographers who have 

used narratives about individuals to write historical geography.115  

Considering the power of such narratives to change perceptions, to generate sympathy, 

empathy or identification, writing the lives of deceased individuals and therefore shaping how they 
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are remembered requires the researcher to consider issues of power, responsibility and 

accountability. As Browne argues, narratives about scientists have often been deployed to support 

particular understandings of science in the present. Charles Darwin’s fame, for example, should be 

seen as ‘a historical phenomenon in its own right, as something that needs to be investigated, 

problematized and contextualized’.116 MacLeod similarly argues that the construction of engineers 

and inventors as national heroes can tell us a lot about the particular cultural circumstance of mid-

Victorian Britain.117 

White acknowledges that this presents ethical dilemmas. She reflects on her retelling of her 

family’s history as the destruction of existing narratives crafted by and important to others: ‘With 

words, too, I am destroying, smashing up, the world of the family. I do not mean to do anyone any 

harm. Will I be forgiven for my transgression?’118 Aware of the emotional significance of the myths of 

family history that her work analyses, she acknowledges the possibility that her research into her 

familial archive will be viewed as overstepping her role as ‘the keeper of secrets, the family 

archivist’.119  

There is a conventional way of telling the story of the Stevenson family. As Guterl argues, 

traditional biography of an individual tried to ‘explain his or her consequence’.120 In work on the 

Stevensons, this meant narrating the construction of key lighthouse projects such as the Bell Rock, 

Skerryvore, or Muckle Flugga. Birth and death dates were noted, alongside membership of learned 

societies, key inventions and lists of publications. The Stevensons’ achievements were lauded. Two 

different writers described the family as ‘remarkable’.121 Their works were ‘songs in stone to the 
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greater glory of God and Scotland’.122 Such consistent praise of the Stevensons could lead us to ask, 

as Buchanan did in 1987, ‘Have we succumbed to a form of hero-worship in engineering history?’123  

Buchanan’s question stems from a survey of engineering biography reaching back to the 

earliest works of the genre. In particular, he references Samuel Smiles’s Lives of Engineers (1862). 

Smiles compiled biographies of eminent engineers of the late eighteenth and early-nineteenth 

centuries as part of what Buchanan terms ‘argument by cumulative biographical anecdote’.124 By 

retelling the lives of successful engineers, Buchanan claims that Smiles attempted to inculcate 

virtuous behaviours like hard work and self-discipline in readers.  

Historical geographers have questioned this approach to writing lives. McGeachan begins 

her examination of biographical approaches by reflecting on Scarparo’s questions: ‘Whose lives are 

worth living? Whose lives are worth writing about? Whose lives are worth remembering?’125 Instead 

of viewing biography as an argument for the importance of the person being described, Guterl asks 

instead what lives can tell us about the past. He argues that ‘every life tells us something new and 

exciting; every life has consequences for what we can write and imagine’.126  

Taking Guterl’s approach that any life can increase our understanding of some aspect of the 

past, the choice of subject is relevant not for their importance but for the issues about which the life 

can inform us. The choice of the Stevenson engineers specifically recognises that some lives leave 

more traces than others. While innovative and creative work has been done with unusual source 

materials on lives otherwise difficult to trace, the practical constraints of what materials are 

available and how those materials are stored and organised has a significant impact upon the 
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possibilities of archival work on specific individuals.127 Thus one major reason that I focus on the 

Stevensons is the extent, organisation and relative ease of access to their archive.  

A focus on the Stevensons can address the problem of an overabundance of archival 

material. The engineering profession grew significantly in the nineteenth century, and the records 

generated by the profession likewise expanded.128 In response to this well understood problem of 

the modern archive, Guterl suggests that individual lives can be used ‘strategically, like a levee, to 

direct a story that might spill sideways into other areas’.129 Using the Stevensons as a focus means 

that it is possible to make a meaningful contribution to the understanding of nineteenth-century 

engineering while still providing a coherent and focused study.  

The question remains, however, of how to frame a history focused on the Stevenson family. 

Newer biographical works disrupt conventional approaches that follow an individual from birth to 

death. Instead of presenting a narrative arc shaping a life as inherent, scholars instead draw 

attention to how they have constructed narratives from fragmented and incomplete records. This 

approach has been referred to as ‘writing inside the kaleidoscope’.130 While lives exist outside of 

their traces, the historian can only observe refracted and distorted fragments. That which exists 

beyond or outside of archive – outside of the kaleidoscope – cannot be recovered: it can only be 

deduced and then imperfectly from the refracted light that remains.  These fragments, if preserved 

at all, are preserved in a particular form and for a specific purpose through processes of 

archivisation.  

Geography has become a fundamental part of these new biographical approaches. Since 

Daniels and Nash made the case that ‘life histories are also, to coin a phrase, life geographies’, 
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historical geographers following scientists have challenged the centring of a coherent and 

unchanging individual self and instead emphasised a series of locational identities, connected to one 

another but influenced too by their specific spatial context. 131  

It is important to recognise that individual lives were not always shaped by contexts in easily 

identifiable and straightforward ways. As Niskanen and Barany note, ‘making a scholar is both an 

individual project, entailing training and discipline, and a cultural and institutional project shaping a 

field of behaviours and socialities that define the conditions of knowledge production and the reach, 

credibility, and meaning of the knowledge so produced’.132 It is therefore important to consider both 

individual agency and cultural context in how we understand the history of science and engineering. 

This thesis does not intend to make the Stevensons stand for all engineers. But because engineers 

were embedded within social, cultural, material and geographical contexts which fundamentally 

shaped their knowledge and practice, and the landscape that their practice produced, the study of a 

small group such as the Stevensons can illuminate bigger questions.  

When undertaking a study focusing on individuals, it is important to consider how to situate 

those individuals within their contemporary society: to choose, as Hodder puts it, to see ‘a life as 

text or context’.133 Historically, the lives of the Stevensons have been treated as text – historians 

have been concerned with evoking the personality, character or abilities of the Stevensons rather 

than using them as a way to interrogate their society. By analysing the Stevensons with a focus on 

what their experience can tell us about nineteenth-century engineering, the ‘cracks and slippages 

inherent in otherwise smooth historical narratives’ about engineering work are foregrounded. 134 As 

is discussed in chapter three, historians of engineering have begun to challenge traditional narratives 
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of progress, modernisation, institutions, and heroes in engineering. A specific focus on the 

Stevensons, therefore, can illustrate the flaws with overarching ‘progressivist’ narratives and enable 

us to develop more nuanced understandings of how wider processes such as modernisation, 

scientism, quantification or professionalisation were enacted by the practical actions of individual 

people in specific places. As McGeachan suggests, a narrow focus allows us to explore ‘the patterns 

of intersection between individual life stories and vast global histories’.135  

Individuals do not fit easily into a single context: they spatially and temporally transgress 

easy analytical boundaries. The ability to follow individuals between different contexts to provide 

deeper understandings of the connections between seemingly disparate things is one of the most 

exciting elements of new biographical work. Nicola Thomas, for example, examines the archive of 

Mary Curzon with attention to international interpersonal networks, considering issues of sickness 

and fertility from a transnational perspective.136 A focus on the Stevensons enables me to bring 

together engineering practices usually separated by discipline, or by divisions between theoretical 

and practical work. It also allows me to follow the Stevensons geographically as well as historically 

through a range of places where they conducted their engineering, including working sites, the 

engineering office, the lecture theatre, and the family home.  

 

Family, Legacy and the story of the ‘Lighthouse Stevensons’ 

The Stevenson family was aware of the power of narrative and considered their family’s reputation 

and the legacy of their ancestors important: family members worked hard to ensure themselves and 

their ancestors were remembered in a particular way. They wrote biographical and auto-

biographical accounts, and, when their ancestor’s actions were questioned, were quick to intervene 

in their defence. David Stevenson justified writing his father’s biography in 1878 because ‘Robert 

Stevenson’s long practice as a Civil Engineer – the important works he executed – and the valuable 
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contributions he made to Engineering and Scientific literature, seem to me to require a fuller notice 

of his life than has hitherto been given’.137 Robert Louis Stevenson wrote prolifically of the family in 

poetry and prose, including a book length biography of his grandfather, describing him as ‘a man of 

the most zealous industry, greedy of occupation, greedy of knowledge, a stern husband of time, a 

reader, a writer, unflagging in his task of self-improvement’.138 He published an essay on his father, 

writing that ‘his service to mankind took on forms of which the public knows little and understands 

less’.139 For Louis, Skerryvore lighthouse, built by his uncle Alan, was ‘the noblest of all extant deep-

sea lights’. 140 The family’s lighthouses were ‘tall memorials’ [original emphasis] in memory ‘of those, 

my kinsmen and my countrymen,/Who early and late in the windy ocean toiled/To plant a star for 

seamen’.141  

Louis developed and publicised the notion of the Stevensons as an engineering dynasty 

perhaps more than any other member of the family. This narrative required the exclusion of non-

engineers from the family history, except in peripheral or supporting roles. Ames notes that ‘it was 

only by ruling himself out of such ancestry that [Louis] Stevenson was able to create and prolong this 

idea of the ‘family profession’ of ‘Scotch Lighthouse Engineers’; the family only exists in this state 

when non-conforming members, like [Louis] Stevenson, are weeded out. The ‘Lighthouse 

Stevensons’ are a construction’.142 

This construction has continued to animate how historians have analysed the Stevenson 

family. In most biography, the topic of study is the life of one individual, and meaning is located 

within a narrative of individual growth and development. In discussing the Stevensons, however, 

biographers have written collective, as opposed to individual, biographies of the eight Stevenson 
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engineers which largely exclude members of the family such as Robert Stevenson’s second son Bob, 

or Alan’s son, also Bob, who did not follow the profession.143 Paxton used the concept of an 

engineering ‘dynasty’ to explicitly present engineering status and expertise as a family trait.144 For 

Leslie and Paxton, the Stevensons were ‘one of the world’s most remarkable engineering families’.145 

What it meant to be an ‘engineering family’, however, is not obvious. Despite the frequency with 

which the Stevensons were referred to as an ‘engineering family’ or ‘family of engineers’, there has 

been little analysis of the relationship between family and engineering.  

Drawing on insights about the significance of family, and the associated concepts of 

domesticity and the home, from other fields, particularly gender history, historians have begun to 

consider how such issues related to scientific work.146 As Blunt argues, the home can be seen as both 

‘a material and an affective space, shaped by everyday practices, lived experiences, social relations, 

memories and emotions’.147 Cultural geographers have explored the geographies of home from a 

range of perspectives, as material architectures but also as a place of dwelling and cohabitation, 

crucial to the construction of identities, social relations and perspectives.148 Such an approach has 

only recently been applied to the intersection between home, family and scientific work. 

Assumptions and prescriptions about the proper relationship of women, family and domestic spaces 

with science, as well as instances of creative reinterpretation of such discourses, have been 

considered through a range of studies.149 Opitz, Bergwik and van Tiggelen argue for the ‘historical 
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significance of domestic matters for the production of scientific knowledge’ in contexts ranging from 

early twentieth-century Swedish oceanography to Indian technomigrants to the United States 

between 2007 and 2010.150 They see ‘the domestic’ as a neglected site within which scientific ideas 

could be generated, discussed and refined, and consider how the gendered ideology of domesticity 

structured scientific activity even when it took place in sites traditionally considered public.  

Secord notes the difficulty of choosing a scale within which to contextualise historical 

individuals, contrasting sociological approaches that considered ‘well-defined communities of 

practitioners’ like Andrew Pickering’s Constructing Quarks (1984), with works such as Shapin and 

Schaffer’s Leviathan and the Air-Pump, Hobbes, Boyle and the Experimental Life, (1985) which 

‘looked to wider debates in politics and religion’.151 Both scales can provide important insights. By 

following the Stevensons through the contexts that were meaningful to their practice in particular 

situations, this thesis transitions between a range of scales. In their publications and addresses to 

engineering and scientific societies, the Stevensons were engaged in, and influenced by, larger 

debates over the nature of engineering as a whole. In their daily practice, however, these debates 

were interpreted and made material through the conventions developed by close communities of 

practice. For the Stevensons, I would argue, the close community that mattered was the family.  

Despite the ongoing use of family as a way of framing narratives about the Stevensons and 

their work, and the frequency with which engineering in the nineteenth century ran in families – the 

Brunels, Stephensons, Gibbs and Rennies are famous examples – complex engagement with the 

family as a source of knowledge and community of practice has rarely featured in our understanding 

of engineering. This thesis interrogates this framing, considering how family relationships 

contributed to engineering epistemology, practice and reputation - what, in other words, it meant to 

be specifically a Stevenson engineer.     
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Reflections 

One matter that I have reflected upon in the course of the thesis has been the abundance of 

materials. In this research, I have had to make sense of a large and diverse archive. Although the 

majority of their work was conducted on rivers, harbours and lighthouses in Scotland, the 

Stevensons’ portfolio included projects in England, Wales and Ireland, plans for railways, 

monuments, roads and bridges and interests in meteorology, oceanography and geology. They were 

also ‘keenly interested in all sorts of things far removed from engineering’ including religion, poetry, 

archery and ice skating.152  

Hodder suggests that a focus on an individual life may provide the opportunity to transgress 

traditional national boundaries in historical writing.153 In the case of the Stevensons, however, I 

expanded beyond one individual to acknowledge and explore the importance of family name and 

reputation, and familial relationships in their engineering epistemology and practice. In order to 

explore the Stevensons’ work without losing focus, therefore, I chose to focus on the work that 

comprised the majority of their archive, and the source of most of their fame: Scottish coastal 

engineering. Secord argues that ‘there is, of course, nothing wrong with a geographical focus, as long 

as it is not simply taken for granted – or, what is worse, assumed as a kind of global microcosm’.154 

This theme enabled me to explore disciplinary and geographical diversity, addressing education in 

Edinburgh, work on rivers in both the east and west of the central belt, fog signals at lighthouse 

stations around the coastline and a harbour in Caithness, while maintaining thematic connections 

between case studies. It also enabled me to challenge the centring of the terrestrial, urban and 

metropolitan in histories of technological development, scientific theory and landscape change and 
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reorient my inquiry towards coastal spaces and communities that have often been overlooked and 

dismissed as unscientific and remote.155  

Archival research as a method is itself inherently limited. Schwartz acknowledges that ‘We 

disassemble albums, mat watercolours, and lift photographs from pages, reducing visual narratives 

to individual images. We ignore the significance of intertextuality when we remove and flatten maps 

originally folded and bound into reports’.156 The historian can only study that which was preserved in 

its current form. The documents in the Stevenson archive were working papers, used dynamically. 

They were consulted, ordered and reordered, sorted, stored, referenced and transported between 

locations. As Louis wrote of his father, Thomas Stevenson, ‘He would pass hours on the beach, 

brooding over the waves, counting them, noting their least deflection, noting when they broke. On 

Tweedside, or by Lyne or Manor, we have spent together whole afternoons’.157 The archive, 

however, collapses the materials constructed and used in the distinct places of Tweedside, Lyne and 

Manor into one, consistently ordered and fixed set of records. It is therefore only possible to recover 

some of the ways in which the documents held meaning for the Stevensons.   

 Another limitation of archival records is, as Schwartz and Ryan acknowledge with regard to 

photographs, that ‘unidentified, unattributed, or removed from their original documentary universe 

or narrative sequence - either permanently or temporarily by institutional preservation practices - 

photographs often resist efforts to ascertain authorial intent or intended audience, and cannot be 
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made to yield their original messages’.158 This is not only true of photographic evidence – many 

archival materials do not simply speak for themselves, and we must rather rely on contextual 

information to make sense of them. There are some items within the Stevenson archive that escape 

contextual understanding, whose meaning has been lost in the archive: a list of unexplained 

numbers in a notebook, sketches of bridges that do not include any reference to place, date or 

purpose, drawings on the backs or margins of diagrams, letters that have faded to illegibility. 

Without some kind of attribution or archival apparatus pointing towards their meaning, purpose or 

context, such records remain frustratingly opaque.  

Historical work can only analyse that which has been left behind. Many more things from the 

past have been destroyed than have survived, even in cases like that of the Stevensons where what 

remains seems abundant. It is only possible, therefore to achieve a partial, fragmentary 

understanding based on those records that have been preserved. As Louis reflected, ‘my 

grandfather’s unrivalled treasury of anecdote was never written down; it embellished his talk, while 

yet he was, and died with him when he died’.159  

 

Conclusion 

This chapter has shown that an archive is never neutral, but is always the result of choices made by 

people about what is valuable and should be kept and what can or should be disposed of, and why. 

Even before they are created, archival records are shaped by whether, how and for what purpose 

their creators imagine they will be archived. For the Stevensons, archiving and archival materials 

were important to the construction and maintenance of the family’s reputation, which was itself 

vital, as will be seen in later chapters, to their ability to convince interested parties to trust them 

with large-scale infrastructural projects.   
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Form and genre matter in attempts to present knowledge as authoritative. Much of the 

material preserved by the Stevensons was visual. Nineteenth-century visual culture attributed 

particular epistemic authority to some kinds of visual sources: those generated by rules-governed, 

machine-like processes or ‘mechanical objectivity’. In engineering, this concept of objectivity had 

specific meanings which were debated over time, as will be seen in discussions of measurement and 

drawing in chapters four and five. Subsequent work has demonstrated that this authority is 

conferred by underlying cultural assumptions and networks of power, rather than by any inherent 

feature of the map or diagram that is more ‘scientific’ or ‘objective’ than other kinds of record, and 

has suggested that historians should pay attention to the ways in which particular documents, maps 

or plans are constructed as authoritative. 

By critically analysing the processes of archivisation inherent in the Stevenson archive, it is 

possible to identify the structuring narratives that shaped the materials  I encountered during my 

research. Family played an important role in how the Stevensons imagined their history and 

structured their archive, and has consistently shaped how histories of the Stevensons have 

subsequently been retold. No history, however, has critically considered the Stevensons as an 

engineering family, and asked what this might mean for their engineering epistemology, practice 

and reputation.  

This study reinterprets the Stevensons in light of this critical approach to their archive and 

legacy. Rather than replicating accounts of them as individual geniuses whose consequence can be 

explained in isolation, I instead use their archive to uncover a different picture of nineteenth-century 

engineering, one which involved processes of learning, collaboration, compromise, approximation, 

ignorance, and failure. 
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3 

‘A profession, practice, narrative, or mode of knowledge creation’: 

historical geographies of science and engineering160 

Introduction: The Social Construction of Science and Engineering 

Since the late twentieth century, historians of science have questioned the assumption that science 

is outside of culture, isolated from human agency and revealed to scientists through an objective 

and universal scientific method. It has been suggested instead that scientific knowledge is not the 

gradual discovery of existing natural facts but something constructed through peoples’ actions.161 

Such ‘constructivist’ approaches commit to analysing science without assuming that the ontological 

status of knowledge is sufficient explanation for the belief of historical actors.162 Science is done, 

rather than discovered. This methodological commitment encourages histories of scientific 

knowledge that explore connections between science and culture and situate knowledge within the 

work that scientists do.   

For a long time, science was thought to be placeless and universal - true in all places. At the 

same time, however, it was held that scientific knowledge should be derived from empirical 

experience, which necessarily took place within a particular social and spatial context.163 This 

contradictory view is at odds with how scientific knowledge works in practice, both in the present 

and the past.164 In order to make science true everywhere, individual experience had to be made 
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universal. This process has been the subject of many historical accounts which outline the 

assumptions, standards and methods by which authority has been generated in the absence of 

direct experience. How scientists inspire trust has been the subject of significant discussion in recent 

years due to the perceived crisis of the so-called ‘post-truth’ era.165  

Accepting that scientific knowledge is made in specific places and becomes universal 

through mechanisms of trust, authority and power leads to the question of what these mechanisms 

were in particular contexts. In contemporary society, for example, Shapin argues that ‘we believe 

[scientists] because of their visible display of the emblems of recognized expertise and because their 

claims are vouched for by other experts we do not know’.166 What, then, we may ask, inspired the 

public to trust the knowledge generated by nineteenth-century engineers? 

Questions like this have animated constructivist approaches which, as defined by Golinski, 

look outside of scientific knowledge to explain how science works or has worked. 167 This term refers 

to a range of approaches that consider ‘social’ elements to be important in science, but do not 

necessarily agree on ‘how the social element in the making of scientific knowledge should be 

specified or what explanatory role should be ascribed to it’.168 This problem persists – what is social 

context, and how does it relate to the work of making credible scientific knowledge?169  

It has been established that particular scientific disciplines have their own methods of 

making scientific facts, which are accompanied by different expectations, assumptions and 

challenges.170 This study demonstrates by studying the Stevensons that engineering is no different. 
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Trust in engineers is as much situated within social and political domains as technoscientific ones. 

Yet it cannot simply be assumed that the processes of generating trust in science applied identically 

to engineering. Analysis of how the Stevensons made knowledge that was considered true and used 

that knowledge to shape social and physical space requires attention to their work within particular 

contexts.   

Historians and philosophers of technology have established that engineering differs from 

science in important ways. As Meijers notes, engineering is not exclusively ‘a body of systematic 

knowledge’ because engineers, unlike scientists, ‘do not aim at knowledge for its own sake, but 

rather at the development and use of knowledge for practical purposes’.171 Thus the knowledge of 

engineers includes non-scientific capacities associated with the deployment of engineering projects, 

including tacit expertise and craft skills, political acumen, financial organisation and management.  

Meijers’ suggests adapting Mitcham’s four modes of understanding technology – as a set of 

artifacts or systems of artifacts; a form of knowledge, a range of activities and practices or an 

expression of the will of its makers – as a way of thinking about what engineers do.172 Elements of 

this definition have been adopted by engineers to articulate their understanding of their work. The 

Institution of Civil Engineers in 2020, for example, defined engineering as the artifacts and systems 

created by engineers, as ‘everything you see that’s been built around us. It’s about roads and 

railways, schools, offices, hospitals, water and power supply and much more. The kinds of things we 

take for granted but would find life very hard to live without’.173 Layton noted that in the 1970s US 

engineers defined their profession on the basis of skill, specifically the ‘ability to design’.174 

Understandings of engineering have changed over time. Thomas Tredgold’s 1828 definition, as 

discussed in chapter one, defined civil engineering on the basis of its aims, as ‘the art of directing the 
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great sources of Power in Nature for the use and convenience of man’.175  He saw engineering 

fundamentally as a practice with a shared and unifying aim and a common attitude to nature, 

regardless of the methodology or knowledge involved. 

This chapter explores a range of contexts that have been used to explore the history of 

science and engineering. The first will expand on geographical approaches which argue that where 

science takes place is as important to understanding its history and its consequences as how it takes 

place. Having established an understanding of science and engineering as geographically situated, I 

turn to work that has highlighted particular types of activities. I consider approaches which 

foreground practice, considering how the construction of knowledge has been studied through 

detailed attention to the seemingly mundane details of what scientists actually do and the things 

with which they interact. I do so to suggest how these approaches might be applied to the history of 

nineteenth-century engineering. I then turn to the conceptual construction of ‘engineering’ as an 

activity related to but distinct from ‘science’. I discuss the ways in which philosophers of science and 

technology have conceptualised the relationship between science and engineering in the present, as 

well as historical works considering how people thought about the relationship in the past. The final 

section addresses engineering explicitly as a method of exercising power and authority over space 

and people. I consider histories of technology and engineering that challenge older, progress-based 

and design-centric accounts of what engineers do, and examine the ways in which engineering has 

been located within networks of state and colonial power and as a profession with growing levels of 

status and prestige.  

I argue that engineering, for too long historiographically neglected due to untested 

assumptions that it was ‘simply’ applied science, entailed distinctive specialist knowledge and 

practice which, importantly, were made in particular locations. Engineers needed to generate 

significant levels of public and institutional trust in order to make changes to the landscape, and 
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these changes in turn were often implicated symbolically and practically in the expansion of power. 

Detailed attention to geographies, practices, epistemologies, and identities, therefore, is vital to 

understanding the Stevenson’s work in engineering and its implications.   

 

Spatial contexts and historical geographies of science  

Recent historiography has drawn attention to the importance of place in science, considering how 

science is made and engaged with in particular places and how it moves between them. Early work 

by historical geographers such as Shapin, Ophir and Livingstone pointed out that, although the 

cornerstone of many claims to the credibility of scientific knowledge was universality – that science 

is definitionally true everywhere – scientific knowledge is in fact always made in a particular place.176 

Prior to this theoretical innovation, universality was such a cornerstone of credibility that to argue 

that science had been shaped by a particular geographical location was equivalent to suggesting that 

it was not true. As Shapin put it, ‘truth is – and, arguably, always has been – the ‘view from nowhere’ 

and the claim that knowledge is geographically located is widely taken as a way of saying that the 

knowledge in question is not authentically true at all’.177 With the advent of spatial thinking, 

historians began to ask how knowledge produced in some places came to be considered universally 

true while other knowledge remained local, how, as Secord puts it ‘does it cease to be the exclusive 

property of a single individual or group and become part of the taken-for-granted understanding of 

much wider groups of people?’178 Such inquiries encompassed science in a range of locations: the 

places where science was made or discovered; the contexts within which science was justified, 

explained, interpreted and challenged and the means by which knowledge moved between these 

contexts. Secord encouraged readers to ‘think about knowledge-making itself as a form of 
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communicative action’ that took place across a range of geographical spaces using different media 

and involved different people.179  

Over the course of the nineteenth century, science was undergoing massive epistemological 

and organisational shifts.180 This process of transition was gradual, uneven, particular to individual 

scientific disciplines and technical professions.181 Diverse amateur and leisure science practices 

persisted alongside and in dialogue with professional science throughout the nineteenth century.182  

One space that has been much studied in order to understand how science works spatially is 

the laboratory. As Kohler points out, laboratory spaces are produced within their temporal and 

spatial milieu and the concept of the laboratory has therefore been applied to a range of institutions 

over time that do not necessarily closely resemble one another: the technoscientific laboratory of 

the present day looks quite different to the chemical laboratories of the early modern period, for 

example. 183 Rhetoric around the laboratory, however, has consistently collapsed the specific 

temporal and geographical distinctions of a particular laboratory environment to produce a 

‘placelessness’ which enables claims to be presented as authoritative in all times and places.184  

Laboratories are often thought to share a particular relationship with the nature that they 

study. Specifically, they are thought to produce their subjects of study in isolation from the wider 

systems outside the laboratory. The geographical location of the laboratory is therefore, in theory, 

not significant because laboratories are thought to remove the influence of place. Such claims deny 
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the geographical particularity of the laboratory space, despite the fact that it is in reality 

characterised by a series of physical characteristics, customs, and practices that are unique to that 

laboratory, as Latour has pointed out.185 As Latour has shown, laboratories have particular spatial 

configurations and are embedded within particular geographical space: they are themselves a kind 

of field site. In order to construct knowledge that is considered universal, scientists must make their 

knowledge travel beyond its context of production. They do this through the deployment of 

materials such as specimens, papers, and journal articles.186  

While traditional constructions hold that the laboratory produces its objects of study in 

isolation, scientists who engage in field work observe nature in context and legitimate their insights 

on the basis of a different spatial logic. The physically rooted nature of a researcher in field science 

who makes observations of and within a particular place is instead vested with epistemological 

significance on the basis of direct encounter and an immediacy of lived experience that serves to 

authenticate claims made there.187 Fieldwork is also attended with its own epistemological 

challenges, for example the difficulty in accounting for all elements within a dynamic geographical 

system, the short-term nature of the encounter and the unstable status of the field researcher. As 

Kuklick and Kohler note, the geographies of field science meant that scientists often operated in 

close physical proximity with other people as ‘go-betweens’ – locals, traders, tourists, colonial 

officials and others. Such proximity could lead to instability of identity and the incorporation of 

discourses associated with other cultural spheres into discussions of science.188 Kohler argues that 

this closeness led field researchers to draw on conventions of behaviour associated with credibility, 

competence and trust in these other spheres in order to authenticate their work.189 Others have 
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analysed how scientists have adopted the conventions of other geographical spaces such as meeting 

rooms, lecture halls, private homes and gardens in order to legitimate their knowledge claims.190 

Where laboratories eventually established their own spatial politics and behavioural expectations 

within dedicated physical space, ‘the field’ remained permeable, amorphous and linked to social 

structures outside science. Discourses associated with the spaces where field scientists worked, for 

example the heroic masculinity associated with exploration, extreme sports, physical hardship and 

‘suffering for science’, could be harnessed to present field-based scientific claims as more credible 

than other types of knowledge. 191 These associations could also, however, be used to discredit their 

work as simply tourism, amateurism or thrill-seeking.192  

Debates over the relative value of different scientific methods were a feature of nineteenth-

century scientific culture. One common model was the ‘armchair theorist’ whose work compared, 

synthesised and evaluated materials collected by others. In contrast, the field scientist or explorer 

supported their claims on the basis of personal travel and direct empirical experience. This binary is, 

however, too simplistic. As Kohler points out, scientific activity was not confined to one particular 

space or style of work. Scientists frequently moved between spaces over the course of a project or 

career, and could draw their authority from an array of different experiences and discourses rooted 

in different spaces.193The armchair theorist and field explorer dichotomy neglects other types of 

scientific activity, including experimentation, analytical theory or modelling which had their own 

spatial politics and methods of generating credibility. As will be explored in later chapters, 

movement between spaces was fundamental to the training and practice of the Stevensons and 
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their contemporaries. Far from simply being armchair theorists or field scientists, the Stevensons 

generated knowledge while moving between the office, the workshop, the lecture hall, and the field.  

Analysis of the epistemological tensions within nineteenth-century science is enriched by 

understanding the spaces involved. Spatial relations at the time were structured around racial 

ideology and colonial power which shaped scientific hierarchies and influenced the types of 

knowledge seen as credible. These hierarchical relations in science were often contested. Notions of 

who was a credible scientist could tangle with assessments of what kind of experience qualified 

scientific knowledge as legitimate. Knowledge derived from education, experimentation or Western 

analytic and theoretical models was mobilised against knowledge derived from in situ experience, or 

held by indigenous populations on the basis of their residence in a location, in ways inflected by the 

particular politics of the spaces in which they occurred.194 Simple models of metropolitan dominance 

do not adequately account for how those in ‘peripheries’ were themselves active agents in 

knowledge construction, either working within western discourses or deploying alternative models 

of credibility to support or challenge central narratives.195 They similarly risk collapsing disparate 

peripheries into one and not acknowledging the particular cultural and social factors that were at 

work in disputes over what was legitimate knowledge. Coastal and highland Sri Lanka, for example, 

were very different social, cultural and physical spaces with complex histories and geographies that 

meant that knowledge generated from each of these spaces related to British colonial science 

differently.196 Such insight reminds us to consider the specific circumstances, perspectives and 
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knowledges of the individual Scottish communities in the places where the Stevensons worked, 

whether they were fishermen in Wick, convalescents in Dunoon, or landowners in Perth. 

Historical geographies of science have also considered the mechanisms of its movement. 

Material objects including specimens, notes and letters have been analysed as relevant aspects of 

the scientific process that facilitate the movement of knowledge through space.197 Such work has 

drawn attention to intangible elements of scientific work such as performance – particularly speech, 

demonstration, and display – in facilitating the movement of scientific ideas.198 These works consider 

how scientific ideas are reshaped to comply with the expectations and conventions of genres of 

performance or the limitations of a physical object and therefore require the researcher to take 

seriously places and things as part of the process of making science rather than simply 

communicating it.   

Historians of science have also worked across various scales in their analysis, often directly 

challenging tendencies to foreground the nation as the most relevant geographical framing of an 

inquiry. Mayhew and Withers understand scale as ‘relational, as something produced through social 

interaction’.199 Rather than an ontological hierarchy ordering the world, they argue that scale is 

constructed. It is therefore important to consider how scientists historically conceptualised, defined 

and acted at different scales. Historians of science have developed a range of ways of reflecting 

these shifts in the structure of their works. Finnegan suggests site, region, territory and boundary, 

and the circulation and movement of knowledge between spaces, as alternatives to the traditional 
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national framing.200 Livingstone similarly uses different scales, considering site, region and 

circulation.201 Mayhew and Withers divide their edited volume into locale, national and global 

studies.202 Individual studies have explicitly employed scales outside of the national in order to 

generate new insights about spatial configurations of science.  Naylor’s work on nineteenth-century 

Cornish science takes a consciously regional approach to illustrate how the region of Cornwall was 

integral in shaping the science that took place there.203 Others have considered how particular cities 

or the city as a type of space influenced scientific practices and ideas.204 

Questions of space, place and mobility have thus been integrated deeply into study of the 

history of scientific knowledge and practice. From the initial recognition that scientific knowledge, 

despite claims to its universality, is always made somewhere and actively made to be applicable 

everywhere, historians and historical geographers have analysed a broad constellation of activities, 

things, people and idea in illuminating science’s geographical dimensions.  

Such geographically informed approaches are less common in accounts of engineering. In 

the history of engineering, where geographical issues are mentioned, they often take the form of 

comparisons of engineering knowledge or practice at a national scale, rather than more conceptually 

sophisticated questions about the role of place and space in engineering, or, more fundamentally, 

analysing engineering as a practice concerned with the use of knowledge to alter space. The national 

frame of reference criticised by geographers including Finnegan, Livingstone and Naylor in the 

 
200 Finnegan, Diarmid A., (2008) ‘The spatial turn: geographical approaches in the history of science’ Journal of 
the History of Biology, 41, 369 – 388.  
201 Livingstone, Putting Science in its Place.  
202 Mayhew, Robert J. and Charles W. J. Withers (Eds) Geographies of Knowledge: Science, Scale and Spatiality 
in the Nineteenth Century, Baltimore: Johns Hopkins University Press.  
203 Naylor, Simon, (2016) Regionalizing Science: Placing Knowledges in Victorian England, London and New 
York: Routledge. 
204 Gieryn, Thomas F., (2006) ‘City as truth-spot: laboratories and field-sites in urban studies’ Social Studies of 
Science, 36:1, 5 – 38; Hochadel, Oliver and Agusti Nieto-Galan, (2016) ‘How to write an urban history of STM 
on the “periphery”’ Technology and Culture, 57:4, 978 – 988; O’Sullivan, Tanya, (2019) Geographies of City 
Science: Urban Life and Origin Debates in Late Victorian Dublin, Pittsburgh: University of Pittsburgh Press; 
Finnegan, Diarmid A., (2020) ‘Revisiting Belfast: Tyndall, science and the plurality of place’ in Mayhew, Robert 
J. and Charles W. J. Withers (Eds) Geographies of Knowledge: Science, Scale and Spatiality in the Nineteenth 
Century, Baltimore: Johns Hopkins University Press, 58 – 86.  



   

76 
 

history of science has often structured engineering history.205  International comparison of different 

trajectories of engineering development is the norm. Many studies focus on the differences between 

the French system where engineering was the monopoly of the state – usually said to have 

influenced other European systems including Belgium, Russia, Spain and Germany – and the British 

system where engineers tended to be private contractors and businessmen rather than state 

employees.206 More recently studies of engineering history have also considered national 

engineering styles or traditions outside of Europe.207 
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There are several problems with this approach to space and place in the history of 

engineering. Framing the history of engineering as a comparison of a narrow set of national styles 

neglects the specificity of the paths followed by engineering institutions and engineers. This can lead 

to approaches which associate diverse engineering practices and attitudes with the broad 

frameworks and assumptions of the state policies of one or two European nations, rather than 

paying attention to the particularity of local conditions. The influence of French engineering, for 

example, has led to many other national traditions in Europe being described through comparison 

with the French engineering tradition rather than studied in detail in their own terms.208 Similarly, 

engineering outside of Europe has often been considered through its interactions with European 

engineering, or in relation to an undifferentiated ‘western’ engineering style.209 Subramanian, for 

example, introduces his history of Indian engineering as the story of ‘India’s inexorable march 

toward modernity and westernization’ without considering what either ‘modernity’ or 

‘westernization’ in engineering might mean.210  

National frameworks also neglect the particularity of experiences below the nation. Nations 

like Russia, India or the United States accommodated a variety of social, political and material 

difference within their territorial boundaries. Drawing on insights about scale from the historical 

geography of science, it is possible to suggest that engineering was not the same everywhere within 

a national territory and that, although national policy may have played a role in shaping engineering 

practice and the profession, other geographical scales of enquiry may provide useful insights into 

what engineering was and how engineers went about their business.  

Perhaps due to its complicated political relationship with England and Britain in the period 

when engineering identities were being formed, relatively few works have considered engineering in 

Scotland. Scottish engineering, when it is mentioned at all, is often assumed to fall into a ‘British 
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model’ which has been developed drawing predominantly or exclusively on English examples. In 

exception to this, Channell argued that Scottish engineers were uniquely placed to combine the 

theoretical work done in France and the practical and experimental engineering favoured in 

England.211 He argues that there was a distinctive Scottish epistemology in the nineteenth century 

and that the Scottish context was important in enabling W. J. M. Rankine, professor of engineering 

at the University of Glasgow, to develop a view of engineering education as necessitating ‘a system 

which is capable of working in harmony with that of pupillage or apprenticeship’.212  

One may question whether this epistemology was truly or distinctively Scottish. Marsden 

suggests that a Glaswegian framework is more appropriate to understanding Rankine’s approach to 

engineering due to the particular social and economic geographies of the city.213 Analysis of the 

Edinburgh-based Stevenson firm facilitates a city-scale focus outside of Glasgow, enabling a greater 

understanding of the relationship between city and nation in Scottish engineering and challenging 

the predominance of national scales in engineering history.  

Geography matters to the construction of engineering knowledge in more complex and 

nuanced ways than simply broad national comparisons. Analysis of engineering using local and 

regional scales and even attention to specific sites can lead to greater understanding of key 

questions such as how the relationship between theory and practice was defined, what was taken to 

be the basis of engineering efficiency, what was considered to be the nature of engineering 

expertise and how engineers related to and acted to shape the world. Such a reorientation in focus 

is facilitated by the biographical scale of this thesis, which follows the Stevensons between and 

across a range of scales that mattered to their work. This approach challenges simplistic 

understandings of British engineering as a monolithic entity characterised and defined by London-
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based institutions or as something shaped only by its differences from France. Thinking 

geographically and drawing upon the historical geographies of science can, I suggest, enrich our 

understanding of the placed nature of engineering practice, epistemology and expertise.  

This claim is supported by the fact that civil engineering as a discipline worked to shape and 

make new geographies. Where mechanical engineering was primarily concerned with the 

production of technological artefacts, civil engineering’s fundamental purpose was the design, 

construction, maintenance and removal of physical things located in particular spaces. Such works 

are always produced through the combination of the agency and ability of the engineer and the 

constraints of the space or site where the work is situated. As Pritchard argues, ‘environmental 

conditions constrain (but do not determine) technological possibilities’.214  Beyond consideration of 

space as the context within which engineering knowledge is made and circulated, therefore, this 

thesis also considers space as itself being engineered. Civil engineering is a geographical enterprise 

not just because it is located in space and its practitioners were shaped by particular places, but 

because its goal was to transform space.  

Despite all this, engineering has rarely featured explicitly as a topic in historical geography. 

Engineering, Lane argues, has often been conceptualised as ‘a technical intervention rather than as a 

process of design, implementation and maintenance and, possibly, failure,’ while engineers have 

been seen as ‘monolithic actors whose actions deserve little detailed scrutiny’.215 While some 

historical geographers have considered the impacts of engineering in work on the relationship 

between humanity, technology and the environment, no sustained attention, comparative to that 

paid to the historical geographies of science, has been paid to the historical geographies of 

engineering.  

Despite lack of sustained attention to engineers specifically, studies that have been 

conducted on human-environment relations can provide useful ways of thinking about the 
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relationship between humanity, technology and the natural world. For Agar, the relationship 

between environment and technology has been theorised using the following models: environment 

as input; environment as system components; environment as changed by technology (usually 

damaged); environment as alongside the artificial world; environment as untouched wilderness; 

environment as represented by technology; environmental knowledge as measured and understood 

through technology; and environment as inspiring technology creation.216  

Understanding environment as input in a technological system focuses on the natural 

resources and materials that engineers manipulate in order to develop infrastructure. This aligns 

closely with the nineteenth-century understanding of engineering as harnessing natural forces for 

human use. Aside from their material contribution to the development of engineering, 

infrastructures that relied on understanding natural forces as resources for human use and 

transforming them for this purpose could also function as symbols of humanity’s control over nature 

and space. Engineering control over nature conceptualised as resources was often associated with 

social power over populations. As Blackbourn argues, ‘human domination of nature has a lot to tell 

us about the nature of human domination’.217 

As well as being transformed by engineering, natural resources are often made part of those 

technological systems that seek to repurpose them. Marsden and Smith conceptualise the engineer 

as a manager of complex, dynamic and wide-ranging systems incorporating both natural and 

artificial elements. 218 This could mean, for example, the channelling of water to transform river beds 

or irrigate crops, or the use of trees and plants to control the speed and direction of river flow. 

Technology in this formulation is imagined to be what is produced through integration of the natural 
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and the artificial under the direction and management of an engineer, or, as White called it, an 

‘organic machine’.219    

While it is common to imagine the environment as something upon which engineers act, 

environmental forces can also act on engineering, causing engineers to alter their designs and 

rework their creations. Rather than engineers imposing their will on the environment, the 

relationship between technology and environment can be seen as one of mutual compromise. As 

Mitchell argues, when one pays attention to the specific character of engineering works that have 

taken place in the past, ‘human agency appears less as a calculating intelligence directing social 

outcomes and more as the product of a series of alliances in which the human element is never 

wholly in control’.220 The specific ways in which such accommodations and alliances have shaped 

engineering outcomes have been explored in case studies of a number of modern engineering 

works. These include Gatejel’s work on remodelling the mouth of the Danube in the nineteenth 

century, and Potts and Hauck’s analysis of how the physical characteristics of the Missouri led 

engineers to alter the design of a bridge crossing it in the 1860s.221  

Decisions to accommodate nature in engineering may be linked with the notion of 

engineering as a cause of environmental damage. Definitions of environmental damage are complex 

and culturally contingent, often evoking problematic notions of pristine or untouched environments 

that omit older or non-Western technologies, infrastructures and ways of interacting with 

environment.222 It nevertheless remains the case that some engineering work has significant harmful 

consequences for human and non-human populations. One important subgenre of this approach is 
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work examining engineering failures. Failure in engineering is much discussed outside of its impact 

upon environment, as will be noted later. In an environmental context, engineering failure often 

takes the form of what Ewen refers to as ‘socio-technological disasters’ – environmental disasters 

involving man-made infrastructure that are the ‘product of social, organisational and technical 

practices’ that do not sufficiently control a particular environment.223 Such disasters can be studied 

in detail in order to understand what happened and its implications for engineers, politicians and 

others with power. Their impact can also be studied in order to uncover the environmental risk 

inherent in engineering. Historians have analysed flood events, for example, in order to better 

understanding their political and technical causes as well as their environmental and social 

consequences.224 

Natural forces can be viewed as external elements that threaten to wear down technological 

systems and thus require continual maintenance and work to mitigate: Agar gives the example of 

the growth of weeds along a railway line that must constantly be removed in order for the railway to 

function.225 Such approaches see the relationship between nature and infrastructure as dynamic, 

lasting throughout the lifespan of an engineering project and requiring continual labour to maintain. 

This approach echoes work by historians of science and technology that has emphasised the 

importance of processes of use, maintenance, repair and disposal of devices, artifacts and 

instruments.226 Infrastructure is similarly used, maintained, repaired and disposed of, and such 
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processes can point to important temporal dimensions to understanding the geographical 

relationship between technology, engineers and environments. Engineering works are not simply 

created and invested with a single meaning, but may over time change physically and symbolically in 

response to social and environmental processes.  

The fifth approach to environment that Agar discusses extends the binary of environment 

and technology to an extreme, constructing certain spaces as ‘wilderness’ outside of human 

influence. Critical approaches in environmental history have been instrumental in debunking this 

concept and demonstrating that all landscapes have been influenced by humans.227 While it is 

generally accepted that untouched wilderness does not exist, it remains a powerful discourse used 

in discussions around engineering. In a British context, the discourse of wild nature has been used by 

engineers to promote particular projects, especially in relation to spaces already characterised as 

wilder or more natural.228 Other existing constructions of space have also been incorporated into 

discourses of engineering. Historians have explored how engineers worked with perceptions of the 

historical and cultural importance of the tomb of Isis in the construction of the Aswan Dam in Egypt, 

or mobilised conceptions of ancient Athenian history to marshal support for modern Greek water 

infrastructures.229  

Technology can also be used to ‘represent’ the environment and to construct ways of 

imagining and accessing distant spaces. This includes, for example, the use of film and photography 

to construct an imagined environment or landscape. Agar’s seventh conceptualisation of the 
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relationship between technology and environment is linked to this: he discusses the role of 

technology in generating environmental knowledge and shaping imagined spaces. Like historians of 

science, historians of technology have noted that technologies including scientific instruments shape 

how we understand space. Engineers can develop technologies to enable increased knowledge of 

spaces and use the knowledge thus created to design or maintain infrastructure. Particular 

engineering projects such as the trans-Atlantic telegraph cable exemplify this dual role of 

engineering as both method and the goal of investigation.230 

Agar’s final suggestion for how environment and technology can be fruitfully combined is 

through the concept of interconnected cultural imaginaries.231 We inhabit and engage with a world 

that is simultaneously natural and artificial and thus our impressions of it are often hybrid.  Although 

early sound studies, for example, focused on isolating and recording ‘natural’ sounds as part of a 

project to critique urbanisation, recent work in the field has drawn attention to the ways in which 

natural and mechanical sounds combine to produce our concepts of place.232  

While work theorising engineering often collapses the engineering of things and the 

engineering of places into one, civil engineering which focuses on large-scale alteration of the 

physical landscape is very different from work attempting to generate products with particular 

functions, or work in science aiming to understand processes. The geographies of such work are 

different because the landscape is both the source and the object of engineering knowledge and as 

such has a different relationship with the engineers who are working there. In focusing on civil 

engineering, therefore, this thesis considers the relationship with space as both the subject and the 

context of knowledge production.  
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As is clear from the many ways in which engineering, technology and space have been 

analysed in combination, the history of engineering can be fruitfully studied through a geographical 

approach. As the work reviewed at the beginning of this section makes clear, science in the past has 

geographies that can provide insights into fundamental questions about knowledge, authority and 

power, alongside approaches considering other kinds of contexts which can themselves be 

manifested spatially. Civil engineering is similarly influenced by contexts associated with knowledge 

production, but is geographical in its fundamental purpose of altering the landscapes in which it sits.  

 

Material contexts: Thing knowledge, expertise and mechanical objectivity 

Beginning from the understanding of science as something which is done, rather than discovered, 

historians have begun to develop innovative approaches focusing on science’s material and practical 

dimensions. Such approaches pay attention to the relationship between knowledge and material 

things such as books and papers, specimens, experimental apparatus and scientific instruments.  

In his concept of ‘thing knowledge’, Baird criticises the focus on theory in the history of 

science, arguing instead for a ‘materialist conception of knowledge’ that takes seriously the non-

textual elements of scientific work.233 His focus is on the epistemological status of scientific 

instruments, which he separates into three categories: models whose function is to represent the 

world; devices whose function is to perform, to manifest a phenomenon; and measuring 

instruments that undertake representation.234 This typology is useful in studying scientific 

instruments, but fits only partially in an engineering context where Baird’s ‘working knowledge’ – 

the functionality of an instrument to accomplish a specific task – is important both for what it 

demonstrates about the possibilities of mechanical manipulation but also for the concrete effects a 

device has in the world. While Baird’s concept of ‘semantic ascent’ – the hierarchical relationship 

imagined between theoretical and practical knowledge that elevates the textual above the material 
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– is applicable in perceptions of scientific knowledge, the concept requires investigation in the 

context of engineering in the nineteenth century where relationships between theory and practice 

were very differently constructed, and where practical experience was highly valued and material 

products were often the aim. 

Baird emphasises that ‘there is more to knowing than saying’.235 Although his focus is on 

classifying types of non-verbal knowledge that are material rather than skill based, he points to the 

importance of tacit knowledge and know-how as a legitimate form of scientific and technical 

enquiry. Tacit knowledge is a concept developed by philosopher of science Polyani that knowledge is 

‘centred on an agent and her body that is constantly interacting with the world’.236 Conscious 

thoughts are partly dependent on knowledge that cannot be articulated, knowledge that is tacit and 

embodied. Historical and explanatory work focused purely on texts and ideas thus misses important 

types of knowledge and processes of knowledge creation: simply, accounts of scientific and technical 

knowledge that solely focus on texts and theories are incomplete.  

The status of material and tacit knowledge in comparison to theoretical or textual 

knowledge plays an important part in categorising who is seen as knowledgeable. When only 

theoretical and textual forms are considered legitimate, individuals with material and tacit 

knowledges are excluded and the group considered to possess knowledge is consequently smaller. 

The concept of expertise is based on the idea that an individual or group of people possess 

knowledge on a subject in ways beyond that to be expected of the general population. Expertise can 

be understood as being grounded in specialist knowledge or embodied practical experience of some 

kind, although it is important to recognise that expertise is also a social construct assigned to certain 

groups and used to afford those groups privileged status in decision-making. 
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For Jasanoff, analysis in the history of science serves to reveal ‘the varied means by which 

expertise is certified as deserving public trust’. 237 She thus draws attention to the work done by 

experts and others in constructing and maintaining special status. She argues that expertise in 

modern socio-technical democracies is used to perpetuate uneven and exclusive power relations 

under the guise of a depoliticised commitment to scientific or technical knowledge. Under this 

regime, unsanctioned knowledge or experience held by members of the public is ignored and public 

dissent against the conclusions of technical experts is attributed to ignorance through an 

‘asymmetrical deficit model of the public’.238 This approach treats expertise as entirely discursive, 

considering how the concept is deployed to empower particular individuals or groups within society 

and suggesting that possession of specialist knowledge or skills in a real and concrete sense is not 

related to expert status.  

Collins and Evans, on the other hand, explicitly address the ‘grounds of knowledge’ in 

science, arguing that expertise is not simply rhetorical but involves knowledge, skills and experience 

that gives certain individuals more knowledge about a topic than is generally held by others in 

society.239 For them, expertise is an inherent quality based on the possession of knowledge, whether 

tacit or theoretical, regardless of whether it is acknowledged by others.240 Expertise is unevenly 

distributed within society, but there are always some individuals who have more knowledge and 

experience of a particular subject than others. Collins and Evans argue that such individuals should 

be empowered to make judgements, and that the ability to identify such individuals requires 

another form of expertise, which they term ‘interactional expertise’.241  

Because experts are defined as those who have specialist knowledge on a particular topic, 

Collins and Evans’s approach supports analysis of ‘experience-based experts’ whose knowledge and 
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skills exist outside of formal scientific or technical structures but who nonetheless have specialist 

knowledge of a particular issue.242 This is relevant in engineering since the knowledge required for 

engineering work has often been tacit and skill-based rather than theoretical and, in being so, has 

too often been dismissed in accounts of scientific knowledge which treat ‘engineering and industry 

as epistemological hangers-on’ rather than knowledges in their own right.243 As Ash argues in an 

early modern context, expertise in engineering has often been founded on the ability to do things in 

the world, rather than formal training or qualification.244 Knowledge associated with the ability to 

consistently complete a physical task successfully, even if articulating the process in language is 

impossible, can be referred to as ‘know-how’ or ‘skill knowledge’, and is not always recognised in 

accounts of scientific knowledge and expertise.245  

Jasanoff criticises Collins and Evans’ claim that expertise is based on specialist knowledge 

because, she argues, their argument ‘misses the politics that frames the debate, determines which 

skills are or are not relevant . . .  and narrows the imagination of expertise needed to address 

complex social concerns’.246 Her criticism is political, predominantly focusing on expert influence in 

modern policymaking, a process that is steeped in the kind of politics that Collins and Evans’ work 

misses. In historical inquiry, however, commencing from the understanding that ‘there is something 

more to expertise than attribution’ does not force us to accept the hierarchies of knowledge 

suggested by authorities in the past. We can accept that some people were able to exert more 

authority than others on the basis of recognised status while also working to include knowledge held 

by those outside of such institutional sanction in our analysis. Such approaches facilitate greater 

understanding of how formal engineering was gradually defined as a profession with status and who 

was excluded by this process, as well as enabling us to consider the knowledge, skills and practices 
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that were required for engineering work, even if they were not recognised as formal engineering 

expertise. 

Collins and Evans use the term ‘experience-based expert’ in preference to ‘lay expertise’, a 

term suggested by Brian Wynne to mean the informal skills and tacit knowledge of scientific or 

technical matters held by people outside of the scientific establishment.247 Collins and Evans accept 

this premise but challenge Wynne’s attribution of the ‘lay’ label as an ‘oxymoron’ because, in their 

model, formal approval is not considered the defining feature of expert status.248 In both models, it 

is clear that expert knowledge can exist outside of official structures and that such knowledge should 

be taken seriously.  

Recognising that civil engineering required the physical construction of things in the world 

and often involved groups of workers rather than individual inventors, scholars have begun to 

consider the contributions made by non-engineers with know-how, skill and tacit knowledge in their 

analysis of engineering projects.249 Mukerji, for example, uses Hutchins’s theory of distributed 

cognition to understand how the construction of the Canal du Midi in France in the sixteenth century 

was built. Rather than seeing thought as situated in the individual and attributing the canal’s 

construction to its engineer alone, this model locates problem-solving in conversation between 

individuals working together. Using this theory, Mukerji conceptualises the canal as the product of 

‘collective intelligence – the work of groups with both formal and vernacular expertise in land 

measurement, construction and hydraulics’.250  

Such approaches to expertise as produced by experience and independent of formal 

structures of accreditation do not preclude analysis of how these structures empowered certain 

ways of knowing. It is not necessary to discount that some individuals have particular knowledge, 
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skills and experiences that others do not in order to accept that there were only limited pathways to 

achieve the privileged status afforded to those recognised as experts by society. Research has 

therefore addressed ‘the social mechanisms for establishing and legitimating expertise’.251 Such 

works separate being or becoming an expert from being recognised as an expert. It is therefore 

possible to analyse the knowledge and skills held by engineers alongside the social mechanisms by 

which engineers like the Stevensons were seen as experts and the power that this status afforded 

them.  

The meaning of expertise has also changed over time. Gooday points out in his analysis of 

the term ‘expert’ in relation to nineteenth-century electrical engineering that the term originated 

within legal discourse to mean a technical professional who was financially reimbursed for giving an 

opinion.252 Within this context, expertise had connotations that do not necessarily match the 

modern understanding of the term. Experts were frequently subject to accusations of bias, 

incompetence or corruptibility, of, in Hamlin’s words, ‘the prostituting of science, as the selling of 

credibility to the highest bidder’.253 Such ‘demonizing’ of experts came about because disagreement 

between them was explained through accusations of partiality rather than acknowledgement of 

multiple legitimate interpretations of scientific evidence, or the possibility of there being no 

scientific consensus.254 These interpretations ground the idea of the expert within the particularities 

of British and American court systems in the nineteenth century, explaining the term’s particular 

connotations through the oppositional cultures and representations of science that were common in 

that environment.255 What it meant to be an expert was grounded in particular times and spaces and 

so awareness of contemporary cultures of knowledge is important to understanding the status of 

engineers as experts.  
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In nineteenth-century Britain, authoritative knowledge in science was increasingly thought 

to be produced by instrumental quantification, rather than through human judgement alone. 

Scientific activity began to stretch beyond what could be directly observed: in particle physics or 

astrophysics, for example, the subjects of study were too large or small to be comprehended by 

sight, or in oceanography the surrounding climate made prolonged human presence impossible.256 

Observations made using instruments became increasingly important to the practices of those 

disciplines and to the ways that scientists produced their subjects. 

Increased reliance on instruments was not, however, simply a matter of practicality. Even 

when direct human observation was possible, instruments could be afforded a privileged 

epistemological status and used as the basis of fact making. This process of attempting to remove 

judgement from the scientific process has been analysed as part of a growing culture of ‘objectivity’ 

in the nineteenth century, particularly ‘mechanical objectivity’ associated with machines or machine-

like action.257 Mechanical objectivity was a ‘regulative ideal’ that, although impossible to ever fully 

realise, exerted powerful influence over scientific practice.258 Scientific practice increasingly relied on 

instruments to measure and quantify observed phenomena, as well as to regulate and standardise 

the operational behaviour of scientists themselves in order, as much as possible, to exclude 

individual agency from the scientific process. Human intervention was thought to introduce 

investigator biases, whereas mechanical processes were framed as reducing the influence of the 

investigator on the outcome. For Porter, mechanical objectivity was a behavioural matter. In 

addition to using instruments, it ‘means following the rules. Rules are a check on subjectivity: they 

should make it impossible for personal biases or preferences to affect the outcome of an 

investigation’.259 One effect of this commitment to mechanical objectivity was the increased 
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regulation and disciplining of scientific behaviour in an attempt to implement standards that would 

reduce individual distinctions and effectively coach the human observer to be more regulated, even 

more mechanical, in their practice. Such instructions were produced in relation to sciences ranging 

from geography to meteorology to oceanography.260 Accepted observational and instrumental 

processes became a key part of crafting credible scientific argument.  

Such credibility was generated by the combined belief that the instrument or machine used 

could generate results – that it was effective, properly calibrated and functional – and that the 

observer had properly operated the instrument and recorded the data. Establishing that a particular 

instrument was effective required work on multiple fronts. Firstly, it had to be demonstrated to the 

scientific community that this object could generate scientific data. The object had to be constructed 

as a scientific instrument and its ‘transparency’, or ability to successfully reflect nature, 

established.261 Such work required significant effort on the part of instrument makers and advocates 

and could be a complex process in cases where there were multiple measuring options, such as was 

the case in measuring the depth or velocity of a body of water as will be discussed in chapter five.262 

Even when an instrument was accepted as giving reliable data in general, practitioners still had to 

maintain credibility in the face of the unstable materiality of instruments. It was always possible that 

they could be incorrectly calibrated, break, or run slow in the process of scientific endeavour and 

thus influence the results generated.263 
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Even when an instrument had been successfully constructed as able to ‘move nature to the 

page’, in operation other types of credibility were also required.264 In photography, for example, 

although the camera itself was characterised by a ‘rhetoric of mechanical indefatigability, 

indiscriminate objectivity and optical reliability’, nineteenth-century observers still evaluated the 

reliability of photographic evidence on the basis of discourses of credibility that involved judgements 

about content, method and the competence and character of the photographer.265  

For these reasons, ‘mechanical objectivity can never be purely mechanical’.266 Scientific 

machines are designed, built, calibrated, selected, operated, validated and reported on by humans. 

Rules and standards for observations can only be enacted when they can be accessed and 

successfully interpreted, and operate within existing preconceptions about personal integrity and 

capacity for disciplined work. Results must be communicated in the right way to the right audience 

in order for the data generated to be accepted as scientific knowledge. This requires a range of real 

skill and knowledge, as well as perceptions of status and competence, and thus intersects with 

notions of expertise as both real and constructed. 

 

Discursive contexts: Technology, Engineering and Science 

In order for engineering to be examined geographically, it is important to understand what 

engineering meant to the Stevensons and their contemporaries. As has been shown by a range of 

work tracing the history of the term ‘technology,’ the meaning attached to concepts varies over time 

and is defined within particular social relations that are grounded in particular times and places.267 
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Discussions of the meaning of technology and its relationship to other scientific concepts often 

commence with the history of the term, which positions it in opposition to scientific or theoretical 

knowledge through its origins in the Aristotelian notion of techne – art or craft knowledge based on 

practice – which is opposed to episteme – theoretical or scientific knowledge.268 Such work goes on 

to position the language of ‘technology’ in relation  to the German Technik, the French technique 

and British nineteenth-century concepts of ‘applied science’ or ‘engineering science,’ each of which 

had its own particular meaning. 269 Kirsch argues for the significance of using a materialist keyword 

approach to consider the historical meanings of the term ‘technology’, arguing that ‘the point was 

not just that the ‘meanings of words change over time but that they change in relationship to 

changing political, social, and economic situations and needs’’.270 By paying attention to the shifting 

uses of words, therefore, we are better able to understand their meanings within particular 

historical and geographical contexts. This work has demonstrated that, by simply applying modern 

interpretations of language to understand its meaning in the past we, at the least, risk imposing 

contemporary perspectives on past actors. Such assumptions could lead to misunderstanding the 

past or, worse, interpreting the past only to serve modern-day interests. It is thus important to 

foreground what ‘engineering’ and associated terms such as ‘science,’ ‘practical arts’ or ‘engineering 

science’ meant to contemporaries.  

These terms existed in relation to one another. The relationship between engineering, 

technology and science in particular is a key topic in the philosophy of technology. The suggestion 

that technological knowledge was not simply scientific knowledge applied to the world, but was 

itself a distinct category worth studying, was pivotal in the development of the history of technology 
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as a discipline in the 1970s.271 Since then, what is referred to as science, engineering and technology, 

and the relationship between them, has been debated. Channell summarises three suggested 

models of the relationship: the independent model which argues that science and engineering are 

essentially separate; the dependent model which argues that technology is the application of 

science or science is the application of technology; and the interdependent model which argues that 

science and engineering are symbiotically constituted with significant overlap between the two.272  

Claims for the distinctive independent nature of science and technology have often been 

framed as direct challenges to the dependent model that dominated in the past. Scholars taking this 

approach often criticise the historiographical neglect of engineering based on assumptions that 

there was nothing epistemologically distinctive or interesting about it; it was simply the application 

of scientific knowledge.273 Layton challenged this view using the model of ‘mirror image twins’: 

science and technology were epistemologically similar but distinct ways of knowing.274 Hansson 

developed the idea of distinctiveness further, suggesting a series of defining characteristics to 

distinguish the  technological sciences from the natural sciences including consideration of the 

different objects of study, practices, definitional habits, preferred solutions and the evaluative 

methods used.275  

The applied science mode of thinking has also been challenged by work demonstrating 

particular cases where scientific knowledge was generated using technology, thus reversing the 

assumed direction of influence. Morris, for example, demonstrated how John Smeaton’s practical 

engineering work on water wheels facilitated his direct intervention into the vis viva controversy in 
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the eighteenth century, while a number of scholars have pointed out the importance of submarine 

telegraphy in extending understanding of oceanography and marine biology in the mid-nineteenth 

century.276 Materialist approaches to scientific knowledge illustrate the dependence of science on 

material technologies including instruments and similarly challenge simplistic notions of technology 

as simply applied science, as will be further discussed below.  

When analysing particular cases such as the Stevensons, however, it becomes clear that the 

relationship between science and engineering is more complex than completely distinct mirror 

images or a single shared pool of knowledge created by one discipline and used by another. As Kant 

and Kerr point out, ‘science and technology are not monolithic, unchanging institutions’.277 Their 

precise relationship changes on a case-by-case basis, breeding new terminologies and discourses in 

so doing. The concept of ‘technoscience’, for example, often applied in the twentieth and twenty-

first centuries, differs from the language of ‘engineering science’ used in nineteenth-century 

Glasgow.278 Channell’s history of engineering sciences makes this clear, pointing out that changes in 

politics, culture and society led to different relationships between engineering and science over time 

and space and that different types of technology and science related differently.279 Such insights are 

vital in understanding the histories and the geographies of engineering, in distinguishing between 

the work of scientists and engineers, and in showing how what is taken by contemporaries to be 

engineering, technology, and science is always historically and geographically contingent. 

It matters, therefore, that the Stevensons used the language of engineering to describe their 

work. It matters that they were embedded within a professional culture that attempted to carve out 
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a particular status and role for those who referred to themselves as engineers even as the status and 

position of the engineer shifted over the course of the nineteenth century. Channell’s third model of 

an intermingling of science, engineering and technology thus offers a useful starting point from 

which to explore the precise ways in which the Stevensons understood, conceptualised, and 

deployed the concepts of science and engineering.  

 

Political contexts: Process, professionalisation and power 

This acknowledgement that engineering in the nineteenth century was a complex and evolving 

combination of processes encourages researchers to broaden the scope of inquiry to include 

activities and skills often omitted from standard histories of the profession. As Meijers points out, 

engineering knowledge and practice often includes ‘experience-based know-how, codes and 

standards, customer requirements, organisational, legal and economic constraints, physical 

circumstances, scarcity of resources, uncertainty and ignorance’.280 Marsden and Smith suggest that 

the role of the engineer can be understood as assembling and managing complex and widespread 

networks to bring together technical capacity with social and cultural power in order to reshape 

materials and spaces.281 While in some contexts this understanding of engineering highlights the role 

of administrative or managerial experts, in others it broadens our understanding of what engineers 

themselves were required to do and know beyond the confines of the technical.282 In nineteenth-

century Britain where engineers were often private businessmen, a whole range of administrative, 

managerial, rhetorical, political and economic skills and knowledge could be required to ensure a 

successful career.  

By focusing on the range of activities carried out by engineers, this approach challenges the 

tendency of engineering history to focus exclusively on design. For Edgerton, an innovation-centric 
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approach presents a misleading view of the history of technology.283 He draws attention to the 

importance of repair and maintenance in the work of engineers, claiming that ‘the image of the 

professional engineer as creator and reformer is as misleading as the conflation between him and 

the lowly repairman’.284 Although it is important to consider how engineers present themselves, we 

must also pay attention to what they do. In reality, Edgerton argues, ‘the majority have always been 

mainly concerned with the operation and maintenance of things and processes; with the uses of 

things, not their invention or development’.285  

Just as Secord argues that historians of science should challenge ‘the notion that science 

passes from highly individualised sites of production to an undifferentiated mass public,’ so Edgerton 

criticises histories of technology that imagine technology and technological knowledge to move 

simplistically from a site of production to sites of use.286 Where innovation-centric accounts focus on 

the small number of places where science or technology is thought to be made, including use, 

maintenance, repair and operation expands the geographical range of places that are relevant to the 

history of technology and draws attention to the ways that technology, like science, is reimagined by 

users in ways that cannot be anticipated by the initial creators.287  Edgerton instead proposes that 

historians broaden their work to consider how humans have interacted with human-made things – 

what he calls the ‘history of technology-in-use’.288  Innovation-centric accounts lead to an 

incomplete view of invention that focuses on the early history of technologies that were later 

considered significant without considering the alternative suggestions that were ultimately not 

adopted.289  
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In addition to a broader geographical scope, attention to technology-in-use enables greater 

understanding of the social, political and economic factors that shaped thinking about technologies 

in particular places. As Gooday points out, technological success or failure was dependent on such 

social, cultural and economic processes, rather than simply a case of technical functionality.290 The 

study of use therefore leads to a greater appreciation of the role of social forces in shaping the place 

of a particular technological artifact in the world. Decisions around technology were, as Hard and 

Jamison put it, fundamentally bound up in ‘the discourses of power and knowledge that are 

constructed by and, in turn, serve to reconstruct the theories and concepts that inform both science 

and everyday life’.291 Such discourses, I would add, are fundamentally geographical, shaped by 

different circumstances in different places and inherently embedded in spatially diverse relations of 

power.  

As has been shown in the history of science, claims to knowledge are always invested with 

claims to power. Shapin invokes the Foucauldian notion that ‘truth is power in the same way that it 

is a social institution: “’Truth’ is. . .  a system of ordered procedures for the production, regulation, 

distribution, circulation and operation of statements . . . linked in a circular relation with systems of 

power which produce and sustain it, and to effects of power which it induces and which extend 

it.”’292 Thus to understand the production of knowledge in science, and, I would argue, in 

engineering, requires engagement with the systems of power through which it is produced and 

which it in turn sustains.  

Such insight has been applied in studies of the complex relationship between scientific 

knowledge and imperial power in several nineteenth-century contexts, including Mavhunga’s work 

on microbiology in east Africa, Driver’s work on geography and empire, Edney’s work on surveying 

and cartography in India, and Sivasundaram’s work on natural history and the geographies of Sri 
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Lanka.293 These works have analysed the complex links between specific iterations of science and 

indigenous and colonial manifestations of power.   

Engineering has similarly been theorised in relation to the manifestation of state and 

colonial power. Mukerji characterises the construction of the Canal du Midi in France in the 

sixteenth century, ‘as a silent demonstration of disciplinary power over the earth, pointed obliquely 

toward techniques of governance that lay beyond the visible and familiar practices of domination’.294 

Specifically, she argued, the canal ‘demonstrated the efficacy of a new kind of power, engineering 

the land as a form of government . . .  a model of impersonal rule’.295 Through engineering 

landscapes, authorities were able to materially manifest their claims to control over space and thus 

demonstrate their control in a new way. Engineering in later periods has also been studied as part of 

attempts to extend territorial control in imperial contexts.296 In Britain, studies have analysed how 

engineering was embedded in relationships with localised political power to control and manage 

natural resources in order to serve the ends of particular groups, whether that was London’s water 

supply and sewers or water flows in Derbyshire’s lead mines.297 From railways to lighthouses, mines 

to canals, engineering infrastructure facilitated the extension of the knowledge, influence and 

control to new places. 

Civil engineering inhabits the interface between the human-made and the natural. 

Nineteenth-century understandings of engineering focused on enabling humanity to control the 
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powers of nature for their own benefit – although this benefit often meant the profit of some 

humans at the expense of others. In Kaika’s work this insight is applied particularly to the city as a 

site of entanglement of the human-made and the natural, but it is equally applicable to other spaces 

where engineering has acted as a mediator shaping the way that humans relate to physical spaces, 

forces and phenomena.298  

This extension of power through engineering in nineteenth-century Britain was accompanied 

by a simultaneous shift in the status and power of engineering in British society. While complex and 

large-scale construction projects have been carried out for millennia, engineering as a defined and 

conscious professional identity did not begin to emerge in a British context until the late eighteenth 

century. Early engineers such as John Smeaton, Thomas Telford, and John Rennie generally came 

from relatively humble backgrounds and subsequently acquired social status on the basis of their 

engineering accomplishments, whereas later engineers tended to come from middle class 

backgrounds and to be trained as engineers from a young age.299 Over the course of the century, as 

the number of engineers increased, the status and social power of engineering increased 

significantly, engineers began to evidence a self-conscious professional identity and to think about 

what it meant to be an engineer in social as well as in technical terms. 

 Carr-Saunders and Wilson suggest that such professionalisation can be seen as 

fundamentally ‘a process involving the pursuit of various forms of power’.300 A functionalist 

approach to what a profession is can be used to identify how power is obtained and exercised, 

rather than categorising professions or creating a series of markers or levels of profession formation. 

Morrell suggests that professions are characterised by ‘the possession of skill based on systematic, 

theoretical and esoteric knowledge; the provision of exacting and specialised training; procedures 

for testing and certifying the competence of members; organisations, often self-regulating and state-
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sanctioned, to enforce standards, maintain a strong sense of corporate identity and exert a degree 

of monopoly and adherence to the norm of altruistic, though remunerated, service to clients and to 

society at large’.301 Attention to these processes can illuminate the mechanisms by which 

professions acquire and secure power and status, but they should not be considered sufficient to 

summarise the trajectories followed by occupations nor to impose rigid restrictions on the 

characteristics of professions. By recognising professionalisation as a set of processes or practices 

through which individuals attain intellectual power and social status, we can better understand how 

members of a particular profession, in this case engineering, exerted influence in the world.   

Engineering identities, especially in the early years of the profession, could be mobilised as a 

means of gaining gentlemanly status by those from artisanal backgrounds.302 Learned societies and 

engineering institutions, particularly the Institution of Civil Engineers, played an important role in 

cultivating gentlemanly status for engineers, functioning as gentlemen’s clubs for those who would 

otherwise have no access to such facilities.303 Scientific institutions have long been recognised as key 

agents in the process of ‘boundary-work’ through which scientific knowledge and activity is 

demarcated from non-science and certain people and types of knowledge are excluded from 

recognised scientific practice.304 Alongside their role in conferring social status and legitimacy upon 

their members, scientific institutions had a pedagogical role, shaping the expectations of behaviour 

imposed upon their members, as will be explored in detail in chapter four. 

Engineers could secure their status outside of institutional sanction. Marsden analyses the 

importance of successfully completed engineering projects in relation to Glasgow-based engineer W. 

J. M. Rankine, although he notes that Rankine’s engineering track record was ‘regularly punctuated 
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by misfires’.305 Impressive engineering feats could be mobilised to confer status upon their creators, 

acting as what Schiffer calls ‘political technologies’.306 Because of the connections between large-

scale infrastructural development and modernity, advancement, scientific expertise, affluence and 

power, successful engineering projects were powerful symbols.307 They were also often highly 

visible, constructed in frequently used places, on a scale at which their effects could be viewed from  

distance or have the potential to alter the lives of large populations or the character of 

landscapes.308 Such impressive technological feats were linked with individual engineers through 

narrative. Stories told about engineers, notably Samuel Smiles’ Lives of Engineers (1862), often 

constructed them as heroes and geniuses, emphasising their ingenuity and hard work, and the 

hardships they had overcome.309 Devices were often named after their inventors, and engineering 

works could be the subject of intense disputes over priority that could last beyond the death of the 

inventors themselves, carried on by family members interested in preserving their engineering 

ancestor’s reputation and legacy.310  
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British Identity, 1750 – 1914, Cambridge: Cambridge University Press. 
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Conclusion 

Engineering history has often been characterised by stories of progress and invention. This approach 

has led to the neglect of questions about the geographies, practices, meanings and power of 

engineering. Drawing on different historiographical traditions, historians of science and technology 

have refocused their work to incorporate more attention to social context rather than maintain that 

earlier positivist, even Whiggish, approach that saw the history of engineering as narratives about 

heroic individual genius and invention. 311 As Marsden and Smith argue, this form of writing 

‘becomes a history of success; historical debate reduces to disputes over questions of priority in 

invention or implementation; more often than not, technologies are construed as merely ‘science 

applied’; practical and material detail takes priority over cultural meaning’.312  

As this chapter has shown, it is important to contextualise engineering works within their 

contemporary cultures. Engineers in the past were situated within geographical, material, 

intellectual and political contexts which profoundly influenced their knowledge and practice and 

how they interacted with the world.  Historians must consider in each case what kind of context is 

invoked, and what difference that makes to the types of stories that can be told about engineering – 

what, in short, they identify as the ‘social’ part of Golinski’s ‘social construction’.313   

This thesis draws upon these contextual approaches to develop a history of nineteenth- 

century engineering that views engineering as embedded within wider social, geographical and 

political culture. Using the Stevenson family as a locus from which to begin investigation, it will 

identify and explore a range of contexts, highlighting the range of influences that shaped 

nineteenth- century engineering. It considers how engineers controlled and reshaped space and the 

relationship between engineering, humanity, and nature, understanding engineering as a way of 

thinking about space. It pays attention to practice, understanding engineering as the sum of a range 

 
311 Gooday, ‘Re-writing the ‘book of blots’’; Edgerton, The Shock of the Old; Marsden and Smith, Engineering 
Empires.  
312 Marsden and Smith, Engineering Empires, viii.  
313 Golinski, Making Natural Knowledge, 10.  
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of everyday activities undertaken by individual engineers in particular places, and it considers the 

formation of professional identities and the role of expertise in generating authority, understanding 

engineering as a status which conferred certain kinds of power. 
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4 

‘So much for belonging to the Aristocracy of Merit’: training, 

education and engineering expertise  

Introduction 

On 6th August 1830, aged fifteen, David Stevenson began a new diary with the entry ‘Left the High 

School’.314 David went on to record his travels and studies during a five-year engineering 

apprenticeship with the family firm. For the young David, being a civil engineer was an important 

part of his identity: the diary’s title page names its author: ‘David Stevenson, Civil Engineer’.315 This 

confident declaration of professional identity, however, raises questions about what it meant to be 

an engineer. Why did David feel invested in and entitled to claim an engineering identity? What 

expectations would now be applied to him? What would he be expected to know and be able to do 

as a civil engineer? How did he expect to learn these skills and demonstrate his competency to 

employers and, later, clients? In short, what did being a civil engineer mean to David Stevenson 

when he adopted the title in the summer of 1830?  

Studies considering how scientists learn to be scientists, or how engineers learn to be 

engineers, represent a growing field. Often inspired by the theoretical approaches of Thomas Kuhn 

and Michel Foucault, such works consider how training introduces novices to the knowledge, 

practices, skills and expectations associated with scientific activity.316 For Kuhn, pedagogy furthered 

 
314 Stevenson, David, (6 August 1830) Diary, 1830 – 1836, NLS/Acc.10706/223, page 1.  
315 Stevenson, David, (6 August 1830) Diary, 1830 – 1836, NLS/Acc.10706/223, page 1.  
316 Warwick, Andrew, (2003) Masters of Theory: Cambridge and the Rise of Mathematical Physics. Chicago: 
University of Chicago Press; Kaiser, David (Ed.), (2005) Pedagogy and the Practice of Science: Historical and 
Contemporary Perspectives, Cambridge, Mass.: MIT Press; Mody, Cyrus, C.M. and David Kaiser, (2007) 
‘Scientific training and the creation of scientific knowledge’ in Hackett, Edward J., Olag Amsterdamska, Michael 
Lynch and Judy Wajcman (Eds), The Handbook of Science and Technology Studies, Cambridge, Mass.: MIT 
Press. Third Edition, 377 – 402; Olesko, Kathryn M., (2014) ‘Science Education in the Historical Study of the 
Sciences’ in Matthews, M. (Ed.), International Handbook of Research in History, Philosophy and Science 
Teaching, Springer: Dordrecht, 1965 – 1990.  
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‘normal science’.317 While Kuhn’s more commonly cited theory of paradigm shift was subsequently 

challenged as too broad, his methodological concern with the processes by which science is 

replicated and disseminated, and particularly his argument that scientists learn not by intellectual 

engagement with a set of rules or theories but by working through examples and model problems, 

has provided a useful starting point in the history of scientific education.318  

Foucault similarly noted that teaching and training was a vital process through which 

students watched, were assessed and disciplined to comply with the norms of the social group they 

sought to join.319 Beyond explicit knowledge of their subject, analysis informed by Foucault’s work 

suggests that new scientists and engineers are trained in the behavioural norms associated with 

their profession – the ‘hidden curriculum’ of science education.320 Compliance with these norms, it is 

argued, enables an individual to successfully perform the identity of a scientist, present themselves 

as an expert and claim the power associated with that status. As Niskanen and Barany argue, ‘since 

knowledge is borne by people of flesh and blood, the credibility of scientific statements depends on 

the credibility that the individual manages to incorporate into his or her person, situated in time and 

space. To acquire and inhabit a persona is a performative act’.321 Historians of scientific education 

have therefore studied how such performances are learned. Winterburn, for example, analyses how 

William Herschel’s engagement with local philosophical institutions enabled him to learn ‘not just 

the content and tacit knowledge involved in becoming a practitioner of science, but also how to 

construct and present an appropriate image’.322 

 
317 Kuhn, Thomas S. (1962) The Structure of Scientific Revolutions. Chicago: University of Chicago Press.  
318 Kaiser, David, (2012) ‘In retrospect: the structure of scientific revolutions’ Nature, 484, 164 – 166. 
319 Foucault, Michel, (Trans. A. Sheridan) (1979) Discipline and Punish: the birth of the prison, translated from 
the French by Alan Sheridan, Harmondworth: Pengiun.   
320 Mody and Kaiser, ‘Scientific training’, 381; Kaiser (Ed.), Pedagogy, 2.  
321 Niskanen, Kirsti, and Michael J. Barany, (2021) ‘Introduction: the scholar incarnate’ in Niskanen, Kirsti and 
Michael J. Barany (Eds) Gender, Embodiment and the History of Scholarly Persona, London: Palgrave 
Macmillan, 3.   
322 Winterburn, Emily, (2014) ‘Philomaths, Hershel, and the Myth of the Self-Taught Man’ Notes and Records of 
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Despite the importance of training in the influential theories of Kuhn and Foucault, in-depth 

analysis of what was learned during engineering training remained relatively uncommon until 

recently. Educational histories of engineering tended to focus on quantitative changes in the number 

or character of qualified professionals, or to analyse the role and history of institutions, universities, 

or the state in managing, financing and administering training for young engineers.323 

Historians of science have begun to call for renewed attention to training as a process by 

which scientific knowledge, skills and identities are shaped. Kaiser argued that training provides a 

unifying focus for the history of science because it is fundamental to all scientific activity regardless 

of time, place, or discipline.324 Olesko similarly claimed that studying science education enables the 

historian to assess how science was understood within society, even by those do not work in science 

professionally.325 Olesko separates her review of the field thematically, discussing the methods by 

which science is taught, the passing down of ‘tacit knowledge’ through interpersonal interaction, 

scientific textbooks, and the political, social and economic influence of science education in wider 

society.326 Although general education in science and mathematics was important for children 

planning to become engineers, specific formal engineering training did not usually begin until mid-

to-late teens. In this chapter I draw on insights from these historians of science to examine how 

higher-level training in engineering shaped the Stevensons’ engineering epistemologies, practices 

and identities.  

Much of the historical analysis of engineering education, which, as Picon points out, is now 

‘one of the most developed areas in the history of engineers and engineering’, compares national 

 
323 See, for example Peters, A.J. (1963) ‘The changing idea of technical education’ British Journal of Educational 
Studies, 11:2, 142 – 166; Roderick, G.W. & M.D. Stephens, (1976) ‘The higher education of engineers in 
England in the nineteenth century, with observations on engineering training on the continent and in America’ 
Pedagogica Historica, 16:2, 362 – 386; Lundgreen, Peter, (1990) ‘Engineering education in Europe and the USA, 
1750–1930: The rise to dominance of school culture and the engineering professions’ Annals of Science, 47:1, 
33 – 75; Cuddy, Brendan and Mansell, Tony, (1994) ‘Engineers for India: the Royal Indian Engineering College 
at Cooper’s Hill’ History of Education, 23:1, 107 – 123.; Hirose, Shin, (2010) ‘Two classes of British engineers: an 
analysis of their education and training, 1880s – 1930s’ Technology and Culture, 51:2, 388 – 402. 
324 Kaiser, David, (2005) ‘Training and the generalist’s vision in the history of science’ Isis, 96:2, 244 – 251; 
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styles of theoretical and practical education. 327 In particular, the pupillage system employed in 

Britain has been linked with practical skills, while theoretical education has been associated 

primarily with the centralised, state-run engineering schools of Continental Europe. Historians have 

analysed the development of the institutional provision of engineering education, and its 

consequences for politics, society and engineering in France, Belgium, Spain, Germany, Russia, the 

US and the UK.328 Education in France, Spain, Germany and Russia in this period was centrally 

organised through institutions such as the French École Polytechnique and École des Ponts et 

Chaussées, the Spanish Royal Military Academy of Mathematics or the Russian Corps of Cadets of 

Artillery and Military Engineering.329 Such institutions were often state-funded and graduates went 

on to be employed by the state. In the UK and US, on the other hand, engineering training was 

largely privately organised and engineers worked as independent consultants for clients including 

landowners, corporations and the state.330 Historians have also analysed the training of engineers in 

British colonial contexts at institutions such as the Royal Indian Engineering College in London, 

Thomason College of Civil Engineering in Roorkee, India, the Pune Engineering School in India, the 

Royal Engineering School in Cairo, Government Technical College in Ceylon, Gordon Memorial 

College in Sudan, and the University of Hong Kong, among other institutions founded in the 

 
327 Picon, Antoine, (2004) ‘Engineers and engineering history: problems and perspectives’ History and 
Technology, 20:4, 424. 
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nineteenth and early-twentieth centuries.331 Such institutions were not necessarily mirrors of the 

British system – as William Willcocks, a graduate from Thomason College, recalled, in the early 

1870s, ‘we were taught on the sound lines of the École Polytechnique in Paris, and not on the 

ridiculous lines generally in vogue in England at the time’.332   

Alongside international comparisons, many works on the history of engineering education 

have focused on institutions. Institutional status and administration, the appointment and identities 

of professors, financial relationships with the state, and the growth of numbers of graduates and the 

development of alumni networks, growing reliance on formal education in engineering and complex 

relationships with other institutions have all been studied.333 These works trace patterns of training 

across Europe and draw attention to the continuing importance of practical experience, tacit 

knowledge and work outside of the university, even when formal training was common. As Harwood 

explores, the political climate, finances and personnel at an institution could prompt a more 

theoretical or practical choice of curriculum, even within the same national context. 334  

Regional and local geographical variation could also prompt different teaching styles due to 

differences in the opportunities available. Much of the history of science education neglects the vital 

question of where science was learned and how that influenced what science could be learned. 

Because there was no single, agreed-upon method of engineering training in the nineteenth century, 

teaching and learning took place in a range of sites and involved a range of people. Pupils could learn 

from a wide range of practising engineers, each with their own specialism, habits, local connections 

and attitude to what and how engineering should be taught. Even within universities, professors had 

their own approaches to what should be taught and how. For families like the Stevensons, 

 
331 Cuddy and Mansell, ‘Engineers for India’; Brioch, John, (2016) ‘Was it really the ‘white man’s burden’?: the 
non-British engineers who engineered the British empire’ Britain and the World, 9:2, 202.  
332 Gilmartin, David, (2003) ‘Water and waste: nature, productivity and colonialism in the Indus Basin’ 
Economic and Political Weekly, 38:48, 5057 – 5065. 
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engineering discussions could happen within the home, which also served as an office, through 

correspondence, in conversation with family members, or at any of the wide range of sites where 

the family were engaged in engineering work. Because of this variety of experience, a focus on 

institutional histories of engineering training can only tell part of the story. Without a centrally 

organised, standardised system of training, at least until the second half of the century, it remains to 

be answered what a young Scottish engineer such as David Stevenson in 1830 might be expected to 

learn in order to become an engineer, where he might learn it, how and from whom.  

This chapter addresses these practices and places by tracing the educational histories of the 

Stevenson engineers. The Stevenson family’s approach to training was unusual. Robert Stevenson 

was an early advocate of theoretical learning, and so, unlike other British engineers at the time, 

Robert, his sons, and their children, combined work in the field and office and studying books, 

drawings and reports with courses at the University of Edinburgh in subjects such as chemistry, 

mathematics and, when it became available, engineering. The lack of a national standard in Britain 

enabled Robert to create a training regime tailored to his own views of what and how engineers 

should learn. As a result, an analysis of the Stevenson education is simultaneously an analysis of 

Robert’s views on how engineering expertise was generated and a study of the important role 

played by an experienced engineering father like Robert in guiding the development of the next 

generation.  

The chapter is in five sections. The first considers the role of institutions and learned 

societies such as the Institution of Civil Engineers and the Royal Scottish Society of Arts in shaping 

engineering education.  Since neither body formalised regulations for engineering education until 

the end of the century, this section analyses their role as forums for discussion and dissemination of 

ideas about best practice in training. The second section analyses the pupillage system and 

engineering training carried out in offices and workshops, exploring the site, workshop and office-

based work that the Stevenson engineers undertook during their apprenticeships. Section three 

examines the engineering education provided by universities, and particularly the University of 
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Edinburgh, assessing how Fleeming Jenkin, the first professor of engineering at the university who 

taught Louis, David A. and Charles, developed his course and the priorities that it reflected. This 

section demonstrates the influence of specific university culture, and indeed specific engineering 

professors, on the skills required of young engineers in that place. I then discuss engineering training 

through practice. Using the examples of reading, writing and drawing, I explore how tacit skill and 

engineering judgement was constructed as a vital part of engineering competence. The chapter 

concludes by highlighting the role played by family in the development of the Stevenson engineers. 

It considers the profound influence of family expectations, resources and reputation in conditioning 

the experience of young Stevensons and shaping them into engineers in their own right, and draws 

attention to the ways in which family influence underpinned and shaped education in all of the other 

sites discussed.  

 

Institutions and learned societies 

If institutions did not regulate the qualifications required by entrants into the profession, 

what role did they play in engineering training? There were a number of institutions and societies 

associated with engineering in nineteenth-century Britain. The most influential and oldest was the 

Institution of Civil Engineers (ICE), founded in 1818 in London, but, over the course of the century, 

other associations were founded to focus on subdisciplines or cater for regional and specialist 

interests.335 The Institution of Mechanical Engineers (IME), for example, was founded in 1847 due to 

epistemological and social divisions within the profession.336 The ICE and IME subsequently 

developed distinct social and professional cultures, particularly in relation to issues of social class 

and training.337 Where the ICE required examination for entry in 1897, the IME did not introduce 

examination until 1913 and accommodated a much larger proportion of new members without 
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scientific qualifications until the 1930s.338 Other institutions articulated different visions of the 

professional ‘engineer’ and the appropriate training required for the profession. The Institution of 

Electrical Engineers, founded in 1871 as the Society for Telegraph Engineers, remained resistant to 

university-based training for longer than the ICE.339 By contrast, the Institution of Engineers in 

Scotland, founded in Glasgow in 1857, challenged the ICE’s stance on the epistemological 

importance of practical training and distrust of theory, advocating for a combination of theory and 

practice as early as the 1850s.340  

The ICE was preoccupied for much of the century with working out its own role as an 

institution governing the growing engineering ‘profession’. This debate was exacerbated by the Paris 

Exhibition of 1867. Where the Great Exhibition of 1851 was thought to showcase British ingenuity 

and technical skill to the world, the Paris event caused national alarm in Britain as many perceived 

that the nation had lost its dominance in industrial production.341 This perceived weakness led to 

inquiries, debates and discussions, in which the Stevensons participated alongside technical 

professionals, industrialists, teachers and government officials, about the proper training that should 

be provided to new engineers, artisans and students in general, and who should be responsible for 

providing it.342  

The Institution of Civil Engineers responded to the issue by conducting an inquiry into the 

state of engineering education in Britain. This involved the consultation of engineers and institutions 

around the country and abroad and produced a 213-page report in 1870 entitled The Education and 

Status of Civil Engineers in the United Kingdom and in Foreign Countries, compiled from documents 
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supplied to the Council of the Institution of Civil Engineers, 1868 to 1870.343 The inquiry requested 

information on ‘the systems of instruction pursued in your country and elsewhere, their cost to 

students and to the State, and the effect, or presumed effect, of such preparatory training upon the 

profession’.344 Having been ‘liberally responded to’, the inquirers ‘carefully examined, translated, 

condensed, abstracted, classified, and arranged’ the information into a report intended to 

comprehensively summarise engineering education in Britain, Europe, and North America.345  

Like much of the subsequent historiography, the report structured its analysis of engineering 

education as an international comparison. Sections described the systems of engineering education 

that were employed in France, Belgium, Holland, Sweden, Russia, Austria and eight other German 

states, Romania, Switzerland, Italy, Spain, the United States and Canada.346 Only 17 pages of the 

report described the training of British engineers compared with 156 on training elsewhere, 

reflecting national preoccupation with the industrial status of Britain compared with the rest of the 

world. 

The main focus of the report was the pupillage system then in widespread use in British 

engineering. Under this system, young engineers trained by working for a number of years in the 

office of a practising engineer and learning on the job, rather than through a centralised course or 

qualification. The report argued that the pupillage system had led Britain’s engineers to be well-

trained practically but lacking in sufficient theoretical education to rival foreign competitors. 

Theoretical education was defined as ‘such physical sciences as bear on [the engineering] profession, 

and . . .  the rules and operations necessary to apply their principles to practice’; practical education 

was the ‘actual experience with the nature of practical works, and with the operations and processes 
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necessary for their design and construction’.347 The report concluded that British engineering 

education built only for practical and not theoretical knowledge was not sufficient.    

British and Continental engineering had very different financial and administrative 

relationships with the state, and these differences were thought to have led to different pedagogical 

styles: ‘the education of foreign Engineers is strongly contrasted with that in England [sic] in every 

particular. Practical training by apprenticeship in unknown; the education begins at the other end, 

namely, by the compulsory acquirement of a high degree of theoretical knowledge, under the 

direction, and generally at the expense, of the Government’.348 This association of organisation with 

pedagogy led to suggestions to improve British theoretical training by introducing increased 

centralisation and compulsory theoretical study. In particular, the role that could be played by the 

ICE was debated. Henry Conybeare, an engineer consulted during the making of the report, claimed 

that the major defects of the British system of education were that there was ‘no real professional 

organisation’ and that ‘the mere fact of any one being elected a member of the Institution is no 

more evidence that he possesses the qualifications of a Civil Engineer, than the fact of a man being 

called to the bar is a proof of his knowing anything of laws; the only essential qualifications being, in 

the one case, that the candidate should have kicked his heels for three years in an Engineer’s 

office’.349 Conybeare recommended that the ICE should co-ordinate engineering training.350  

Callcott Reilly, an associate of the ICE and educational reformer who went on to serve as 

Chair of Construction at the Royal Indian Engineering College, suggested that an important step in 

improving engineering education was ‘increasing the usefulness of the Institution to those who 

aspire to sound and thorough professional attainments’ and to ‘make use of the influence and 

resources of the Institution’ to improve the quality of instruction available.351 He suggested that the 

ICE employ seven or eight ‘Readers’ to co-ordinate a central training programme, explain problems 
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and give lectures on basic engineering concepts for ICE members. Reilly’s plan was unusual in 

comparison with the other suggestions in the ICE report as it recommended that the institution 

should take an active role in providing training: other correspondents saw the ICE’s role as, at most, 

limited to supporting or endorsing some types of education and educational establishments.  

The ICE was not the only institution involved in defining the nascent engineering profession. 

The Stevensons were members of the ICE, and participated in, held offices in, and in some cases 

founded, other scientific and technical associations or learned societies within the associational 

culture of nineteenth-century Edinburgh, including the Scottish Meteorological Society, the Royal 

Scottish Society of Arts, and the Royal Society of Edinburgh.352 They did not contribute to the 1870 

ICE report, but were actively involved in discussions of engineering education that took place within 

an Edinburgh context.  

Under David’s leadership, and likely prompted by the same spirit of national alarm after the 

Paris Exhibition in 1867 that had provoked investigations at the ICE, the Royal Scottish Society of Arts 

organised a conference on the subject of ‘technical education’ in 1868 which was attended by 

engineers, professors, schoolteachers and representatives of business.353 The conference discussed 

in general terms the importance of improving technical education to increase British 

competitiveness in manufacturing. The society was also the venue for an address on the subject 

from Fleeming Jenkin in 1868 and David’s Presidential Address in 1869.354 Despite the diverse 

audience of the Royal Scottish Society of Arts, Jenkin used his address to speak specifically about 

engineering, outlining the course he was developing at the university and urging professional 

engineers to require apprentices to have university education in science.355  

 For David, the problem with British manufacturing was not the lack of theoretical 

knowledge among artisans and engineers at all, but problems with wages and trade arrangements. 
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He warned that a ‘zeal for head knowledge’ could ignore the ‘time and difficulty of acquiring those 

high manipulative attainments which every skilled workman should aim to possess’.356 In other 

words, David, unlike Jenkin and other educational reformers, challenged the value of theoretical 

mathematics and natural philosophy for young engineers and technicians, emphasising instead the 

importance of tacit knowledge and practical training and ‘manipulative skill’.357 Consensus between 

engineers was lacking, and, as the knowledge required of pupils remained the decision of individual 

engineers, the combination of practical and theoretical training given varied between pupils until the 

end of the century.  

Institutions and learned societies were also important forums for learning to present ideas. 

In her study on William Herschel, Winterburn argues that his engagement with the Bath 

Philosophical Society allowed him to practise presenting ideas in compliance with conventions of 

scientific communication. She argues that Herschel learned from the society how to use appropriate 

styles and channels to communicate his discoveries, significantly increasing the scientific impact of 

his notice of the discovery of Uranus in 1781.358 Scientific speaking was a performative skill which 

required knowledge and practice to perfect, and which played a particularly significant role in 

Victorian culture.359  Some scientists, for example, Thomas Henry Huxley were considered to be 

particularly skilled at public presentation, and advice on how to deliver successful speeches was 

common.360  

Engaging with institutions formed an important part of the Stevensons’ engineering work. 

The Stevensons presented papers to learned societies throughout their careers, even while still 
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undergoing training. Louis received a silver medal from the Royal Scottish Society of Arts in 1871 for 

a paper titled ‘On a new form of intermittent light for lighthouses’.361  Referred to by the family’s 

biographer as ‘the family tradition’, publishing or presenting papers at institutions and learned 

societies was considered an important way to establish a reputation or, as Mair puts it, to ‘get their 

names up!’362 Despite engineer John Rennie’s dismissal in the 1870 ICE report that training engineers 

to write papers for ‘purely scientific societies’ was unnecessary because ‘if either his executed works 

or writings are worthy of these distinctions, he will have no difficulty in obtaining them,’ learning to 

write for a particular intended audience required training and practice.363 Alan’s paper in 1826 for 

the Royal Physical Society of Edinburgh on ‘The Causes of Obscurity in Style and the Means of 

Obviating Them’ suggests an early understanding of the necessity and requirements of careful 

scientific communication among the Stevensons.364  

Engineering institutions and learned societies had significant power, should they choose to 

exert it, to define the types of education required for an engineer to be recognised as competent. 

Particularly for engineers of a lower social status, membership of such institutions has been 

theorised to have an important social role, replicating the ‘gentleman’s club’ in affording members 

status within society.365 Networks established around the ICE in London enabled engineers to find 

employment, particularly in the British colonies.366 The ICE and other learned societies could 

influence what, how and where young engineers studied. An institution’s stance, however, was 

influenced by the preferences of its members, many of whom were financially invested in the 

pupillage system, in addition to their epistemological commitments to the importance of practice in 

engineering education. Young engineers would usually pay between £300 and £500 for their 
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pupillage.367 In 1835, Robert Stevenson charged £500 for a four–year apprenticeship, but had known 

‘as much as £1000 having been paid’.368 The importance of pupillage as a source of income, as well 

as the ongoing commitment of many engineers to the importance of practice, and the lack of any 

centralised employer or school of engineering made it difficult for the ICE to make sweeping and 

centralising reforms to the pupillage system.  

When the ICE eventually introduced a scientific examination for entry in 1897, it led to 

significant changes in the landscape of engineering education in Britain. Although there were 

exemptions for those with certain engineering degrees and for experienced practising engineers 

who could choose to submit a paper instead, Hirose refers to it as a ‘turning point’, noting that this 

policy change rapidly led to a shift whereby engineers applying for membership of the ICE received 

formal technical education through a university much more often. 369 By the Second World War, a 

three-year engineering degree followed by two years’ practical training had become the norm.  

 

Professional Training  

Under the pupillage system a trainee was required to spend a period of several years working under 

a practising engineer in order to learn the profession. All of the Stevenson engineers entered the 

profession this way, taking on roles within the family firm. The Stevensons’ apprenticeship included 

two major practical elements: working on engineering projects, and visiting and observing 

engineering works. This system was replicated, with slight variations, for all three generations of the 

Stevenson family educated in the nineteenth century. Robert Stevenson, entering the profession at 

the turn of the century, started as an assistant to his step-father, Thomas Smith, a lamp-maker and 

lighthouse engineer.370 This movement from artisanal manufacturing into formal civil engineering 

was a relatively common route into the profession in the eighteenth century: Thomas Telford 
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trained as a stone mason, John Rennie as a mill wright, and James Watt as an instrument maker.371 

Robert showed interest in formal theoretical training, attending chemistry and mathematics lectures 

at the University of Edinburgh, but not until over a decade after he had established himself as a 

practising engineer.372 As a relatively untested engineer with no formal qualifications in engineering, 

Robert Stevenson was able to gain support for his proposal for the Bell Rock Lighthouse – the project 

upon which his reputation was founded – on the basis of his designs being approved by the more 

experienced engineer John Rennie.373 

Robert was followed into the business by his three sons whose training he personally 

oversaw as their father and the head of the firm within which they were apprentices. Alan, David 

and Thomas all served lengthy and comprehensive apprenticeships. Robert wrote to a friend, James 

Tollie, in 1835, describing the training programme he provided for his sons. His model combined 

theoretical study at the university with travel, observation and practical work at engineering sites, 

managed by Robert or by friends within the profession. He wrote that his sons ‘were sent to a Mill 

Wright shop for about a year and during the remaining four years of their apprenticeship they 

occasionally attended the office - classes in the College and works of Engineering in various parts’.374 

David Stevenson kept a diary during his apprenticeship, describing the specific details of the works 

where he had assisted. He worked with a mill wright in Cupar, toured the northern lighthouses with 

his father, visited the construction sites of bridges in Stirling and Glasgow, observed works at a mill 

in Deanston, assisted in surveying the River Tay and worked on the Kingston and Dublin railway in 

Ireland. In addition, he undertook shorter excursions to manufacturing plants, water wheels, and 

places of engineering or historical interest in the vicinity of the works where he was based.375  

In Robert’s letter to Tollie, acquisition of different types of engineering knowledge happened 

in distinct locations: ‘In the office they had drawing, Estimates and Specifications of Works - in the 
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field surveying & levelling and at College Mathematics, Chemistry, Natural Philosophy’.376 Just as 

engineering in practice took place across a range of diverse spaces, so engineering training required 

the trainee to move between different locations and carry out site-specific activities in each.  

Due to the importance afforded to diverse spaces in engineering education, travel was 

considered essential for young engineers. As a young man, Robert studied works in England, Ireland 

and Holland, and subsequent Stevenson apprenticeships similarly required extensive travel within 

and beyond Scotland.377 David visited works in Fife, Glasgow, Stirling, Doune, Perth, Liverpool, 

Holyhead, Caernarvon and Dublin. He and his brothers accompanied their father on annual tours of 

inspection which required circumnavigation of the Scottish coast with stops at many remotely 

located lighthouses.378 Reflecting later in the century, Thomas’s son, Robert Louis Stevenson, 

characterised the engineering profession as one of constant movement between contrasting spaces 

associated with practical and mathematical activities, writing ‘from the roaring skerry and the wet 

thwart of the tossing boat, he passes to the stool and desk; and with a memory full of ships, and 

seas, and perilous headlands, and the shining Pharos, he must apply his long-sighted eyes to the 

pretty niceties of drawing, or measure his inaccurate mind with several pages of consecutive 

figures’.379 While Louis’ account romanticises the pleasures of travel as an engineer, it also 

characterises engineering on the basis of an ongoing transition between spaces and associated 

modes of thinking. By including these spatial transitions in engineering training, young engineers 

were encouraged to associate different activities and ways of thinking with different places, 

illustrating the importance of space in structuring the work of engineers. 

Observing and supervising engineering work in the field required the young Stevensons to 

complete technical and administrative tasks. Writing of veterinary surgeons, Woods argues 

historians of science often understand expertise simply as the ability to undertake research or 

 
376 Robert Stevenson to James Tollie, (6 April 1835) NLS/Acc 10706/15, page 587. 
377 Mair, A Star for Seamen. 52 
378 Stevenson, David, Diary, 1830 – 1836, NLS/Acc.10706/223, page 1. 
379 Stevenson, Robert Louis, (1894) ‘The Education of An Engineer’ The Works of Robert Louis Stevenson: 
Miscellanies Volume I, Edinburgh Edition, Edinburgh: Chatto & Windus, 313. 



   

122 
 

perform technical or scientific tasks, ignoring the non-technical skills necessary for professional 

specialists.380 Fleeming Jenkin recognised such skills as both fundamentally important and beyond 

the scope of university teaching, claiming that a young engineer ‘must have such a knowledge of the 

world as will enable him to deal pleasantly and firmly with workmen, contractors, and proprietors on 

whose land the works are being constructed’.381 When Louis spent the summer of 1868 attending 

harbour works in Anstruther and Wick ‘to glean engineering experience from the building of the 

breakwater’, he had opportunities not only to learn about the technical process of harbour 

construction but also how to manage workmen in difficult conditions.382 In Wick, he complained that 

the workmen were intransigent, that ‘It is a shamefully mismanaged work – nobody in charge, you 

know. If I ask a workman to do anything (aye- or even MacDonald) O! it can’t be done – ‘Mr 

Robertson said something about it: we’d better wait till he comes’ or ‘I must get on with the 

crane’.’383 Louis struggled to demonstrate his authority as an engineer to the workmen in the 

months he spent training in Wick. For Louis’ father and uncle, however, the ability to establish 

legitimate engineering expertise and gain public and government support would become 

increasingly important and complex in Wick as the project started to run into difficulties in the 1870s 

(see chapter seven). Despite Louis’ frustrations with his tasks, his experience of travel and on-site 

experience was intended to introduce him to administrative, interpersonal and managerial skills that 

are often neglected in accounts of the history of training and expertise.  

In addition to work around Scotland, international travel was common in the later stages of 

a Stevenson apprenticeship. Alan, for example, accompanied Robert Bald on a tour of Sweden and 

Russia in 1827.384 David travelled to the United States in 1837 and, on returning, wrote about his 
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observations in Sketch of the Civil Engineering of North America, (1838, second edition 1859). These 

travels, undertaken during a ‘short interval of professional leisure’, were nonetheless the occasion 

for engineering research rather than pleasure or sightseeing.385 David made this explicit in his 

account, noting that ‘In a tour of about three months I visited Upper and Lower Canada, and the 

most interesting parts of the United States of America, and endeavoured, throughout, to direct my 

attention to those objects which are of greatest importance to a Civil-Engineer’.386 He presents his 

travels as an opportunity to learn more about international engineering methods on behalf of British 

engineers, writing that ‘I have been induced to lay before my professional brethren the information 

thus obtained. It is true that Civil Engineering, as practised in America, is not always applicable to the 

circumstances of Europe; but still the modifications to which it is subject in a new country may prove 

useful, by suggesting various methods of working, adapted to local circumstances or limited 

funds’.387  

This global view of knowledge and acknowledgement of the value of international examples 

remained a key part of David’s understanding of how engineering worked. During a debate in the 

1860s over the comparative industrial and technical capacity of Britain in relation to other nations, 

David argued in his Presidential Address to the Royal Scottish Society of Arts in 1868 that foreign 

manufacturers and industrialists had improved because they had learned from British examples. He 

attributed Britain’s perceived shrinking dominance in international industry and trade to this 

improvement by other nations, rather than to any new deficiency in British artisans. He claimed that:   

They have cultivated with success the branches of manufacture in which we excelled and 

they were deficient, and the result is just what might have been expected, being the natural 

consequence of intelligent manufacturers and skilful workmen applying their minds and 
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hands to attain perfection in their own department of business, after seeing with their own 

eyes that superior work was done by their neighbours.388 

David’s understanding of how engineers learned, therefore, was profoundly international, assuming 

that engineers from all nations could and did learn from one another. Such an approach was 

encouraged by the international nature of his apprenticeship. Jones argues that this model of 

knowledge transfer through international visitation was significant in early mechanical engineering 

across Europe.389 The Stevenson family’s ongoing commitment on learning from travel challenges 

what Jones refers to as a ‘lazy historiographical generalisation’ that knowledge about engineering 

and technology in the nineteenth century flowed unilaterally from Great Britain outwards to other 

nations.390 Instead, the Stevensons were actively engaged in studying engineering work in situ both 

within and outside Britain in order to improve their own practice, and later to suggest improvements 

to their British colleagues.   

 

Universities 

Training through apprenticeships completed at engineering sites was not, however, the only type of 

education required of the Stevensons. Robert took a relatively unusual view of engineering 

education for his time, encouraging his sons to attend courses at the University of Edinburgh 

alongside their practical work. He wrote of his son Alan, who graduated with an M.A.Phil in 1826, 

that ‘I am hopeful that he will so apply himself as to lay a foundation to enable him to be employed 

in the more advanced steps in the science and practice of his profession. Unless these go hand in 

hand, an engineer labours under many disadvantages in his future designs’.391 This commitment to 

the combination of theoretical and practical experience for young engineers was not common 
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among ICE members until the early twentieth century.392 University training was far from the 

experience of many young engineers, and its usefulness was contested. The engineer responsible for 

training David during his work on the Kingston and Dublin railway in the 1830s, for example, wrote 

to Robert to praise his son’s personal qualities and to rate his potential as an engineer: 

I can only say that in my judgement a good foundation has been laid, and that the design for 

the superstructure promises well, or in other words, “there is the making of a good Civil 

Engineer in him”, and I have no doubt but he will realize the most sanguine expectation of 

his friends after he has obtained a few years practical knowledge in working operations, 

which, notwithstanding the present rage for Theoretical pre-eminence, is perhaps the best 

school for making really useful Civil Engineers after all.393 

This debate over the relative importance of theoretical and practical education continued within the 

engineering profession until the end of the century and featured prominently in the 1870 ICE report. 

Robert’s early advocacy for combining the two shows that the Stevensons, more than other 

engineers at the time, embraced a scientific and theoretical approach to engineering that made 

space for university teaching as part of engineering education.  

Unlike other European countries, there were no central, state-run, schools of engineering 

that monopolised training and controlled entry into the profession in early nineteenth-century 

Scotland. Young Scottish engineers could study university courses or attend lectures on subjects 

such as mathematics, natural philosophy and chemistry from the beginning of the century, but the 

majority undertook no university training. From the mid-century onwards, courses specifically in 

engineering began to be introduced at Scottish universities, including at the University of Edinburgh 

from 1868 under Fleeming Jenkin, although it remained possible to enter the profession without 

university education throughout the century.394  
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 Unusually for their era, the Stevenson engineers all took courses at the University of 

Edinburgh. Robert began his university education long after he had established himself as a 

successful engineer, but for the rest of the family, training as young men meant winters studying in 

Edinburgh and summers travelling to work on site – what Roderick and Stephens refer to as the 

‘sandwich system’ of engineering education.395 They claim, however, that this system uniquely 

characterised engineering education at the University of Glasgow. Marsden suggests that the 

proximity to industry in Glasgow, along with the personal beliefs of W. J. M. Rankine, then professor 

of Engineering, about the unity of theory and practice, produced a system specific to that 

university.396 The history of the Stevensons in Edinburgh, however, demonstrates that the 

combination of practical and theoretical training in the ‘sandwich system’ could be adopted 

elsewhere. 

The ICE report of 1870 surveys the contents and curricula offered by the following 

educational institutions: King's College, London; University College, London; the Royal School of 

Mines, London; the Royal School of Naval Architecture and Marine Engineering, South Kensington; 

the University of Edinburgh; Glasgow University; Trinity College, Dublin; the Royal College of Science 

for Ireland, Dublin; Queen's College, Cork; Owen's College, Manchester; the Royal Agricultural 

College, Cirencester; and the Engineering Establishment of the Department of the Public Works, 

India.397 Most of these courses were intended to be taken in addition to, and not instead of, practical 

training in an engineer’s office or workshop. Only in Trinity College, Dublin, did practical and 

theoretical training prepare an engineer for professional practice ‘without pupillage’.398 Most other 

courses described in the report implied that practical training would take place after the successful 

completion of the course.399 The ‘sandwich system’ was not institutionally sanctioned among 
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engineering schools, with the exception of Glasgow, but may have been followed by individual 

engineers, such as the Stevensons, who attended courses at those institutions alongside pupillages 

with engineering firms.  

Despite the categorisation of university education as ‘theoretical’ in the ICE’s report, 

university courses could include practical elements. Fleeming Jenkin, for example, attempted to 

replicate practical experiences in his course. He taught alternate years on harbours, waterworks and 

the steam engine and roofs, bridges, roads, railways, tramways and locomotives using real 

examples.400 While this was likely an expression of his own priorities, as can be seen from his 

articulations of his teaching philosophy in the 1870 ICE report and lecture to the Royal Scottish 

Society of Arts, there was also institutional pressure to include practical activities in engineering 

training at Edinburgh.401 A condition of the endowment of his Chair of Engineering was that he 

would ‘be bound in the course of instruction to make practical excursions with his Students, taking 

them into the field to teach them Surveying, and going with them to large workshops and 

manufactories for the purpose of bringing them into direct contact with industrial operations, and 

thereby affording him an opportunity of giving them practical instruction in the Science of 

Engineering’.402 This challenges neat distinctions between practical training in the office or field and 

theoretical training in the lecture hall: education and training embraced multiple practices including 

reading, writing, surveying, calculating, drawing and observing works and machines in situ which 

could be organised through a university course, a pupillage, or both.  

Even so, engineers consistently argued that there was a difference between designs made in 

training and those constructed in the real world. The 1870 ICE report frequently refers to the 

importance of ‘actual’ or ‘real’ works which are different in character to training designs made but 

never built. At the University of Edinburgh one requirement for passing a Doctorate of Science in 
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Engineering was that the candidate ‘prove that he has passed under a civil engineer in practice’.403 

Rankine’s course at Glasgow intended to avoid ‘any pretension to give him [the trainee engineer] 

that skill in the conduct of actual business which is to be gained by practice alone. The University 

course may be gone through either before, during, or after the term of pupilage [sic] or 

apprenticeship, according to convenience’.404 As J.M. Heppel, an engineer consulted in the 

preparation of the ICE report, put it, ‘The work is not real work. . .  A line of canal may be laid out 

and levelled, and a working section and detailed plans prepared, but it is exempt from verification by 

that most uncompromising examiner—water’.405  

Rankine’s report to the ICE suggested that theoretical training could complement, rather 

than replace, the practical field experience of pupillage. The aim of his course was ‘supplying the 

student with that scientific knowledge which he cannot well acquire in an office or workshop’.406 

There was, by the 1870s, a feeling among British engineers that students lacked theoretical 

proficiency, particularly as regards basic mathematical concepts. Jenkin argued that ‘most pupils are 

so ignorant of algebra, that they are not only incapable of working out a result for themselves, but 

actually cannot apply the simple formulae which are given in engineers’ pocket-books. Their 

arithmetic is very shaky, and a knowledge of physics, chemistry, geology, or the higher mathematics 

is wonderfully rare’.407 He compared the basic insufficiency he perceived in the mathematics of 

engineering pupils with the French system where young engineers ‘received a mathematical training 

equal to any that Cambridge can give’.408 While Jenkin criticised the French system as lacking in 

competition and encouraging brilliantly trained and intelligent engineers to grow complacent, he felt 

strongly that the British system should include more and better abstract mathematical instruction.  
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The role of abstract mathematical and scientific theory in engineering, compared with 

practical experience and engineering precedent, has remained an issue within engineering 

epistemology. Philosopher and practising engineer McLaughlin argues that ‘to the engineer, 

scientific truth has always been suspect. Probably one of the oldest engineering comments was 

“That works in the lab, but out here in the real world it does not work that way.”’409 Anderson and 

Madhavan agree, arguing that ‘good science is peer-reviewed; accountable engineering is reality-

refereed’.410 As is argued in chapters five, six and seven, much of the Stevensons’ engineering 

involved deploying judgement, knowledge, experimentation and experience to apply or reject 

scientific theories and mathematical formulae in response to particular engineering problems.411  

This judgement, sense or feeling required an in-depth comprehension of scientific principles that 

could be gained through university teaching, but was ultimately the product of the interaction of 

that theoretical comprehension with knowledge gained through extensive practical experience, and 

therefore justified the ongoing emphasis on practical training as a vital element of engineering 

education in Britain.  

Another key argument for the formalisation of engineering education in Britain was that 

engineers trained in Continental Europe were advantaged by having a degree to prove their 

competence, as opposed to ‘an informal note from somebody saying he is an excellent man in a 

general way’.412 In an address to the Royal Scottish Society of Arts, Jenkin argued that:   

No pass or competitive examination bars the entrance to our profession, and a good fee and 

some personal knowledge of the candidate are the inducements which lead engineers, in 

the south at least, to accept pupils. Now I cannot urge too strongly on the profession that 
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the improvement of the education of the younger members lies in their hands. If they will 

require a real preparation from their pupils, if they will show a real preference for a well-

prepared pupil, the cause of scientific education will be won.413 

Educational change, he claimed, should be incentivised by changing the criteria upon which 

practising engineers chose employees. Certification would allow engineers to discriminate between 

qualified and unqualified candidates when selecting pupils, or to provide the best performing 

students with free pupillages, incentivising study as a route into the profession.414 In the ICE report, 

the Society of Arts Committee suggested that an examination and degree in engineering from a 

university should be considered to demonstrate ‘that they have attained such proficiency in the 

theoretical studies as to be fit to enter on a practical pupillage with advantage to themselves and 

their employers’.415 There was precedent for this in the Indian Public Works Department, which had 

introduced an examination in 1859 and continued to recruit this way throughout the 1860s.416 

Heppel suggested a ‘Master of Engineering’ degree be awarded through examination. He claimed 

that ‘As a simple certificate of actual attainment, it could not, I think, be objected to, and if it 

became substantially valuable, it would only be in consequence of its being found to be a real 

indication of capacity and trust-worthiness’.417 Henry Conybeare made a similar suggestion, 

specifying that only degrees from certain institutions should be included: ‘the Council should make it 

a rule that no member of the Institution should take a pupil who had not obtained from the 

Engineering department, either of King’s College or of one of the Queen’s Colleges in Ireland, or 

from a Board of Education appointed by one of them, a certificate of adequate proficiency’ [original 

emphasis].418 Outside of Conybeare’s suggestion, the idea of institutional coercion was strikingly 

absent from debates over how theoretical education should be promoted. Most engineers who 

 
413 Jenkin, ‘An Address on Technical Education’, 21.  
414 The Education and Status of Civil Engineers, 204.  
415 The Education and Status of Civil Engineers, xvii. 
416 Cuddy and Mansell, ‘Engineers for India’, 109. 
417 The Education and Status of Civil Engineers, 188. 
418 The Education and Status of Civil Engineers, 181. 



   

131 
 

suggested qualifications should be implemented argued that they should be made valuable by 

encouraging private engineers to factor them into hiring decisions, rather than introducing rules 

requiring them for all engineering pupils. Even within the university sector, therefore, the power of 

individual practising engineers remained substantial.  

 

Reading, Writing, Drawing 

Studies of training often focus on how material was taught through interpersonal interaction, 

whether in classes at a university, meetings of a learned society or in the office with a practising 

engineer. While these sites of learning were important, a focus on interpersonal interaction ignores 

the role of material objects in the transfer and circulation of engineering knowledge. Historians have 

drawn attention to the way that multiple types of material object have facilitated the transportation 

of knowledge. Practices of book selection, recommendation and circulation have been studied in 

relation to working-class autodidacts and the idea of self-teaching. The reading and writing of 

scientific books and journals has been analysed. Far from considering written scientific texts as 

simply enabling the straightforward communication of scientific ideas from one person to another 

over space, several authors have shown how scientific writings construct the processes and 

assumptions of science, how they enable the movement of ideas over space, and how scientific 

writing helped to define the scope of a discipline or profession and the expectations placed on its 

members.419 

Such considerations are rarely applied to the written materials associated with engineering. 

Marsden has examined Rankine’s Manual of Applied Mechanics (1858), which attempted to combine 

abstract mathematics with practical engineering problems, particularly noting that the prestige 
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associated with it did not reflect its reception among students who found it difficult to 

understand.420 Rankine’s book, although influential, was one of many works that could be 

considered engineering textbooks. The term textbook is complex – Issit calls it a ‘very fuzzy category’ 

– and can only be defined in context.421 Books intended for use as teaching aids can, like Rankine’s 

textbooks, be unhelpful to readers. Books that may not have been explicitly intended for students 

may be appropriated for learning. As Vicedo notes, some textbooks were intended for a wide 

audience and were therefore ‘a source of more general scientific ideas for those who move on to 

other areas,’ while others were intended for specialised learning by members of a profession.422  

While this means that any book written or read by the Stevensons could be considered a 

textbook, members of the family wrote some works that were specifically intended for use by pupils 

and new engineers. These were David Stevenson’s The Principles and Practice of Canal and River 

Engineering (1858 and 1872); Thomas Stevenson’s The Design and Construction of Harbours (1864 

and 1874); and his Lighthouse Construction and Illumination (1881).423 David Stevenson also 

published another pedagogical work, A Treatise on the Application of Marine Surveying and 

Hydrometry to the Practice of Civil Engineering (1842) before the education and training debates of 

the 1860s, which is discussed in chapter five.424 The Stevenson family wrote several other books on 

engineering topics, including David’s Sketch of the Civil Engineering of North America (1838) and Life 

of Robert Stevenson, Civil Engineer (1878), Alan’s Account of the Skerryvore Lighthouse with notes on 

the illumination of lighthouses (1848), and Robert’s An Account of the Bell Rock Light-House 

 
420 Marsden, ‘Ranking Rankine’, 446.  
421 Brooke, John Hedley, ‘Introduction: the study of chemical textbooks’ in Lundgren and Bensaude-Vincent 
(Eds) Communicating Chemistry, 2; Issit, ‘Reflections’, 685 
422 Vicedo, Marga, (2012) ‘The secret lives of textbooks’ Isis, 103, 87. 
423 Stevenson, David, (1872) The Principles and Practice of Canal and River Engineering, Second Edition, 
Edinburgh: A. & C. Black; Stevenson, Thomas, (2011: 1874) The Design and Construction of Harbours: A 
Treatise on Maritime Engineering, Second edition, Cambridge: Cambridge University Press; Stevenson, Thomas 
(2010: 1881) Lighthouse Construction and Illumination, Second edition, Cambridge: Cambridge University 
Press.  
424 Stevenson, David, (1842) A Treatise on the Application of Marine Surveying and Hydrometry to the Practice 
of Civil Engineering, Edinburgh: A. & C. Black.  
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(1824).425 While these texts referenced the author’s hopes that they would be useful to other 

engineers, they were focused on describing a particular project, or series of projects, rather than 

suggesting how engineers should execute works.  

The Stevenson textbooks were popular and well regarded. The Principles and Practices of 

Canal and River Engineering and The Design and Construction of Harbours both went to multiple 

editions. David was invited to give a lecture series based on the first at Chatham School of Military 

Engineering in 1877, suggesting that David’s book, referred to in his obituary as ‘the standard work 

on the difficult subject of which it treats’, was considered appropriate for engineers undertaking 

higher education.426 Engineering students were the book’s intended audience. David set out in the 

preface that he hoped that: ‘the following pages contain a resume of a pretty wide field of research, 

which I trust may prove in some respects useful, if not to the engineer in his practice, at least to the 

pupil in the study of his profession’.427 

David and Thomas’s engineering textbooks are notable for their explicit and continued 

commitment to the use of practical examples. David stated his commitment to drawing on examples 

from his work at the beginning of The Principles and Practice of Canal and River Engineering: ‘It 

seems to me that such branches of Engineering may be most usefully discussed by explaining 

general principles, - describing works designed to produce certain effects, - showing their application 

in practice, and recording results’.428 He claimed that in his book ‘every statement of principles has 

been illustrated by at least one example in practice’.429 Thomas in The Design and Construction of 

Harbours noted that ‘I have endeavoured to make this volume a useful contribution to Maritime 

 
425 Stevenson, Robert, (1824) Account of the Bell Rock Light-house, Edinburgh: Archibald Constable & Co.; 
Stevenson, David, Sketch of Civil Engineering in North America; Stevenson, David, (1878) Life of Robert 
Stevenson, civil engineer; Stevenson, Alan, (1848) Account of the Skerryvore lighthouse with notes on the 
illumination of lighthouses, Edinburgh: A. & C. Black.   
426 Stevenson, David, (1877) ‘Lectures: canal and river engineering’ NLS/Acc.10706/530, number 39; ‘Obituary, 
David Stevenson, 1815 - 1886’, (1887) Minutes of Proceedings of the Institution of Civil Engineers, 87, 441.  
427 Stevenson, David, The Principles and Practice, vii.  
428 Stevenson, David, The Principles and Practices, vi.  
429 Stevenson, David, The Principles and Practices, vii.  



   

134 
 

Engineering, by introducing into it, as largely as possible, the results of actual practice’.430 For both 

Stevensons, the narration of specific practical examples in addition to theoretical principles was 

paramount in educating readers.  

The Stevensons expected their books to be read by both trainee and experienced engineers. 

Reilly similarly suggested that ‘there should be no limitations to the age of those who desire to profit 

by these facilities for study, nor of the candidates for the voluntary examinations; but that the 

advantages of the system should be open to all, of whatever class, connected with the Institution’.431 

In attempting to organise a public lecture series on natural philosophy, chemistry and geology, 

Thomas argued that ongoing learning was essential because ‘advancements in Physical Science 

made in the last thirty years has been so great’ that many people who had completed scientific 

courses ‘many years ago’ were interested in updating their knowledge.432 Ongoing learning on a 

diverse range of subjects was a priority introduced to the family by Robert Stevenson who, according 

to Louis, ‘pursued his design of ‘keeping up with the day’ and posting himself and his family on every 

mortal subject’.433  

As may be expected based on this commitment to ongoing learning, the Stevensons were 

active readers, amassing a professional reference library that contained over 600 books. While it is 

impossible to know when each book was acquired, by whom, and for what purpose, the size of the 

library suggests that reference texts were important to the ongoing work of the firm. The Stevensons 

collected specialist and general publications including reports by well-known engineers, for example 

George Stephenson’s Reports on the formation of a railway between Lancaster and Carlisle from 

1837, Thomas Telford’s A Report relative to the proposed canal from the city of Glasgow to the 

harbour of Ardrossan, ([1805]), and Thomas Grainger and John Miller’s Report relative to the 

proposed railway from Arbroath to Forfar from 1835. There were guides and manuals such as 

 
430 Stevenson, Thomas, The Design and Construction of Harbours, Second Edition, vii – viii. 
431 The Education and Status of Civil Engineers, 190. 
432 Stevenson, Thomas, (4 July 1873) Circular letter, NLS/Acc.10706/42, page 798.   
433 Stevenson, Robert Louis, Records, 87.  
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Murdoch MacKenzie’s A Treatise on Marine Surveying (1819 edition) and the US Lighthouse 

establishment’s Manual of Light-house Engineering (1869), alongside works by natural philosophers  

such as James Hutton’s Dissertations on Different Subjects in Natural Philosophy (1792).434 The firm 

also collected over 100 maps and diagrams by other engineers, surveyors and mapmakers. The 

Stevensons’ publications frequently referenced the published work of others to contextualise their 

own.  

In its report of 1870, the ICE recognised reading as a key way of learning in civil engineering, 

asking specifically for ‘a catalogue of the Text Books employed’ by institutions offering engineering 

courses.435  Reilly referred to his plan to establish ‘Readerships’ in theoretical engineering fields 

under the direction of the ICE as ‘Assisted Self-instruction’.436 Engineers under this model were 

expected to learn primarily by independent reading. The ‘first duty’ of those appointed as Readers, 

he suggested, ‘would be to arrange a programme of study, and to select and recommend the text-

books most suitable for the private study of the students; and where such text-books do not exist in 

our language, the resources of the Institution might be reasonably employed in stimulating or 

assisting their composition and publication, or in authorising or assisting the translation of those 

which exist in foreign languages’.437  

This acknowledgement of the necessity of translation supports Jones’ argument that early 

nineteenth-century engineering operated on an international scale. While Jones focuses on the 

circulation of people and practices of travel for young engineers, there was also significant 

circulation of correspondence, reports and books.438 Language learning was considered an important 

prerequisite to engineering training by many of the engineers writing to advise the ICE in 1870. 

French and German were particularly important, with some correspondents also suggesting students 

 
434 See: Stev.21 (26); Stev.56; Stev.150 (7); Stev.3; Stev.58; Stev.129 in ‘Stevenson Collection List’ National 
Library of Scotland Website, https://www.nls.uk/collections/rare-books/collections/stevenson-list/ [Accessed 
3 October 2021]. 
435 The Education and Status of Civil Engineers, vi.  
436 The Education and Status of Civil Engineers, 189. 
437 The Education and Status of Civil Engineers, 190. 
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should learn Latin, Greek, Italian and Spanish. The curriculum of the Royal Indian Engineering College 

when it opened in 1871 included Hindustani alongside French, German, Latin and Greek.439 

Engineering was a multilingual field, as can be seen in the international character of the Stevenson 

library which included works in German, Italian and Dutch, and publications relating to engineering 

works in the United States and Japan. French engineers in particular were key competitors and 

collaborators for British engineers in the nineteenth century. In the Stevenson library, there were 83 

books in French, the earliest dating from 1812, by far the largest number of books in any language 

other than English. While many historians have focused on engineering competition with France, the 

presence of French reference material in the Stevenson library suggests that this rivalry included 

learning from one another. The Stevenson family built strong personal and professional connections 

with French engineers that led to the introduction of innovative lighthouse technology in Scotland: 

Alan in particular was a life-long friend and collaborator with French physicists and lighting engineers 

Augustin and Léonor Fresnel.440 When David explained in his Presidential Address to the Royal 

Scottish Society of Arts in 1869 that engineering developments could be generated by learning from 

other nations, he argued that European engineers had learned from a British example.441 The 

Stevenson’s readings habits suggest, however, that this process of learning was often two-way.  

The Stevensons were aware of the limitations of language in communicating engineering 

knowledge. As Louis wrote: ‘It is of the essence of this knowledge, or this knack of mind, to be 

largely incommunicable. ‘It cannot be imparted to another,’ says my father. The verbal casting-net is 

thrown in vain over these evanescent, inferential relations. Hence the insignificance of much 

engineering literature. So far as the science can be reduced to formulas or diagrams, the book is to 

the point; so far as the art depends on intimate study of the ways of nature, the author's words will 

too often be found vapid’.442 David likewise acknowledged the insufficiency of language in his 

 
439 Royal Indian Engineering College (1871) Indian Civil Engineering College, Coopers Hill Syllabus of the Course 
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description of the Ohio River: ‘It is impossible to convey to the reader an adequate idea of those vast 

bodies of moving water, or to describe the feelings which the traveller experiences’.443 Even though 

they created and used engineering literature, the Stevensons simultaneously emphasised its 

limitations in conveying a full understanding engineering objects and spaces.  

One alternative means of conveying ideas about engineering projects was visual 

representations. Drawings were seen as a fundamental tool through which engineering knowledge 

could be disseminated and understood. As discussed in chapter two, the Stevenson library contains 

a large number of maps, plans or diagrams. Learning to draw and interpret visual materials within 

the range of genres of visual representation that were required for engineering was an important 

aspect of training both in the university and in the office.  

In the 1860s, Jenkin highlighted the importance of mechanical drawing in his address to the 

Royal Scottish Society of Arts. He argued that ‘The form of elementary science which is best adapted 

for introduction into primary schools, is the representation of bodies of simple form by plans, 

sections, and elevations drawn to scale, or with figured dimensions’ [original emphasis].444 From 9 

August 1870, drawing, specifically ‘Geometrical Projection, Mechanical Drawing, Plans, and Surveys’ 

was one of the three core parts of the final examination in engineering at the University of 

Edinburgh, alongside mathematics and engineering.445 Questions requiring the student to draw the 

answers were routinely included in Jenkin’s engineering exams.446 Jenkin saw engineering drawing as 

tacit skill that students needed to practise to enable them to access and encode knowledge visually. 

He likened drawing to ‘a tool or key with which the able and energetic can for themselves open fresh 

paths to knowledge’.447 Like the Stevensons’ textbooks, Jenkin taught using examples, noting in his 
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drawing class curriculum that ‘The examples given to the Students are of a practical character, 

consisting chiefly of actual working Engineering Drawings’.448  

Drawing was similarly important in a professional training environment. Drawing made up a 

significant portion of David Stevenson’s daily activity during his time observing and assisting on 

engineering projects. From 18th September until 13th October 1832, for example, he spent his days 

‘drawing and attending [the] mill’ at Deanston near Doune. During these weeks, he drew all day, 

every day of the week excluding Sundays.449 David’s diary became increasingly visual over the course 

of his apprenticeship. His later entries included more drawings, and the drawings were larger and 

more detailed than in his earlier entries. This could suggest growing familiarity and confidence with 

visual representation as a method of conveying his ideas, or a wish to use his diary to further 

practise these methods. In either case, it is clear that drawing became increasingly important to 

David as he progressed through his apprenticeship.  

 
448 Edinburgh University Calendar 1870 – 1, CRC, page 75. 
449 Stevenson, David. Diary, 1830 – 1836, 134 – 135.  

Figure 4.1: Pages from David Stevenson's Diary, 1830 - 1836, NLS/Acc.10706/223. Image courtesy of the National Library of 
Scotland. 
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Louis also dedicated time during his training to practising drawing. He complained to his 

father from Anstruther in 1868 that ‘It is awful how slowly I draw and how ill: I am not nearly done 

with the travellers and have not thought of the Jennies yet, When I’m drawing I find out something I 

have not measured, or, having measured, have not noted, or, having noted, cannot find: and so I 

have to trudge to the pier again, ere I can go further with my noble design’.450  

David and Louis both drew from life, and this was also a key element of Jenkin’s course.  The 

University Calendar of 1870 states that in Jenkin’s drawing class students were ‘taught to make 

Drawings from the details of actual Machines’.451 There is evidence of similar use of existing 

diagrams for learning in the Stevenson archive. Adam Anderson’s table of measurements of the Tay, 

which is discussed in chapter five, was copied in its entirety by hand. No clear explanation is given 

for why there are two versions of the document in the archive. David Stevenson was engaged on the 

Tay Survey as part of his apprenticeship in the 1830s, so it may be the case that the second version 

of the drawing was done as part of his training. It is striking that every detail has been copied, 

including the image of a ship in the top right corner that does not serve a clear scientific purpose.   

Anderson’s diagram combines visual, textual and numerical material to present the results 

of his calculation of the discharge of the River Tay. It includes a cross section of the River Tay, a 

drawing of the apparatus used for surveying, a written account of the method and two numerical 

tables detailing the findings of the analysis. Anderson’s chart may have been chosen for David to 

copy because of its content as well as its form, enabling simultaneous learning of drawing and river 

surveying: David writing later in life described Anderson’s work as an exemplary river survey.  

 

 

 
450 Robert Louis Stevenson to Thomas Stevenson (2 July 1868) in The Letters of Robert Louis Stevenson, 129. 
451 Edinburgh University Calendar 1870 – 1, CRC, page 75. 



   

140 
 

 

 

 

 

 

Figure 4.2: Anderson, Adam, (1831) Tay, River. Sections to determine the quantity of water discharged, NLS, MS.5863, 22, 645 x 840 mm. Image 
courtesy of the National Library of Scotland.  
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Contemporaries of all backgrounds acknowledged that learning to draw was vital for the 

successful engineer and that it required consistent practice. Jenkin’s curriculum included a daily 

drawing class from 10.00 am until 2.00 pm for engineering students.452 He wrote to the ICE that ‘the 

mechanical drawing class is as close an approach to the actual drawing office as can be provided’.453 

Drawing featured in the curriculum of most other university engineering courses described in the ICE 

report, including Owens College, Manchester, University College, London and the Royal School of 

Mines. While other subjects such as measuring and preparing estimates and specifications were 

treated in subject lectures, drawing was usually taught through a practical class that ran in addition 

to lectures.454 At King’s College, London, drawing was taught ‘by actual practice in the ordinary 

way’.455  

 
452 Edinburgh University Calendar 1873 – 4, CRC, page 244 – 6. 
453 The Education and Status of Civil Engineers, 9. 
454 Edinburgh University Calendar 1868 – 9, CRC, page 64.  
455 The Education and Status of Civil Engineers, 5 

Figure 4.3: Copy of Anderson, Adam, (1831) Tay, River. Sections to determine the quantity of water discharged, 
NLS/MS.5863, 23. Image courtesy of National Library of Scotland.  
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Despite the use of drawing to convey some of the ideas that eluded written accounts of 

engineering, the fundamental importance of practice and the insufficiency of theoretical study alone 

continued to be emphasised. Textbooks could provide access to scientific formulae and principles, 

and were an important way of transferring engineering knowledge nationally and internationally. 

Their authors, however, acknowledged that the application of these principles to real engineering 

situations required engineering judgement that could only be learned from practice. Similarly, it was 

widely acknowledged that while the principles of engineering drawing could be taught, the skill 

could only be perfected through practice.  

 

Family, legacy and inheritance 

As discussed in chapter two, family ties were crucial in structuring the Stevensons’ work as 

engineers. In particular, the education received by young Stevensons was heavily controlled by their 

older and more established engineering relations. The firm was a family business, and for new 

Stevenson engineers beginning apprenticeships, the firm was always headed by their father, 

sometimes in addition to other family members. In the early years of the firm, Robert took personal 

responsibility for educating his sons, personally managing their apprenticeships to equip them with 

the skills and experiences that he considered important for their future careers. In later iterations of 

the firm, Thomas and David similarly supported their sons to undertake engineering training. In the 

absence of centralised administrative systems, engineering training was highly individualised. In the 

case of a family business like the Stevenson firm, the training of new engineers was therefore 

strongly influenced by family, both materially and ideologically.  

Rees Koerner has argued that familial connections, and fathers in particular, served a vital 

role in providing engineering education and opportunities for nineteenth-century female engineers 
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such as Henrietta Vansittart and Blanche Thornycroft.456 Because such women generally entered the 

profession through a family business, their training was often received informally from their fathers. 

Such relationships could also prove important for self-fashioning: Henrietta Vansittart presented 

herself as a ‘devoted daughter’ finishing her father’s work, and her engineering work as the defence 

of her father’s legacy, rather than claiming to be an engineer and inventor in her own right. 457 Rees 

Koerner does not, however, consider how such familial connections may have influenced young men 

entering the profession. While she rightly notes that female engineers were excluded from formal 

university education in this period, this form of education was very rare in British engineering. 

Pupillage with one’s father had the potential to provide many of the same opportunities for familial 

knowledge exchange, influence and self-fashioning for male engineers that Rees Koerner identifies 

as being important for female engineers. It is therefore important to extend Rees Koerner’s work to 

consider the role played by family in the training and self-fashioning of young male engineers such as 

the Stevensons.   

Family could contribute to the training of young men in a range of ways. As Hirose has 

demonstrated, unlike at state-funded institutions in Europe, the financial resources of young men in 

Britain were pivotal in securing formal training opportunities.458 Engineering training came with costs 

that had to be met by the young engineer or their family or friends, such as university fees, 

apprenticeship fees, the costs of travel to engineering sites across the country and the world, the 

costs of textbooks, stationary, tools, notebooks and notepaper and the overall cost of living while 

training.459 Familial resources could help in different ways.  

 
456 Rees Koerner, Emily, (2021) ‘Inventor, devoted daughter, or lover? Uncovering the work of Victorian naval 
engineer Henrietta Vansittart (1833 – 1883)’, Science Museum Group Journal (online publication), Issue 15, 
http://journal.sciencemuseum.ac.uk/browse/issue-15/henrietta-vansittart/ [Accessed 3 October 2021]. 
457 Rees Koerner, ‘Inventor, devoted daughter’. 
458 The Education and Status of Civil Engineers; Roderick and Stephens, ‘The Higher Education of Engineers; 
Picon, ‘Engineers and Engineering’; Hirose, ‘Two classes’, 389; Gouzévitch, ‘The rise of state engineering 
administrations’.  
459 Robert Stevenson to James Tollie, (16 April 1835) NLS/Acc.10706/15, page 587; Hirose, ‘Two classes’, 389.  
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The Stevenson engineers received significant material support from their family while 

training. Robert waived his £500 apprenticeship fee for his sons.460 While David was working in the 

field, Robert regularly sent money, and Thomas similarly sent Louis money while he was travelling 

for work.461 Material resources were also shared, including Robert’s collection of books and reports, 

which he left for Alan, David and Thomas to use as reference material.462 As discussed in chapter 

two, such resources were often accompanied with detailed instructions on their appropriate use and 

future extension. Louis wrote of his grandfather that ‘not content with keeping an encyclopaedic 

diary himself, he would fain have set all his sons to work continuing and extending it’.463 Robert’s 

library was both a resource and an obligation, a source of information and the physical 

representation and model of an encouraged practice of extensive and continuous research and 

recordkeeping. For Louis, who chose not to pursue engineering despite his family’s expectations, 

studying his grandfather’s travelling diary provoked complex emotions. As an adult, he reflected that 

‘As for Robert Stevenson and the Travelling Diary, I should be ungrateful to complain, for it has 

supplied me with many lively traits for this and subsequent chapters; but I must still remember 

much of the period of my study there as a sojourn in the Valley of the Shadow’.464  

 Non-material support was also provided. Personal relationships developed by previous 

generations, for example, were key to the Stevensons’ training system. Robert’s apprenticeship 

model required that his sons observe and experience a range of engineering works, either ‘under my 

own direction or for particular practice under the direction of some of my friends in the 

profession’.465 Robert secured the opportunity for Alan to work for 17 months during his 

apprenticeship with Thomas Telford and James Walker on docks and canal works in Hull, 

 
460 Robert Stevenson to James Tollie (16 April 1835) NLS/Acc.10706/15, page 587.  
461 Robert Stevenson to David Stevenson, (14 August 1833) NLS/Acc.10706/15, page 301; Robert Stevenson to 
David Stevenson, (n.d.) NLS/Acc.10706/15, page 469; Robert Louis Stevenson to Thomas Stevenson, (2 July 
1868), in The Letters of Robert Louis Stevenson, 129.   
462 Stevenson, Robert, Index to Reports, 1834-47, NLS/Acc.10706/124. 
463 Stevenson, Robert Louis, Records, 88.  
464 Stevenson, Robert Louis. Records, 88. 
465 Robert Stevenson to James Tollie (16 April 1835) NLS/Acc.10706/15, page 587.  
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Birmingham and Liverpool.466 Alan subsequently travelled to Sweden and Russia in 1827 with Robert 

Bald, a leading engineer and family friend.467 In 1837, Thomas was sent to observe and assist William 

Cubitt, a friend of Robert’s, with the construction of docks in Cardiff.468 David spent time during his 

apprenticeship studying tunnelling works in Liverpool under William McKenzie.469 Opportunities to 

study projects beyond the immediate works of one firm were very valuable. In 1870, Conybeare 

suggested that the ICE could arrange such transfers between engineers to facilitate education in 

different types of engineering works, for example, he argued ‘it would greatly benefit the pupil of a 

water-work Engineer [sic] to spend three months in a fustian jacket in an engine factory, and three 

months more on railway surveys and works’.470 For the Stevensons, opportunities to gain experience 

outside of the firm were provided at an earlier date by the interpersonal networks and professional 

reputation of the family. 

 Familial relationships could also provide important role models and introduce young 

engineers to the norms of professional conduct. Bergwik has shown in work on the scientific practice 

of Hans Petterson and his father in early twentieth-century Sweden, that familial relationships 

shaped how scientists understood and carried out their work in a university context.471 Initial 

experience of engineering works for the Stevensons was almost always gained by accompanying 

their fathers or uncles on lighthouse tours as children. David’s first tour, for example, took place in 

1828 when he was 13 years old.472 When he began his apprenticeship in 1830, his first activity was to 

travel to Glasgow in the company of his father and brother Alan, then both practising engineers.473 

 
466 Mair, A Star for Seamen, 124. 
467 Mair, A Star for Seamen, 122. 
468 Mair, A Star for Seamen, 143. 
469 Mair, A Star for Seamen, 140. 
470 The Education and Status of Civil Engineers, 182.   
471 Bergwik, Staffan, (2016) ‘Father, son and the entrepreneurial spirit: Otto Pettersson, Hans Petterson, and 
the early-twentieth century inheritance of oceanography’ in Opitz, Donald L., Staffan Bergwik and Brigitte van 
Tiggelen (Eds) Domesticity in the Making of Modern Science, London: Palgrave Macmillan, 192 – 214.  
472 Stevenson, David, Diary, 1830 – 1836, NLS/Acc.10706/223.  
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Such travels were pivotal moments in the lives of young engineers, signifying transition into 

adulthood and professional status. Louis wrote of his that ‘it was decided that he [Thomas] should 

take me along with him around a portion of the shores of Fife; my first professional tour, my first 

journey in the complete character of a man’.474 Louis recounts observing his father enacting the 

‘tragi-comedy of the visiting engineer’.475 The language of performance suggests that Louis was 

aware of a set of expectations dictating the encounter between lightkeeper and engineer. Louis 

paired this account of observing his father’s interaction with the advice of his grandfather, who 

wrote that an engineer ‘is obliged to put on a most angry countenance and demeanour’ when 

interacting with the light keepers.476 Louis then recorded his own attempts to emulate this 

behaviour, writing that he ‘bent my brows upon the keeper on the question of storm-panes’.477 

While this is far from technical engineering knowledge, Louis clearly learned conventions governing 

the expected behaviour of an engineer from observing his father and reading his grandfather’s 

advice and attempted to use them to present himself as an engineer to the lightkeeper. 

For the Stevensons, engineering work was part of their lives from a young age through the 

work of their fathers, brothers and uncles. Robert worked from an office in the family home in 

Baxter Place, Edinburgh, combining domestic and engineering spaces in his life and in the lives of 

others living there.478 Travel to engineering sites similarly pre-dated the traditional age of beginning 

an apprenticeship for the Stevenson children who accompanied their fathers on lighthouse tours.479  

Robert’s interest in his children’s education also began earlier than their formal engineering 

training. Writing from London on 26th May 1816 to his sons, Alan, Robert and James, Robert 

impressed on them the importance of education, recounting that ‘Here you have thousands of carts 

to draw timber, thousands of coaches to take you to all parts of the town, and thousands of boats to 

 
474 Stevenson, Robert Louis, (1894) ‘The coast of Fife’ in The Works of Robert Louis Stevenson: Miscellanies 
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sail on the river Thames, But you must have money to pay, otherwise you can get nothing. Now the 

way to get money is, become clever men and men of education, by being good scholars’.480 He wrote 

to his wife in July, instructing her that ‘I hope the children will be very good, and that Robert will 

take a course with you to learn his Latin lessons daily; he may, however, read English in company’.481 

He wrote to his sons from the same trip, imparting both engineering knowledge and outlining the 

attitude he wanted his sons to take to education: 

But, my dear Boys, unless marble be polished and dressed, it is a very coarse-looking stone, 

and has no more beauty than common rock. As a proof of this, ask the favour of your 

mother to take you to Thomson's Marble Works in South Leith, and you will see marble in all 

its stages, and perhaps you may there find Portsoy marble! The use I wish to make of this is 

to tell you that, without education, a man is just like a block of rough, un-polished marble.482 

Visits to construction sites were a fundamental element of engineering pupillage. For Robert’s 

children, such visits began much earlier as excursions taken with their mother. Later work observing 

engineering works would have seemed an extension of their childhood experiences.  

Family members could also provide advice and instruction to young Stevensons learning 

their profession. Louis wrote to his father from Wick in the summer of 1868, asking questions about 

what he was observing at the harbour works: ‘What is the use of these fly-ropes with bladders at 

‘em. In [vain] have I, in vain has MacDonald striven to make head or tail of them. Tell that and send 

certificate of extra-work for making them and the experiments, and we shall get to work. MacDonald 

seems to think it will need four of the guys, but I consider that a piece of nonsense. Are these 

bladder-ropes merely for tightening the others? If so, why the middle one?’483 He wrote similarly on 

2 July 1868 from Anstruther: ‘I wish you would write and put me up to the sort of things to ask, and 
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find out … Tomorrow I will watch the masons at the pier-foot and see how long they take to work 

that Fifeness stone you ask about: they get sixpence an hour; so that is the only datum required’.484  

In addition to asking questions, Louis also references questions his father had posed to him. 

This suggests two-way communication where Louis asked for advice, explanations and suggestions 

and Thomas used his son’s reports to better understand the work taking place. Like Robert’s letters 

to his children which combined education with updates on his travels and instructions to his wife, 

engineering and family were not distinct in Louis’s letters in 1868. In fact, Louis often spent part of a 

letter asking technical engineering questions of his father and reporting on the progress of the works 

and, in the rest, addressed his mother about personal matters.  

Family relationships also helped define how young Stevensons could expect to be treated. 

Louis wrote to his mother relating the reaction of his host in Anstruther to his family name: 

Mrs Wood – (Just look at that!) – Mrs Brown I men, said: ‘Is it your father – no it’ll be your 

grandfather – that has charge of the Northern Lights?’ 

I put her right. 

‘Aye,’ quoth she, ‘I kent the name – Stevison’ (The mischief she did! It’s more than I do!) ‘It’s 

jist a household word, so to speak’. 

So much for belonging to the Aristocracy of Merit.485 

The term ‘aristocracy of merit’ conveys the importance of familial and dynastic ties even within the 

supposedly meritocratic professional middle class. Family connections in engineering remained 

important throughout the nineteenth century. The position of Engineer to the Northern Lighthouse 

Board with its attendant guarantee of work and payment remained within the Stevenson family for 

over a century. Even if this appointment was based solely on skill with no weight given to the 

family’s reputation, young Stevensons were uniquely placed to gain practical experience and 

expertise in lighthouse engineering and management from having accompanied their fathers, 
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brothers or uncles on lighthouse tours, and had access to a wide range of resources and advice on 

the topic of lighthouse design.   

The successful training of sons to join the family profession was a significant source of family 

pride. Writing about his father in 1878, David concluded that ‘As a husband, a father, and a friend, 

he was remarkably distinguished by the absence of selfishness. His exertions in forwarding the 

progress of young men through life were generous and unwearied; and few men had more solid 

ground than he for indulging in the pleasing reflection that, both in his public and private capacity, 

he had consecrated to beneficial ends every talent committed to his trust’.486  

 

Conclusion 

This chapter has suggested that the responsibility for the successful training of a young Stevenson 

engineer lay with his father, who was expected to design, fund and organise every detail of his 

training, and provide a role model from whom behavioural norms and expectations associated with 

the profession could be learned. Within this, however, a variety of other types and places of 

education could be drawn on. Pupillage in the family office was clearly controlled by the head of the 

firm, but family connections shaped every space of an engineer’s education. The young Stevensons 

joined learned societies where older family members were held in high esteem and had served as 

presidents. The Stevensons engaged with formal university education much earlier than other 

engineers based on Robert’s appreciation of the value of the theoretical understanding of concepts 

in natural philosophy. Written resources, including the family’s collection of published material, their 

archive of reference maps and plans, and the letters, diaries and reports made by other Stevenson 

engineers could be consulted in the firm’s library for empirical and methodological examples. For the 

third generation of Stevenson engineers, subjects such as canal and river engineering, lighthouse 

illumination and harbour design were covered in textbooks written by their fathers or uncles. Where 
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Robert Stevenson reportedly ‘came to engineering while yet it was in the egg and without a library,’ 

his descendants approached the profession with significant family resources behind them.487 

As heads of a family business, older Stevensons were able to exert significant influence over 

the knowledge and skills that younger family members acquired, the approach they took to 

engineering problems later in life, and their fundamental understanding of what it meant to be an 

engineer. Robert’s decision to send his sons to university is more significant in illuminating the 

influence of Robert’s particular view of engineering epistemology, and practice of structures of 

power within the Stevenson family and the networks that extended from them, rather than 

presenting evidence for the general importance of university education, which at that point 

remained uncommon. The experience of the young Stevensons was at every point shaped by the 

perceptions and opinions of their older relations, even within the wider debates that raged over the 

right way to train Britain’s engineers in the second half of the century.  

These debates remained influential in shaping the expectations of and opportunities 

available to Stevenson fathers when planning apprenticeships for their sons. While standardisation 

was delayed until the end of the century and debates were ongoing, certain commonly held 

expectations of what young engineers should know and be able to do did emerge. The debate within 

Britain was characterised by an almost universal commitment to the importance of practical 

experience. Often associated with pupillage, experience of ‘real’ or ‘actual’ engineering in practice 

was vital to the proper education of an engineer. University courses and engineering textbooks that 

attempted to supply a perceived deficit in theoretical learning continued to emphasise practical 

examples, and to acknowledge that pupillage and experience could not be replaced.  

Those disputes over epistemology that animated the debate over engineering training would 

later surface within debates over the right method of carrying out engineering work. Methods 

learned in training can have a profound influence on how scientists carry out their work later in life. 

Warwick, for example, has illustrated the profound impact of Cambridge mathematical training on 
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the later theoretical work of James Clerk Maxwell.488 Gooday has explained conflict between 

electrical engineers and Cambridge-trained mathematicians through the different methodological 

approaches that each group had been trained to use.489 Difficulties of translation and differing values 

placed on the status afforded by a Cambridge or practical education led to an impasse between the 

groups until work was done to bridge the gap.   

Understanding training, therefore, is vitally important to understanding practice. In order to 

understand the Stevensons’ practice, the fundamental approaches, ideologies and principles 

engrained in them by their training must be understood. In the following chapters, this thesis turns 

to the Stevensons at work. It will study the ways in which the issues that characterised their training, 

such as the relationship between theory and practice, the influence of family, legacy and reputation 

and the importance of establishing demonstrable competence, continued to shape their work 

throughout their careers.   
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152 
 

5 

‘The very term mensuration sounds engineer-like’: measurement and 

management of the Rivers Tay and Clyde490  

 

Introduction  

In 1886, an obituary for David Stevenson in the Proceedings of the Royal Society of Edinburgh 

recorded that ‘there are, indeed, very few rivers and harbours in Scotland with which he was not in 

some way professionally connected’.491 His obituary in the Aberdeen Journal reiterated the point, 

recalling how ‘Mr Stevenson was extensively consulted in regard to large engineering operations in 

various parts of the kingdom, especially in the river and harbour improvements’.492 A century later, 

the family’s biographer characterised David as ‘an authority on river work. Ever since his 

apprenticeship wading about in the River Tay he had been developing ideas on how to improve what 

was then a very imperfect science… [he] established a wide reputation as a competent water 

engineer’.493  

David’s reputation as a river engineer was based on practical and theoretical work. David’s 

‘known standing as a marine engineer’ was demonstrated through writing and lecturing, and he was 

often called on to make recommendations and judgements relating to river works executed by 

others.494 While David was the most active of the Stevensons in river engineering, river works in 

nineteenth-century Scotland were sufficiently extensive and long-running that, at various times, they 

occupied all of the Stevenson engineers in some capacity.  
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This chapter examines the theoretical, political, and practical work undertaken by the 

Stevensons to make alterations to the Tay and Clyde during the nineteenth century. The Stevensons 

worked on many rivers over the course of their careers. David Stevenson alone was occupied with 

projects relating to the Dee, Lune, Ribble, and Wear in England, the Erne and Foyle in Ireland and the 

Forth, Ness, Nith, Tay and Clyde in Scotland.495 The Stevensons were also involved in water supply 

projects for major towns, including Penicuik and Edinburgh, and the design of outfall sewers in 

Edinburgh, Kelso, and Elie.496 The Tay and the Clyde, however, were particularly significant for the 

Stevensons. More than half of the 254 plans of Scottish rivers in the Stevenson archive relate to 

works on either the Tay (92 plans) or the Clyde (79 plans). As will be discussed, the Tay, as the 

subject of an unusually detailed survey in the 1830s which also formed the basis of David 

Stevenson’s training in hydrometry and surveying, became a reference point for their river 

engineering work elsewhere. On the Clyde, the Stevensons worked as both harbour and lighthouse 

engineers, serving as engineers to the Clyde Lighthouse Trust until the 1950s.497 While river work 

generally provided significant work for the Stevensons, the greater part of their work was on the Tay 

and the Clyde.   

Rivers have historically been produced by ongoing interaction between the human and non-

human and have functioned as multifaceted sites invested with, and shaped by, political, economic, 

social, cultural, and environmental concerns. As Kaaristo argues, ‘drawing a line between a 

constructed and a ‘natural’ waterway is not simple’. 498 Recognising the river as the site and product 

of the interaction of human and non-human forces, White referred to the Columbia river as an 

‘organic machine’ – a hybrid of the natural and technological which illustrated his argument that 
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‘nature. . .  needs to be put into human history’.499 In emphasising materiality, however, White also 

acknowledged that ‘the river was socially marked and controlled’.500 Racial, gender and class 

hierarchies shaped the Columbia river as much as environmental conditions: activities such as 

fishing, canning, navigation, and hydroelectric power generation, for example, made the river work 

for some humans while excluding others. Social power relations were mapped onto physical space in 

ways that shaped not only how the river was imagined and engaged with, but also its physical 

character, leading to a hybrid space produced by social and political as well as technological and 

environmental power. 

This acknowledgement of rivers as ‘produced by’ a combination of environmental, technical, 

and social forces represented a historiographical shift that has had significant influence.501 After 

White’s work, more complex conceptual models were produced to understand the combination of 

environmental materiality and human agency in rivers, drawing on a range of locations and theories 

of nature, culture, society, and technology. Swyngedouw, for example, analysed the ‘techno-natural 

configuration’ of Spanish water management which, he argued, produced a ‘hybridized landscape 

that fuses together things natural and social’.502 He examined the reciprocal connections between 

water and local, national, and international politics in Spain and analysed how the ‘hydro-social 

cycle,’ understood as a complex assemblage of human and nonhuman elements, precipitated huge 

changes to the social, political, and physical landscape.503  Water management systems, understood 

as not only the control of nature but ‘the will to transform nature, the making of a new socio-natural 

configuration’ were a key symbol of modernity.504 In short, Swyngedouw’s work draws attention to 
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water and its management as inherently political and comprising a combination of social and natural 

elements.  

Pritchard, by contrast, proposed a different model in analysing the social, technological, and 

environmental influences that shaped the relationship between the human and the non-human on 

the Rhône. Her model, which deploys the concepts of envirotechnical systems and regimes,  

emphasises that water management involves both societal level power and politics and the 

individual practical actions of engineers and technicians.505 Envirotechnical systems are ‘the 

historically and culturally specific configurations of intertwined “ecological” and “technological” 

systems, which may be composed of artifacts, practices, people, institutions, and ecologies’.506 These 

systems are supported by envirotechnical regimes, defined as the ‘institutions, people, ideologies, 

technologies, and landscapes that together define, justify, build, and maintain a particular 

envirotechnical system as normative’.507 It is important to understand the character of the systems 

that are constructed around river spaces – including the material and social construction of what is 

understood to be nature and technology – but it is also vital to understand how rivers and their 

management are interwoven within regimes of power which are revealed through normative 

assumptions made about rivers and river improvement works. 

This chapter identifies the ideological underpinnings of the envirotechnical regime that the 

Stevensons helped to construct in their work on Scotland’s rivers. This regime constructed the river 

as primarily of use for navigation in the service of an imagined public of users interested primarily in 

transport and trade. In constructing rivers in this way, the Stevensons strategically delegitimised 

other ways of understanding and managing the river. These tactics ranged from lack of 

acknowledgement to open criticism and aimed to establish a normative way of viewing Scottish 

rivers. I consider the Stevensons as part of a system of river management that relied heavily on 
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practices of skilled measurement to produce an abstract and predictable ‘paper version’ of the river. 

I consider the important role played by visual methods in this process, and identify how 

measurement was used as proof of the legitimacy of the Stevensons’ engineering approaches. I 

examine efforts by the Stevensons to evaluate and develop more precise measuring methods and 

consider the difficulties of moving between abstract and concrete river space and the construction 

of ‘tolerably correct data’.508 I situate the Stevensons within the range of contemporary actors 

interested in river spaces, highlighting the importance of reputation and demonstrable ability to 

accurately predict the consequences of river works in practical terms to reassure clients and others 

about the likely impacts of changes.  

 

Constructing an envirotechnical regime: the aim of engineering rivers  

In their teaching, the Stevensons routinely presented river engineering as fundamentally a question 

of navigation. As discussed in chapter four, some of the Stevenson’s published work was 

intentionally pedagogical, explicitly addressing an audience of engineering pupils. Because they were 

addressed to new engineers, the Stevensons’ textbooks reflect attempts to create a normative view 

of the proper purpose to which engineering should be put: an envirotechnical regime focused on 

rivers as a means of navigation. Like many normative concepts, this regime was not universally 

evidenced in the practice of the Stevensons or others involved in managing rivers – issues such as 

fishing, water supply, sewage and purification and water power were prioritised in some contexts. 

However, in the Stevensons’ pedagogical work throughout the century, navigation was presented as 

the only proper purpose of river engineering.  

David Stevenson wrote many educational publications relating to rivers. Rivers featured in 

his Sketch of Civil Engineering in North America (1838); A Treatise on the Application of Marine 

Surveying and Hydrometry to the Practice of Civil Engineering (1842); and ‘Inland Navigation,’ an 
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article originally included in the Encyclopaedia Britannica which he subsequently published 

separately as The Principles and Practice of Canal and River Engineering (1858, second edition 

1872).509  David’s sons David A. and Charles revised The Principles and Practice of Canal and 

River Engineering in 1886, after their father’s retirement from the profession, and this was published 

as the third and final edition of the text.510 

David’s writing on river engineering was well regarded, particularly The Principles and 

Practice of Canal and River Engineering. It would, to his obituarist in the Proceedings of the Royal 

Society of Edinburgh, ‘long remain the standard work in this difficult branch of engineering’.511 As 

early as 1849, the Chester Chronicle referred to one of his reports as ‘another important and useful 

contribution to engineering science as applicable to the improvement of Tidal rivers’.512 Major Allan 

Cunningham, R.E., who reviewed the third edition of Principles and Practice for Nature, noted ‘its 

appreciation by the public,’ calling it ‘an excellent account of the principles and practice of river 

engineering,’ although criticising its lack of detail on the subject of canals.513  

Cunningham’s review notes that ‘no mention is made of the very large subject of irrigation-

canals (surely a passing notice of the reason of this omission was required)’.514 As Gilmartin notes, 

irrigation projects were fundamentally important to the governance of Britain’s colonial territories in 

the late nineteenth century, and yet they were not included in The Principles and Practice.515 Even 

within a British context, the Stevensons were employed on issues of water supply for urban centres 
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and industry. Despite this, navigation was presented as the major purpose of canal and river 

engineering works presented in all three editions of the book. Other uses for rivers and canals, 

where they were mentioned at all, were seen as of secondary importance– the by-product rather 

than the aim of good design. Despite the commonality of water supply projects in practical 

engineering work at the time, particularly in colonial contexts, David’s normative view of what river 

engineering should be excluded such works.  

Some alternative aims of river engineering were not simply ignored but explicitly 

condemned: David argued that ‘Land-making is not part of sound river engineering’ [original 

emphasis].516  Land reclamation was, according to David, only acceptable when it was a secondary 

consequence of works that were primarily designed to benefit navigation. This attitude to river 

engineering for land reclamation was praised by Cunningham in 1886 as ‘a most useful practical rule. 

. .  that reclamation work should only be undertaken as part of a large general scheme of 

improvement of a navigation, and never be permitted to the desultory self-interested efforts of 

private riparian proprietors’.517 

In cases where different interests came into conflict, David indicated that navigation should 

be prioritised. He illustrated this point using the example of the River Dee in Cheshire, which he 

claimed was ‘an aggravated instance of the incompatibility of the two interests’.518 Because works 

on the Dee had prioritised land making, David argued that ‘the system pursued is in fact in direct 

opposition to the principles of River Engineering which have been laid down, and the result, as has 

been seen, has not been favourable to navigation’.519 The purpose of river engineering presented by 

David’s textbooks, therefore, was always the improvement of navigation by increasing the distance, 

reliability or speed with which vessels could travel. Works executed to achieve aims such as land 

reclamation were only good engineering if they did not impede successful navigation.  
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David’s books were explicitly intended for British audiences and focused on the purpose of 

river engineering in a British context. Rivers in other parts of the world featured primarily as 

comparisons for British rivers, or to illustrate points which could not be observed in a British context. 

In the Amazon, for example, David explains that the tides are known to ‘penetrate to the distance of 

200 leagues from its mouth, seven or eight tides, with intermediate low waters, following each other 

in succession: and in the Thames we find a similar tidal succession’.520 The young engineer who 

would be studying the book was presumed to be British, and to be primarily interested in domestic 

works and only in international comparisons where these enhanced understanding of rivers in 

Britain. Observations made on the Mississippi, David noted, ‘cannot be said to apply to British, or 

even Continental rivers, they will at least best serve to show by comparison the smallness of our 

own rivers when I come to speak of them’.521  

David’s textbooks presented rivers as intended for the use and convenience of humans. 

River engineering was ‘the art of using, for the purposes of inland communication, rivers flowing in 

their natural courses, and of applying means to render them subservient to the purposes of 

navigation’.522 Like Tredgold’s definition of engineering in general, as discussed in chapter one, river 

engineering for David was the repurposing of the power of rivers as a resource for human use. 

Addressing the Royal Scottish Society of Arts in 1850, he described ‘a vast fleet of vessels of all sizes 

and from all countries, hurried on by the silent but powerful energy of the flowing tide. What 

amount of latent power lies there! And how invaluable was that energy to the commerce of this 

country!’523 The river, in this case the Mersey, was presented as an underappreciated but immensely 

powerful potential resource for commerce that, given the right management by engineers, could 

increase national commercial success. 
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David’s publications also stress the idea that river management should be carried out with 

the aim of harnessing the river’s power to benefit the public. David presented this use of rivers as a 

moral imperative: not carrying out river improvement works to support navigation was at best 

wasting a valuable resource and at worst selfish mismanagement by ‘private riparian proprietors,’ as 

Cunningham put it.524 In 1858, David wrote that ‘A river left in this state of nature cannot possibly 

attain the maximum depth due to the natural scour of the tidal currents. . . [if work is done] not only 

will the advantage of a permanent navigable track be obtained, but the constant action of the 

currents of flood and ebb tide flowing in the same channel, will secure a much greater permanent 

depth than they could possibly do if permitted to wander at random through the estuary’.525 The 

river’s random wandering in this passage was a direct result of poor management, rather than 

evidence of a natural force external to human control. Rather than conceptualising the river using 

the language of opposition, war, or contest, as would be the case with the Stevenson’s work on the 

North Sea (see chapter seven), the river was conceptualised through the language of 

mismanagement. A river was ‘left in this state’ and ‘permitted to wander,’ so resisting, challenging, 

even contesting human control. The work of the engineer was presented as controlling the river to 

render its movement predictable and therefore useful for humans, creating ‘permanent’ change to 

render the river ‘constant’. 

Where rivers could not be regulated and made useful, such as the Ness and Erne rivers in 

Scotland, this was presented as an issue of cost, not an issue of contest between humanity and 

nature. These rivers were not ‘improvable rivers’ because ‘works of a magnitude wholly 

disproportionate to the benefit to be derived would be requisite’.526 For David, these rivers were not 

untapped resources for the maximisation of human profit because the work required to make use of 

them was not economically feasible, rather than because of any engineering difficulty. 
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‘The principles are not problematical: they are demonstrated’: measurement in river 

engineering527 

In his reflection on the family business, Robert Louis Stevenson noted that ‘what the engineer most 

properly deals with is that which can be measured, weighed, and numbered’.528 The first stage in 

much of the Stevensons’ engineering work, therefore, was measurement. In order to design 

effective works, they had to acknowledge what Gilmartin identifies as ‘the vital importance of 

measurement as scientific engineering's defining feature’.529 Gilmartin summarises the role of 

measurement using a quotation from Lord Kelvin, a Glasgow-based contemporary of the Stevensons, 

who, like Louis, argued that ‘In physical science a first essential step in the direction of learning any 

subject is to find principles of numerical reckoning and methods for practicably measuring some 

quality concerned with it. I often say that when you can measure what you are speaking about, and 

express it in numbers, you know something about it, but when you cannot measure it, when you 

cannot express it in numbers, your knowledge is of a meagre kind: it may be the beginning of 

knowledge, but you have scarcely in your thoughts, advanced to the stage of science’.530 

Measurement allowed the complex fluidity of the river to be converted into abstract pieces of 

information which could be plotted, calculated, or mapped, and rendered predictable (in theory) 

and so easier to control.  

The starting point for any work of river engineering, according to David’s textbooks, was to 

ascertain sufficiently accurate and detailed measurements of the river in question. In 1858, David 

argued that ‘It is quite impossible to consider and design with advantage the improvements of a 

river without a correct knowledge of its physical characteristics’.531 This included detailed sounding 

to calculate the depth of the river at a range of geographical and temporal points, as well as 
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measuring the velocity of the water at different depths using the float method or instruments such 

as the tachometer. This information could then be used to identify channels and to calculate the 

total volume and motion of water. In 1872, David argued that ‘Our consideration of rivers must 

therefore necessarily comprehend a general sketch of their physical characteristics, and the laws of 

their motion, as a necessary introduction to the practical part of the subject’.532 In order for an 

engineer to properly design improvements for a river, he first had to understand that river in detail. 

David’s obituary cites the significance of measurement as the starting point for design works as the 

justification for his textbook on marine surveying and hydrometry, claiming that ‘the necessity of 

having accurate data before designing works for the improvement of rivers, estuaries, and harbours 

led to his writing a treatise on the “Application of Marine Surveying and Hydrometry to the Practice 

of Civil Engineering.”’533  

Estimates were based on measurements and plans were included in the process of 

contracting work. In Principles and Practice, David advocated that care be made in taking 

measurements that would be used as the basis for engineering works. Where soundings were being 

taken in relation to a proposed river improvement work such as a new channel or river wall, as 

opposed to for the purposes of a general survey, he advocated that the ‘most favourable weather 

and tides should be chosen for this operation, so as to insure [sic] the greatest possible accuracy, as 

sections and estimates of the proposed works are generally made from the data so obtained’534  

Measuring was also often used in situations where information was lacking as there were 

few established theoretical principles in river engineering, particularly in the first half of the century, 

and many rivers had not yet been systematically mapped. David argued that ‘we must, in each 

particular case, be guided, in a great measure, by experience, there being, as expressed in the 

 
532 Stevenson, David, (1872) The Principles and Practice, 54. 
533 ‘David Stevenson’ Proceedings of the Royal Society of Edinburgh, 147. 
534 Stevenson, David, A Treatise on the Application of Marine Surveying, 67. 
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quotations from Professor Robison and Mr Rennie, no universally acknowledged laws, founded on 

mathematical investigation, or practical experience, which we can call to our aid’.535 

The intended result of the derivation of laws governing river behaviour was twofold: to 

improve the accuracy with which engineers could predict the results of specific interventions, and to 

reduce the need for laborious measuring and extensive experience in designing river works. The 

Stevensons were broadly distrustful of purely theoretical approaches, preferring to ground their 

work in meticulous measurement or direct experience. David explicitly stated, for example, that ‘this 

communication has not for its object the advancement of any new theory or principle (a task which 

would, more naturally, fall within the province of the philosophical inquirer, than of the practical 

Engineer), but simply an exposition of the views by which I have been guided in designing different 

navigation improvements; and a statement of instances in which the works executed in accordance 

with these views have produced beneficial results’.536  

The distinction drawn between engineers and philosophers reflects Stevenson’s 

understanding of the role of natural philosophical and mathematical ideas in engineering discussed 

in the previous chapters. Louis for example wrote of Thomas that ‘It was about this nucleus of his 

professional labours that all my father’s scientific inquiries and inventions centred; these proceeded 

from, and acted back upon, his daily business. Thus it was as a harbour engineer that he became 

interested in the propagation and reduction of waves’.537 David similarly situated his interest in the 

laws regulating the motion of rivers within the context of the specific benefits that such laws 

represented for practical engineering, claiming that he hoped that ‘in a purely theoretical point of 

view, ideas may perhaps be suggested, calculated to facilitate the determination of the laws which 

regulate the motion of rivers; and thus to lead to the introduction of more definite and 

acknowledged principles for our guidance in conducting improvements on inland navigation’.538 As in 

 
535 Stevenson, David, Remarks, 17; References are to John Robison (1739 – 1805), professor of natural 
philosophy at the University of Edinburgh and John Rennie (1761 – 1821) a well-known Scottish engineer.  
536 Stevenson, David, Remarks, 5.  
537 Stevenson, Robert Louis, (1887) Memories and Portraits, London: Chatto & Windus.  
538 Stevenson, David, Remarks 5 – 6.  
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their work on fog signals, the Stevensons did not consider the investigation of scientific principles in 

themselves to be the job of the engineer. Engineers relied on meticulous measurements, practical 

experience, and the development of theory only insofar as it would support engineering works, 

leaving, as David put it, the ‘advancement of any new theory or principle’ to ‘others who have leisure 

and inclination to prosecute the inquiry’.539 

Later works could draw on measurements made by trusted sources such as the Admiralty 

Charts or Ordnance Survey. Admiralty Charts were available for commercial purchase from 1821, 

although the range of charts available was limited compared with later in the century.540 In their 

later work, the Stevensons drew on data from the Admiralty Charts to develop understandings of 

river change over time. In their 1861 drawing of part of the Nith (Fig. 5.1), they explicitly 

acknowledge in the caption that much of the information included has been derived from Admiralty 

Charts.  

Similarly in his evidence in opposition to the Highland Power Bill, Charles Stevenson began 

by describing measurements he had personally taken on the river, and then added to his own 

observations using evidence found through ‘an examination of the Admiralty Chart’.541 Writing in 

1899, Charles did not need to work to establish the credibility of the evidence he used from the 

Admiralty Charts; simply noting its provenance was sufficient.  

 
539 Stevenson, David, Remarks, 33.  
540 David, Andrew, (2008) ‘The emergence of the Admiralty Chart in the nineteenth century’, Symposium on 
“Shifting Boundaries: Cartography in the 19th and 20th centuries”, Portsmouth University, Portsmouth, United 
Kingdom, 10 – 12 September 2008, 1 – 16.  
541 Stevenson, Charles, (1899) ‘Highland water power, Sir John Stirling Maxwell petition against the bill. Proof 
of Charles Stevenson, C.E.’, NLS/Acc.10706/532, number 35, page 2.  
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Figure 5.1: (1861) Nith - Navigation Channel, NLS/MS.5857, 21, 240 x 390mm. Image courtesy of the National Library of Scotland. 
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Other map makers, however, were not always considered trustworthy. To make 

authoritative claims about rivers, maps had to be demonstrated to be accurate – in other words the 

measuring practice of the mappers had to be validated. This issue was often raised during lawsuits. 

Thomas Stevenson noted in his report for the case of John Stewart and others vs. the Hon. John 

Rollo that sections prepared by Mr. Ritchie, C.E., of Perth ‘were drawn to an exaggerated scale’ and, 

as Mr Ritchie ‘had not preserved his field notes,’ the sections had to be retaken.542 Charles 

Stevenson criticised plans drawn of the River Carron near the Kyle of Sutherland which had, he 

argued, ‘been inaccurately enlarged’ and suggested that the main channel of the river had never 

been to the north of Green Island before 1874, a claim which he challenged on the basis of ‘a survey 

made in 1842 by my firm’ which ‘is in my firm’s possession’.543 David Stevenson found it impossible 

to determine the influence on the low water level of works carried out on the Clyde because ‘the 

point cannot be determined by reference to old plans, as the reporter found, on careful 

examination, that none of the old surveyors specify the range of the tide or tides corresponding to 

the level of low-water stated on their plans, so that no former standard exists’.544 Measurements 

were also necessary for ensuring the correspondence between plans and the works that had been 

constructed. Lord Blantyre, in a lawsuit over the influence of works on the Clyde on the ferries at 

Dumbarton and Erskine, testified that he had not realised that the works had not been carried out to 

plan, because ‘we had no authentic measurements until we got Mr. Stevenson’s’.545 

Measurement was also deployed as a rhetorical tool in debates over the relative merit of 

different schemes of river management, and to demonstrate the success of river works, so 

 
542 Stevenson, Thomas, (2 November 1870) ‘Report by Thomas Stevenson, C.E., in suspension and interdict 
John Stewart and others against the Hon. John Rollo’, NLS/Acc.10706/530, number 46, page 3.  
543 Stevenson, Charles, (n.d.) ‘Kyle of Sutherland - Evidence presented in Balnagoun case’ NLS/Acc.10706/532, 
number 29, page 2.  
544 Stevenson, David, (28 January 1870) ‘Report by David Stevenson Esq., C.E., under remit to him by the Court 
in the action of declarator, etc., at the instance of the Right Honourable Lord Blantyre and others against the 
Trustees of the Clyde Navigation, incorporated by ‘The Clyde Navigation Consolidation Act, 1858’, 
NLS/Acc.10706/528, number 14, page 4.  
545 Stevenson, David, (28 January 1870) ‘Report by David Stevenson Esq., C.E., under remit to him by the Court 
in the action of declarator, etc., at the instance of the Right Honourable Lord Blantyre and others against the 
Trustees of the Clyde Navigation, incorporated by ‘The Clyde Navigation Consolidation Act, 1858’, 
NLS/Acc.10706/528, number 14, page 24.  
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enhancing the status of the engineer involved. An article in the Chester Chronicle in 1849, for 

example, quoted David Stevenson at length, including details of the measurements made to 

establish the effectiveness of works carried out in the 1830s and 1840s on the Lune. The newspaper 

italicised the measurements included in the quotation, claiming that ‘the parts we have marked in 

italics are worthy of attention, as being precisely the results that would have followed the carrying 

out of Mr Stevenson’s plans in the Dee’.546 They went on to quote Stevenson’s argument that, on the 

basis of the measurements quoted, ‘I have also shewn the effects which have resulted from these 

operations, which in every case corroborate the soundness of the deductions with which I closed my 

first communication’.547 Understanding the impact of engineering works in rivers by direct 

observation could be challenging. In this case, therefore, both the newspaper and the engineer used 

numerical measurement to give the impression that works had had a tangible and precisely 

measurable effect on the river.  

The ability to quantify their success was important when the Stevensons proposed unusual 

or innovative works, particularly in situations where older works had been carried out by renowned 

engineers who had, by the mid-century, been constructed as national heroes.548 In relation to the 

Tay, the Stevensons noted in their report of 1834 that ‘the services of SMEATON and RENNIE, the 

most celebrated Engineers of their time, were successively called for’.549 The Stevensons detailed the 

works proposed by both Smeaton and Rennie, before concluding that, although ‘these measures are 

calculated to produce important and beneficial changes,’ the state of the harbour at Perth itself 

presented a more pressing problem for navigation and would continue to impede trade in the power 

even if these works had been executed.550 Although the Stevensons were able to acknowledge 

 
546 ‘Mr David Stevenson’, Chester Chronicle, 3. 
547 ‘Mr David Stevenson’, Chester Chronicle, 3. 
548 Buchanan, R. Angus, (1987) ‘The Rolt memorial lecture 1987: the lives of the engineers’ Industrial 
Archaeology Review, 11:1, 5 – 15.   
549 Robert Stevenson and Son, (22 January 1834) ‘To the lord provost, magistrates, and town council of the city 
of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc 10706/523, number 6, page 1.  
550 Robert Stevenson and Son, (22 January 1834) ‘To the lord provost, magistrates, and town council of the city 
of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc 10706/523, number 6, page 1. 
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earlier engineers in the Tay while advocating for additional works, in other places the legacy of 

earlier engineers was more difficult to contend with. David Stevenson argued, for example, that 

Smeaton - ‘the Father of British Engineers’ - along with ‘Golburne [sic], and other early Engineers, 

and even some of later date not sufficiently impressed with the importance of these principles, have 

proposed to improve tidal rivers by means of works which are subversive of their best interests’.551  

Opposition to the established principles and earlier suggestions made by renowned 

engineers required landowners, trustees, and the public to be convinced that these famous 

authorities had been mistaken, either in their prioritisation of some works over others, or in the 

design principles they had employed. This task could prove difficult, and often required engineers to 

prove their expertise in practice. The Chester Chronicle characterised David and Thomas Stevenson 

in 1849 as contesting an incorrect establishment in relation to the use of groynes in river engineering 

work.552 Thomas Telford, first president of the Institution of Civil Engineers, was used as a symbol of 

the powerful establishment which the Stevensons challenged on the use of groynes in river 

engineering. Speaking of David Stevenson, the Chronicle claimed that ‘this gentleman and his 

brother have had all the prejudices of the old school to contend against. When they have questioned 

the utility of groins [sic], the authority of Telford has been appealed to; when they have advocated 

increased tidal scour, the timid have deprecated “a run upon the banks.” But yet it is now proved 

that groins [sic] are injurious instead of beneficial’.553  

The proof that the article spoke of was the successful completion of works on other rivers, 

particularly the Tay. David’s successful record was often cited as proving, retrospectively, that he 

had been right to challenge the established practice. The Tay, perhaps due to the extensiveness of 

the data available, played a particularly important role in constructing this narrative of the 

Stevensons as challenging incorrect standard practices. In a preface to a report on the Forth, the 

Stevensons themselves emphasised the significance of their work on the Tay, pointing out that ‘the 

 
551 Stevenson, David, Remarks, 11.  
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views contained in this Report have derived additional confirmation from our past experience, more 

especially in the case of the Tay’.554  

Their reports on the Tay emphasised the extensiveness of the observations made, arguing 

that the ‘results are also interesting, from their bearing on the subject of Hydrodynamics, as applied 

to Practical Engineering generally. We are not aware, indeed, of any case in which the improvements 

effected by particular works are more fully and satisfactorily confirmed by a comparison of 

observations made, previously and subsequently to their execution, than in that of the Tay 

Navigation’.555 When studying the Tay, they relied on measurement to illustrate the effectiveness of 

their works and then used their record of success there as proof of the likely effectiveness of their 

methods in other places: in short, they constructed a narrative that depicted them as innovators, 

challenging incorrect established practices and developing a new and demonstrably better way of 

engineering rivers.  

 

‘Tolerably correct data’: Methods, instruments, and observers556 

Despite relying on measurement to demonstrate their credibility and to quantify their practical 

success, the Stevensons were aware of the limitations associated with it. Although accurate and 

precise measurement was ideal, in reality some compromise was necessary since rivers did not 

necessarily match the rational versions created by measuring and mapping. Much of their guidance 

to young engineers explained how deficiencies in measurement could come about and the ways in 

which these could be minimised by controlling the methods and persons involved in measuring. 

Ultimately, the dynamism and fluidity of the river space coupled with an acceptance of the 

 
554 Robert Stevenson and Sons, (10 December 1838) ‘To the Hon. the Provost, Magistrates, and Council of the 
Royal Burgh of Stirling, the report of Robert Stevenson, Civil Engineer’, NLS/Acc.10706/523, number 37, page 
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555 Robert Stevenson and Sons, (7 January 1845) ‘To the Lord Provost ... and Town Council of the City of Perth, 
Conservators of the Tay Navigation, the Report of R. S. and Sons’, BL/8776.g.31, page 9. 
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impossibility of perfectly accurate measurement allowed room for engineering judgement and 

experience to be presented as the final element of the Stevensons’ river management.  

The use of instructions to standardise behaviour and introduce uniformity in measuring has 

been analysed in a number of contexts in the nineteenth century, including the Royal Geographical 

Society’s Hints to Travellers, the use of instruments on naval ships and the collection of local 

weather data by the Meteorological Society.557 Such attempts to generate credibility through the 

precise, standardised and data-intensive collection of facts has been identified as part of a 

philosophy of mechanical objectivity.558 Although impossible in practice, Daston and Galison identify 

the ideal of mechanical objectivity as a powerful structuring approach to much of the knowledge 

creation that took place during that period. Porter expands this argument in the context of 

engineering, suggesting that mechanical objectivity, quantification, and trust in numbers supported 

credibility in certain professional contexts, while, in others, personal expertise remained key. For 

Porter, the relationship between quantification and professional judgement was conditioned by the 

power that the profession held within society.559 French engineers, for example, were able to 

maintain the importance of professional judgement due to the established status of the profession 

and its associated institutions in France, while in the United States engineers increasingly required 

quantification to establish disciplinary credibility.  

The Stevensons drew attention to the limitations of measurement, abstraction, and 

calculation in understanding river works, emphasising that quantification alone was insufficient to 

ensure successful engineering works. After describing the ideal method of measurement and data 
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collection required for a particular element of river engineering, David explained that one key reason 

why such activity would not be feasible was the cost of taking numerous observations, establishing 

new stations, and employing qualified personnel.   

In practice, the accuracy of data always had to be weighed against the expense and difficulty 

of increased observations. Additional observation stations required more time, labour, and 

equipment. Surveying was labour intensive, requiring multiple skilled practitioners to work for a 

significant period. During his apprenticeship, David Stevenson spent many months living and working 

on the Tay.560 A number of other experts worked alongside him, including his brother Alan 

Stevenson, also an engineer, James Ritson, the surveyor, and two assistants named Robertson and 

Murray.561 While the results obtained on the Tay were subsequently used to sustain the Stevensons’ 

claims to credibility for decades to come, the initial labour took a significant amount of time, effort 

and expertise. As David argued in his Treatise, ‘the more numerous the tide stations are, the nearer 

will the results obtained approximate to the exact line of the tidal wave at any particular moment of 

flood or ebb, and the less change will there be of error in reducing the depths of the soundings. As, 

however, every additional station involves additional trouble and expense, and as great difficulty is 

often experienced in finding persons properly qualified to make the observations, it is generally 

necessary, in ordinary surveying, to reduce this part of the establishment as much as possible, and 

often to a greater extent than could be wished’.562 Even here, David acknowledged that the results 

obtained could only ever approximate the exact line, not replicate it. More results enabled a closer 

approximation, rather than the derivation of an exact result, because rivers resisted measurement in 

ways that could not be countered using additional resources.  

Measuring rivers had practical challenges. As David argued, ‘if all the depths were taken 

exactly at the time of high water of the tide to which they were to be referred, they would not 

require any correction; but it is obvious that in practice this could not be done; and recourse is 
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561 Stevenson, David, (1835) Diary 1830-1836, NLS/Acc.10706/223, page 169. 
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consequently had to the tide observations, by means of which the reduction is easily effected’.563 

Rather than based on expertise or finance, the difficulty in making readings David described here 

was technical: the observer cannot know the exact moment of high tide, and therefore the data 

must be corrected in order to accommodate this.  

The Stevensons were aware of the technical limitations of their measuring systems, and 

sought to evaluate and improve measuring apparatus and method. They advocated the use of 

precision instruments to replace older methods of measurement which relied on human perception, 

for example, the replacement of float-based measuring of river velocity with the use of a 

tachometer.564 The most common method of measuring river velocity in the 1870s was to drop a 

float into the water, note the times it passed a cord stretched over the river and two poles 

positioned further down the bank, and then calculate the velocity based on the speed of the float’s 

travel. In The Principles and Practice, David described this as the ‘most common, but by no means 

the most satisfactory, mode of proceeding’.565 He explained that there were many problems with 

float measuring: it could not be used on wide rivers due to the difficulty in observing a float from the 

banks; eddies or currents may interfere with the progression of the float; irregularities of the bottom 

of the river may cause isolated alterations to the velocity; obtaining a sufficient number of 

independent observations using this method was impossible; and, due to the irregularities of width, 

depth and velocity on most rivers, measuring distances could seldom extend over 100 feet.566     
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He instead proposed the use of a tachometer, an instrument used to measure the velocity of 

running water (Fig. 5.2). When a tachometer was submerged in water, the water flowing past 

pushed on a revolving gauge. To take a measurement, the observer positioned the tachometer in 

the water, put the registering wheel in gear and waited for precisely one minute. They then removed 

the tachometer from the river and read the number of revolutions completed during the time. Using 

knowledge of the value of one revolution of the gauge, the observer could calculate the velocity of 

the water at that point. This process was repeated at intervals along a cross section of the river to 

generate a series of velocities, which could be combined to generate an approximate mean velocity 

of the river.   

Stevenson used the work of Adam Anderson, civil engineer and professor of natural 

philosophy at the university of St Andrews, as an example of good practice in measuring the 

discharge of a river. Anderson’s work on the Tay had been completed in 1831, around the same time 

that the Stevensons themselves were active in the area. Anderson’s presentation of results included 

a diagram of the tachometer and a visual representation of the cross sections he had used, alongside 

the numerical calculations for the mean discharge of each part of the Tay.567  

 
567 Anderson, Adam, (1831) ‘Tay, River – Sections to determine the quantity of water discharged’, 
NLS/MS.5863, 21. 

Figure 5.2: Tachometer Diagram, as shown on Anderson, Adam, (1831) ‘Tay, River – Sections to determine the quantity of 
water discharged’ NLS/MS 5863/22. Image courtesy of the National Library of Scotland. 
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Anderson’s work is described in detail in The Principles and Practice. It is used as the basis to 

evaluate the accuracy of formulae for calculating the discharge of a river without measuring every 

cross section. As has been analysed by Gooday in relation to electrical engineering, the introduction 

of this style of ‘Cambridge’ mathematics using abstraction was resisted by contemporary engineers 

who preferred their existing method of graphical calculation.568 Hevly similarly identifies misgivings 

over the utility of mathematical solutions in comparison with those derived from detailed 

observation in his work on glaciology, arguing that James David Forbes and John Tyndall ‘appealed to 

the authority of adventure’ to support the claims they made on the basis of observing Alpine 

glaciers, whereas Cambridge-trained mathematician William Hopkins ‘wrote a set of differential 

equations to describe the dynamics of a sliding glacier’ without ever having seen one.569 Louis placed 

engineering in a similar space to the adventurous glaciology practised by Tyndall and Forbes. He 

wrote that the engineers ‘undertake works which were at once inventions and adventures’.570 In 

engineering, he argued ‘the province of formulas and constants is restricted. Even the mechanical 

engineer comes at last to an end of his figures, and must stand up, a practical man, face to face with 

the discrepancies of nature and the hiatuses of theory’.571 

 
568 Gooday, Graeme, (2005) ‘Fear, shunning and valuelessness: controversy over the use of “Cambridge” 
mathematics in late Victorian electro-technology’ in Kaiser, David (ed.) Pedagogy and the Practice of Science, 
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Figure 5.3 : St Bernard's Well - Section of mill leads at St Bernard's Well and Canonmills and formulae for the calculation of water velocity in ink and pencil on paper 
watermarked 1852. NLS/Acc.10706/286, 547 x 757mm . Image courtesy of the National Library of Scotland. 
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In the case of river engineering, a similar distrust of abstract methods is evident. David 

tested these formulae, initially using a mill lead (Fig. 5.3) as the channel was regular and therefore 

measurement was easier – a suggestion he made for calibrating tachometers. In his textbooks, David 

presented the Tay as a test case to show the inaccuracy of the proposed formulae. By applying each 

of the formulae to the Tay and comparing the results achieved with Anderson’s, he concluded that 

no formula provided sufficient accuracy for the purpose of engineering with regard to the discharge 

of the river (Fig. 5.4). Instead, he concluded, engineering calculations should be made based on 

detailed measurements taken at the beginning of each project.  

In their report to the Conservators of the Tay Navigation in 1845, the Stevensons quoted 

Anderson’s results: ‘The mean discharge of the River at Perth, as determined by Professor Anderson 

of St Andrews, from accurate measurement made for a judicial purpose, is 218, 158 cubic feet; and if 

that of the Earn, which we have lately ascertained to be 54,959 cubic feet, be added, the whole 

mean discharge of the Tay at Mugdrum Island, exclusive of the drainage of the valley between Perth 

and that place, is 273,117 cubic feet per minute’.572 By mentioning his university affiliation, noting 

that these results were ascertained by ‘accurate measurement’ for a ‘judicial purpose’ and quoting 

the precise numbers to six figures, the Stevensons drew on personal authority, the authority of the 

 
572 Stevenson, Robert and Sons, (7 January 1845) ‘To the Lord Provost ... and Town Council of the City of Perth, 
Conservators of the Tay Navigation, the Report of R. S. and Sons’, BL/8776.g.31, page 1.  

Figure 5.4: Table of water discharge calculation results included in Stevenson, David, (1858) ‘Inland Navigation’ 
Encyclopaedia Britannica. 8th Edition Volume 16, 60.  
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court and judicial process, and the authority of precision and quantification together to establish the 

credibility of Anderson’s work.  

Competent data collection was viewed as a vital skill in engineering. Much of the instruction 

in David Stevenson’s engineering textbooks was given over to control of one’s instruments, and to 

the methods and people involved in data collection.573 In his Treatise, he noted that ‘it is almost 

unnecessary to remark, that the observations ought to be carefully and systematically registered’.574 

He explained the importance of systematic approaches in order to facilitate the combination of 

individual data points through visualisation – a key technique in the Stevensons’ work on rivers. 

Because of the difficulty in measuring a river in its entirety, David advocated dividing the 

river into smaller sections, each of which could be measured, and then reassembled as a whole to 

create a composite visual representation. Systematic and disciplined activity was essential to ensure 

that the smaller sections of river that served as the units of measurements could be later 

successfully combined into a plan of the river. David made the consequences of a non-systematic 

approach clear, arguing that if soundings in an estuary ‘are taken at random, without reference to 

any particular marks or lines of direction, it will, in all probability, be found, on protracting them, 

that large areas occur without a single sounding to indicate the depth of water, while in other 

places,  in consequence of several lines of soundings crossing each other, owing to the want of 

proper arrangement, the observations are so numerous that it is impossible to protract the whole of 

them on the plan’.575 Systematic practice was particularly important in river work because the river 

could only be measured in small units and then ‘re-assembled’ later. The plan itself, far from a 

representation of the process of measuring a river, was the means by which an abstract, quantified, 

river was brought into being.  

 
573 Stevenson, David, A Treatise on the Application of Marine Surveying; Stevenson, David (1872) The Principles 
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Even where measuring practice was perfect, the nature of the river meant that 

measurements could only ever be approximations or averages. The constant motion and scale of a 

river means that it cannot  easily be addressed in its totality, requiring instead to be engaged with in 

smaller units then reassembled to constitute the whole. Through this process of subdivision and 

reassembly, the engineer had to work to maintain the authority of measurements. As Helmreich 

argues in the case of waves, although they ‘have a manifest materiality to them, they are also only 

apprehensible through abstractions’.576 This tension between the material and the abstract, and the 

means employed to move between these in scientific work has been explored in work on the history 

of oceanography, particularly work conducted on oceanic depths using instruments.577  

The Stevensons used visual practices to combine abstract and specific pieces of data into a 

whole, abstract, river which could be extended to account for complex dynamic processes of change 

over time. The Stevensons developed creative mapping procedures to incorporate time into their 

visualisations of rivers. One method of illustrating dynamic change was the superimposing of 

channels identified in different surveys of different dates onto a single plan. This method was used in 

David Stevenson’s article in the Encyclopaedia Britannica to illustrate the changing habitual course 

of the River Lune in Lancaster (Fig. 5.5), and featured in the Stevenson’s practice as can be seen in 

their mapping of the River Nith in Dumfriesshire (Fig. 5.1). These maps do not attempt to reflect the 

real river but to present a visual narrative of abstract geographical landscape change.  
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Figure 5.5: The River Lune from Lancaster to Glasson showing the changing course of the channel over time included in Stevenson, David, (1858) ‘Inland Navigation’ 
Encyclopaedia Britannica, 8th Edition, Volume 16, 72. Image courtesy of the National Library of Scotland.  
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Other mapping methods developed to show change to a riverbed over time were even more 

creative, combining different ways of depicting rivers to support this visual narrative of how the river 

had changed. In 1848, the Stevensons created a plan of the Tay (Fig. 5.6) which incorporated a top-

down view of the river intersected with cross sections at various points of the riverbed made by the 

firm in 1833 and 1848. The plan simultaneously used vertical and horizontal perspectives, 

superimposing vertical cross sections of particular points in two contrasting colours onto a top-down 

view of the river. This was an unusual way of mapping a river which combined different perspectives 

and reflected change over time. As such, the Stevensons included a caption instructing readers how 

to interpret the map and combine the information that had been visualised in order to understand 

the process of riverbed change: ‘NOTE The sections shewn on this plan were made by Messrs 

Stevenson in 1833 and 1848 the former being shewn in red and the latter in blue colour and exhibit 

the Rivers Bed at the places they occur’.578  

These visual tools were deployed as part of the Stevenson’s strategy of acknowledging and 

foregrounding the fluidity of river systems to emphasise the necessity of ongoing measurement, and 

the role of engineering expertise in harnessing and controlling the changes in river flow. Such 

prediction was difficult. In their discussion of a potential bridge project on the Tay, they argued that 

‘it is impossible for any Engineer to predict the changes in the channel that may from time to time be 

produced, by the varying action of the current, thus altered in direction, and increased in force, by 

storms, high tides, and floods, or even by the accumulation of ice piled by winter floods against the 

frame-work of the Bridge’.579 David acknowledged in Principles and Practice that in general ‘a great 

degree of precision in defining these spaces cannot in all cases be expected’.580  

As David explained, ‘because the level of the sea is more or less affected by every breeze of 

wind, which necessarily must pen up and elevate some portions of its surface, and cause 

 
578 Stevenson, David, (28 November 1848) ‘Tay, River – Section with Sand Island’, NLS/MS.5863, 55.  
579 Stevenson, Robert and Sons, (7 January 1845) ‘To the Lord Provost ... and Town Council of the City of Perth, 
Conservators of the Tay Navigation, the Report of R. S. and Sons’, BL/8776.g.31, page 7. 
580 Stevenson, David, (1872) The Principles and Practice, 57. 
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corresponding depression at other places, so that an unvarying low-water level will not be found to 

exist throughout a series of tides on any part even of the ocean itself’.581 Similarly, no standardised 

measure could be found for rivers because, as fluid systems in constant motion, static measurement, 

even when executed perfectly, could only reflect a river’s state at one particular moment. This 

dynamism and fluidity presented complex problems for legal and engineering practice. Examining 

engineering in the Bengal delta, Bhattacharyya argues that to ‘the mobile landscape of the Bengal 

Delta both confounded engineers, geologists, and scientists and, at the same time, enabled multiple 

legal experiments, visionary ideas, and scientific theories’.582 Like engineers in Bengal, the 

Stevensons had to work with dynamic rivers that challenged contemporary understandings of 

territorial space and caused them to innovate, expanding contemporary practices of river 

measurement and visualisation to accommodate notions of temporal change.  

Major characteristics of rivers were known to change over time. Different tides, weathers, 

and seasons altered river flows, while erosion, silting and human intervention created change in 

rivers over longer time spans. As Louis wrote of his father, ‘he visits a river, its summer water 

babbling on shallows; and he must not only read, in a thousand indications, the measure of winter 

freshets, but be able to predict the violence of occasional great floods. Nay, and more; he must not 

only consider that which is, but that which may be’.583  

 

 
581 Stevenson, David, (1872) The Principles and Practice, 58.  
582 Bhattacharyya, Debjani, (2021), ‘A river is not a pendulum: sediments of science in the world of tides’ Isis, 
112:1, 142.  
583 Stevenson, Robert Louis, Records, 84.  
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Figure 5.6: Stevenson, David, (November 28 1848) ‘Tay River – Section with Sand Island’ NLS/MS 5863/55, 465 x 670mm. Image courtesy of the National Library of 
Scotland. 
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To accomplish this, the Stevensons relied on observations completed over long periods of 

time in order to account for seasonal changes as well as longer term trends. David pointed out that 

‘the variable nature of the elements to be dealt with must be kept in view. The river, for example, is 

liable to be affected by floods, and the state of the tides by winds and other causes’.584 In their 

report to the Clyde Lighthouse Trustees, D. & T. Stevenson argued that ‘a comparison of 

observations extended over eight years proved “that the navigation between Chester and Connah’s 

Quay, on the whole, was deepest in February, after the winter floods, and shallowest in September 

and October.”’585 In 1845, the Stevensons had ‘at various times, during the last ten years, made 

minute tidal observations at different stations throughout the River and Frith of Tay’.586 Even longer 

term work completed in recent years demonstrates the significant changes that could take place in 

river spaces as a result of weather, erosion and silting processes and human engineering works. In 

1993, for example, Gilvear traced changes wrought to the Tay’s channels over the course of 200 

years using historic mapping, arguing that where it was a braided river in the eighteenth century this 

was no longer the case, by the late-twentieth century.587  

The timescale over which changes to rivers could be observed required trust to be placed in 

the observations and maps of others. As was the case in some of the lawsuits the Stevensons 

provided evidence for, trust in other engineers and mapmakers was contingent on evidence that 

they had complied with standardised methods of representing space. As in the cases above, the 

Stevensons judged some maps insufficient for the purposes of comparison with contemporary 

engineering on the basis of how they had been made. This could frustrate attempts to understand 

changes to rivers over time. Maps made by certain sources, however, such as the Admiralty Chart 

 
584 Stevenson, David, (1872) The Principles and Practice, 57.  
585 Stevenson, D. & T., (29 September 1876) ‘Report to the Clyde Lighthouse Trustees Relative to the Dredging 
at Garvel Point, by D. & T. Stevenson, Civil Engineers, Edinburgh’, NLS/Acc.10706/530, number 34, page 2. 
586 Stevenson, Robert and Sons, (7 January 1845) ‘To the Lord Provost ... and Town Council of the City of Perth, 
Conservators of the Tay Navigation, the Report of R. S. and Sons’, BL/8776.g.31, page 9. 
587 Gilvear, David J., (1993) ‘River management and conservation issues on formerly braided river systems; the 
case of the River Tay, Scotland’ in Best, James L. and Charles S. Bristow (Eds) Braided Rivers, London: 
Geological Society Special Publications, 75, 231 – 240.  
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and maps made by other Stevensons, were assumed to be authoritative and used as the basis of 

comparison to understand changes in the river’s flow.  

On the Clyde, the understanding that the river course and channels naturally changed as a 

result of the weather and tides played an important role in retrospective analysis of works at 

Greenock. The Stevensons suggested that changes may have been caused by these natural 

fluctuations in the river’s flow, rather than the works that had been carried out there. They claimed 

that: ‘The tendency to periodic change is a well-known feature of most navigable rivers, and the 

origins of such changes is, in most cases, not easily traceable to any one special cause’.588 Possible 

causes included natural phenomena such as ‘ unusually strong tides, or a long prevalence of certain 

winds, or of tracks of extreme drought or excessive rain’ alongside the effects of engineering 

interventions, particularly ‘any projection from the shore that tends to alter the direction of the tidal 

or river currents’.589 Using the Dee in Chester as an example, they argued that periodic change was a 

common feature of river landscapes, and ‘although this action, or the others we have alluded to, 

may or may not be observable at Greenock, we mention it to show that even natural causes, 

unaided by artificial works, have been found, by prolonged and careful observation, materially to 

affect the soft beds of rivers such as the Clyde’.590 The river’s natural dynamism and the associated 

difficulty in isolating the exact cause of any observed changes to the river, therefore, played an 

important role in the Stevensons’ defence that the dredging works they had carried out could not be 

solely and clearly identified as responsible for changes elsewhere in the river.  

The solution to the ongoing change in river spaces, David argued, was to rely on engineering 

experience. David added a subclause justifying the origins of his knowledge in experience in the 

middle of this description of a general property of rivers in his Principles and Practice of Canal and 

 
588 Stevenson, D. & T., (29 September 1876) ‘Report to the Clyde Lighthouse Trustees Relative to the Dredging 
at Garvel Point, by D. & T. Stevenson, Civil Engineers, Edinburgh’, NLS/Acc.10706/530, number 34, page 2. 
589 Stevenson, D. & T., (29 September 1876) ‘Report to the Clyde Lighthouse Trustees Relative to the Dredging 
at Garvel Point, by D. & T. Stevenson, Civil Engineers, Edinburgh’, NLS/Acc.10706/530, number 34, page 2. 
590 Stevenson, D. & T., (29 September 1876) ‘Report to the Clyde Lighthouse Trustees Relative to the Dredging 
at Garvel Point, by D. & T. Stevenson, Civil Engineers, Edinburgh’, NLS/Acc.10706/530, number 34, page 2. 
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River Engineering: ‘when a river channel has been thus fixed and confined by walls, I have 

ascertained by repeated observation that the tidal water comes up the channel in a comparatively 

pure state, instead of being loaded with particles abraded from the sand-banks and marshes’591 

Speaking to the Royal Society of Edinburgh, David argued that ‘although general views of the nature 

of these operations may be given, the precise details of such works as shall be best suited to 

particular localities can, in the present state of our information, be determined only by Engineering 

experience’.592  

In their measurement of rivers, the Stevensons carefully outlined a position for themselves 

as experts based on their skill in using visual projection to transform individual, tolerably correct 

measurements into a composite and abstract systemic view of the river. The information gained by 

such means could not be perfectly comprehensive due to the approximations inherent in the 

visualisation process. Rivers as systems therefore confounded contemporary practices of 

measurement and graphical representation.   

 

‘Beyond the legal boundaries’: jurisdiction, conflict and power on the Tay and Clyde593 

River systems similarly challenged terrestrially conceived notions of specific places as distinctive sites 

that could be owned, managed, and engineered in isolation. Rivers were material and social things 

stretching through a wide range of territorial spaces. River historians have considered a huge range 

of social, political, and environmental issues that shaped river management practice. These include 

national identity, colonialism, race, gender, nature, progress, modernity, science and technology, 

and the role of the engineer. In Gilmartin’s work on the Indus basin, and Lane’s work on New 

Mexico, rivers are understood as vitally important for irrigation and agriculture.594 Both Gilmartin 

 
591 Stevenson, David, (1872) The Principles and Practice, 306. 
592 Stevenson, David, Remarks, 33.  
593 Stevenson, D. & T., (13 February 1877) ‘Report to the Clyde Lighthouse Trustees on the Improvements of 
the Navigation of the River Clyde Within the Limits of their Jurisdiction’, NLS/Acc.10706/530, number 35. 
594 Gilmartin, ‘Water and waste’; Gilmartin, Blood and Water; Lane, K. Maria D., (2011) ‘Water, technology, and 
the courtroom: negotiating reclamation policy in territorial New Mexico’ Journal of Historical Geography, 37, 
300 – 311.  
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and Lane highlight how access to river water for irrigation was integrated within complex local and 

colonial power structures. Running water was also a potential source of industrial power, ranging 

from mills used to power industrial processes, to hydroelectric dams to nuclear reactors constructed 

on the Rhône, and was tied into the politics and symbolic rhetoric of modernisation, 

industrialisation, and electrification.595 White drew attention to the ongoing importance of salmon 

fishing on the Columbia, noting how Native American relationships with that river were shaped by 

salmon runs and salmon fishing. Salmon fishing read as a cultural rather than economic activity 

continued to play a role in debates over the management and conservation of the river.596 Rivers 

were important parts of systems providing sanitation and drinking water, the access of which was 

implicated in local, national, and sometimes colonial power relations and resulted in the physical 

construction of sewers and water supply systems and the symbolic construction of water as ‘clean’ 

or ‘contaminated’.597  Rivers could also be sites of scenic contemplation, leisure and tourism, 

tracking changes in the relationship between people and environments.598  

Given these possible perspectives, the Stevensons had to make a case to support their plan 

for modifying river space in a particular site. They had to acknowledge and negotiate the complex 

social power hierarchies that influenced how land was managed. Far from being ‘simply’ an 

engineering question, river improvement works were of interest to landowners, business owners, 

local and national government, and the public at large, many of whom had their own understanding 

of the nature and purpose of rivers. In their works, therefore, the Stevensons had to reconcile the 

 
595 Pritchard, Confluence; Coates, Peter, (2013) A Story of Six Rivers: History, Culture and Ecology, Chicago: 
University of Chicago Press; Macfarlane, Daniel, (2020) ‘Nature empowered: hydraulic models and the 
engineering of Niagara Falls’ Technology and Culture, 61:1, 109 – 143.  
596 White, The Organic Machine.  
597 Porter, Dale H., (1998) The Thames Embankment: Environment, Technology and Society in Victorian London, 
Akron: University of Akron Press; Oliver, Stuart, (2000) ‘The Thames embankment and the disciplining of 
nature in modernity’ The Geographical Journal, 166:3, 227 – 238; Roberts, Owen G., (2006) ‘Developing the 
untapped wealth of Britain’s ‘Celtic Fringe’: water engineering and the Welsh landscape, 1870 – 1960’ 
Landscape Research, 31:2, 121 – 133; Hillier, Joseph, (2014) ‘Implementation with control: the role of private 
water companies in establishing constant water in nineteenth-century London’ Urban History, 41:2, 228 – 246.  
598 Cole, Edward, (2015) ‘Impetuous torrents: Scottish waterfalls in traveller’s narratives, 1769 – 1830’ Scottish 
Geographical Journal, 131:1, 49 – 66; Dudley, Marianna, (2016) ‘Reflections on water: knowing a river’ RCC 
Perspectives: Transformations in Environment and Society, 16:4, 47 – 54; Kaaristo, ‘Waterway’. 
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priorities of these several parties, accommodate differing views or acquire sufficient power over 

others to make changes despite protestations. Such negotiation required skilful social and political 

manoeuvring as well as engineering knowledge.    

The role of social and political power in reframing rivers has been examined in detail, 

particularly in relation to large scale dam construction in the twentieth century. Historians of such 

works have examined how rivers were reimagined as sources of power, water supply, or both, 

through discourses of scientific progress and modernity. These discourses have often been 

associated with colonial or nationalist political regimes and have advocated an orientation towards 

nature that prioritised and legitimised the exploitation of natural resources as the aim of human 

technological intervention.599 Although these projects were carried out, suggesting the power of 

high modernist discourse in twentieth-century politics, they could be attended with disastrous 

environmental and economic consequences.600  

As Gilmartin argued, nineteenth-century engineers saw river irrigation as part of ‘the larger 

modern “epic”… of man’s conquest of nature for productive human advantage’.601 This way of 

imagining humanity’s relationship with nature generated a conception of community that subsumed 

‘all those whose engagement with production was regulated by the rational, productive exploitation 

of nature, on whatever level of scale, into an overarching utilitarian “public”’.602 While Gilmartin 

identifies a rival strand of community construction based on ideas about the common affective 

power of nature in aesthetic and emotional terms, it is clear that the Stevensons imagined the river 

 
599 See, for example: White, The Organic Machine; Matless, D., (1992) ‘A modern stream: water, landscape, 
modernism, and geography’ Environment and Planning D: Society and Space, 10, 569 – 588; Kaika, Maria, 
(2005) City of Flows: Modernity, Nature and the City, London: Routledge; Kaika, Maria, (2006) ‘Dams as 
symbols of modernisation: the urbanisation of nature between geographical imagination and materiality’ 
Annals of the Association of American Geographers, 96:2, 276 – 301; Blackbourn, David, (2007) The Conquest 
of Nature: Water, Landscape and the Making of Modern Germany, London: Pimlico; Andersen, Casper, (2011) 
British Engineers and Africa, 1875-1914, London: Pickering &Chatto; Swyngedouw, Liquid Power; Shamir, 
Ronen, (2018) ‘Head-hunters and knowledge-gatherers: colonialism, engineering and fields of planning’ History 
and Anthropology, 29:4, 469 – 492; Macfarlane, (2020) ‘Nature empowered’. 
600 Gill, Bikrum, (2016) ‘Can the river speak? Epistemological confrontation in the rise and fall of the land grab 
in Gambella, Ethiopia’ Environment and Planning A, 48:4, 699 – 717. 
601 Gilmartin, Blood and Water, 3.  
602 Gilmartin, Blood and Water, 9. 
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as, first and foremost, a resource, and the public as a group interested in maximising the productive 

power of Scotland’s rivers.  

To realise this vision, the Stevensons had to build consensus among the varied parties 

interested in river management. Such groups have existed in many contexts where river engineering 

projects have been undertaken, and historians have examined how they challenged scientific 

modernist discourse.603 The materiality of rivers was a key additional factor in the negotiation of the 

meanings and uses of river space, particularly in the context of failed technological interventions 

which often led to floods. The physical, political, and cultural legacies of flood events and the failure 

of river management techniques have been used to interrogate their political, economic, and 

scientific foundations, as well as the powerful role that such disasters have had in cultural memory 

and in future attempts to shape river space.604  

For the Stevensons, most opposition to their river management suggestions came from local 

landowners. On the Tay, proprietors were accustomed to use the river for fishing and were 

concerned about the influence of engineering works on fisheries.  As the Chester Chronicle reported, 

‘a very general notion prevailed that the operations would disturb the passage of the salmon, and 

annihilate the very valuable fishings of the Tay’.605 While the Chronicle in 1849 was happy to dismiss 

such concerns as ‘prejudice’ and lament the cautious attitude taken by the conservators of the River 

Dee in response to David Stevenson’s improvement proposals made ten years previously, the 

 
603 See, for example: Lane, ‘Water, technology and the courtroom’; Anderson, British Engineers; Shamir, ‘Head-
hunters’. 
604 Mukerji, Chandra, (2007) ‘Stewardship politics and the control of wild weather: levees, seawalls and state 
building in 17th-Century France’ Social Studies of Science, 37:1, 127 – 133; McEwen, Lindsey J. and Alan 
Werritty, (2007) ‘ ‘The Muckle Spate of 1829’: the physical and societal impact of a catastrophic flood on the 
River Findhorn, Scottish Highlands’ Transactions of the Institute of British Geographers, 32, 66 – 89; Mizelle, 
Richard (2014) Backwater Blues: The Mississippi Flood of 1927 in the African American Imagination, 
Minneapolis: University of Minnesota Press; Ewen, Shane, (2014) ‘Sheffield’s Great Flood of 1864: engineering 
failure and the municipalisation of water’ Environment and History, 20, 177 – 207; Ewen, Shane, (2014), ‘Socio-
technological disasters and engineering expertise in Victorian Britain: the Holmfirst and Sheffield floods of 
1852 and 1864’ Journal of Historical Geography, 46, 13–25; Hill, Lisa J., (2015) ‘More-than-representational 
geographies of the past and the affectivity of sound: revisiting the Lynmouth flood event of 1952’ Social & 
Cultural Geography, 16:7, 821 – 843; Soens, Tim, Greet de Block and Iason Jongepier, (2019) ‘Seawalls at work: 
envirotech and labor on the North Sea coast before 1800’ Technology and Culture, 60:3, 688 – 725. 
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Stevensons in the 1830s had to address the risk to the salmon fishing before they could start works 

on the Tay.606 As they later reported, ‘no vigorous steps had been taken towards improving the 

Navigation of the Tay previous to the year 1834, owing chiefly to the fear that existed among the 

landed proprietors of deteriorating the value of the Salmon Fishings by any extensive engineering 

operations on the River’.607  

In their discussion of the salmon fishing issue, the Stevensons drew heavily on the notion of 

rivers as public resources that should be managed for the good of all – rivers should be ‘great public 

highways’, as David had seen in the United States.608 On the Tay in the 1830s, the Stevensons argued 

that the river did not serve the interests of the public – imagined in Gilmartin’s first sense as the 

community of producers interested in maximising the utility of nature. Instead, the Stevensons 

described how ‘numerous fishing -cairns, or collections of stone and gravel, had also been laid down 

without regard to any object, but the special one in which the proprietors of the land were 

interested’.609 These cairns had, in 1834, ‘to the great detriment of the navigation, been heaped or 

built by the fishers for the purpose of hauling their nets’.610 While beneficial to the interests of the 

proprietors and fishers, the Stevensons argued that these cairns should be removed because they 

were detrimental to navigation. These arguments echoed Cunningham’s characterisation of the 

Stevenson’s stance on land-making as opposing the ‘desultory self-interested efforts of private 

riparian proprietors’ to champion the interests of a broader public.611 Their philosophical 

understanding of the purpose of river engineering, both in terms of who it should serve and what it 

should do, here animated their perspective on a specific problem.  

 
606 ‘Mr David Stevenson’ Chester Chronicle, 3.  
607 Stevenson, Robert and Sons, (7 January 1845) ‘To the Lord Provost ... and Town Council of the City of Perth, 
Conservators of the Tay Navigation, the Report of R. S. and Sons’, BL/8776.g.31, page 2.  
608 Stevenson, David, Sketch of Civil Engineering in North America, 75 
609 Stevenson, David, Remarks, 22. 
610 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
city of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc.10706/523, number 6, page 5.  
611 Cunningham, ‘The Principles and Practice’, 169.  
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On the Tay, however, the Stevensons managed the problem through compromise, 

reassurance, and compensation, rather than the imposition of one system over the other. While 

they note, tellingly, in their 1834 report that ‘It has been said that the navigation of the Tay is an 

object of greater public importance than the salmon fishings, and that the rights of the conservators 

of the River are naturally of anterior date to those of the fishers’, they stop short of endorsing this 

opinion themselves, claiming that it ‘is a point upon which the Reporters do not consider themselves 

competent to offer any opinion’.612 To solve the dispute, the Stevensons suggested that the 

conservators agreed to pay compensation for any damage to the fisheries caused by improvements 

to the navigation. They presented this solution as common in other contexts, arguing that such 

arrangements were ‘daily made by Public Trusts, in dealing with the proprietors of the soil, for leave 

to make road and harbour-improvements’.613 This could have been seen as a risky solution to the 

problem: because of the uncertainty around the impact of engineering works on the shape and 

characteristics of the river, and therefore on the abundance of fish available, the Stevensons 

acknowledged that ‘the extent of damage cannot a priori be ascertained’.614 The conservators would 

therefore be required to agree to pay compensation should damage occur to the fisheries without 

prior knowledge of how much this damage could cost.  

To convince the authorities in Perth, the Stevensons drew on several instances where 

engineering works had been carried out in rivers used for fishing: the Clyde, the Dee, the Tyne, the 

Humber, and the Thames. On the basis of these examples, the Stevensons argued that ‘experience 

has, however, shewn the groundless nature of such alarms’ as those presented by the 

landowners.615 By drawing on the authority of experience and by positioning the examples they 

 
612 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
city of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc.10706/523, number 6, page 2.  
613 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
city of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc.10706/523, number 6, page 2.  
614 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
city of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc.10706/523, number 6, page 2.  
615 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
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described as a ‘wide a range of evidence,’ the Stevensons were able to make the case that the 

conservators of the navigation agree to pay an unspecified level of compensation should the 

engineering works damage the fisheries on the Tay, thus appeasing the concerns of the local 

landowners that had prevented the works from taking place.616  

In other contexts, the Stevensons were able to combat alternative proposals for the 

management of the Tay without resorting to promising compensation. Specifically, they opposed the 

construction of a bridge at Mugdrum in 1845 on the grounds that it would damage the navigation. 

The Stevensons appealed to the Conservators’ interests – assumed to be navigation – and suggested 

calamitous consequences that could attend the work. In their report, they emphasised in dramatic 

terms the dangerous nature of building this bridge. Because the Tay was ‘the largest river in the 

kingdom, subject to sudden and extensive floods, and pouring down vast sheets of ice at the 

breaking up of every winter, we think the Conservators of the Navigation have their grounds of fear 

for the consequences of such an encroachment on their interests greatly increased’.617 This 

reference to ice would likely have proven particularly effective in emphasising the danger due to a 

flood in 1814 that was ‘caused by the bridge being partially closed with some large blocks of ice’.618 

This flood was so well known that it was mentioned as a reference point in multiple accounts of a 

flood that took place on the Tay in 1847, despite ice playing no part in the later flood.619  

The Stevensons usually adopted the principle that works already in existence would take 

priority over new works. If a new work adversely affected existing arrangements, compensation was 

paid. On the Clyde, for example, they advised the court to award compensation to ferry operators 

only after establishing the extent to which changes to the navigation had adversely affected their 

 
616 Robert Stevenson and Son, (22 January 1834) ‘To the Lord Provost, Magistrates, and Town Council of the 
city of Perth, the report of Robert Stevenson and son, civil engineers’, NLS/Acc.10706/523, number 6, page 3.  
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business compared with its previous state.620 On this principle, they acknowledged that the ‘removal 

of existing quays, and other works of long standing, as in the case of the Thames and the Tyne, is 

also, for the same reason, difficult ; and works must therefore be designed for such localities which 

shall not injuriously affect existing interests’.621 In other cases, such as the Dee in Cheshire and the 

Lune in Lancashire, David argued that ‘the removal of artificial weirs erected for the purposes of 

manufacture, is, in many cases, attended with difficulty, arising from the value of the interests 

involved, which are sometimes so great that their abolition cannot be effected without the payment 

of a large amount of compensation to the proprietors’.622  

Jurisdiction over rivers was complex. The Stevensons often worked on behalf of trusts 

formed to manage the navigation of rivers, which were divided between proprietors who could lease 

land, water, and fishing rights and make infrastructural changes to the banks. As Bhattacharyya has 

noted in the case of the Bengal Delta, a river’s legal and physical identities are different things.623 

Where legal understandings rely on abstraction, drawing static, single lines on a map for example, 

the physical reality of flows, changes and fluidity resists such definition. Work in river history which 

focuses on the river as one material subject which ranges across political and national boundaries 

has helped us to reconceptualise history beyond national lines and to consider how environmental 

features such as rivers have challenged traditional geographical orientations and inspired 

transnational co-operation.624  Because rivers are not simply local, river works in one location could 

have consequences for the system as a whole. River works, therefore, often involved many 

interested parties and could be the subject of significant dispute.  

 
620 Stevenson, David, (28 January 1870) ‘Report by David Stevenson Esq., C.E., under remit to him by the Court 
in the action of declarator, etc., at the instance of the Right Honourable Lord Blantyre and others against the 
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By the 1870s, it had become ‘notorious that in many cases attempts to reclaim or protect 

property have led to serious and costly legal proceedings between landowners and the local 

conservators of navigation’.625 David’s proposed solution was for a line of conservation to be drawn 

out by the Legislature, based on the divisions drawn between sea and river fishing, to define the 

area within which landowners were entitled to act to preserve land and the areas where they were 

barred from acting in order to preserve the interests of the navigation. This solution, David argued, 

would remove ‘a source of much difference of opinion and expensive litigation’ as the unintended 

consequences of land reclamation work for navigation, and vice versa, were debated in court.626  

In the absence of such a solution, however, the Stevensons were often called upon to 

contribute their expertise and to make judgements about the impact of specific river improvement 

works on other parts of the river system. In 1870, for example, Thomas Stevenson was asked to 

judge the impact of a wall constructed by the Hon. John Rollo on navigation, net fishing, angling and 

landing passengers on the Tay, while David Stevenson provided an assessment of the impact of river 

improvement works made by the Clyde Navigation Trust on the ferries at Erskine and Dumbarton 

owned by Lord Blantyre.627 In addition to reporting on the situation, Thomas suggested in a 

supplementary report that the construction of a platform to his specifications would ‘enable people 

to land from boats at all states of the tide’ and thus correct the problems caused by the work he 

investigated.628 David concluded similarly that the works had been detrimental to the ferry at 

Erskine, and recommended a series of works to alleviate the problem, including the rapid 

completion of training walls and use of a small dredging machine.629 In order to convince the court 

 
625 Stevenson, David (1872) The Principles and Practice, 324.  
626 Stevenson, David (1872) The Principles and Practice, 325. 
627 Stevenson, Thomas, (2 November 1870) ‘Report by Thomas Stevenson, C.E., in suspension and interdict 
John Stewart and others against the Hon. John Rollo’, NLS/Acc.10706/530, number 46; Stevenson, David, (28 
January 1870) ‘Report by David Stevenson Esq., C.E., under remit to him by the Court in the action of 
declarator, etc., at the instance of the Right Honourable Lord Blantyre and others against the Trustees of the 
Clyde Navigation, incorporated by ‘The Clyde Navigation Consolidation Act, 1858’’, NLS/Acc.10706/528, 
number 14. 
628 Stevenson, Thomas, (10 January 1871) ‘Report by Thomas Stevenson, C.E., in suspension and interdict John 
Stewart and others against the Hon. John Rollo’, NLS/Acc.10706/530, number 46, page 2.  
629 Stevenson, David, (28 January 1870) ‘Report by David Stevenson Esq., C.E., under remit to him by the Court 
in the action of declarator, etc., at the instance of the Right Honourable Lord Blantyre and others against the 
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that their explanation of what had happened was accurate and that their recommendations for 

further works should be undertaken to mitigate or reverse the issue, the Stevensons needed to 

present themselves as credible and authoritative on the subject of river engineering.  

The Stevensons drew attention to this duality between the material river and its abstract, 

legal representation explicitly in their reports to the Clyde Lighthouse Trustees. In 1873 they 

suggested that ‘the navigation should be considered comprehensively, and, with reference to all the 

interests and works suggested’.630 They repeated this advice again in 1877, reporting that ‘we were 

obliged to extend our views beyond the legal boundaries imposed by Parliament, and to regard the 

improvement of the River as one Engineering question’.631 Despite ongoing disputes between the 

various groups who controlled the Clyde, the Stevensons continued to emphasise the importance of 

treating the river as one continuous system, attempting to persuade the Trustees that the legal 

distinctions on the river should be considered secondary to its physical characteristics and that the 

various trusts and landowners should find a way to manage the river collaboratively for its overall 

benefit.  

 In their engineering practice, the Stevensons advocated the division of rivers based on their 

characteristics – that is, on their material rather than on political boundaries. David identified three 

‘compartments’ of the river – the river proper, the tidal compartment, and the sea proper.632 These 

categories differed as to how they were affected by tides. The river proper was not influenced at all, 

the sea proper had the same features as the sea, and the tidal compartment was affected by the tide 

but in a way which was modified by the characteristics of the river, rather than the sea. Specific 

types of river engineering work were considered appropriate to each section: the division of rivers 

into compartments based on the influence of the tide was a fundamental initial step in carrying out 

 
Trustees of the Clyde Navigation, incorporated by ‘The Clyde Navigation Consolidation Act, 1858’’, 
NLS/Acc.10706/528, number 14, page 8.  
630 Stevenson, D. & T. (2 May 1873) ‘Report to the Clyde Lighthouse Trustees by D. & T. Stevenson, Civil 
Engineers, Edinburgh’, NLS/Acc.10706/530, number 31. 
631 Stevenson, D. & T., (13 February 1877) ‘Report to the Clyde Lighthouse Trustees on the Improvements of 
the Navigation of the River Clyde Within the Limits of their Jurisdiction’, NLS Acc.10706/530, number 35. 
632 Stevenson, David, The Principles and Practice, 55.  
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engineering works. This division was undertaken based on measurement and the identification of 

river characteristics.  

 

Conclusion 

Throughout their careers, the Stevenson engineers worked to improve the navigability of rivers 

around Scotland. In their published pedagogical work, they advocated a normative understanding of 

rivers that viewed transportation as their major purpose and the trading public as their primary 

users. The engineer’s role in this regime was to effectively control rivers, rendering them ‘constant 

and predictable’ and harnessing their power to facilitate faster, safer, and further transportation of 

goods, boats and passengers. In practice, the Stevensons had to compromise with the priorities of 

others who used the river, such as local landowners or businesses. Pre-existing interests such as 

fishing, water power for industry, or ferrying had to be negotiated and the Stevensons had to 

provide convincing predictions to reassure everyone involved that their interests would not be 

harmed.  

Such prediction relied on an understanding of issues of depth, speed, volume, and rate of 

flow. The Stevensons produced the river as a whole by combining measurements of individual points 

and by the use of mathematical tools such as means, approximations, and ranges to create a visual 

plan. This process was particularly important due to the lack of definitive scientific laws relating to a 

river’s hydraulic behaviour and the perceived inadequacy of proposed formulae intended to simplify 

the process of moving from the physics of the river to paper-based abstractions of it. Measurement 

and the visual method of transforming data into an abstract representation remained a vital element 

in mediating between scientific theory and engineering practice. Through measurement and the 

making of plans, the Stevensons were able to translate the river into an abstract and controllable 

paper form, compatible with engineering processes that would render it an ‘organic machine’ to 

serve human purposes. Rivers, therefore, provide a good example of the relationship between 

measurement, visualisation, and the transformation of nature into a resource for human purposes.  
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Measurement and quantification were also important for demonstrating the effectiveness of 

works and enhancing the Stevensons’ reputation and engineering credibility. The Tay, as the largest 

river in Scotland, and a river whose measurements had been taken reliably over a long period, 

became emblematic of the Stevensons’ expertise. As the family’s experience grew, earlier studies 

could be used as the foundation of later ones. Rivers did not need to be produced by measurement 

each time – they could instead be produced from the family’s archives, or from the collections of 

other trusted sources, and ratified as true by the reputation associated with the plan maker’s name.  

There remained, however, a level of uncertainty in using this abstracted version of the river 

derived from others’ measurements. In the 1890s Louis reflected on ‘the insignificance of much 

engineering literature. So far as the science can be reduced to formulas or diagrams, the book is to 

the point; so far as the art depends on intimate study of the ways of nature, the author's words will 

too often be found vapid’.633 This was the vital tacit skill of engineering – the intimate study of 

nature that could not be found in books which involved in-depth, laborious engagement with the 

world. While much about rivers could be learned from formulae and diagrams studied elsewhere 

and at a distance, it was only by practice in the field – the study of nature itself – that true 

engineering knowledge could be arrived at. Experience in practice was vital not simply as a means of 

demonstrating one’s competence in order to secure further work, but also because it was the only 

way that the ‘art’ of engineering only be mastered.634  

 

  

 
633 Stevenson, Robert Louis, Records, 86.  
634 Stevenson, Robert Louis, Records, 86.  
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6  

From the ‘warning bell’ to an ‘instrument of precision’: the 

development of sound-based coastal fog signals635 

 

When the Rock was hid by the surge’s swell,  

The mariners heard the warning bell; 

And then they knew the perilous rock, 

And blest the Abbot of Aberbrothok.636 

 

Introduction  

In his An Account of the Bell Rock Light-House (1824), Robert Stevenson included a poem by Robert 

Southey narrating the legendary origin of the name of the Bell Rock. Attributed to Stoddart’s 

Remarks on Scotland, the poem begins with the contention that ‘in old times, upon the saide rocke 

there was a bell, fixed upon a tree or timber, which rang continually, being moved by the sea, giving 

notive to the saylers of the danger’.637 Stevenson equated the legendary bell with the lighthouse, 

pointing out that ‘churchmen of those days were well acquainted with the history of the celebrated 

Pharos of Alexandria, and may have heard of the fire-towers and sea-marks … it is natural to 

suppose, that these learned persons had, at a pretty early period, turned their attention to the 

subject, and had attempted, in the mode which has been figured, to point out and guard against the 

danger’.638 Where the bell had produced an auditory signal warning mariners of the dangerous reef, 

 
635 Southey, Robert, (1815) ‘The Inchcape Rock’ The Minor Poems of Robert Southey, Volume III, London: 
Longman, Hurst, Rees, Orme and Brown, 148 – 152, quoted in Stevenson, Robert, (1824) Account of the Bell 
Rock Light-house, Edinburgh: Archibald Constable & Co., 438; Stevenson, D. Alan, (1932) ‘The development of 
lighthouses’ Journal of the Royal Society of Arts, 80, 230. 
636 Southey, ‘The Inchcape Rock’, in Stevenson, Robert, An Account of the Bell Rock, 438. 
637 Stevenson, Robert, An Account of the Bell Rock, 438. 
638  Stevenson, Robert, An Account of the Bell Rock, 69.  
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however, Stevenson’s work was primarily concerned with the visual, even down to its designation as 

a ‘lighthouse’. 

Lighthouses played a key role in the family’s reputation throughout the nineteenth century, 

and do so to the present day.639 The ‘Lighthouse Stevensons’ narrative is powerful and enduring. 

Robert, Alan, David and Louis all published narratives of lighthouse work that emphasised their 

genius, sense of public duty and triumph over adversity.640  The body responsible for the 

management of seamarks and aids to navigation in Scotland was named the Northern Lighthouse 

Board, despite the range of other signalling measures that they also managed. Through their 

position as Engineers to the Northern Lighthouse Board, the Stevensons have played a significant 

role in an ongoing romanticisation of lighthouses which has prompted lighthouse themed art, 

literature, non-fiction writing and exhibitions.641  

Histories of nineteenth-century coastal navigation have often focused on technical 

developments in lighthouse optics, lens design, fuel choice and understandings of human visual 

perception, and have examined the economic, political, national and imperial dimensions of 

lighthouses as a political technology.642 When sound signals have featured, as in Bickers’ account of 

the influence of sound on constructing imperial space in China, they have been seen as secondary to 

 
639 Mair, Craig, (1978) A Star for Seamen: The Stevenson Family of Engineers. London: John Murray; Bathurst, 
Bella, (1999) The Lighthouse Stevensons, London: Harper Perennial; Leslie, Jean and Roland Paxton, (1999) 
Bright Lights: The Stevenson Engineers, 1752 – 1971, Edinburgh: Published by the Authors.  
640 Stevenson, Robert, Account of the Bell Rock; Stevenson, Alan, (1848) Account of the Skerryvore lighthouse 
with notes on the illumination of lighthouses, Edinburgh: A. & C. Black; Stevenson, David, (2011: 1878) The Life 
of Robert Stevenson, Civil Engineer, London: Thomas Telford; Stevenson, Robert Louis, (2011: 1896) Records of 
a Family of Engineers, Cambridge: Cambridge University Press. 
641 Mair, A Star for Seamen; Bathurst, The Lighthouse Stevensons; ‘The Museum of Scottish Lighthouses’ 
Website, https://lighthousemuseum.org.uk/ [Accessed 20 December 2020] ‘Lighthouses’ National Museum of 
Scotland Website, https://www.nms.ac.uk/explore-our-collections/stories/science-and-
technology/lighthouses/ [Accessed 20 December 2020]. 
642 MacLeod, Roy M., (1969) ‘Science and government in Victorian England: lighthouse illumination and the 
Board of Trade, 1866 – 1886’ Isis, 60:1, 4 – 38; Elton, Julia, (2009) ‘A light to lighten our darkness: lighthouse 
optics and the later development of Fresnel's revolutionary refracting Lens 1780–1900’ International Journal 
for the History of Engineering & Technology, 79:2, 183 – 244; Beaglehole, Helen, (2012) ‘Antipodean challenges 
and engineering responses: designing, building and equipping New Zealand’s lighthouses’ International Journal 
for the History of Engineering & Technology, 82:1, 37 – 67; Bickers, Robert, (2013) ‘Infrastructural globalisation: 
lighting the China coast, 1860s – 1930s’ The Historical Journal, 56:2, 431 – 458; Levitt, Theresa, (2020) ‘When 
lighthouses became public goods: the role of technological change’ Technology and Culture, 61:1, 144 – 172.  

https://lighthousemuseum.org.uk/;%5bAccessed
https://www.nms.ac.uk/explore-our-collections/stories/science-and-technology/lighthouses/
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lights.643 Important exceptions are the work of Renton, who examined the technical development of 

sound signalling technology in Britain as part of a project to preserve fog horns as sound heritage in 

the early twenty-first century, and Allan’s work on the social and cultural history of the fog horn.644 

Following these scholars, this chapter asks what new insights can be gained about coastal safety 

engineering if we reorient the inquiry to focus on sound rather than sight. As has been 

demonstrated by historians of the senses and sonic geographers, space is produced through multi-

sensory and dynamic interactions between subjects and their surroundings: sound can be as 

important as sight in producing the experience of a place.645  

While Scotland’s lighthouses were often the site of innovative work in optics and visual 

signalling, new technologies including fog horns and guns were implemented later in Scotland than 

the rest of the United Kingdom. In 1873, Scotland had five sound-based fog signals, where Ireland 

had 12 and England and Wales had 29 sound signals at lighthouses as well as 12 bell buoys. At this 

time, Scotland’s signals were exclusively bells, although the Stevensons had applied to Trinity House 

to build fog horns at Sanda and St Abbs Head. In Ireland, England, and Wales, bells were being used 

alongside guns and Daboll’s fog horns. In England and Wales, Holmes’ fog horns and a gong were 

also in use.  

  

 
643 Bickers, ‘Infrastructural globalisation’, 448.  
644 Renton, Alan, (2001) Lost Sounds: The Story of Coast Fog Signals, Latheronwheel: Whittles Publishing; Allan, 
Jennifer Lucy, (2021) The Foghorn’s Lament: The Disappearing Music of the Coast, London: White Rabbit.  
645 See, for example: Gallagher, Michael and Jonathan Prior, (2014) ‘Sonic geographies: exploring phonographic 
methods’ Progress in Human Geography, 38:2, 267 – 284; Edensor, Tim and Emily Falconer, (2015), ‘Dans le 
noir? Eating in the dark: sensation and conviviality in a lightless place’ cultural geographies, 22:4, 601 – 618; 
Cook, Matthew and Tim Edensor, (2017) ‘Cycling through dark space: apprehending landscape otherwise’ 
Mobilities, 12:1, 1 – 19; Paiva, Daniel, (2018) ‘Sonic geographies: themes, concepts, deaf spots’ Geography 
Compass, 12:7, 1 – 14.  
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Table 1: ‘Return respecting Fog Signals in operation under the jurisdiction of the Commissioners of the Northern 

Lighthouses’ HCPP/Fog Signals: Return to an order of the Honourable The House of Commons dated 18 February 

1873: - return, “in the following form, of all fog signals now in operation under the three general lighthouse 

authorities of the United Kingdom and copy of a Report made by a committee of the Elder Brethren of the 

corporation of Trinity House, Deptford Strand, of a recent visit to Canada and North America, with a view of 

examining the subject of fog signals, page 6. 

Place Description of signal Date of establishment 

Bell Rock Lighthouse Bell worked by machinery 1811 

Skerryvore Lighthouse …ditto … ditto…  1844 

Dhuheartach Lighthouse … ditto … ditto… 1872 

Hermit Rock, Firth of Forth Bell buoy 1866 

Paterson’s Rock, Island of Sanda … ditto… 1867 

Note – Application for establishing Fog Horns was made to the Trinity House, but the Commissioners have not 

yet received their statutory sanction, which they state has been delayed until they have made some new 

experiments on the subject. 

Alex. Cunningham, Secretary. 

Northern Lighthouse Office, Edinburgh, 13 March 1873 

 

To address sound technologies in coastal signalling challenges the fundamental basis of the 

‘Lighthouse Stevensons’ narrative. Rather than portraying the Stevensons as leaders in the field 

responsible for the implementation of new and innovative technologies, which has often been the 

story told about their work in optics, a focus on the Stevensons’ work in acoustics positions them as 

evaluators and implementers and improvers of the work of others. By changing the focus from 

optics to acoustics, from lights to sirens, this chapter illustrates how the Stevensons operated within 
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an international and multidisciplinary network. As Edgerton argues, despite the focus on innovation 

in much of the history of engineering, the work done by engineers in practice is more often focused 

on the implementation, maintenance, and management of technological systems than on the 

invention of new technologies.646 The Stevensons did not lead the field in sound fog signalling, and 

the innovations which reshaped standard practice were mostly the work of other people. They did, 

however, play an important part in deploying technologies that had been developed by others. They 

made judgements about how to evaluate and implement new technologies, and collaborated with 

scientists, engineers, and lighthouse authorities to develop an effective signalling system. Studying 

their work in sound signalling enables engagement with these less studied but no less significant 

elements of the work of the nineteenth-century engineer.  

The chapter is in three sections. The first discusses the concept of ‘sonification’ – the use of 

sound to convey scientific information or enable scientific analysis – and explores nineteenth 

century understandings of low visibility and fog. It highlights the importance of contextualising 

sensory experience and avoiding ahistorical assumptions that the meaning and experience of sounds 

was universal.  

The second section considers how nineteenth-century scientists and engineers attempted to 

stabilise, codify, map, theorise and test sound and sound-making devices to maximise their utility as 

a means of conveying information, and to subsequently advocate for the use of fog signals as a 

navigation aid. The section examines perceptions of sound signalling as unreliable and dangerous 

and analyses the role envisioned for theorisation and experiment in transforming sound signalling 

from dangerous and ineffective to a useful means of facilitating navigation. Such epistemological 

work to make sound useful involved the Stevensons alongside the lighthouse authorities, the British 

Association for the Advancement of Science, John Tyndall, other scientists, engineers and sailors 

working in the field.   

 
646 Edgerton, David, (2006) The Shock of the Old: Technology and Global History since 1900, London: Profile 
Books, 100.  
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The final section discusses the Stevenson’s work in evaluating and implementing sound-

based fog signalling technologies in Scotland. Fog signalling was only a part of a wider network of 

visual and sonic technologies used to increase the safety of coastal navigation. The priorities of the 

engineers designing the system of signalling were different from those scientists attempting to 

maximise the efficiency of specific signalling devices and empirically demonstrate the potential of 

sound technologies. By considering technology not simply as a machine but as a system drawing on 

devices, workers, and patterns of behaviour we are, I argue, better able to understand how 

technological systems worked within political, economic, cultural, and geographical contexts and to 

understand how engineers designed and managed systems, rather than simply designing new 

artefacts.  

 

Making sense of space  

Since the 1970s, there have been calls in both history and geography to pay more attention to the 

influence of non-visual senses on geographical and historical contexts.647 Work on affect, more-than-

representational geographies, and phonographic methods has explored sound in a range of creative 

ways.648 A key theme in the geographies of sound has been the idea of soundscape. Originally 

developed by acoustic ecologist Murray Schafer, the term ‘has become such common currency in 

the transactions of aural history that it is often used without reference to its originator’.649 Duffy 

defines soundscape as ‘the sonic qualities that arise in a location, and how these then contribute to 

our understandings of a place’.650 Since the concept was developed in the 1970s it has been used 

 
647 Pocock, Douglas, (1989) ‘Sound and the geographer’ Geography, 74:3, 193 – 200; Coates, Peter, (2005) ‘The 
strange stillness of the past: toward an environmental history of sound’ Environmental History, 10:4, 636 – 
665; Smith, Mark M., (2007) ‘Producing sense, consuming sense, making sense: perils and prospects for 
sensory history’ Journal of Social History, 40:4, 841 – 858; Tullett, William, (2019) Smell in Eighteenth-Century 
England: A Social Sense, Oxford: Oxford University Press.  
648 Gallagher and Prior, ‘Sonic geographies’; Hill, Lisa, (2015) ‘More-than-representational geographies of the 
past and the affectivity of sound: revisiting the Lynmouth flood event of 1952’ Social & Cultural Geography, 
16:7, 821 – 843.   
649 Coates, ‘The strange stillness’, 639. 
650 Duffy, Michelle (2020) ‘Soundscapes’ in Tim Edensor, Area Kalandides and Uma Kothari (Eds), The Routledge 
Handbook of Place, Oxford: Routledge, 125 – 134.  
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extensively to understand the influence of sounds on experiences of place.651 As Duffy points out, 

Schafer’s worked within a particular political and ideological agenda: he was averse to mechanical 

and industrial sounds which he saw as drowning out ‘natural’ sounds.652 A major theme of later 

work, therefore, has been challenging Schafer’s ideological assumptions and expanding the concept 

of soundscape to include mechanical, technological and urban sound.653  

The concept of a soundscape has been criticised due to the risk that, as Helmreich put it, 

researchers ‘approach soundscapes as things in the world, waiting to be tuned into’.654 This can lead 

to a neglect of the dynamic and contingent character of sound, and the role played by listeners in 

interpreting sound.655 Bijsterveld criticises the view that there are inherent characteristics of senses 

that enable different kinds of interaction with the world, for example that ‘seeing creates the kind of 

distance from objects that scientists are after, whereas hearing enables a more intimate relation 

with the world’.656 This ahistorical assumption  assumes a common embodied experience across 

time and space regardless of circumstance.  

This approach has since been challenged in two ways. Firstly, historians have acknowledged 

that listening is a form of embodied ‘tacit knowledge’ which can ‘vary with the body in question’.657 

Gooday and Sayer point out in their work on hearing loss that historians of sound have ‘tended to 

assume a widespread normalised hearing capacity’.658 Mody similarly draws attention to the 

 
651 See, for example, Coates, ‘The strange stillness’; Gallagher and Prior, ‘Sonic geographies’; Paiva, ‘Sonic 
geographies; Duffy, ‘Soundscapes’. 
652 Duffy, ‘Soundscapes’, 127.  
653 Thompson, Emily, (2002) The Soundscape of Modernity: Architectural Acoustics and the Culture of Listening 
in America, 1900–1933, Cambridge, Mass.: MIT Press; Bijsterveld, Karin, (2008) Mechanical Sound: Technology, 
Culture, and Public Problems of Noise in the Twentieth Century, Cambridge, Mass./London: MIT Press; 
Helmreich, Stefan, (2010) ‘Listening against soundscapes’ Anthropology News, 51:9, 10.  
654 Helmreich, ‘Listening against soundscape’, 10.   
655 Ingold, Tim, (2007) ‘Against soundscape’ in Carlyle, Angus, (Ed.), Autumn Leaves: Sound and the 
Environment in Artistic Practice, Paris: Double Entendre, 10 – 13; Helmreich, ‘Listening against soundscape’, 
10.  
656 Bijsterveld, Karin, (2019) Sonic Skills: Listening for Knowledge in Science, Medicine and Engineering (1920s-
Present), London: Palgrave Macmillan UK, 8.  
657 Mody, Cyrus, (2005) ‘The sounds of science: listening to laboratory practice’ Science, Technology & Human 
Values, 30:2, 194. 
658 Gooday, Graeme and Karen Sayer, (2017) Managing the Experience of Hearing Loss in Britain, 1830 – 1930, 
London: Palgrave, 5.   
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omission of deaf and hard of hearing people from the history of sound, noting that their experiences 

illustrate the problems with the ‘presumed commonality of much embodied experience’.659  

While nineteenth-century scientists did not explicitly consider deaf sailors in fog signal 

design, they were aware that hearing experience differed between individuals. Gooday and Sayer 

note that nineteenth-century hearing culture constructed ‘a continuous spectrum of hearing’ that 

imagined full hearing capacity as ‘the norm from which deviation occurred’.660 Relating experiments 

with signals made on 11 October 1873 at Dover in a series of lectures at the Royal Institution, John 

Tyndall, scientific advisor to Trinity House, explained the differing experiences of his party: ‘Mr. 

Edwards heard a faint crack, but neither Mr. Douglass nor I heard anything. The sound of the siren 

was at the same time of piercing intensity. We waited for ten minutes, when another gun was fired. 

The smoke was at hand, and I thought I heard a faint thud, but could not be certain. My companions 

heard nothing’.661 In his experimental work, Tyndall was aware of the inconsistency of embodied 

sensory experience between individuals and the difficulty of generalising experience based on a 

normative capacity for hearing, even as he tried to overcome these individual distinctions by 

developing a fog signalling system to be heard by sailors in general.  

Secondly, approaches which assign transcendental and inherent meaning to sounds have 

been criticised for neglecting the role of culture in transforming sensory experience. Smith argues 

that while we may reproduce sensations from the past, we cannot consume them in the same way 

that they were consumed by contemporaries embedded in a different historical culture.662 Even 

where a sound can be reproduced, or a recording can be obtained, the researcher cannot access the 

contextual elements that conditioned how that sound was heard at the time. Listening combines 

 
659 Mody, ‘The sounds of science’, 194.  
660 Gooday and Sayer, Managing the Experience of Hearing Loss, 4.  
661 Tyndall, John, (1878) On Sound: A course of eight lectures delivered at the Royal Institution, New York: D. 
Appleton and Company, 361. 
662 Smith, ‘Producing sense, consuming sense’, 841.  
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sensory experience with interpretation and therefore always draws on cultural context as well as 

physical sensation.663  

Broader cultures of hearing and listening work to structure individual engagements with 

specific sounds, and it is possible to investigate these cultures in order to contextualise individual 

experiences. Engineering is helpful here, as those working to produce sounds construct an imagined, 

universal listener who is presumed to embody the listening public in general, as well as articulating 

assumptions about what functions and qualities sound should (or should not) have. One example of 

this is in disputes over urban ‘noise’. Bijsterveld makes the point that noise is subjective and 

culturally defined since, fundamentally, it is sound that is out of place, rather than having any 

inherent sonic qualities that differ from other types of sound.664 Attempts to reduce noise are 

therefore informative about the interaction between sound, place, and experience. The influence of 

these sorts of discourses around sound production and management through technology are often 

omitted from studies of soundscape which focus on sound as an experience rather than something 

produced or muffled by intentional action. In this chapter, I take Bijsterveld’s approach to ‘historicize 

the sensory experience of sound, and to listen to the sounds of technology through the ears’ of 

historical individuals.665 

 

Sonification and sound as knowledge 

Sound in science can be used as a method of analysis and presentation, as well as a source of data 

and a subject of scientific inquiry.666 The fog signal can be seen as a sonic representation of data 

relating to physical location in space, communicated to a range of listeners. By drawing attention to 

 
663 Bijsterveld, Mechanical Sound, 13; Bijsterveld, Sonic Skills, 8.  
664 Bijsterveld, Mechanical Sound, 10. 
665 Bijsterveld, Mechanical Sound, 26.  
666 See, for example, Bijsterveld, Karin, (2003) ‘”The city of din”: decibels, noise, and neighbours in the 
Netherlands, 1910 – 1980’ Osiris, 18, 173 – 193; Mody, ‘The sounds of science’; Bruyninckx, Joeri, (2011) 
‘Sound sterile: making scientific field recordings in ornithology’ in Pinch, Trevor and Karin Bijsterveld (Eds) The 
Oxford Handbook of Sound Studies, Oxford: Oxford University Press, 127 – 151; Feder, Toni, (2012) ‘Shhhh. 
Listen to the data’ Physics Today, 65:5, 20 – 22; Pinch, Trevor, (2019) ‘From technology studies to sound 
studies: how materiality matters’, Epistemology & Philosophy of Science, 56:3; Bijsterveld, Sonic Skills. 
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listening as an active rather than passive phenomenon, to the fleeting and contextualised nature of 

sound experience and the relevance of the acoustic and cultural properties of spaces of speaking 

and listening, historians of science have begun to consider the importance of speech and the ways in 

which the transmission of scientific information is an embodied process that takes place within 

spaces with particular and relevant acoustic properties.667  

While works on speech are informative in drawing attention to embodied and sensory 

means of communicating science, other forms of sound have rarely been considered in the historical 

geography of science, despite important distinctions between sound and speech. Language requires 

comprehension or translation and can be placed within theoretical frameworks that acknowledge 

this.668 Non-linguistic sound was historically constructed as universally intelligible, although more 

recent studies have challenged this idea.669. Alexander Cunningham, Secretary to the Northern 

Lighthouse Board, suggested in 1866 that fog signalling might favour ‘universal adoption in all 

countries’ because ‘horns and buzzers possess the same sounds and the same qualities in all 

countries’.670 Concern over the replacement of sound with speech on the basis of comprehensibility 

was expressed in response to D. Alan Stevenson’s talking beacon in 1931. Vice-Admiral and deputy 

master of Trinity House, Sir Robert Mansell, K.C.V.O, pointed out that the beacon ‘talked Scotch. He 

wondered what a Czechoslovak mariner would have made of it’.671 While Stevenson answered 

jokingly that the record ‘had been made with the most suitable cultured English voice,’ he did not 

 
667 Livingstone, David N., (2007) ‘Science, site and speech: scientific knowledge and the spaces of rhetoric’, 
History of the Human Sciences, 20:2, 71 – 98; Finnegan, Diarmid A.,‘Placing science in an age of oratory: spaces 
of scientific speech in mid-Victorian Edinburgh’ in Livingstone, David N. and Charles W. J. Withers (Eds) 
Geographies of Nineteenth-Century Science, Chicago: University of Chicago Press, 153 – 172; Ogborn, Miles, 
(2013) ‘Talking plants: botany and speech in eighteenth-century Jamaica’ History of Science, 51:3, 251 – 282; 
Finnegan, Diarmid, A., (2017) ‘Finding a scientific voice: performing science, space and speech in the 19th 
century’ Transactions of the Institute of British Geographers, 42, 192 – 205.  
668 Elshakry, Marwa S. (2008) ‘Knowledge in motion: the cultural politics of modern science translations in 
Arabic’ Isis, 99, 701 – 730.  
669 Mody, ‘The sounds of science’; Bijsterveld, Mechanical Sound; Bijsterveld, Sonic Skills.  
670 Cunningham, Alexander, (1866), ‘Suggestions for a proposed uniform system of fog signals’ Transactions of 
the Royal Scottish Society of Arts, 7:1865; 185.  
671 Mansell, Robert, quoted in Stevenson, D. Alan, ‘The development of lighthouses’, 241. 



   

207 
 

address the larger issue of shipping as linguistically diverse and the attendant power attributed to 

non-verbal sound.672    

As a non-verbal method of conveying scientific information, fog signalling can be considered 

an early form of ‘sonification of scientific data’ – a process which presents scientific data as sound, 

often for the purposes of analysis.673 Listening to data has been adopted by a number of scientific 

fields ranging from seismology to astrophysics, and used by both blind and sighted scientists to 

better understand complex datasets.674 Scientific instruments ranging from the stethoscope, to 

Geiger counters, radio telescopes and data processing software have been developed to present 

data as sound.675 

The interpretation of such data requires tacit skills. Attention has been paid to the processes 

by which medical professionals learned to use stethoscopes, the physical and bodily arrangements 

and skills that enabled the physician to discern and interpret sound clues in order to come to a 

diagnosis, and the importance of geographical and cultural context in conditioning listening 

behaviours and decision-making.676 This work acknowledges the embodied experience of sound by 

individuals, while also analysing how scientists attempted to train and standardise bodies using 

scientific equipment, thus combining embodied experience with wider scientific cultures through 

training and the standardisation of behaviour.  

This work focuses on the use of sound as data by scientists and medical professionals. Work 

in the history of science and technology which considers the use of sound to convey information to 

non-scientists has been limited to military contexts, mostly in relation to the development in the 

twentieth century of SONAR or ‘asdics’.677 Work on sound in the context of the military often 
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neglects earlier work that used sound for navigation outside of combat. Hackmann, for example, 

claims that ‘research in underwater acoustics only began to be taken seriously as a consequence of 

the German U-boat menace of World War I’.678  

Outside of scientific and military applications, technology has been important in producing, 

recording, and sensing sound. Pinch draws attention to users in the development of sound 

technology and the influence of materiality in the production, transmission, and storage of sound.679  

Jackson examines how sound technologies including the tuning fork, metronome and fog siren 

shifted between scientific and musical uses, again emphasising the flexibility of meaning assigned to 

sound technologies by a wide range of audiences.680  

 

Low visibility, light and sound in nineteenth-century Britain 

Fog signals were deployed around Scotland’s coasts in addition to the system of lighthouses already 

in use. Lighthouses could be powerful symbols. As D. Alan Stevenson argued in 1932, ‘To the sailor, 

apart from their use as aids of navigation, lighthouses were a great romance. They were his last 

vision of his native land, his first view when he returned’.681 Physically remote, technically 

challenging and heavily utilised, lighthouses came to function as a political technology – a very 

visible symbol of technological advancement, national affluence and power.682 Light itself was 

powerfully symbolic in Victorian Britain. Illumination was associated with Christian discourses of 

divinity, with civilisation, and with scientific progress.683 Pocock noted, in modern society ‘sight and 
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knowledge are thus inextricably linked,’ as observation and visualisation play fundamental roles in 

contemporary scientific practice.684 

Robert Louis Stevenson drew on associations of light and vision in his writing. In the poem 

‘To my father’ he summarised Thomas’ work as primarily illumination, writing of sailors who ‘To our 

wild coasts, not darkling now, approach;/Not now obscure, since thou and thine art there’.685 Of his 

grandfather, he wrote that ‘the seas into which his labours carried the new engineer were still scarce 

charted, the coasts still dark; his way on shore was often far beyond the convenience of any road; 

the isles in which he must sojourn were still partly savage. He must toss much in boats; he must 

often adventure on horseback by the dubious bridle-track through unfrequented wildernesses’.686  

Louis’s explanation of the ‘dark’ Scottish coasts before lighthouses refers both to their physical state 

and to his perception of their social character. His language of ‘wilderness’ that was empty except 

for those who were ‘still partly savage’ echoes contemporary colonial discourses that linked 

darkness with backwardness and light with civilisation in African contexts.687 In this cultural context, 

lighthouses as devices of illumination were commonly used as symbols of progress, civilisation, and 

power. 

Victorian fog had a well-established set of symbolic meanings that closely mirrored those 

which Edensor identifies for Victorian darkness.688 In a culture that prized vision, fog was associated 

with confusion, danger, and corruption. Courtney, for example, points out that the blocking of the 

light on Parliament’s clock tower by fog in London in the 1870s was seen as an indicator of the 

ineffectiveness of government.689 Fog was a common trope of Gothic literature, bringing ‘ghosts, 

monsters and confusion’ in works such as Dracula by Bram Stoker, Arthur Conan Doyle’s Sherlock 

 
684 Pocock, ‘Sound and the geographer’, 193.  
685 Stevenson, Robert Louis, (1898) ‘To my Father’, Underwoods, London: Chatto & Windus, 60.  
686 Stevenson, Robert Louis, (1898; 2011) Records of a Family of Engineers. Cambridge: Cambridge University 
Press, 23.  
687 Brantlinger, Patrick, (1985) ‘Victorians and Africans: the genealogy of the myth of the dark continent’ 
Critical Inquiry, 12, 166 – 203; Edensor, ‘Introduction to geographies of darkness’, 560.  
688 Edensor, ‘Introduction to geographies of darkness’, 560.   
689 Courtney, Stephen, (2017), ‘’A very diadem of light’: exhibitions in Victorian London, the parliamentary light 
and the shaping of the Trinity House lighthouses’ British Journal for the History of Science, 50:2, 261. 



   

210 
 

Holmes stories and Bleak House by Charles Dickens.690 Stevenson also drew on these tropes in The 

Strange Case of Dr Jekyll and Mr Hyde (1886), where the murderous Mr Hyde’s escape from the 

authorities takes place under the dual obfuscation of fog and darkness, while the final revelation of 

the mystery occurs in artificial ‘quiet lamplight, a good fire glowing’.691  

In addition to their cultural association with disorder, fog and darkness presented real 

danger through the distortion of perception and associated difficulties in navigating the world. Fog 

was dangerous because it inhibited vision, creating similar ‘perceptual deceptions’ as darkness but 

without the predictability of the ongoing cycle of dusk and dawn.692 Fog at sea was especially 

dangerous as these perceptual deceptions were combined with the disorienting effects of the 

waves, tides and currents and, around the Scottish coast, myriad rocks, reefs, and other hazards. 

Being lost in fog at sea, Allan points out, was significantly more dangerous than being lost in fog on 

land.693 Fogs at sea did not bring monsters or murderers, but instead rendered systems of navigation 

through landmarks, beacons, and lights ineffective. This could, at best, lead to delays and, at worst, 

to shipwreck: ‘In fog all landmarks are blotted out, and, as lights even of the highest power are 

useless (unless close to), a vessel must proceed slowly, keeping a sharp look-out for the first sign of 

land or danger’.694  

The British Association for the Advancement of Science used this association between fog 

and shipwrecks, with their attendant loss of life and property, to call for the investigation of the 

subject of fog signalling by the Board of Trade. They argued that improved signalling would ‘if not 

entirely remove, yet greatly diminish the chance of such fearful calamities as that which within the 

last few days spread great sorrow through the land’ in reference to ‘the loss of the ‘Anglo Saxon,’ 
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with most of her crew and passengers, in a fog’.695 For Tyndall, ‘the cloud produced by the puff of a 

locomotive can quench the rays of the noonday sun; it is not, therefore, surprising that in dense fogs 

our most powerful coast-lights, including even the electric light, should become useless to the 

mariner. Disastrous shipwrecks are the consequence’.696 In a paper to the Institution of Civil 

Engineers in 1887 about the lighthouse at Ailsa Craig, David A. Stevenson wrote that ‘being situated 

in the direct track of the large trade frequenting the Clyde, the Craig was long felt to be a source of 

danger, more especially in thick and foggy weather, many a steamer and sailing vessel having been 

wrecked on it’.697  

 

Acoustic experimentation and the science of sound 

Scientists and engineers in the nineteenth century consistently complained that the field of acoustics 

was under-researched, poorly understood, and in need of experimental intervention. Even though 

bells were used for signalling around the coast, concerns around acoustics were used to argue that 

sound signals could not be reliable fog warning devices until further experimentation had been 

completed and laws explaining and predicting the transmission of sound had been agreed. Even as 

late as 1932, D. Alan Stevenson still had to make the case that ‘the scope of lighthouses must not 

now be considered to be restricted, as formerly, merely to the light and tower, but to cover all 

assistance given to ships as to their position by means of waves of sound and wireless’.698  

These views were widespread. The Rev. Dr T. R. Robinson, chairman of the fog signal 

committee established by the British Association for the Advancement of Science, wrote to the 

Board of Trade in the early 1860s that, in fog, ‘sound is the only known means really effective; but 

about it testimonies are conflicting, and there is scarcely one fact relating to its use as a signal which 
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can be considered to be established’.699 The transmission of sound through water ‘has been so little 

studied in this point of view that we can neither pronounce on the best mode of applying its powers 

or the practical difficulties which we may encounter’; in the context of air signals, there was ‘no 

exact information’ on how gongs and bells should be properly used; and there was an ‘absence of 

authentic data’ relating to wind instruments.700  

Tyndall agreed, pointing out that ‘evidence as to [fog signals’] value and performance is of 

the most conflicting character, and no investigation sufficiently thorough to clear up the uncertainty 

has hitherto been made’.701 He specifically took issue with the lack of experimental validation for 

often repeated claim that fog deadens sound, pointing out that ‘My knowledge does not inform me 

of the existence of any other source for these opinions . . .  than the paper of Derham, published one 

hundred and sixty-seven years ago. In consequence of their a priori probability, his conclusions seem 

to have been transmitted unquestioned from generation to generation of scientific men’.702 In fact, 

for Tyndall, ‘no question of science ever stood so much in need of revision as this of the transmission 

of sound through the atmosphere’.703 

This point was also adopted by engineers. In 1871 in a paper read before the ICE, civil 

engineer Alexander Beazley argued that the understanding of sound was ‘little in advance of what it 

was a century ago. The literature of the subject is extremely meagre: here and there, scattered 

among the scientific records of this and other countries, an occasional notice or a brief suggestion 

may be met with; but of systematic research and experiment, and their proper offspring, practical 

results, there are few traces’.704 Together with many contemporaries, Beazley assumed that 

theoretical scientific research would lead to technological improvement, and conversely, that 
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impaired scientific knowledge would impede the effective development of technology. Hennessy’s 

report at the 1861 meeting of the British Association, for example, claimed that ‘further experiments 

are required, which, if properly devised, will not lead only to some important practical results, but 

perhaps throw light on obscure portions of the theory of sound’.705 While recent work has 

challenged this link between science and technological development, it is clear that, among 

engineers and scientists in the nineteenth century, improvements in technology were an expected 

outcome of experimentation.706  

Beazley several times specified that experiments should be ‘systematically conducted’ as, 

without a systematic investigation across different weather conditions, ‘all investigation of isolated 

cases can be little better than a vague groping in the dark’.707 Tyndall was also concerned with 

systematic experimental work, writing that ‘further labors [sic] enabled me to bring the whole 

inquiry within the firm grasp of experiment; and thus to give it a certainty which, without this final 

guarantee, it could scarcely have enjoyed’ [original emphasis].708 He dedicated a significant amount 

of time and energy to testing an array of different fog signalling devices in different weather 

conditions in a standardised manner and drawing on the observations of a number of assistants in 

addition to his own.  

The aim of Tyndall’s research was to develop a theory for the transmission of sound through 

air, and thus to make recommendations for fog signalling based on ‘theoretic considerations’.709 

When advocating the use of gun-cotton, for example, he suggested the principle that ‘the more 
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rapid the shock imparted to the air, the greater is the fractional part of the energy of the shock 

converted into wave motion’ and used this to develop his suggestion for the design of fog signalling 

guns.710 Experiment still played an important role in justification of his claims: ‘theoretic inference is 

completely verified by experiment’.711 The effectiveness of gun cotton was verified both ‘on a priori 

grounds’ and ‘in a great number of comparative experiments, stretching from 1874 to the present 

time’ which Tyndall deemed to be the ‘most conclusive manner’.712  

Systematic field experiments, however, were considered inferior to testing in a laboratory, 

suggesting the importance of the specific geographies of acoustic experimentation in the 

legitimisation of Tyndall’s theories. As Tyndall wrote, ‘these observations are clinched and finished 

by being brought within the range of laboratory experiment’.713 Demonstration in a laboratory was 

key to prove that a law was universal and could work anywhere, and a law had to be proven to work 

anywhere to be used as a basis for technologies constructed around the British, or world, coast. 

Little has been said, however, about the importance of this universalisation in making the case for 

the effectiveness of technological interventions across disparate geographies, as Tyndall was trying 

to do with fog signals.  

Tyndall’s account complicates the view of the laboratory as universal by acknowledging 

problems of translation from the field to the lab brought about by the particularity of laboratory 

conditions. He describes experiments made using smoke, rather than fog, which seemed to show 

that visual opacity was accompanied by sound insulation. Tyndall suggested, however, that because 

the artificial ‘fog’ made in laboratory experiments was always hot, temperature rather than opacity 

may be the relevant factor. By testing transparent hot air and opaque cold air, he found that 

temperature and not opacity influenced the transmission of sound. Despite this finding, Tyndall 

remained committed to laboratory research in principle, suggesting that the intrusion of unwanted 
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spatial characteristics was due to experimenter error. His account should serve, he argued, as ‘a 

lesson as to the caution required from an experimenter,’ rather than as a challenge to the 

laboratory’s role in producing universal and legitimate scientific knowledge.714  

Tyndall’s experimental and laboratory work differed significantly from the methods of 

gathering data most frequently used by the Stevensons, despite both using the term ‘experiment’ to 

describe their activities. David Stevenson narrated the following experiment on sound transmission 

that he had undertaken on 29 June 1835 in Liverpool where he was working to assist in the 

construction of the Liverpool tunnel:  

This morning R. Adie & I tried some experiments on the effects of sound in the tunnel. 

Having got two pistols, one of us remained at the tunnel mouth while the other walked 

through, & on his way fired 6 or 7 shots; when the first one got to the end of the tunnel he 

stood, while the other walked through & on his way also discharged 6 or 7 shots & strange 

to say neither of us heard any of the other’s shots though some of them were discharged 

within 200 or 300 yards of each other. The noise of the workman’s picks was heard farther 

than the pistol shot & the conclusion we came to was, that the pistol in a calm day would be 

heard farther in the open air. It is possible that the tunnel being so contracted may have the 

effect of breaking the undulations of the air & the sound may, as it were, be absorbed or lost 

& on that principle the narrower the hole, the worse the conductor & therefore a pipe 

would hardly carry sound at all, which I believe is the case.715  

This experiment was undertaken opportunistically, when another project allowed it, rather 

than as a systematic study of the transmission of sound like those suggested by Beazley and Tyndall. 

Unlike their emphasis on repetition in different weather conditions and using different equipment, 

David Stevenson used such equipment and opportunities as he had available as part of another 
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project – a common practice of what Werrett characterises as nineteenth-century ‘thrifty science’ – 

and repeated his experiment only once before drawing his conclusion.716 

 We should note that this experiment took place 30 years before Tyndall’s. It also reflects 

the different opportunities afforded to David as a trainee, compared with recognised authority like 

Tyndall who had been commissioned to advise Trinity House. Where David undertook his 

experiment once, Tyndall’s research involved ‘repetitions almost wearying to those unversed in such 

trained and dispassionate habits of procedure’.717 Tyndall was allocated resources and a test site 

through Trinity House and was sent devices to test from the United States Lighthouse Authority, 

drawing on international connections that had grown when, in 1872, Sir Frederick Arrow, Deputy 

Master of Trinity House, Captain J. Sydney Webb and Mr E. Price Edwards, the Deputy Master’s 

secretary, had travelled to Canada and the United States to investigate the fog signals in use in those 

countries, producing a report that was returned to the Board of Trade.718  

The difference between Tyndall and the Stevensons was not simply resources and support. 

In their later experimental work, the Stevensons were also supported by the lighthouse authorities. 

In an experiment in 1878, D. & T. Stevenson wrote to the Commissioners of the Northern Lighthouse 

Board to request permission to trial a new fog signalling system designed by P.G. Tait, professor of 

natural philosophy at the University of Edinburgh, at Corsewall Point near Loch Ryan on the west 
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coast of Scotland.719  In requesting their tests, the Stevensons suggested that the experiment could 

be funded by the Northern Lighthouse Board’s experimental budget.720  

Unlike Tyndall’s comprehensive and systematic study, the experiments organised by the 

Stevensons were more akin to the work of Arrow and Webb in the United States. They focused 

primarily on testing devices for reliability, fuel consumption and cost, ease of operation and ease of 

repair. 721 In other words, they tried to establish a particular device’s fitness for the job of fog 

signalling, rather than trying to develop theoretical understanding of acoustic transmission. This 

difference in emphasis is perhaps indicative of a distinction between a scientists’ interest in universal 

laws and an engineer or administrator’s pragmatic focus on whether a device works, which includes 

factors that are not strictly scientific. Where the intention of science was to make knowledge that 

was true everywhere, engineers could not ignore the particularity of local conditions. As Thomas 

Stevenson wrote in 1881, ‘it is impossible to generalise . . .  each case must be considered on its own 

merits’.722 

 

Innovation, adoption, and fog signals as a socio-technical system 

Marsden and Smith argue that traditional histories of technology tend to focus on ‘a history of 

success; historical debate reduces to disputes over questions of priority in invention or 

implementation; more often than not, technologies are construed as merely ‘science applied’; 

practical and material detail takes priority over cultural meaning’.723 The history of fog signalling 

could easily fall into this style of history, focusing on innovations to design and assuming that 
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changes were straightforwardly the product of better understanding of acoustics. By focusing on the 

Stevensons who were primarily involved in fog signal implementation, rather than its development, 

it is possible to explore the methods by which technological innovations were adopted and 

implemented into infrastructural systems. Because they considered each engineering plan ‘on its 

own merits,’ the Stevensons evaluated fog signals based on their technical features, the 

recommendations of scientific theory and other, non-technical, concerns.724  

Decisions around technology were fundamentally, as Hard and Jamison put it, bound up in 

‘the discourses of power and knowledge that are constructed by and, in turn, serve to reconstruct 

the theories and concepts that inform both science and everyday life’.725 Transition between 

technologies was rarely simple or instantaneous. Older technologies could co-exist with newer ones 

depending on the preferences of users.726 In short, historians of technology remind us that political, 

social, cultural and economic concerns were often as important as technical and scientific ones in 

dictating the uptake or neglect of a particular technology.727 In the case of fog signals, I would add 

spatial concerns as, though historians of technology often theorise based on relatively small 

machines marketed for use by consumers, the Stevensons were concerned with a publicly funded 

system which integrated bigger technological artefacts with even larger spaces in order to construct 

a controlled landscape that integrated technological and natural phenomena.  

For Marsden and Smith, the engineer can be seen as a manager of complex, dynamic and 

wide-ranging systems that incorporate both natural and artificial elements in order to reshape 

materials and spaces. 728 In the case of fog signals, this view encourages us to think about the 

Stevensons as designing and managing a multi-sensory system of coastal markings which included 
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fog signalling devices alongside other materials such as light signalling devices, fuel, ammunition, 

instructions, and newspaper announcements and processes including construction, operation, 

maintenance and repair.  

By widening history to include practices and processes as well as products, it is possible to 

bring into focus the non-technical elements of engineering history – the important operational and 

managerial judgement that was required of engineers. Issues of cost and resources had to be 

considered. Staff had to be trained in processes of operation, maintenance, and repair. The locations 

that required a fog signal had to be identified – not all lighthouses were equipped with fog signals at 

once, and not every lighthouse was well-placed to accommodate a fog signal. The type of signal in 

each location had to be selected, its elevation and situation with regards the lighthouse and other 

landmarks had to be considered, and its usefulness justified against the inconvenience and 

disruption caused to local residents. These decisions required both technical and non-technical 

knowledge, and resulted in a system of fog signalling that was not always scientifically optimal. 

Where a technical improvement could not be found to solve a conflict between requirements, 

careful compromises were made based on priority judgements. This led to a complex system using 

different fog signalling technologies in different places for different reasons. 

 

Types of fog signal 

Sound signalling could take many forms, ranging from bells to rockets, guns, air horns, whistles, and 

sirens. Each system functioned differently and produced different types of sound, and one of the 

important decisions made by engineers involved in designing coastal fog warning systems was which 

type of signal to employ in which place. In March 1874, Robin Allen, secretary to Trinity House, 

wrote to the Board of Trade requesting funding for fog signal construction, noting that ‘the 

particular instrument in each case is not yet determined upon. The subject is still under 
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consideration, and will not be finally resolved upon until the completion of Dr Tyndall’s Report’.729 As 

Edgerton notes, we should not assume that the invention of a new technology is indicative of its 

widespread adoption and the replacement of older technologies intended for the same purpose.730 

Technologies can become popular long after their invention, or when used for purposes unintended 

by the original maker. Guns, for example, were not originally designed for signalling, but were used 

as such throughout the nineteenth century and adapted for use as fog signals.731 

In the 1860s, lighthouse authorities tested and evaluated the effectiveness of a wide variety 

of sound-generating devices. Alexander Cunningham, secretary to the Northern Lighthouse Board, 

wrote in 1866 that ‘the late Mr [Robert] Stevenson seems to have foreseen the very means which 

are now recommended, of giving fog signals by horns, and points out the objections to the use of 

guns’.732 Part of the aim of Tyndall’s experiments was to evaluate different types of signal. He used 

whistles made in England, the United States and Canada, an American steam siren, trumpets and, at 

the request of the Elder Brethren of Trinity House, three guns – an 18-pounder, a 5 ½ inch howitzer, 

and a 13-inch mortar.733 As Arrow summarised, ‘with respect to the usefulness of guns, it appears 

from the report that they possess certain disadvantages … Dr Tyndall nevertheless ranks the gun as a 

first-class signal’.734 Even when Tyndall’s experiments began in May 1873, consensus was beginning 

to form around which types of signals were inferior – Tyndall excluded gongs and bells ‘because 

previous observations had clearly proved their inferiority to the trumpets and whistles’.735   

The Stevensons did not disagree with Tyndall that bells were technically inferior to other 

signalling methods, instead taking the pragmatic approach that, despite their weaknesses, bells were 

 
729 Robin Allen to Board of Trade, (14 March 1874), HCPP/Fog Signals: Copy of Correspondence, number 1, 
page 3.  
730 Edgerton, The Shock of the Old. 
731 J. Inglis to Board of Trade, (23 May 1874), HCPP/Fog Signals: Copy of Correspondence, number 2, enclosure 
1, page 5; Douglass, Jas. N, and Robin Allen to Board of Trade, (23 May 1874), HCPP/Fog Signals: Copy of 
correspondence, number 2, enclosure 3, page 7.  
732 Cunningham, ‘Suggestions’, 175.  
733 Tyndall, On Sound, 310.  
734 Arrow, Frederick, (8 June 1874) ‘Memorandum by the deputy master upon Dr Tyndall’s report on the 
experiments at South Foreland’ HCPP/Fog Signals: Copy of Correspondence, number 4, enclosure 1, page 11.   
735 Tyndall, On Sound, 310 
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better than no signal at all. Writing in 1871, they explained the impossibility of moving the bells at 

Skerryvore lighthouse to the level of the water, despite this being advocated as the best location for 

sound signalling, pointing out that, despite their ‘supposed non-efficiency . . .  the bells and 

machinery have been placed there for the purpose of being rung, and no one can deny, that though 

perhaps not so useful as they would be if it were practicable to place them on the rock, their sound 

may nevertheless be heard & warn a seaman of his proximity to danger’.736  

Bells were used around Scotland’s coasts throughout the late nineteenth century and into 

the twentieth. The Board of Trade in 1873 listed fog signals in operation under the jurisdiction of the 

Northern Lighthouse Board as comprising bells at the Bell Rock, Skerryvore, Dhuheartach, Hermit 

Rock in the Firth of Forth and Paterson’s Rock on the Island of Sanda.737 This combination continued 

to characterise Scotland’s coastal soundscape. As late as 1947, Admiralty Charts of the River Clyde 

show the course of the river marked by a combination of fog sirens, fog guns and bells. A fog siren 

was used at Cloch, opposite Dunoon, while Kempock Point on one side of Gourock Bay used a fog 

bell and Whitefarland Point on the opposite side used a fog bell in 1886 and a fog gun in 1947 (Fig. 

6.1, 6.2 and 6.3)  

Attitudes to innovation and distrust of the new among engineers or their backers could 

influence the choice of whether to introduce new devices. The Elder Brethren of Trinity House, for 

example, preferred fog guns over sirens and influenced Tyndall to include them in his experiments 

accordingly. Despite the superior performance of the horn and siren signals, the board remained in 

favour of gun signals.738 Due to the range of interests and preferences involved in decision making, it 

is not always clear precisely how the Stevensons and their contemporaries agreed on a particular 

signalling technology for a particular site when other technologies were used elsewhere and 

everyone involved had their own preferences. .

 
736 Stevenson, D. & T., (23 August 1871) ‘Report on fog signal bells’ NLS/Acc.10706/112, page 710. 
737 Cunningham, Alexander, (13 March 1873) ‘Return respecting fog signals in operation under the jurisdiction 
of the commissioners of the Northern Lighthouses’, Fog Signals: Return to an order, page 6. 
738 Renton, Lost Sounds, 43.  



   

222 
 

 

 

 

Figure 6.1: Fog bells at Whitefarland Point and Kempock Point, shown on ‘Firth of Clyde – Sheet 2 between Toward and Whitefarland Points’ Revised 1886, London: 
Hydrographic Office, NLS/Admiralty Chart 2132. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Fog siren at Cloch Point, shown on ‘River Clyde – Dunoon to Port Glasgow’ Revised 1947, London: Hydrographic Office, NLS/Admiralty Chart 1994. 
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Figure 6.2: Fog bell at Kempock Point and fog gun at Whitefarland Point, shown on ‘River Clyde – Dunoon to Port Glasgow’ Revised 1947, London: Hydrographic 
Office, NLS/Admiralty Chart 1994. 
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Figure 6.3: Fog bells at Whitefarland Point and Kempock Point, shown on ‘Firth of Clyde – Sheet 2 between Toward and Whitefarland Points’ Revised 1886, London: Hydrographic 
Office, NLS/Admiralty Chart 2132. 
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In Scotland, the Stevensons were repeatedly criticised for not adopting new lighthouse 

technologies, initially by David Brewster in relation to lenses and subsequently by Tyndall in relation 

to gas lamps.739 D. Alan Stevenson, however, took a different perspective, pointing out that 

‘everything new has always been looked upon with suspicion and frequently scorn. Rightly so, of 

course, until novelties have withstood keen criticism and ample practical experience’.740 Where 

‘theoretic considerations’ supported by experimental data was sufficient for Tyndall, the Stevensons 

preferred practical experience gained from actual use of the signalling system in situ. These 

experiments and evaluations could test issues that were not related to a device’s maximum 

technical capacity or the theory of its scientific working. The Stevensons were instead concerned 

with issues such as consistency – did the machine make the same sound at consistent intervals; 

distinctiveness – was the sound recognisable to the mariner as the signal related to that place in 

particular; and intensity – how far away could the sound be heard? Testing also enabled engineers to 

assess the reliability of the equipment when exposed to the adverse environmental conditions of 

Scottish coasts, and the ease with which it could be repaired and maintained by lightkeepers.  

 

Ease of operation and repair 

As the complexity of fog signalling technology increased and the variety of designs proliferated, 

issues such as the ease of use, maintenance and repair began to play a more significant role. While 

bells were relatively easy to operate, the 1860s and 1870s saw the introduction of increasingly 

complex machinery powered by steam engines which required significantly more operational skill. 

Such concerns featured heavily in the evaluations and reports of the Stevensons, and the solutions 

they suggested were both technical – the replacement of breakable parts with sturdier materials, for 

example – and behavioural – the development of ‘instructions to lightkeepers’.741   

 
739 For Brewster Controversy, see NLS/Acc.10706/570; For Tyndall Controversy see Letter from David A. 
Stevenson to John Tyndall, NLS/Acc.10706/57, page 941 – 3 and MacLeod, ‘Science and government’.  
740 Stevenson, D. Alan, ‘The development of lighthouses’, 231. 
741 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 195; Stevenson, D. & T., (13 December 1878) ‘Instructions for 
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The Stevensons worked to improve fog signalling using both technical and organisational 

means. They issued instructions, organised the provision of sufficient high-quality fuel, dispatched 

specialist workmen to make repairs, recruited and trained lightkeepers, and made recommendations 

on alterations to apparatus.742 Instructions to operators included details on how to store, clean and 

use the apparatus, as well as what they should do if something went wrong.743 Devising instructions 

was an important part of the engineers’ work. In writing them, they drew on ‘all the existing 

information and experiences that have been acquired on the subject’.744 In their instructions of 

1878, they consulted specialists including Mr Young, the Superintendent, Mr Miller, the foreman of 

repairs, and Mr Coats, whose role is not specified, but, considering he was absent on ‘coast duty,’ 

may have had experience as a lightkeeper.745 A proof version of the instructions was submitted to 

the Commissioners of the Northern Lighthouse Board and, when approved, ‘adopted in the Northern 

Lighthouse Service and hung up in the several Signal Houses’.746 Instructions were displayed in single 

page poster-style summaries using a step-by-step list with numbers and sub-headings and were 

unique to each fog signalling location.747 These instructions aimed to manage the interaction of 

 
working the Fog Signal Apparatus’, NLS/Acc.10706/114, page 355; Stevenson, D. & T., (9 March 1881) 
‘Instructions by Messrs. Edmundson, Dublin, for working the gas engines and syren at Langness Lighthouse’, 
NLS/Acc.10706/529, number 50; Stevenson, D. & T., (n.d.) ‘Rules and regulations for the keepers at Fair Isle 
rocket fog signal station’, NLS/Acc.10706/529, number 55.   
742 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 195; Stevenson, D. & T., (13 December 1878) ‘Instructions for 
working the Fog Signal Apparatus’, NLS/Acc.10706/114, page 355; Stevenson, D. & T., (6 January 1880) 
‘Fifeness fog signal’, NLS/Acc.10706/114, page 513; Stevenson, D. & T., (1881) ‘Instructions by Messrs. 
Edmundson, Dublin, for working the gas engines and syren at Langness Lighthouse’, NLS/Acc.10706/529, 
number 50; Stevenson, D. & T., (n.d.) ‘Rules and regulations for the keepers at Fair Isle rocket fog signal 
station’, NLS/Acc.10706/529, number 55.   
743 Stevenson, D. & T., (9 March 1881) ‘Instructions by Messrs. Edmundson, Dublin, for working the gas engines 
and syren at Langness Lighthouse’, NLS/Acc.10706/529, number 50. 
744 Stevenson, D. & T., (13 December 1878) ‘Instructions for working the Fog Signal Apparatus’, 
NLS/Acc.10706/114, page 355. 
745 Stevenson, D. & T., (13 December 1878) ‘Instructions for working the Fog Signal Apparatus’, 
NLS/Acc.10706/114, page 355.  
746 Stevenson, D. & T., (13 December 1878) ‘Instructions for working the Fog Signal Apparatus’, 
NLS/Acc.10706/114, page 355. 
747 Stevenson, D. & T., (9 March 1881) ‘Instructions by Messrs. Edmundson, Dublin, for working the gas engines 
and syren at Langness Lighthouse’, NLS/Acc.10706/529, number 50. 
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human lightkeepers with the technology of fog signalling apparatus and thus produce a functional 

and efficient system. 

Non-technical management of the behaviour of users could make up for limitations in 

technical capacity of the machinery used. In 1881, for example, Thomas Stevenson pointed out that 

the engines used to power fog signals took ‘a long time to start, which is a very objectionable 

feature, as fogs frequently come on suddenly’.748 This issue could have been solved technically by 

mechanical improvements to the engine. In a letter from Mr Douglass of Trinity House, quoted by D. 

& T. Stevenson in their report to the Northern Lighthouse Board, he wrote of ‘experiments I have 

been making with Brown’s and Holmes’ Caloric Engines for reducing and rendering more certain the 

time of starting the signal’.749 When these experiments failed to provide a technical solution, an 

alteration to operating procedure was instead suggested as a way to achieve this end. Douglass and 

the Stevensons advised that one engine should always be kept warm to shorten the time taken to 

heat the engine. Douglass’s letter suggested that this change would have the added benefit of 

reducing the chance of damage to the engine from rapid heating and would keep the machinery dry, 

further reducing the chance of breakage. Using Douglass’s letter as evidence, the Stevensons 

requested an extra 13 tons of fuel at Pladda, St Abb’s Head and Sanda to keep one engine constantly 

running.750 As this shows, where a technical solution to a problem could not be found, the 

Stevensons implemented an operational one, changing how equipment was used not the equipment 

itself. 

The suggestion that keeping a fire constantly burning in the engine of a fog signal would 

prevent damage to the machinery is suggestive of another key issue: fog signals had to function 

successfully during all kinds of adverse weather conditions. Because of the widespread use of fog 

signals as warnings of danger, a broken fog signal that provided no sound where one was expected 

could be more dangerous than no signal at all: Arrow claims that previous Trinity House advisor 

 
748 Stevenson, Thomas, Lighthouse Construction, 257. 
749 Stevenson, D. & T., (6 June 1879) ‘Report relative to fog signals’, NLS/Acc.10706/114, page 469. 
750 Stevenson, D. & T., (6 June 1879) ‘Report relative to fog signals’, NLS/Acc.10706/114, page 470. 



   

228 
 

Faraday’s opinion that ‘a false promise to the mariner would be worse than no promise at all’ was 

‘the standard axiom of the Trinity House, as old, perhaps, as the corporation itself; viz., that safety is 

only to be found in certainty’.751 Reducing the chance of breakage and facilitating rapid and easy 

repair was a vital requirement of fog signalling technology. Like the issue of starting time, repair was 

also both a technical and operational issue, involving both the design of the fog signal and the 

successful recruitment, training, and management of skilled operators.  

Aside from occasional visits during lighthouse tours or in response to reports of accidents, 

the maintenance and operation of fog signals was outside of the direct control of the engineers. 

Lightkeepers entrusted with their operation could have differing levels of skill. The Stevensons were 

aware that the ability of lightkeepers to work the apparatus that they were in charge of would 

influence the overall success of the system. They wrote to the Northern Lighthouse Board in 1879 

that the amount of fuel ‘required by different keepers may vary according to their knowledge of 

working the fires – a knowledge which can only be gained by experience’.752  Some lightkeepers 

displayed particularly notable skill with the apparatus. At Sanda lighthouse in 1877, for example, D. 

& T. Stevenson noted in their report that ‘the principal keeper, who is a mechanic, was able to make 

the necessary repairs without requiring workmen to be specially sent out for the purpose’.753 The 

fact that this lightkeeper’s competence as a mechanic was reported suggests that such expertise was 

not necessarily common or expected among lightkeepers. Considering the importance placed on 

constant and reliable sounding in the event of fog – which was by nature unexpected – the 

difference between a repair that could be made in situ by a lightkeeper who might have a variable 

level of skill or experience and repairs that had to be made by a specially deployed workman was 

significant. The Trinity House inspectors criticised the Canadian lighthouse system in their 1872 

report because ‘the chances of accident are not provided against. No duplicate is kept in reserve, 

 
751 Arrow, Frederick, (8 June 1874) ‘Memorandum by the deputy master upon Dr Tyndall’s report on the 
experiments at South Foreland’ HCPP/Fog Signals: Copy of Correspondence, number 4, enclosure 1, page 10.  
752 Stevenson, D. & T., (29 April 1879) ‘Report relative to fog signals’, NLS/Acc.10706/114, page 463.  
753 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 195. 
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and if a signal gets out of order it must wait until a mechanic can be sent to put it right, a long 

interval frequently intervening before the mechanic gets there’.754 In Canada, this issue had been 

solved by the choice of more reliable whistles over the louder but less reliable Daboll horn: ‘the 

Daboll horn has been discarded, not because it was inefficient, but because, in the hands of unskilled 

men, it got out of order sooner than the whistle, and, no duplicate being at hand, was stopped’.755 

These concerns about reliability and repair were reflected in a Scottish context in the reports 

on the effectiveness of Brown’s fog siren which was trialled at St Abbs Head and Sanda in 1876.756 

After describing the number of hours for which each fog signal was sounded, the Stevensons 

 
754 Arrow and Webb, ‘Report made by a committee’, 20 
755 Arrow and Webb, ‘Report made by a committee’, 20.  
756 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 194; Renton, Lost Sounds, 68.  

Figure 6.4: Sanda and St Abbs Head Lighthouse - Explanatory Diagram of Syren Fog Signal apparatus, Stevenson, D. & T., 
1868. NLS/Acc.10706/641 
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reported on accidents and repairs. While the St Abb’s Head siren had not needed repair, the Sanda 

apparatus was stopped three times, in each case requiring a different repair.757  The fog signal 

apparatus employed at Sanda and St Abbs Head was complex (Fig. 6.4): compared with other signals, 

there were many parts which could break. Each incident is detailed in their report, including 

measures taken to prevent the issue from recurring. In addition to the repairs made by the 

lightkeeper discussed earlier, solutions included operational changes made through issuing new 

instructions and technical changes in the replacement of the bracket securing the furnace doors with 

malleable instead of cast iron.758  

Changes in operating procedures could mitigate technical limitations, but, conversely, 

technical redesign could be deployed to simplify use. Because non-specialist lightkeepers would 

have to operate any fog signalling device adopted, the engineers paid attention to the complexity of 

using devices in designing and testing them. In their 1877 report, the Stevensons wrote that 

‘considering that the whole system was quite new to those in charge, [they] have performed their 

work on the whole well. But in the event of employing similar apparatus at other stations it would 

certainly be desirable if their construction could be simplified and some of the working parts 

strengthened’.759 In testing Tait’s fog signal at Corsewall in 1878, the Stevensons noted that they 

wanted to test it because it was ‘driven with very simple gearing’.760  

This commitment to usability regardless of expertise was part of the justification of the 

implementation of fog signals. Fog signals, it was argued, could be used by any vessel regardless of 

its character and did not require significant expertise or costly receiving equipment among sailors to 

work effectively. D. Alan Stevenson argued that ‘practice of navigation is a different one for the 

 
757 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 194. 
758 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 194. 
759 Stevenson, D. & T., (27 January 1877) ‘Report relative to the working of the St Abbs Head and Sanda fog 
signal apparatus’, NLS/Acc.10706/114, page 195.  
760 Stevenson, D. & T., (4 November 1878) ‘Report on proposed fog signal at Coursewall Point’, 
NLS/Acc.10706/114, page 340.  
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warship, with her skilled personnel and elaborate instruments; for the mercantile vessel, with her 

less highly trained, smaller and busier staff; for the fishing vessel, which can afford little and is not 

required to keep a journal of her courses; and for the small local or native craft’.761 Because, as 

discussed earlier, it was thought that sound was universally intelligible and could be understood 

regardless of language, sound signals were considered useable by sailors who did not speak English. 

Sound signals were presented as an accessible communal infrastructure, more easily used by 

ordinary sailors than the complex and potentially costly instrumental methods of navigation that 

might otherwise replace visual signals.  

Reliability and easy usability by lightkeepers and sailors were fundamental. It was of utmost 

importance that the fog signal should not fail or be difficult to hear and comprehend. In the case of 

breakages, quick repairs were similarly crucial. These issues were prioritised in the design process 

even if it meant that the signal was less precise or efficient. As Douglass argued, ‘I cannot see any 

valid reason for abandoning the banked fire,’ despite the increased labour and fuel costs of the new 

system.762 

 

Site  

Fog signalling was fundamentally concerned with local geography. The characteristics of the 

proposed site influenced what type of signal could be easily constructed and maintained, as well as 

how necessary a signal was in that place. At rock lighthouses such as Skerryvore, the Stevensons 

mounted bells on the top of the tower despite believing that this was not the best location because 

‘however desirable it may be to have these bells placed on a low level it is not attainable in such 

situations’.763 Existing architectural and physical features of a site could restrict the options available 

to an engineer. The construction of ‘engine houses’, as was considered for the Fifeness fog signal, 

 
761 Stevenson, D. Alan, ‘The development of lighthouses’, 230.  
762 Douglass, quoted in Stevenson, D. & T., (6 June 1879) ‘Report relative to fog signals’, NLS/Acc.10706/114, 
page 469. 
763 Stevenson, D. & T., (23 August 1871) ‘Report on fog signal bells’, NLS/Acc.10706/114, page 710. 
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would have been difficult at Skerryvore due to the limited space outside of the lighthouse tower 

itself.764 

Location also mattered in the initial construction of fog signal facilities. The expense had to 

be justified in relation to the utility that it would provide for shipping. Volume of traffic and the 

proximity to specific harbours or shipping routes were used to justify the necessity of a fog signal in 

particular places. In 1878, for example, a less powerful and experimental fog signal was considered 

appropriate at Corsewall Point due to the relatively smaller level of shipping traffic there, but was 

still thought to be necessary due to the ‘proximity of such a signal to the important Harbour of 

Refuge at Loch Ryan’.765 A louder signal at Cloch Point compared with Toward Point on the River 

Clyde was justified by the Trustees of the Clyde Lighthouses, long-term clients of the Stevensons, on 

the basis that ‘the whole navigation of the river passed down the Cloch shore, while only vessels 

going up Loch Fyne passed round Toward’.766  

Proximity to other signals was also a relevant factor, even when those signals were yet to be 

constructed. In making their case for a signal at Corsewall, the Stevensons reference a signal that 

‘will in all probability be soon erected at the Mull of Galloway’ to justify the choice of Corsewall over 

Blackhead near Portpatrick.767 Proximity to visual signals was a more complex issue. While the 

Stevensons used the existence of a lighthouse at Corsewall as a ‘very important argument for the fog 

signals being placed there,’ the requirements of a good lighthouse placement differed from that of a 

fog signal. Elevation could pose a particular problem. Cunningham briefly suggested that sound and 

visual signals be separated in 1866 because ‘lighthouses are not the position from which to give such 

fog signals as have been referred to . . .  the signal should in every instance be made as near to the 

surface of the water as possible, and this condition alone must remove it from the site of that of the 

 
764 Stevenson, D. & T., (6 January 1880) ‘Fifeness fog signal’, NLS/Acc.10706/114, page 513.  
765 Stevenson, D. & T., (4 November 1878) ‘Report on proposed Fog Signal at Coursewall Point’, 
NLS/Acc.10706/114, page 341. 
766 ‘Clyde Lighthouses’, (9 December 1898) Glasgow Herald, 4. 
767 Stevenson, D. & T., (4 November 1878) ‘Report on proposed fog signal at Coursewall Point,’ 
NLS/Acc.10706/114, page 341.  
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great majority of lighthouses’.768 Arrow, on the other hand, recommended that ‘it is advantageous 

that such signals should be placed at a considerable height above the sea level, in order to avoid the 

interference caused by the noise of the waves’.769 In both cases, however, the authors recognised 

that engineers could not simply choose locations that would provide perfect fog signalling conditions 

and would therefore have to adapt their work to the local environment. Arrow suggested a 

technological solution to the issue, suggesting that ‘for such positions, therefore, a large and 

powerful syren [sic] would be very suitable, as being able to overcome the noises of the sea-shore’. 

Elsewhere, in the absence of disruption from the noise of the sea, smaller instruments, trumpets or 

guns could be used instead.770 Just as the Stevensons instructed the bells at Skerryvore to be rung 

despite their suboptimal positioning because they could not practicably be moved, sound signals 

were added in locations and in ways that would fit around the lights, even if this meant that they 

were not optimally positioned for maximum sound transmission.   

 

Cost 

Cunningham’s major concern with his original proposed signalling scheme using guns to mark each 

degree in latitude and longitude, horns to mark inlets and bays and gongs to mark harbour mouths 

was that the ‘expense was such as to appear insurmountable’.771 Cost was a recurring feature in the 

Stevensons’ reports, including a comparison of the fuel costs of four different types of engines used 

in the vicinity of a signal to be built at Fifeness in 1880.772 In order for a fog signal to be built, the 

costs had to be considered against the likely benefits the signal would provide both economically 

and in terms of public safety.   

 
768 Cunningham, ‘Suggestions’, 185.  
769 Arrow, Frederick, (8 June 1874) ‘Memorandum by the deputy master upon Dr Tyndall’s report on the 
experiments at South Foreland’ HCPP/Fog Signals: Copy of Correspondence, number 4, enclosure 1, page 11. 
770 Arrow, Frederick, (8 June 1874) ‘Memorandum by the deputy master upon Dr Tyndall’s report on the 
experiments at South Foreland’ HCPP/Fog Signals: Copy of Correspondence, number 4, enclosure 1, page 11. 
771 Cunningham, ‘Suggestions’, 176. 
772 Stevenson, D. & T., (6 January 1880) ‘Fifeness fog signal’, NLS/Acc.10706/114, page 512. 
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Operating costs were relevant. Signals powered by engine needed gas, oil, or coal to 

generate power, while gun signals required powder and ammunition. Reliable provision and safe 

storage of fuel had to be resolved.773 At the Carr Rock in 1879, the choice of Keith’s patent apparatus 

for gas manufacture was made on the basis that it would be cheaper to maintain than the other 

options, and of a similar installation cost.774 In the case of explosive signals, safe storage had to be 

provided for potentially unstable and dangerous materials.775 Skilled labourers were required to run 

the engines and fog signal devices, and had to be paid for doing so.776 Associated costs such as the 

building of engine houses were also included in fog signal plans.777 Cost, therefore, in Stevenson 

reports on the fog signal service, reached far beyond the price of the fog signalling machinery itself.  

 

Quality of sound 

The characteristic of the sound emitted by a particular fog signal could also play a role in influencing 

the construction of fog signalling systems. Different devices emitted sounds with different acoustic 

characteristics of intensity, shrillness, resonance, and pitch. The distinction between sound and 

noise is not fixed or inherent but a matter of subjective judgement – as Pocock notes, ‘a convenient 

and everyday distinction, however, is to consider noise as unwanted sound’.778 In her work on anti-

noise leagues in nineteenth-century Europe, Bijsterveld analyses how certain sounds become noise, 

similarly emphasising the role of personal preference and cultural expectations in conditioning our 

interpretation of certain types of sound. 779  

In his work on the Chinese lighthouse service, Bickers refers to lighthouses as ‘noisy’, 

pointing out that ‘colonialism affected Chinese soundscapes as much as it did landscapes and 

 
773 Stevenson, D. & T., (6 January 1880) ‘Fifeness fog signal’, NLS/Acc.10706/114, page 512. 
774 Stevenson, D. & T., (22 December 1879) ‘Fog signals’, NLS/Acc.10706/114, page 505.  
775 Stevenson, D. & T., (n.d.) ‘Rules and regulations for the keepers at Fair Isle rocket fog signal station’ 
NLS/Acc.10706/529, number 55. 
776 Cunningham, ‘Suggestions’, 184.  
777 Stevenson, D. & T., (6 January 1880) ‘Fifeness fog signal’ NLS/Acc.10706/114, page 512. 
778 Pocock, ‘Sound and the geographer’, 193.  
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builtscapes’.780 He points out that lighthouses could provoke ‘controversy and violent local 

resistance,’ implying that locals resisted lighthouses due to the disruption caused by fog signals.781 

He goes on to show that this opposition in fact arose from land use disputes and economic concerns 

of local pilots.782 The suggestion that lighthouse signals were specifically ‘noisy’, a term which, 

following Pocock and Bijsterveld, describes sound that is both loud and unwanted rather than simply 

loud, is not explored.  

There is, nevertheless, evidence that fog signals in Scotland were criticised explicitly due to 

the disruption caused to local communities. In 1865, experiments with a holophone ‘which were 

made in Edinburgh had to be stopped in consequence of complaints from persons living in the 

neighbourhood of the workshops’.783 In this case, experiments were moved to Inchkeith in the Firth 

of Forth in order to appease the neighbours. 

For working fog signals, however, there was no such simple solution. When a permanent 

siren was installed at Inchkeith later in the century, for example, it provoked complaints among the 

local population.784 Multiple complaints were made about the Cloch fog signal on the Clyde by 

residents of Dunoon, the town on the opposite side of the estuary. In 1878, local residents contacted 

the Stevensons and asked ‘whether a sound more euphonious and less objectionable could be 

adopted’.785 While Thomas Stevenson in 1881 referred to ‘two different musical sounds, as at the 

Cloch Lighthouse on the Clyde’ in 1878, he and his brother admitted that ‘the complaints from 

Dunoon are not without foundation’.786 While it is possible that the signal was changed, or that 

Thomas changed his mind, this discrepancy in terms could also suggest an awareness by the 

Stevensons that what is ‘musical’ to one listener may be ‘objectionable’ to another.  

 
780 Bickers, ‘Infrastructural globalisation’, 448 
781 Bickers, ‘Infrastructural globalisation’, 448 
782 Bickers, ‘Infrastructural globalisation’, 448 
783 Stevenson, Thomas, (1865) ‘Description of a holophone or sound reflector for fog signals’ Transactions of 
the Royal Scottish Society of Arts, v7:1865, 207.  
784 ‘Essence of parliament’, (8 March 1899) Punch, or the London Charivari, CXVI, 119.  
785 Stevenson, D. & T., (28 January 1878) ‘Cloch Fog Signal’, NLS/Acc.10706/114, page 161.  
786 Stevenson, Thomas, Lighthouse Construction, 262; Stevenson, D. & T., (28 January 1878) ‘Cloch Fog Signal’, 
NLS/Acc.10706/114, page 161. 
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Dunoon at the time had a reputation as a medical retreat frequently used by the people of 

Glasgow to recover from illness: West of Scotland Seaside Homes was praised in the British Medical 

Journal in 1887 as doing ‘excellent work . . .  in the way of restoring to health the many 

convalescents sent to them’.787 The Stevensons considered this important when discussing 

complaints about the fog signal, referencing a similar health resort in the Isle of Wight where 

complaints had also been made which, they said was ‘not unlike that of Dunoon, many of the 

complainers being persons residing in the neighbourhood on account of their health’.788  

The Stevensons and their clients, the Trustees of the Clyde Lighthouses, answered the 

complaints about the signal at Cloch in two ways. The first was to attempt technical amendments to 

produce a less objectionable sound that would still serve the function of alerting sailors to danger. 

The Stevensons met with Holmes, the manufacturer, who promised to ‘construct a system having a 

sound less objectionable’.789 Technical innovation to produce a sound that satisfied both locals and 

sailors was presented as a solution to the issue.  

Twenty years later, however, in 1898, the Glasgow Herald described the Cloch fog signal as a 

‘frightful noise’, an ‘outrageous sound’ and an ‘extreme noise’.790 Clearly the technical solution 

devised by the Stevensons and Holmes had not eliminated the issue. In the face of these new 

complaints, the Clyde Lighthouse Trust drew on the other half of the argument originally made by 

the Stevensons in 1878: disruption to nearby residents was justified by the vital importance of the 

Cloch signal for shipping, the economy and public safety. The Stevensons had been clear on the 

importance of loudness for this goal, noting that ‘the object of all such signals being to attract 

attention, the louder they are the better for the Sailor, and as it is the loudness and regularity of the 

blasts that gives the signal its value it is not very easy to conceive how it may be modified so as to 

meet the view of complainers without impairing its utility’.791 The Trustees in 1898 phrased their 

 
787 ‘Dunoon Convalescent Homes’, (15 October 1885) British Medical Journal, 862. 
788 Stevenson, D. & T., (28 January 1878) ‘Cloch Fog Signal’, NLS/Acc.10706/114, page 161. 
789 Stevenson, D. & T., (28 January 1878) ‘Cloch Fog Signal’, NLS/Acc.10706/114, page 161. 
790 ‘Clyde Lighthouses’, (9 December 1898) Glasgow Herald, 4.  
791 Stevenson, D. & T., (28 January 1878) ‘Cloch Fog Signal’, NLS/Acc.10706/114, page 161.  
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reply in similar terms, pointing out that ‘foghorns should be powerful enough to do the work for 

which they were intended, and that was to warn vessels in fog of their danger’.792 Despite the 

perception of the signal as noise, the Trustees were able to argue that it was ‘not too loud’ because 

it was as loud as it needed to be to facilitate shipping.793  

 

International networks 

Experimentation in fog signal design took place across a globally interconnected community and was 

shaped by political and scientific relationships and influenced by the geographical requirements of 

different places. Most often in fog signalling, British scientists looked to engineers from the United 

States and Canada for inspiration because North American coasts were thought to be the most 

susceptible to fog.794  

The Stevensons were similarly interested in North American technology. The first siren fog 

signals installed in Scotland – Brown’s siren at Sanda and St Abbs Head in 1876 – were imported 

from the United States.795  In 1878 the Stevensons tested the Canadian-made Neptune Automatic 

Fog Horn on 11th December and consulted Mr Holmes about signals for the Fair Isle lighthouse that 

had been tested in Canada.796 Trinity House were also looking to America for inspiration in the 

1870s, having sent Arrow and Webb to inspect the fog signalling systems there and report on their 

findings. Tyndall’s experiments subsequently included a Brown siren courtesy of the United States 

Lighthouse Board alongside a Canadian whistle.797 While France is barely mentioned, scientists and 

engineers from the United States were often referenced as an authority on fog signalling 

technologies.798 Tyndall in the preface to his third edition of On Sound wrote that ‘another criticism 
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lighthouses’, 236.  
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appeared, to which, in consideration of its source, I would willingly pay all respect and attention’.799 

This source was the ‘venerable Prof. Joseph Henry, chairman of the Lighthouse Board at 

Washington’.800 This was the same Professor Henry who had acted as a guide to Arrow and Webb on 

their tour of inspection in 1872 and who ‘devoted himself with untiring kindness to the Committee, 

and zealously assisted them in every possible manner, both officially and socially’.801 International 

prestige in fog signalling was differently configured compared with lighthouse optics, with North 

American scientists and engineers being looked to more frequently by British engineers than their 

European neighbours. This dominance was unusual in the context of United States acoustical 

research in the late nineteenth century: Ku argues that acoustics research in the United States was 

‘in stagnation’ in the late nineteenth century with the exception of fog signalling.802 Fog signalling 

presented a unique international context, different from the dynamics of both optical coastal 

signalling and acoustic science. 

British fog signal engineers also aimed to engage an international audience and contribute to 

an international conversation. The Stevensons inspected and evaluated Holmes’ fog signals made for 

the Danish government in 1878.803 Tyndall’s preface to the third edition of his book describes an 

international reception stretching across continents, claiming that it was translated into German 

under the supervision of Helmholtz and Wiedemann, and into Chinese by a Chinese official named 

Hsii Chung Hu from the copy of John Fryer of Shanghai.804  

The domestic context was also important to the development of fog signalling in the United 

Kingdom. The Stevensons were deeply interested in work undertaken by lighthouse authorities in 

England and Ireland. Experiments carried out by the Stevensons in Scotland with the Neptune 

 
799 Tyndall, On Sound, 14 
800 Tyndall, On Sound, 15.  
801 Arrow and Webb, ‘Report made by a committee’, 19.  
802 Ku, Ja Hyon, (2006) ‘British acoustics and its transformation from the 1860s to the 1910s’ Annals of Science, 
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803 Stevenson, D. & T., (20 June 1878) ‘Note as to Fog Signals, By the Engineers’, NLS/Acc.10706/114, page 330. 
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Automatic Fog Signal were witnessed by Captain Morant of the Irish Lighthouse Department.805 They 

consulted Douglass and Trinity House on experiments he made to increase the speed of engine start 

up.806 Although these relationships were often fractious and politically tense, they remained an 

important political context for the development of British coastal navigation systems.807 

 

Changing views of coastal soundmarks  

As sound signalling was used more, as new devices were trialled, tested, and implemented, 

experiments were undertaken, data collected and theories describing the behaviour of sound in 

different atmospheric conditions were developed, so expectations of what fog signalling could 

achieve began to shift. This presented opportunities to develop and market new technologies, which 

were seized by Charles and D. Alan Stevenson and their ‘talking beacon.’  

Early sound signals were primarily intended to ‘warn a seaman of his proximity to danger’ in 

enough time that he could reroute and avoid the hazard.808 Even their capacity to fulfil this simple 

aim was doubted in the early years of their development. Reflecting upon this issue in the 1930s, D. 

Alan Stevenson noted that ‘when one of the earliest [fog sirens] in Britain was installed in the Firth 

of Clyde in 1866, those establishing it warned shipping that they disclaimed responsibility for its 

effective operation and that a shipmaster might use it at his own risk’.809  

D. Alan Stevenson criticised this type of signalling as too limited in scope, as ‘a purely 

negative form of assistance to shipping’.810 Instead of simply warning a sailor of danger, he 

suggested sound could be used to convey a precise idea of a sailor’s location and therefore enable 

ships to continue even in foggy conditions. Thomas Stevenson acknowledged this in 1865, writing 

that ‘much remains to be accomplished before we can hope for a system which shall be really 
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efficient for the important end, of not only warning the mariner of danger, but of enabling him to 

discover more accurately than at present the direction in which the sound comes’.811 Cunningham 

agreed that the ultimate aim should be ‘to establish a system which would convey to the ear a 

warning similar to that conveyed by the eye in clear weather’[original emphasis].812 Rather than 

simply warning sailors of hazards, sound signalling should fully replicate the information that sailors 

could gain from sight and enable sailors to navigate in fog as easily as in any other weather.  

Experimenters frequently artificially restricted vision to test whether sound could replace it, 

with no consideration of other sensory or instrumental cues that might assist mariners. To properly 

test what could be heard, it was thought that the ‘observers’ – still referred to as such despite being 

tasked with listening rather than watching – should not be able to see.813 Tyndall carried out 

experiments during a London fog across the River Thames when he could not see his partner.814  The 

British Association’s experimental design suggested limiting vision of the experimenter, suggesting 

that ‘(unless he can thoroughly depend on his freedom from bias) he should be blindfolded and 

turned about the lose his bearings’ so as to properly test listening skills in isolation from other 

senses.815 

It has often been debated whether it is possible for people with an average level of listening 

skill to successfully locate themselves using sound and instruments in the absence of vision.816 For 

Bijsterveld, the ‘idea that our visual culture has atrophied the ear and keeps us from careful listening 

is still around’.817 As recently as the 1980s, Pocock wrote that ‘a loss in acoustic ability in fact occurs 

wherever machines replace direct human engagement with the environment’.818 He quoted an 

 
811 Stevenson, Thomas, ‘Description of a holophone’, 209.  
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814 Tyndall, On Sound, 350.  
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Antipode, 35:2, 227 – 231; Rose, Gillian, (2013) Visual Methodologies: An Introduction to Researching With 
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example from Schafer’s work that claims that sailors off the west coast of Canada habitually used 

echo whistling to navigate before the introduction of radar, while ‘nowadays, if the radar breaks 

down, they have to put out an anchor’.819 

While Schafer intended to illustrate a lack of listening skill in modern sailors compared with 

their historical counterparts, nineteenth-century accounts often debated whether sailors had 

sufficient skills to discern the direction and distance of a signal. Tyndall suggested that it was 

possible to achieve a high level of accuracy using sound alone to discern direction, but noted the 

importance of both skill and favourable conditions, writing that ‘when undisturbed by echoes, the 

ear, with a little practice, becomes capable of fixing with great precision the direction of a sound’.820 

D. Alan Stevenson argued that, while direction may be possible to ascertain, ‘it is impossible to know 

from hearing sound under the water or through the air how far away the signal is from you’.821 This 

was, he argued, possible using light signalling, as ‘the moment they sprang above the horizon, the 

captain, knowing the bearing of the light and its height above high water, at once knew his distance 

off’.822  

Alan made this argument in a paper he delivered describing a device that he, in 

collaboration with his father Charles, had invented that would, he argued, enable unprecedented 

precision in identifying a ship’s location in fog. Unlike previous fog signal work by the Stevensons, 

Alan’s solution was innovative, and his papers aimed to persuade audiences of its potential and 

significance. Rather than evaluating technologies in relation to specific requirements, Alan aimed to 

shift aspirations for what fog signalling should achieve in order to encourage the adoption of the 

‘talking beacon’.  

Alan’s argument in support of his beacon relied on the epistemic credibility associated with 

instruments and maps. In fog, he argued, the sailor ‘is in effect blinded and is dependent on his ears 

 
819 Schafer, quoted in Pocock, ‘Sound and the geographer’, 195.  
820 Tyndall, On Sound, 351. 
821 Stevenson, D. Alan, ‘The development of lighthouses’, 232.  
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and what information he can get from his instruments’.823 Instrumental data, according to Alan, 

could be used in collaboration with hearing to generate a precise location. The combination of sound 

and radio waves, using the perception of a shipboard instrument and a shipboard listener would, he 

claimed, enable sailors to calculate their location in the absence of visual input. This system used 

carefully timed radio broadcasts in combination with a coastal fog horn to inform mariners of their 

distance from the signal on the basis of the different transmission times of radio and sound waves 

through air. The device drew on traditional methods of calculating the distance of a thunderstorm by 

counting the time between a lightning flash and the sound of thunder, replacing the natural 

phenomenon of thunder and lightning with radio and sound transmissions from a fog signal. 

Alan argued that his talking beacon would turn the fog horn into ‘an instrument of 

precision’.824 Instruments were treated throughout his paper as an extension of the senses and a key 

component in enabling hearing to replace vision in guiding the sailor. This drew on the established 

credibility of instrumental observation as superior to all human senses, including sight, to make the 

case that sound/instrument hybrid methods of navigation could be as reliable as visual methods.825  

The instruments used in this process often had visual components, challenging the 

separation of vision and sound. Maps were used creatively as tools to transform sonic experience 

into knowledge about location. As they had used mapping to transform instrumentally derived data 

into an abstract understanding of a geographical site in relation to river surveys, so they used the 

process of mapping to transform sonic information into geographical knowledge. By drawing, 

tracing, or superimposing the areas at which a given sound was thought to be audible onto a map, 

the listener could, in theory, triangulate their position based on what they could hear. Reports of the 
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Stevenson’s holophone experiments at Inchkeith in May 1866, for example, used scale drawings on 

tracing paper to illustrate the effect of a holophone on the distance at which sound was audible, 

creating a static and abstract visual representation of a particular moment of sonic experience.826 

 In 1932, D. Alan Stevenson 

used a map (Fig. 6.3) to visualise the 

range of space within which wireless 

transmissions from particular 

lighthouses were audible and therefore 

the possible locations of a vessel that 

could hear those signals. The map 

serves as a tool through which 

Stevenson works to identify a 

geographical location by cross-

referencing data derived from signals. 

Rather than representing knowledge of 

space, the map itself becomes a tool 

through which knowledge is produced. 

While this example is from an 

academic paper, it draws from Alan’s experience of how contemporary sailors used maps to navigate 

in low visibility, and was not questioned by his audience which included a number of experienced 

sailors.  

Alongside mapping’s practical function as a tool for creating geographical knowledge, this 

map also functions as an argument for the superiority of Alan’s device compared with other 

methods of deriving location using sound and maps. The location provided by the talking beacon – 

labelled C – is much smaller than the locations provided by the existing wireless beacons – labelled A 

 
826 Brebner, Allan, (26 May 1866) ‘Fog signal experiments’, NLS/Acc.10706/136, page 3 – 4. 

Figure 6.5: ‘Chart of the Firth of Clyde showing areas of uncertainty A 
and B with Wireless Beacons and corresponding area C with Talking 
Beacon’ in Stevenson, D. Alan, (1932) ‘The development of lighthouses’ 
Journal of the Royal Society of Arts, 80, 238.  
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and B. The scale of the map highlights the increased precision offered by Alan’s talking beacon, while 

the choice of the Clyde as a location is significant due to the volume of shipping that passed by that 

place, the association of the Stevenson family with expert knowledge of the river as engineers to the 

Clyde Lighthouse Trust, and the fact that A and B both cover areas that include treacherous rocks 

and dry land as well as the safe shipping channel. This map, therefore, served the dual purpose of 

demonstrating how maps could be used to derive locations as well as visualising the dangers in the 

existing system of fog signalling and making a case for Alan’s new device as an ‘instrument of 

precision’ by comparison.827 This effort had limited success. While two talking beacons were 

constructed on the Clyde, and seventy-four in the United States and Canada, they were not widely 

adopted in Britain, where a range of other signalling methods were, and continue to be, used.828   

 

Conclusion 

Unlike their recognised pre-eminence in lighthouse optics, the Stevensons were not leaders in the 

field of fog signalling. As part of a multi-national network of scientists, engineers, sailors, and 

lighthouse authorities, they worked collectively to improve coastal signalling using devices and 

studies made by others. When D. Alan Stevenson developed a new sound signalling system in the 

early twentieth century, he discussed fog signalling differently from his nineteenth-century 

forebears, reconceptualising the purpose of sound technology in order to make the case for the 

usefulness of his invention. By contrasting this with the fog signal work of the Stevensons in the 

nineteenth century, before any of the family were involved in advertising their own inventions, this 

chapter has considered how the Stevensons exercised engineering judgement in evaluation and 

implementation, and how advocacy of new technology led to a shift in how they discussed fog 

signalling.   

 
827 Stevenson, D. Alan, ‘The development of lighthouses’, 230.  
828 Mair, A Star for Seamen, 247.  
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Understanding fog signal development in Scotland requires an acknowledgement of 

engineering as a collaborative activity. The Stevensons drew on the work of specialists like Henry in 

the United States and Canada, on the experiments and theories of scientists such as Tyndall, on 

reports and advice provided by Arrow, Webb, and Douglass at Trinity House, and on the work of 

instrument makers like Daboll, Brown and Holmes. Analysing engineering in this way challenges the 

‘great man’ style of writing, instead placing the Stevensons within international and multidisciplinary 

networks of individuals engaged in fog signal research.  

Rather than design alone, a focus on sound technologies encourages us to examine the 

Stevensons work in evaluation, implementation, testing and refinement – fields which required 

technical and non-technical knowledge and skills. The Stevensons drew on theoretical scientific 

knowledge, international precedent, and technological advice together with an understanding of 

economics, geographical specificity, and local politics. Scientific theorisation was not their aim, and 

theoretical knowledge did not simply translate into workable technological systems. Judgements 

about cost, location, operation, repair, and disruption had to be made to transform theoretical 

insights into a workable system in practice.  

There are no works on fog signals by the Stevensons that parallel their writing on the ‘great 

romance’ of lighthouse construction. 829 As has been shown throughout this thesis, the family name, 

reputation, and legacy was bound up with design, with innovation, and with lighthouses. It is 

perhaps not surprising that, where sound signals have been discussed in relation to the Stevensons, 

it is only the talking beacon – the one sound technology designed, rather than simply implemented 

by members of the family – that has featured in any detail.830  

Studying their work in fog signalling in general shows the Stevensons in a different context: 

rather than leading the way, they played the role of evaluators, interlocutors, and implementers. 

This chapter has, through this focus, explored the importance of activities such as evaluation, 

 
829 Stevenson, D. Alan ‘The development of lighthouses’, 224. 
830 Mair, A Star for Seamen, 244 – 247.  
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maintenance, operation, implementation and testing, demonstrating the importance of activities 

beyond design in everyday engineering practice, and highlighting what is missing from the traditional 

construction of what it meant to be a nineteenth-century engineer, or particularly a ‘Lighthouse 

Stevenson’.  
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7 

‘A ruin in that bleak, Godforsaken bay’: reputation, failure and Wick 

breakwater831 

Introduction 

On the night of 21st December 1868, Wick, a town in Caithness in the north of Scotland, experienced 

a significant storm. The harbour master described ‘tremendous seas tumbling into the bay’ and 

expressed ‘serious fears’ for the safety of boats as ‘the sea in the [Pentland] firth must be 

dreadful’.832 The majority of his account was taken up by a description of the destruction wrought by 

the storm on the new harbour under construction in Wick Bay. Commissioned by the British Fishery 

Society and designed by D. & T. Stevenson, the harbour was intended to extend the accommodation 

provided for vessels at Wick and Pulteneytown on the opposite shore (Fig. 7.1). The harbour design 

featured a huge outer breakwater extending into the bay from the south shore. With parliamentary 

endorsement and support from the Public Works Loan Board, construction had commenced in 1863. 

By the end of the summer of 1868 the completed portion of the external breakwater stretched 

1,060 feet into the bay and already provided shelter from rough seas to smaller fishing vessels.833 

When the storm hit that December, the breakwater was severely damaged. All the previous 

summer’s work was dislodged by the force of the waves and washed into the bay. The breakwater 

was rebuilt the following summer, but further storms between 1870 and 1872 did more damage. 

The work at Wick fell into an ongoing cycle of winter storm damage followed by summer 

reconstruction until the British Fishery Society could no longer afford the recommended repairs. On 

11 August 1877, D. & T. Stevenson reported that, in the absence of repairs, ‘we fear the whole work 

 
831 Stevenson, Robert Louis, (1887) Memories and Portraits, London: Chatto & Windus, 135. This chapter is 
based on the paper: Dishington, Rachel, (2020) ‘Towards a historical geography of marine engineering: D. & T. 
Stevenson, Wick harbour, and the management of nature’ Journal of Historical Geography, 69, 80 – 90. 
832 Harbour Master’s Logbook 1868, (21 December 1868), WHT.  
833 ‘British Fishery Society report of the directors and statement of accounts for 1872’, (3 March 1873), 
NLS/Acc.10706/530, number 18.  
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must gradually but ultimately be carried away’.834 This prediction proved accurate. The work was 

abandoned and storms gradually eroded the remains of the breakwater. For Louis, ‘the chief disaster 

of my father’s life was a failure; the sea proved too strong for man’s arts: and after expedients 

hitherto unthought of and on a scale hyper-cyclopean, the work must be destroyed, and now stands 

a ruin in that bleak, Godforsaken bay’.835 

This chapter analyses the historical geography of the events at Wick as a contrast to the 

context described in previous chapters. Earlier chapters examine the methods by which the 

engineering profession rendered natural space predictable and controllable through measurement, 

mapping, and experimentation, and explore the authority and status that engineers obtained 

through this process. This chapter focuses instead on an engineering project that failed. By tracing 

the limits of this engineering control over nature and analysing the work done by the Stevensons to 

preserve their reputation and rationalise events in Wick, this chapter acts as a foil to the other 

stories in this thesis which analyse the Stevensons’ engineering practice, epistemology and 

reputation in the context of their successes.  

As previous chapters have shown, taming wild nature was key to what Kaika refers to as 

‘modernity’s Promethean project’ to achieve emancipation through technological control of the 

elements.836 The production of nature and its casting as a dangerous, primordial or adversarial 

‘other’ that had to be controlled formed a key element in modern engineers’ alterations of space.837 

 

 
834 ‘Report to the directors of the British Fishery Society on Wick Breakwater’, (11 August 1877), 
NLS/Acc.10706/48, page 581. 
835  Stevenson, Robert Louis, Memories and Portraits, 135. 
836 Kaika, Maria, (2005) City of Flows: Modernity, Nature and the City, London: Routledge, 13. 
837 Swyngedouw, Erik, (2014) ‘Not a Drop of Water…’: state, modernity and the production of nature in Spain, 
1898–2010’ Environment and History, 20, 67 – 92. See also discussion of the production of nature in chapter 
five.  
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Figure 7.1: Ordnance Survey Map of Wick Bay, surveyed in 1872. The partially completed Stevenson breakwater as it stood in 1872 is shown to the south-east of the old 
harbour on the south side of Wick Bay. Ordnance Survey, Six Inch to the mile, Caithness Sheet XXV (Surveyed 1872, Published 1877). Image courtesy of the National 
Library of Scotland. 
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In an era of large scale infrastructure projects, engineers were vital in reshaping humanity’s 

relationship with the idea and form of nature.838 This negotiation formed an important part of the 

professional identity that civil engineers attempted to create for themselves in the nineteenth 

century.  

As has been shown throughout this thesis, many of the projects undertaken by the 

Stevensons were considered successful. Their power to direct nature was uniquely challenged, 

however, by their breakwater project in Wick. Recurrent setbacks and the ultimate failure of the 

project challenged narratives about technological control and forced the Stevensons to confront the 

limitations of their knowledge and abilities. The view that engineering should be concerned with 

‘directing the great sources of Power in Nature’ did not easily apply in this case.839 Instead, to make 

sense of what happened there, the Stevensons articulated a more complex understanding of the 

relationship between engineering, nature and space that included contingency, insufficiency, and 

failure. A study of these conflicting explanations can illuminate how discourses of engineering were 

constructed in relation or opposition to existing ideas of nature, duty, and expertise at a specific 

time and in a specific place. From this it is possible – just as historical geographies of science have 

turned to focus on specific sites and practices – to propose an historical geography of engineering 

that is attentive to the interactions between site, social practice and claims to expertise.840  

This chapter approaches the events in Wick from three points of view. The first addresses 

the perspective of the British Fishery Society, who commissioned the works, and the Public Works 

Loan Board, who loaned funds. According to Thomas Stevenson, the first question asked of a marine 

engineer was ‘What is the cheapest kind of design which is suitable for the place and sufficient for 

 
838 See, for example: Oliver, Stuart, (2000) ‘The Thames Embankment and the disciplining of nature in 
modernity’ The Geographical Journal, 166, 227 – 238; Kaika, Maria, (2006) ‘Dams as symbols of modernization: 
the urbanization of nature between geographical imagination and materiality’ Annals of the American 
Association of Geographers, 96  276 – 301; Hommes, Lena and Rutgerd Boelens, (2014) ‘From natural flow to 
‘working river’: hydropower development, modernity and socio-territorial transformations in Lima’s Rímac 
watershed’ Journal of Historical Geography, 62, 85 – 95. 
839 Tredgold, Thomas, (3 June 1828; 1867) ‘Charter of the Institution of Civil Engineers’ Charter, Supplemental 
Charters, By-Laws and Regulations, London: Institution of Civil Engineers, page 9.   
840 Dishington, ‘Towards a historical geography of marine engineering’, 81.  
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the class of shipping which has to be accommodated?’841 As discussed in chapter six, cost in 

engineering was key, and tied inextricably to local and national politics. When the funds ran out, 

repairs could no longer be executed and conflicting visions of responsibility, duty and blame were 

articulated by the society, the Public Works Loan Board, and the local population.  

The second perspective is that of the Stevensons themselves. I consider how they 

rationalised damage to works in progress. Early reports interpreting damage as simply part of the 

process of any sea work were eventually replaced by increasingly incredulous descriptions of the 

extreme nature of the waves at Wick. Ultimately, it was suggested that those waves were so 

exceptionally powerful that they could not be countered by contemporary engineering practice.  

The third view considers those who were not directly involved in the harbour works. It 

analyses how diverse concepts of failure were deployed and contrasted with one another in 

discussions of the breakwater. It then explores the importance of reputation and the implications of 

Wick for the foundations of the Stevensons’ engineering expertise. More was at stake in debates 

over Wick than the fate of a harbour in a small Scottish town. The reputation of David and Thomas 

Stevenson as ‘the most eminent engineers in works of this kind in the United Kingdom’ was 

implicated in the events as they unfolded. 842 This status was used to support the arguments of the 

engineers and the society but was also criticised by locals in Wick and Pulteneytown who articulated 

a different view of what made one competent to build in Wick Bay. This dispute, and particularly the 

failure of those located in Wick to convince national institutions to endorse their view, is suggestive 

of ongoing conflict over what counted as expertise in the nineteenth century.  

 

 
841 Stevenson, Thomas, (2011: 1874) The Design and Construction of Harbours: A Treatise on Maritime 
Engineering, Second edition, Cambridge: Cambridge University Press, 2. 
842 ‘Observations on the memorial received by the Board of Trade from the provost and town council of Wick’, 
(26 June 1871) Copy of all Correspondence with the Board of Trade relative to Wick Harbour, between the 1st 
day of March 1871, and the 29th day of July 1874, ICE/TAIT/17A, page 8. 
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Private finance, public duty, and national government  

Nineteenth-century Wick and Pulteneytown supported a thriving herring fishery, attracting boats 

from as far as Lewis in the Western Isles for the summer and often seeing ‘every place blocked up’ in 

the harbour.843 Fishing was important to the Scottish economy, and in the nineteenth century plans 

were made to maximise profitability and promote the financial integration of Highland and northern 

Scotland with the rest of Britain.844 Organisations were established with the aim of stimulating the 

fishing industry, including the British Fishery Society, originally founded in 1786 as The British Society 

for Extending the Fisheries and Improving the Sea Coasts of the United Kingdom.845 A joint stock 

company operating for profit, the society purchased land to construct four planned towns in the 

north and west of Scotland, intending that the inhabitants fish for herring.846 Pulteneytown on the 

opposite shore to Wick was the most economically successful of the society’s settlements. Herring 

fishing boomed there, and, in the nineteenth century, the two towns collectively became the largest 

herring port in Britain.847  

By 1844, it was agreed that harbour provision was insufficient for this increased trade and 

the British Fishery Society considered extending the harbour.848 Given the projected expense, the 

government was pressured to construct a harbour of refuge at Wick using public funds. In 1858 the 

Royal Commission on Harbours of Refuge discussed the possibility, referencing Wick’s herring trade 

in particular.849 Government decision making about the suitability of Wick entailed consideration of 

the fishing industry, trade routes and revenue sources in addition to the physical characteristics of 

the area. A harbour at Wick was discussed in the House of Commons in 1860, but, by 1861, it had 

 
843 Harbour Master’s Logbook 1871, (17 August 1871), WHT. 
844 Coull, J. R., (2008) ‘Fishery development in Scotland’ Journal of Scottish Historical Studies 21, 1 – 21.  
845 Harris, Bob, (1999), ‘Patriotic commerce and national revival: the Free British Fishery Society and British 
politics, c. 1749–58’ English Historical Review, 114, 285–313.  
846 Coull, J. R. (2005), ‘The settlements of the British Fisheries Society’ Landscapes, 6, 82 – 95.  
847 Bremner, James, (1844), ‘Account of the town and harbour of Pulteney-Town (Wick, Caithness), from their 
origin in 1803 to the year 1844’ Minutes of Proceedings of the Institute of Civil Engineers, 3:1844, 115 – 122. 
848 Bremner, ‘Account of the town and harbour’, 122.   
849 ‘Minutes of evidence taken before the select committee on harbours of refuge’, (1858), 
NLS/Acc.10706/530, number 4, page 13. 
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become clear that ‘no prospect remained of the Bay of Wick ever being converted into a National 

Harbour of Refuge at Government expense’.850 The British Fishery Society applied for a loan of 

£60,000 from the Public Works Loan Board, a government funded body set up to provide loans for 

infrastructure and public works projects where private loans were unavailable. The board in the 

early 1860s was dominated by a London based commercial élite and based its decisions on securities 

and projected income, rather than notions of public duty.851 The British Fishery Society obtained a 

loan based on projected income from harbour dues, which they combined with £40,000 of 

accumulated income to finance a breakwater project.852 

The initial motivation for the construction of the harbour was economic, as would be the 

final decision to abandon the project. At no point did the board, the society, or the Stevensons 

suggest that it would be impossible to construct a structure at Wick robust enough to resist the 

waves. Rather, they debated whether a strong enough harbour could be constructed within the 

available budget, and if the prospective income from harbour dues was sufficient security for a 

further loan.853 Throughout its construction, economic concerns were a pivotal, and perhaps 

decisive, part of the story of the breakwater at Wick.  

The relationship between government and private enterprise over Wick was complex. 

Although a private corporation operating for profit, the British Fishery Society was reliant on the 

rhetoric of public duty and the national importance of the work to justify its requests for a loan. The 

different understandings of the role of government held by the society in comparison with the Public 

Works Loan Board became clear when a further loan for repairs was denied in 1872. The society 

argued that they were ‘induced from a sense of duty to undertake alone and unassisted a work of 

 
850 ‘Editorial’, (6 August 1868) John O’Groat Journal, 2; ‘British Fishery Society report’, (3 March 1873), 
NLS/Acc.10706/530, number 18, page 10. 
851 Webster, Ian, (2018), ‘The Public Works Loan Board and the growth of the state in nineteenth-century 
England’ Economic History Review, 71, 887 – 908.  
852 ‘Observations on the memorial received by the Board of Trade’, Copy of all Correspondence with the Board 
of Trade relative to Wick Harbour, ICE/TAIT/17A, page 9. 
853 ‘British Fishery Society report’, (3 March 1873), NLS/Acc.10706/530, number 18, page 3. 
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great magnitude and national importance, which ought to have been undertaken by the State’.854 

The board, not persuaded by this appeal, denied the loan on the grounds of financial viability and, 

particularly, insufficient security. The project at Wick was not sufficiently important to national 

policy for the government to intervene in the work of the board, as they at other times had in 

support of local authorities building schools or workhouses.855 The inability of the society to make a 

sufficiently convincing economic case for continuing the work meant that a second loan was not 

granted, and the project was abandoned.  

Insufficient funding formed a key part of the explanation for the failure of the breakwater 

put forward by the British Fishery Society and the Stevensons. When the project was abandoned in 

1877, D. & T. Stevenson claimed that ‘the result of the examination does not hold out 

encouragement that the work can be secured excepting at an outlay which we fear is beyond the 

present resources of the Society’.856 David told the Institution of Civil Engineers in 1876 that the 

society ‘never shrunk from endeavouring to carry out the object they had in view so long as funds 

remained at their disposal’.857 This economic explanation was often accompanied by criticism of the 

government for placing too much responsibility on private enterprise. The Scotsman quoted the 

society’s report verbatim, explaining that ‘a breakwater was properly a national undertaking, and 

was too large for private individuals’.858 By this argument, responsibility for the failure of the project 

lay with the government and the board’s inflexible position on lending, not the society, the 

Stevensons or the sea. The idea that engineers had the power to control natural forces was not 

explicitly challenged because it was argued that administrative choices had impeded the realisation 

of the project’s aims. 
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The force of the waves 

Departing from what Klein and Mackenthun describe as the ‘cultural myth that the ocean is outside 

and beyond history’, recent works have addressed the seas as cultural symbol, a space for the 

circulation of goods and people, and an element fundamental in the lives of many people.859 These 

approaches often focus on the human ocean: the people who crossed the sea rather than the sea 

itself as an object of enquiry. Blum has challenged an approach to the ocean as a backdrop to human 

affairs. How, she asks, does our perspective change when we centre the materiality of the sea, its 

currents and flows, depths, and waves, rather than imagining the sea as a vehicle for the 

transportation of people, goods, and ideas? 860   

One way in which the ocean was materially produced, as I argued in relation to the 

production of rivers in chapter five, was through the work of scientists and engineers. Work on the 

sea in the history of science has tended to focus on historical attempts to understand the deep sea: 

on depth; the topography of the ocean floor; movements of the tides and waves; and the 

characteristics and behaviours of marine animals.861 In an engineering context, however, the study 

of the sea was often carried out with the aim of completing a project to moderate the ocean or to 

construct works in it. Engineers generated valuable insights about the ocean floor while attempting 

to construct an intercontinental telegraph system, for example.862 Most marine engineering, 

 
859 Klein, Bernhard and Mackenthun, Gesa, (Eds), (2004), Sea Changes: Historicising the Ocean, London: 
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Responses to the Sea, 1600–Present, London: Palgrave Macmillan; Lambert, David, Luciana Martins and Miles 
Ogborn, (2006) ‘Currents, visions and voyages: historical geographies of the sea’ Journal of Historical 
Geography, 32, 479 – 493; Rozwadowski, Helen M., (2018) Vast Expanses: A History of the Oceans, London: 
Reaktion Books; Adler, Antony, (2019) Neptune’s Laboratory: Fantasy, Fear and Science at Sea, Cambridge, 
Mass.: Harvard University Press.  
860 Blum, Hester, (2013), ‘Introduction: oceanic studies’ Atlantic Studies, 10, 152.  
861Rozwadowski, Helen M., (2001) ‘Technology and ocean-scape: defining the deep sea in mid-nineteenth 
century’ History and Technology, 17, 217 – 247; Höhler, Sabine, (2002), ‘Depth records and ocean volumes: 
ocean profiling by sounding technology, 1850–1930’ History and Technology, 18, 119 – 154; Millar, Sarah 
Louise, (2013), ‘Science at sea: soundings and instrumental knowledge in British polar expedition narratives, c. 
1818–1848’ Journal of Historical Geography, 42, 77 – 87; Reidy,  Michael, (2008), Tides of History: Ocean 
Science and Her Majesty’s Navy, Chicago: University of Chicago Press; Helmreich, Stefan, (2014) ‘Waves, an 
anthropology of scientific things’ HAU: Journal of Ethnographic Theory, 4, 265 – 284. 
862 Marsden and Smith, Engineering Empires; Rozwadowski, ‘Technology and ocean-scape’.  
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however, takes place not in open water but where the sea meets the land: in harbours, estuaries, or 

docks. The history of coastal waters may be very different to that of deep oceans.863 Engineers like 

the Stevensons principally played a role in the imaginative and physical shaping of coastal waters, 

using their substantial practical experience and direct observations to attempt to understand and 

mitigate the sea’s dangers and to facilitate safe navigation around Scottish coasts.864 They built a 

career by managing the sea, and their understanding of the relationship between the sea and 

engineering was fundamental to events at Wick.  

For the Stevensons, the sea was a dangerous opponent. In 1854, David summarised his life’s 

work as ‘fighting with the sea although I must admit not always successfully’.865 In 1876, he 

described the works at Wick as ‘the battle against the force of the waves,’ and Louis wrote of 

Thomas that ‘storms are his sworn adversaries’.866 Historians of the family agree that Thomas was 

‘obsessed with waves. Their destructive force appeared to him to border on the supernatural’.867 

Stormy seas ‘provided him with a battleground, a place where man and nature confronted each 

other’.868 The Stevensons viewed their mission as engineers to be the subjugation of the violent 

forces of the sea and the minimisation of the danger they presented to mariners.  

These dangers were considered to be especially pronounced in Wick Bay, even before the 

start of works there in the 1860s. The area was renowned for violent storms and dramatic waves as 

the shape of the bay magnified the size of waves to unprecedented height and force. Describing his 

work on the old harbour in Wick to the ICE, James Bremner outlined the ‘difficulty of making a 

harbour, sufficient for the ingress and egress of the ordinary size of vessels, even with spring tides’ 

 
863 Land, Isaac, (2007) ‘Tidal waves: the new coastal history’ Journal of Social History, 40, 731 – 743; 
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due to the lack of sufficient tidal depth in the bay. He described a storm that damaged his harbour 

works in 1827, recounting that ‘stones were carried to a distance of nearly 100 feet from the work, 

by the force of the sea’.869 In 1867, when the breakwater was underway but no significant storm 

damage had occurred, The Times reported the likely difficulty of the project because the ‘seas in the 

Bay of Wick are heavier than those to be met with on any part of the east coast of Scotland’.870  

Countering such strong seas required the Stevensons to alter their methods and redesign 

their work. This was relatively common practice in marine engineering at the time. Similar 

alterations in response to sea damage characterised other Stevenson projects undertaken before 

Wick, including the barracks at Skerryvore lighthouse, washed away in 1838 and successfully rebuilt 

to a new design the following year.871 In general, alterations were made in direct response to 

practical experience and observation of the sea, rather than theoretical models of how they should 

behave. In Wick, the Stevensons acknowledged that conditions were ‘much more severe than what 

would, on theoretical grounds, be expected’.872 The depth of the foundation was increased from 

fifteen to eighteen feet, three feet deeper than the recommendation of the Royal Commission for 

Harbours of Refuge for the maximum depth required for harbours constructed on the German 

Ocean (North Sea) (Fig. 7.2). In 1865, after the staging was washed away, they switched from pine to 

greenheart oak, claiming that pine ‘proved to be too weak a timber for the seas of Wick bay’.873   

By 1872, they had altered the overall principle by which they intended to mitigate the 

effects of the waves in response to their experience at the harbour, because ‘it is believed no thing 

[sic] masonry, however strongly put together could long resist its wasting effects. The principle then 

on which the proposed protection is based is to break up the waves before they reach the sea wall 

of the pier’.874 The parapet was thought to have contributed to the damage and was therefore 
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abandoned (Fig. 7.3). Huge blocks of Portland cement were deposited in front of the breakwater to 

dissipate the force of the waves.875 When none of these measures succeeded, the solution proposed 

was to deposit even heavier blocks in front of the breakwater, but there was insufficient funding for 

this to be carried out. Thomas’s published theoretical studies of wave force in the North Sea may 

have been important in building his expert reputation and informing the initial design, but the 

observed effects of the waves in Wick bay had a more significant role to play in reshaping the 

work.876   

In addition to the harbour’s material form, the seas at Wick were instrumental in shaping 

discussion of the harbour works. Early reports made it clear that damage to unfinished works was 

inevitable given the constant confrontation between human engineering and the sea. In line with 

the Stevensons’ existing adversarial view of the sea, they described their work at Wick as an ongoing 

‘battle’ between the sea and the engineer. Military metaphors were used repeatedly in their reports 

on the project, and were also adopted by the British Fishery Society. On 31st January 1870, the 

engineers wrote that they ‘have all along expected such casualties … no seawork of any magnitude 

can possibly be carried out without sea damage’.877 It is perhaps telling that the Stevensons referred 

to the magnitude of the work when conceding the inevitability of damage. The metaphor of battle 

with the elements, and of damage, served to underscore the difficulty of the task and the power of  

 
875 ‘British Fishery Society Report’, (3 March 1873), NLS/Acc.10706/530, number 18, page 8. 
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Figure 7.2: Drawings by D. & T. Stevenson showing early alterations made to the breakwater design, showing the 
greater thickness and depth of the foundations for the 1869 breakwater (bottom) compared to that proposed in 
the 1859 Commission on Harbours of Refuge (top), Appendix to ‘British Fishery Society Report’ (3 March 1873), 
NLS/Acc.10706/530, number 18. Image courtesy of the National Library of Scotland. 
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the enemy and to emphasise the magnitude and importance of the expected triumph. This is 

consistent with the growing trope of the heroic engineer that has been analysed in other contexts.878  

By interpreting it through a narrative of struggle between humanity and nature, storm 

damage could be assimilated into the engineering process, rather than be used to undermine its 

credibility. While setbacks may be experienced during construction, it was argued that the ultimate 

product would be a stable and effective harbour. Other ultimately successful sea works that were 

damaged during their construction process were cited as examples in support of this view. D. & T. 

Stevenson pointed out that the old Pulteneytown pier had sustained £5000 worth of damage in 

1827 but had not been damaged after completion.879 The 1827 storm was referenced again in the 

report co-written by the Stevensons and Sir John Hawkshaw, ex-president of the Institution of Civil 

Engineers, on 31st January 1870. The report cited the precedent of Tyne Pier, which sustained 

£23,000 worth of damage while under construction, but which was ultimately completed 

successfully.880 The engineers argued that damage, like casualties in war, was inevitable. Success in 

large scale engineering could therefore be measured not by avoiding damage entirely but by 

minimising it. In a further report the Stevensons referred to the ‘damage amounting during the 6 

years since the work commenced, to only £5259, – a sum we submit which is indeed very small 

considering the extreme exposure of this work’.881 This understanding of the role of damage in the 

engineering process enabled them not only to explain events as they happened, but also to argue 

that the breakwater would be sound when completed: the ‘damage of this season tends only to 

establish, certainly not to shake that confidence’.882 

 
878 MacLeod, Christine, (2007) Heroes of Invention: Technology, Liberalism and British Identity, 1750 – 1914, 
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880 ‘Report to the British Fishery Society on the progress of Pulteneytown harbour works’, (31 January 1870), 
NLS/Acc 10706/112, page 671; ‘Pulteneytown Harbour’, (28 December 1869), NLS/Acc.10706/112, page 574. 
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Figure 7.3 Drawing by D. & T. Stevenson of the breakwater as rebuilt in 1871. The parapet was removed, iron bars were 
used to secure the blocks within the breakwater and large blocks were deposited below low water. The shaded portion 
indicates the part of the breakwater that was entirely washed away by the storms of 1872. Appendix to ‘British Fishery 
Society Report’ (3 March 1873), NLS/Acc. 10706/530, number 18. Image courtesy of the National Library of Scotland. 
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This understanding of engineering was adopted by the Stevensons’ clients, the British 

Fishery Society. In the 1869 report, the Stevensons recounted that ‘we have invariably prepared 

them to expect that the works were not likely to be completed without sustaining damage to the 

masonry and consequent delay’.883 In March 1871, the society echoed the Stevensons’ favoured 

metaphor of their engineers in a report to shareholders which claimed that ‘It cannot be expected 

that a great work of this kind should be completed without some casualties’.884  

The concept of damage as integral to the marine engineering process was also adopted by 

other commenters in relation to the works at Wick. The Times reported in 1867 that ‘the damage 

done to the unfinished work during the three years since its commencement has not exceeded 300l., 

which speaks well not only for the character of the work in course of erection, but for the stability of 

the structure when completed’.885 In time, however, claims that the sea at Wick was exceptionally 

strong and that the forces exerted by the waves were greater than could be predicted began to 

replace the metaphor of battle as the favoured discourse through which to interpret events there.  

Witnesses to the storm events that damaged the works employed a rhetoric which 

emphasised the sea’s power and violence. The Scotsman called the storm of December 1868 ‘one of 

the most terrific storms which has been experienced for several years’.886 As has already been 

shown, Captain Rutherford, the harbour master at Wick, wrote a similarly dramatic account on 22nd 

December:  

The damages [sic] in every way is far more extensive than was feared during the darkness of 

the night, not only the whole of the staging, but the whole of the past years [sic] building, 

are thrown down, and the end of the existing masonry open, and the sea eating away piece 

by piece of the huge stones of the parapet, and tearing up the causeway … the work of 
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destruction being so great as to paralyse the parties in charge of the works and all 

concerned.887   

He used the same tone to recount another storm that damaged the breakwater on 18th December 

1872. His first-hand account of the day, more detailed than usual, tracked the effects of the storm as 

they happened:  

At 11.30 signs were but too evident that the works were yielding to the dreadful pressure as 

the waves receded, openings could be seen between the Ruble [sic] work and Concreate 

[sic]. At 12.15 P.M. the Concrete block at the outer end of the works was displaced, but 

owing to the surf and spray its position cannot be well determined. The gale continues 

unabated, the roar of the waves are [sic] deafening.888  

As the damage recurred, the Stevensons began to refer to the waves as destructive and violent in 

addition to their existing conflict imagery. According to their report of December 1869, the waves 

were ‘more formidable and destructive in their action than what previous experience has shown to 

be the case at any other port of the coast’.889 Measures were taken in 1872 to address the 

‘peculiarities of the situation as regards [the] weight and destructiveness of sea’.890 In the same year, 

it was reported that some of the stones used in repairs had been fractured, a fact which was used to 

highlight ‘the excessively intense force of the sea on this part of the work, which, notwithstanding 

there being no parapet, still struck the Breakwater with such force as to fracture blocks of the same 

density as granite’.891 Granite was, in the nineteenth century, powerfully symbolic of permanence 

and resilience.892 Although the blocks were concrete, this comparison was intended to emphasise 

their sturdiness and to support the argument that the fracturing of such stone was ‘unparalleled in 
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the history of sea works’.893 In combination, these discourses in the engineers’ reports positioned 

the natural force of the sea at Wick as an adversary of unprecedented destructive power in the face 

of which defeat and failure was a real possibility. 

 

The failure of the breakwater 

Failure is more complex than things not working or breaking down. For Gooday, the failure of 

technologies depends on the criteria applied, which could range from the technological to the 

cultural or economic.894 The labelling of failure is temporally and spatially contingent, and dependent 

on the culture of the society within which the technology is deployed. It is useful, following Marsden 

and Smith, to consider technological failure as produced by social and cultural practices through 

which success is contested and disputed. Rather than analysing ‘technological “end products”’ once 

debates over that technology have concluded, this approach acknowledges that success and failure 

were fluid concepts that could be debated and contested by actors at the time.895  

Failure, it has been argued, plays a specific and distinct role in engineering due to the risks 

associated with the tasks engineers undertake. As Petroski puts it, the purpose of engineering is ‘to 

make something stand that has not stood before, to reassemble Nature into something new, and 

above all to obviate failure in the effort’.896 In an engineering context, he points out, failure could 

have catastrophic and lethal results, for example when a bridge collapse causes the death of its 

users.897 John Anderson and Guru Madhavan argue that ‘good science is peer-reviewed; accountable 

engineering is reality-refereed’.898 Engineering, in other words, succeeds on the basis of the 
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896 Petroski, Henry, (1985) To Engineer Is Human: The Role of Failure in Successful Design, London: Macmillan, 
9.  
897 Petroski, To Engineer Is Human, 2.  
898 Anderson, John L. and Madhavan, Guru, (2021) ‘Peer-reviewed by reality: what Mars and Texas tell us about 
engineering’ Issues in Science and Technology (website), https://issues.org/engineering-mars-rover-john-
anderson-guru-madhavan/ [Accessed 3 October 2021]. 
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successful manifestation of the intended result in the real world – a criterion which can only be 

achieved by the actual construction and ongoing soundness of the structure in the face of forces that 

are difficult to predict. This provisional definition of success – a structure that has stood until now 

but which may yet fail in the future under different conditions – complicates our understanding of 

the role of failure in engineering. Because engineering deals with forces that cannot be perfectly 

theoretically predicted, the engineer can never be totally certain that what has been made will not 

one day fail. 

In Wick, this uncertainty around failure was manifest in an ongoing dispute over whether the 

project had failed until the breakwater was abandoned in 1877. This is explicit in the exchange 

between George Loch, MP for the Northern Burghs and deputy governor of the British Fishery 

Society, and a constituent, Mr G.M. Sutherland, as reported in the John O’Groat Journal:  

Mr G.M. Sutherland then ascended the platform, and having said that the new harbour was 

a failure, asked what steps were to be taken to put it right. 

Mr Loch said he was unconscious that the harbour had failed. It still stood on the same 

place; nothing had been done to injure it except what the storm had done; and the Society 

believed it would yet be completed to the satisfaction of the public.899  

The language of failure as occasioned by destructive nature was also employed by Wick Town 

Council in correspondence with the Board of Trade about the works in March 1871 in claims that 

‘the works have failed’.900 The local press echoed accusations of failure in more colourful terms. They 

wrote of ‘this catastrophe – the third serious one to the new erection’; of the ‘magnitude of the 

disaster’; of the ‘ruined breakwater’ and the ‘next to total demolition of the new harbour works’.901 

Their language evoked finality and positioned the storm damage as the end of the breakwater 

project and the proof of its failure.  

 
899 ‘Mr Loch, M.P., at Wick’, (6 October 1870) John O’Groat Journal, 2. 
900 Wick Town Council to Board of Trade, (March 1871), ICE/TAIT/17A, page 4. 
901 ‘The accident to the new harbour works’, (10 February 1870) John O’Groat Journal, 2; ‘The harbour and the 
British Fishery Society's report’, (24 March 1870) John O’Groat Journal, 2.  
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The Stevensons and the British Fishery Society described events at Wick differently. Like 

Loch, the society denied that the project was a failure, responding to the Town Council’s complaints 

with the statement that ‘the society have only to say that they confidently rely on the opinion of the 

engineers that the works will be successfully completed’.902 The metaphorical language they used 

positioned the breakwater as a work in progress rather than an end product. The impact of the 

storms on the breakwater caused ‘casualties’, ‘damage’ or ‘injury’. Damage would be repaired, 

injuries could be healed: casualties did not mean defeat.  

Local journalists noted the discrepancy between the two ways of describing the project, 

ridiculing the society’s choice of language to describe the damage to the breakwater. The John 

O’Groat Journal quoted the society’s reports of ‘serious injury’ to the works, sarcastically pointing 

out that ‘the almost total destruction of the built part of the breakwater, from low water level 

upwards, along nearly half the length of the portion completed, after nearly seven years’ labour, is a 

very serious injury indeed’.903  

Even when the breakwater was considered a failure, contemporaries disagreed about 

whether the endeavour itself had been worthwhile. There are many ways to assess the value of an 

engineering project, even an unsuccessful one. For Petroski, good engineering ‘comes not from 

emulating success and trying to better it but from learning from and anticipating failure’.904 In this 

understanding of engineering, failure becomes a fundamental part of knowledge development. 

Buchanan identifies a similar approach to failure in the work of Isambard Kingdom Brunel, the 

nineteenth-century engineer, while Wylie analyses the continuing use of stories of failure as a 

pedagogical strategy in twenty-first century engineering training.905  

 
902 ‘Observations on the memorial received by the Board of Trade’, ICE,/TAIT/17A, page 10. 
903 ‘The harbour and the British Fishery Society's report’, (24 March 1870) John O’Groat Journal, 2. 
904 Petroski, Henry, (2012) To Forgive Design: Understanding Failure, Cambridge, Mass.: Harvard University 
Press, 329. 
905 Buchanan, R. Angus, (2002) Brunel: The Life and Times of Isambard Kingdom Brunel, London: Hambledon 
and London; Wylie, Caitlin Donahue, (2019) ‘Socialization through stories of disaster in engineering 
laboratories’ Social Studies of Science, 49:6, 817 – 838.  
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Using this approach to failure, the works at Wick could be seen as a valuable tool for 

learning, even after they had been knocked down and abandoned. Alexander Doull, a retired military 

engineer and associate of the Institution of Civil Engineers who lived in Wick, argued for this 

interpretation of the value of the works. Doull sent a paper to the ICE in 1870, arguing that ‘there 

can be no doubt but that the construction of a breakwater in any particular position which will 

effectually serve its intended purpose at a reasonable cost is still an unsolved problem and well 

worthy of being more extensively studied and even experimented upon. No doubt every failure of 

such works if the cause or causes are accurately ascertained is a valuable experiment’.906 

Many of those who financed and supported experimental engineering works in the period 

accepted that significant risks could yield proportionate rewards.907 Wick breakwater, however, was 

not fashioned as such by those involved in the project. The Stevenson firm had built harbours and 

lighthouses in many places on Scotland’s coast. Thomas had extensively studied and theorised the 

force of waves and published papers on the subject.908 The harbour was designed based on 

successful experience from similar situations, not an innovative or experimental method. As was 

discussed in chapter six, the Stevensons were careful in comprehensively testing innovative and 

experimental methods. They did not, however, position their work in Wick within the frameworks 

they used to reduce the risks of implementing experimental new ideas. On the contrary, when 

discussing the breakwater, they emphasised the extensive track record of the techniques used. 

David argued in discussion with the ICE in 1876 that:  

Had this been simply the largest instance on record, standing at the head of a series of cases 

approaching to it by gradations, he would have been more disposed to draw general 

conclusions from the fact. But it seemed to stand alone. To argue from it would be to 

 
906 Doull, Alexander, (1 March 1870) ‘Description of the partial destruction of the new harbour works in Wick 
Bay’, ICE/OC/1278, page 10.  
907 Buchanan, Brunel, 112.  
908 See, for example: Stevenson, Thomas, ‘Account of experiments to measure the direct force of the waves’; 
Stevenson, Thomas, The Design and Construction of Harbours. 
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condemn as dangerous every sea barrier in existence, and to contradict the most 

trustworthy results of experience.909  

Unlike Doull, the Stevensons did not argue that failure was a valuable experiment from which future 

engineers could learn. Instead, they emphasised the similarity of the method they had used in other 

successful works. For Petroski, many famous engineering disasters of the period similarly ‘seemed to 

be but an incremental step’ expanding on what was thought to be a proven method.910 By 

emphasising previous successes and the continuity of method between these and works at Wick, the 

Stevensons deployed their reputation and experience as harbour engineers to defend their claims to 

expertise.  

 

Legacy, reputation, and the geography of disaster 

As has been established in earlier chapters, the Stevenson firm had built a stellar reputation by the 

mid nineteenth century based on their robust training, extensive practical experience and judicious 

application of appropriate scientific and mathematical theory. For the British Fishery Society, this 

reputation was vital to the moral and social construction of the Stevensons as exceptionally well 

qualified to design the works in Wick and was deployed in defence of the society’s decisions about 

the breakwater. The Stevensons were ‘the most eminent engineers in works of this kind in the 

United Kingdom’.911 The authority and reputation not only of the Stevensons but of other prominent 

engineers, parliament and the Admiralty was harnessed to argue that the problems at Wick were 

caused by an unexpectedly strong sea, not by human error or systemic engineering shortcomings. 

The society described the rigorous checks that had been required for the plans, approved only after 

having ‘undergone the usual inspection and criticism of the Admiralty, and having been supported 

 
909 ‘Discussion: the Manora breakwater’, 52. 
910 Petroski, To Forgive Design, 332. 
911 ‘Observations on the memorial received by the Board of Trade’, Copy of all Correspondence with the Board 
of Trade relative to Wick Harbour, ICE/TAIT/17A, page 8. 
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before the Committees of Parliament by Mr. Hawkshaw, Mr. Coode and Mr. Leslie, civil 

engineers’.912   

The reputation of Wick was also deployed to explain the failure of the breakwater. As Ross 

argues, Caithness has long been perceived as ‘a place apart’ from the rest of Scotland.913  Rosie 

suggests that in the nineteenth century, ‘Caithness was – consciously or otherwise – actively (re-) 

created’ as a community which looked for its identity to the sea, Norse heritage and especially the 

highly successful herring industry.914 He points out that ‘Scandinavian heritage, with all that evokes, 

gelled closely with the seaward-looking, modernising and expanding 19th century Caithness’.915 

Drawing on Anderson’s work, Rosie identifies nineteenth-century local newspapers as key agents 

who worked to construct a specifically Caithnessian ‘imagined community’ that was distinct from 

other Highland or Scottish identities at the time, and which persisted into the following centuries.916 

Residents drew on this notion of Wick as unique, arguing that the Stevensons, despite their 

extensive training and experience elsewhere, were not qualified to design works for Wick Bay 

because they lacked sufficient experience of the area. On 17 January 1874, the provost, magistrates 

and Town Council of Wick submitted a memorial to the Board of Trade in response to the storms, 

claiming that ‘the events which have since transpired show how entirely misplaced was the 

confidence of the directors of the society in the knowledge possessed by their engineers of the 

condition and security of the works, and the ability of those gentlemen to complete them’.917 Some 

Wick residents were of the opinion that the harbour was, in fact, ‘the greatest swindle and the 

biggest blunder ever perpetrated’.918 They demanded that the Board of Trade carry out an inquiry 

 
912 ‘Observations on the memorial received by the Board of Trade’, Copy of all Correspondence with the Board 
of Trade relative to Wick Harbour, ICE/TAIT/17A, page 7. 
913 Ross, Linda M., (2021) ‘Dounreay: creating the nuclear north’ The Scottish Historical Review, C, 1:252, 99.   
914 Rosie, Michael, (2012) ‘’Areas cannot be selective’: Caithness and the Gaelic road-sign saga’ Scottish Affairs, 
80, 42.  
915 Rosie, ‘’Areas cannot be selective’, 43. 
916 Rosie, ‘’Areas cannot be selective’, 42; Anderson, Benedict R., (1983) Imagined communities: reflections on 
the origin and spread of nationalism, London: Verso.  
917 Wick Town Council to Board of Trade, (17 January 1874), Copy of all Correspondence with the Board of 
Trade relative to Wick Harbour, ICE/TAIT/17A, page 45.  
918 ‘Editorial’, (6 August 1868) John O’ Groat Journal, 2. 
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and require the British Fishery Society to pay for the removal of all traces of the breakwater from 

Wick Bay.  

Such attacks demonstrated a different view of what kind of experience, knowledge and 

expertise enabled one to direct and manage nature in Wick. Even before the start of the project, 

James Bremner, a local harbour engineer, wrote that ‘my knowledge of these matters is not merely 

theoretical – not acquired by sitting in a fine office and taking a summer cruise now and then’ 

instead it was ‘the result of 43 years’ hard experience’.919 Later newspapers repeated this claim that 

storms at Wick could only be truly understood through direct experience – that ‘the engineers 

should have seen Wick bay during the last few days, and the sight would have been worth a 

thousand theories learned at school’.920 The Town Council similarly criticised the British Fishery 

Society for ignoring the specificity of Wick’s physical and economic geography, arguing that they 

‘possess scarcely any local knowledge of the condition and requirements of the locality’.921 

Knowledge gained through study of theory or even through experience in other places did not, in the 

eyes of these residents of Caithness, qualify one to manage Wick’s affairs, either technically or 

politically. In their view, authoritative knowledge required personal experience of the place – 

knowledge of Wick could not be gained outside of Wick.  

Residents living near engineering sites in the Scottish Highlands and islands, however, had to 

contend with assumptions of ignorance or backwardness when challenging the expertise of 

engineers. In Records, Louis wrote that ‘to go round the lights, even to-day, is to visit past 

centuries’.922 He compared Scotland with the Pacific, where he lived later in life, drawing on colonial 

discourses about Pacific islanders to claim Scottish islanders were ignorant. In the north of Scotland 

at the beginning of the nineteenth century, Louis claimed, ‘barbarism was deep, the people sunk in 

superstition, the circumstances of their life perhaps unique in history. Lerwick and Kirkwall, like 

 
919 Bremner, James, (18 October 1846), ‘Pulteneytown Harbour’, NLS/Acc.10706/188, page 131. 
920 ‘The accident to the new harbour works’, (10 February 1870) John O’ Groat Journal, 2. 
921 Wick Town Council to Board of Trade, (17 January 1874), Copy of all Correspondence with the Board of 
Trade relative to Wick Harbour, ICE/TAIT/17A, page 46. 
922 Stevenson, Robert Louis, Records, 60. 
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Guam or the Bay of Islands, were but barbarous ports where whalers called to take up and to return 

experienced seamen. On the outlying islands the clergy lived isolated, thinking other thoughts, 

dwelling in different country from their parishioners, like missionaries in the South Seas’.923 Louis 

presented Scottish islanders as isolated, superstitious, and uneducated, recalling a tale told by his 

grandfather of an Edinburgh shopkeeper who, having become a missionary, was mistaken for a Pict 

and treated with suspicion on North Ronaldsay until Robert Stevenson reassured locals. Louis 

concludes that ‘They were timid as sheep and ignorant as limpets; that was all’.924 Describing Wick 

itself in 1868, he wrote similarly disparagingly of the locals that ‘The streets are full of the Highland 

fishers, lubberly, stupid, inconceivably lazy and heavy to move. You bruise against them, tumble over 

them, elbow against the wall – all to no purpose: they will not budge’.925 Language was also a 

problem: ‘The man was back at his work and I asked him how he was; but he was a Highlander, and 

– need I add it? – dickens a word could I understand of his answer. What is still worse I find the 

people here about – that is to say the Highlanders, not the northmen – don’t understand me’ 

[original emphasis].926 Such assumptions about the intelligence and competence of local residents in 

northern Scotland likely influenced the extent to which such people could legitimately criticise the 

work of engineers on projects in their local area.  

The Board of Trade refused to hold an inquiry in response to the memorial from Wick’s 

Town Council because it was concluded that ‘the material facts as to the non-completion and partial 

destruction of the works appear to be undisputed by all parties’. Because ‘the powers obtained by 

the society from Parliament were obtained with the full consent of the Wick authorities’ it would be 

‘at least doubtful whether it would be just to compel’ the society to remove the harbour ruins from 

 
923 Stevenson, Robert Louis, Records, 61. 
924 Stevenson, Robert Louis, Records, 67.  
925 Robert Louis Stevenson to Margaret Stevenson, (5 September 1868), The Letters of Robert Louis Stevenson, 
141.  
926 Robert Louis Stevenson to Margaret Stevenson, (5 September 1868), The Letters of Robert Louis Stevenson, 
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Wick Bay at their own expense.927 Local people were unable to successfully challenge the 

applicability of the Stevenson’s engineering expertise on the basis of Wick’s exceptional character. 

The Board of Trade, by focusing on the agreement between both sides regarding the ‘material facts’ 

of the case, ignored the Town Council’s contention that the harbour had failed because the British 

Fishery Society and its engineers did not properly understand Wick.   

In the aftermath of the damage, the notion that Wick was an exceptional and unique 

example of the power of the sea was repeated as justification for the failure of the engineering 

works there, but stripped of the associated implication made by Wick’s Town Council, Chamber of 

Commerce and newspapers that its unpredictable nature was specific to outsiders and could be 

overcome by those who had resided in the area for a long time. Among engineers, therefore, Wick 

became almost synonymous with the sea’s extraordinary, extreme, or excessive force without this 

connotation that it was a particularly Caithness issue understood only by those who lived locally. In 

his The Design and Construction of Harbours (1864), Thomas Stevenson used the movement of 

boulders weighing from six to thirteen tons from their original locations at places seventy or 

seventy-five feet above sea level at Whalsay in Shetland as evidence of the most extreme wave force 

ever observed.928 In the light of events at Wick, he rewrote this section of the book’s second edition, 

arguing that this claim ‘no longer holds true. The most startling example now on record is that of an 

artificial work. The harbour works at Wick’. Stevenson recounted what had happened at Wick in 

language that reflected his ‘increased amazement’ that the waves had reached such force, asking 

readers to believe his account, ‘incredible as it may seem’.929 As is clear from the language of 

incredulity he employed, Stevenson’s audience was clearly those who were unfamiliar with the seas 

around Wick, and not the local residents who had criticised his plans.  

 

 
927 Board of Trade to Wick Chamber of Commerce, (9 May 1874), Copy of all Correspondence with the Board of 
Trade relative to Wick Harbour, ICE/TAIT/17A, page 55.  
928 Stevenson, Thomas, (1864) The Design and Construction of Harbours, First edition, 38. 
929 Stevenson, Thomas, (1874) The Design and Construction of Harbours, Second edition, 45 – 47.  
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Conclusion 

The decision to abandon the breakwater project had significant physical and social consequences. 

The seabed was littered with rubble pulled from the breakwater by the storms and the broken ruins 

of the work remain visible to this day.930 The British Fishery Society was bankrupted by the cost of 

the project and the harbour passed into the hands of the Wick Harbour Trust. Although David and 

Thomas retained their reputation as eminent engineers and went on to win contracts and construct 

other harbours, they were questioned about Wick for the rest of their careers. In 1883, a few years 

before his retirement but fifteen years after the initial storm, Thomas still argued that ‘Wick is so 

entirely exceptional a place that I really do not know what to say about it at all’.931  

The association of Wick with extreme wave force was widely adopted in the aftermath of 

the breakwater project: Wick became a touchstone for failure and nature as extreme. The project 

was used as a point of reference in discussion of the breakwater at Alderney in 1874 at the 

Institution of Civil Engineers.932 It was mentioned again in the minutes as part of a discussion on the 

Manora breakwater in Karachi in 1876, when Sir John Hawkshaw referred to the ‘now celebrated 

concrete block at Wick’.933  Within the Institution of Civil Engineers, Wick was used to assess and 

understand the force of waves in other localities. Engineering in one context – and its failure, 

however understood – was used to assess and describe experiences in different contexts. Wick 

became part of a growing corpus of engineering knowledge based on practical examples of work in 

the real world, rather than on scientific principle, formula, or theory. Such knowledge could, in 

theory, be applied to engineering practice from England to India. The residents of Wick, on the other 

hand, challenged the Stevensons’ ideas of universally applicable knowledge. They claimed instead 

 
930 See Fig. 2.2.  
931 Townson, John M., (1981) ‘The Stevenson formula for predicting wave height’ Proceedings of the Institution 
of Civil Engineers, 71, 909.  
932 ‘Discussion on construction and maintenance of the harbour at Braye Bay, Alderney, (1874)’, (1874) 
Minutes of Proceedings of the Institution of Civil Engineers, 37, 84 – 108.  
933 ‘Discussion: the Manora breakwater’, 24. 
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that the knowledge was fundamentally local – it could not be transferred between places and could 

only be learned by direct observation of the place in question.  

The introduction of local perspectives to the story of Wick complicates our understanding of 

how engineering knowledge worked. It has been argued that scientific knowledge about distant 

places was accumulated within metropolitan centres enabling those at the centre to claim expertise 

and exercise power over those places.934 It has been shown in other contexts that those at the 

periphery of networks could and did ‘speak back’ to those at the centre, adding to but also 

challenging their knowledge.935 The extent to which this was possible was variable and contextually 

specific. In Wick, residents were not able to persuade those with political power to support their 

arguments about the fundamental importance of a particular kind of practical experience in the field 

to the engineering knowledge. The national press did not report the concerns voiced by the locals. 

Wick breakwater was not discussed at the meetings of ICE, despite Doull twice submitting his paper 

for consideration. The Board of Trade did not hold an inquiry into events and ignored the residents’ 

allegations of incompetence in its response to their memorial. The Stevensons successfully used 

their reputation and status alongside a powerful narrative about Wick and nature that convinced 

those with political power that damage was inevitable, Wick was exceptional, setbacks were part of 

the engineering process, and lack of funding was the only reason that the project was abandoned.   

Engineers in this period continuously negotiated the degree to which they could impose 

their view of the world on others and on space. Geography was fundamental in this negotiation. 

Wick had its own geographies, and it was these specific matters with which the Stevensons and 

others engaged in attempting to manage Wick harbour, and to reshape it. This work was articulated 

in relation to geographically and historically specific discourses, including public duty and 

responsibility, an adversarial nature and dangerous seas, assumptions about the north of Scotland 

 
934 Latour, Bruno, (1987) Science in Action: How to follow Scientists and Engineers through Society, Cambridge, 
Mass.: Harvard University Press. 
935 Endersby, Jim, (2001) ‘”From having no herbarium”: local knowledge versus metropolitan expertise: Joseph 
Hooker’s Australasian correspondence with William Colenso and Ronald Gunn’ Pacific Science, 55, 343 – 358. 
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and those who lived there, and differing conceptions of failure. Competing claims to expert status 

were constructed spatially through the understanding of engineering knowledge as either universal 

and transferable or specifically situated in a particular location.  

Like the Stevensons themselves in contexts discussed in earlier chapters, the residents of 

Wick distrusted theoretical science. Their view of experience and practice, however, was 

geographically specific in a way that the Stevensons’ was not. Where the Stevensons relied on a 

series of practices including measurement, mapping and scientific study that they thought could 

provide an understanding of the characteristics of any space, locals of Wick argued that such 

knowledge could only be provided by extended lived experience within a particular place. While 

both the Stevensons and the community at Wick agreed that experience on site was key, they 

disagreed on specifically where that experience needed to have taken place. Fundamentally, the 

dispute was geographical.  
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8 

‘Historical geography should embrace engineering’?: Implications and 

conclusions936 

 

Here all is sunny, and when the truant gull 

Skims the green level of the lawn, his wing 

Dispetals roses; here the house is framed 

Of kneaded brick and the plumed mountain pine, 

Such clay as artists fashion and such wood 

As the tree-climbing urchin breaks. But there 

Eternal granite hewn from the living isle 

And dowelled with brute iron, rears a tower 

That from its wet foundation to its crown 

Of glittering glass, stands, in the sweep of winds, 

Immovable, immortal, eminent.937 

 

Introduction  

In this reflective verse written later in his life, Louis emphasised the permanence of his uncle’s 

famous lighthouse at Skerryvore through a contrast with his own house in Bournemouth which bore 

the same name.938 In the poem, the lighthouse ‘stands’, in the present tense. Where even the 

 
936 Lane, K. Maria D., (2020) ‘Engineering’ in Domosh, Mona, Michael Heffernan and Charles W. J. Withers (Eds) 
The SAGE Handbook of Historical Geography, London: SAGE, 700.  
937 Stevenson, Robert Louis, (1898) ‘Skerryvore: the parallel’ Underwoods, London: Chatto & Windus, 69.  
938 Fielding, Penny, (2006) ‘Robert Louis Stevenson’ in Brown, Ian, Thomas Clancy, Susan Manning, and Murray 
Pittock (Eds) The Edinburgh History of Scottish Literature: Enlightenment, Britain and Empire (1707 – 1918), 
Edinburgh: Edinburgh University Press, 325.  
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motion of a bird is enough to affect Louis’ house, the lighthouse remains ‘immovable, immortal, 

eminent.’ It is made from granite that is at once ‘living’ and ‘eternal’. Engineering as permanence 

was a recurring theme of Louis’ work on his family. Elsewhere, he described Scotland’s lighthouses 

as ‘tall memorials’ to ‘a strenuous family’ [original emphasis].939 For Louis, the structures which the 

Stevensons constructed were a lasting legacy, a monument to the family’s achievements in building 

infrastructure that was so different and distinct from common houses.  

 Their engineering works were not the only lasting traces of the Stevenson family. Louis and 

his family also ensured that there were extensive written records of their accomplishments, ranging 

from published accounts, essays, and memoirs to the family archive of maps and plans which was 

made publicly accessible through the National Library of Scotland. The story of the Stevensons has 

subsequently been told and retold, and the research in this thesis has followed in the wake of these 

ongoing works of history, biography, and memorialisation.   

This thesis has re-examined the Stevenson firm, highlighting the ways in which existing 

narratives about the family had been constructed and suggesting new ways of interpreting and 

analysing the firm’s history and proposing geographical dimensions to their work. I have reflected on 

the impact and consequences of existing narratives and read beyond the conventional presentation 

of the family’s work to examine what they did in practice. Drawing on methods from the historical 

geography of science to complete detailed analysis of four specific projects, this thesis has 

challenged many of the assumptions inherent in histories of the Stevenson engineers – and in 

traditional histories of engineering in general. Rather than argue in terms of an innate talent, I have 

considered engineering as a collection of knowledge and skills that had to be learned and were 

practised with varying levels of skill by each Stevenson in different times and at different places. 

Rather than focusing exclusively on design and innovation, I have paid attention to other processes 

required for engineering, such as measurement, visualisation, calculation, abstraction, 

 
939 Stevenson, Robert Louis, (1898) ‘Say not of me that weakly I declined’ Underwoods, London: Chatto & 
Windus, 73.  
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approximation, evaluation, testing, and maintenance. Rather than emphasising individual brilliance, I 

have looked for connection and collaboration and, in doing so, I have situated the Stevensons within 

a network of contemporary individuals working on the same problems. Rather than focusing solely 

on success, I have considered the places where the Stevensons failed.  

Several themes have emerged as consistently significant across the four projects analysed in 

this work. The first theme is the relationship between nature and technological intervention, and the 

ways in which this was understood by engineers. As was explored in chapters five, six and seven, the 

dominant conceptualisation of engineering as control over nature was frequently challenged by 

engineering experience in practice, and it required the Stevensons to devise new understandings of 

engineering’s role in the environment. Secondly, I have examined the relationship between scientific 

theory and engineering. Chapter four considered the role of theory in engineering training, while 

chapters five, six and seven analysed the ambivalent attitudes the Stevensons took to the use and 

usefulness of scientific theory in practical engineering work. These chapters demonstrated the 

significance of practice and experience in the Stevensons’ understanding of expertise and  identified 

how appeals to experience were used to attract support for engineering projects, even when they 

suffered setbacks. Thirdly, this thesis has consistently identified the importance of the Stevenson 

family’s reputation and highlighted the ongoing work they undertook to establish the Stevensons as 

eminent engineers who should be trusted to make significant changes to the Scottish landscape.  

This conclusion comprises five sections. In the first three sections, I turn to each of the 

themes identified, developing broader connections between the different chapters to explore how 

these issues were refracted differently in different times and places and to identify the common 

threads that persisted throughout the Stevensons’ diverse practice. In the fourth section, I reflect on 

the limitations of this research. I consider the restrictions placed on my work by the nature of the 

Stevenson archive, and I acknowledge the ways in which my focus on the Stevenson family has 

shaped the research carried out. In the final section, I turn to possibilities for future research. I 

suggest further work that could be undertaken focusing on the Stevensons, or other engineering 
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families active in the nineteenth century, to expand the range of perspectives from which to 

understanding nineteenth-century engineering. More fundamentally, I make the case for a historical 

geography of engineering, suggesting that the approaches used in this thesis, particularly its focus on 

the relevance of place to the work of the engineer and of engineering to the formation of places, 

could be extended beyond the Stevensons and their work in Scotland to engineering elsewhere and 

as a whole.   

 

Engineering Nature, Domination and Control 

The relationship between nature and engineering has always been more complex than the simple 

narratives of dominance that were favoured by engineers in the nineteenth century. This thesis has 

analysed this concept in two ways: the role played by natural forces in the Stevensons’ engineering 

practice, and the very different relationship between the concepts of engineering and nature that 

was presented in their descriptions of their work.  

The natural phenomena that engineers attempted to control were often unstable and 

unpredictable. The preceding chapters examined how engineers had to compromise, accommodate, 

and adapt to the specific physical geographies they operated in, even when established engineering 

orthodoxies suggested a different way of proceeding.  Chapter four explored the importance 

afforded to practical experience in engineering training, and in chapter five, I explained how the 

Stevensons tried to use their experience of taking measurements on the Tay to challenge standard 

engineering practices of river improvement. Chapter six explored how the Stevensons made 

decisions in relation to coastal fog signalling, highlighting the importance of local physical and social 

conditions to the type of signal used. Issues of the relationship between nature, control and 

engineering were most explicit in chapter seven, which focused on the ways in which the force of 

the sea challenged and ultimately escaped the control of engineers in Wick Bay. These studies of the 

Stevensons’ engineering practice have consistently featured compromise and accommodation of 
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natural forces that is more in line with the hybrid models of human-environment relations outlined 

in chapter two than with the ideal of human control that characterised contemporary discourse.  

Despite the significance of accommodation and hybridity in their practice, the Stevensons, 

like their contemporaries, perpetuated the idea that the goal of engineering should be human 

control over nature using a range of methods. Language was vital. Through analysing how they 

described engineering projects in correspondence and published accounts, including, for example, 

the metaphor of casualties in battle and the language of setbacks they used to describe their work 

on Wick breakwater, this thesis has explored the rhetorical as well as the practical techniques used 

by the Stevensons to present human triumph over nature as the inevitable outcome of the 

engineering process. Beyond language, other practices such as measurement and visualisation were 

similarly used to perpetuate this idea. By measuring, quantifying, and mapping them, the Stevensons 

transformed natural forces such as rivers into abstract, calculable, and therefore predictable forms, 

lending authority to the claims made by engineers that they could control them.  

This emphasis on control was part of a powerful constellation of ideas about the relationship 

between technology, nature, and power in the nineteenth century. As Mukerji has shown, control 

over land and its physical features was used as a means of demonstrating political power over 

territory and its inhabitants.940 This political context led to increased social status for engineers, 

alongside a privileged ability to make changes to, and to develop widely accepted knowledge about, 

environments. Infrastructure construction, particularly in areas that were geographically distant 

from centres of power such as the northern coasts or islands of Scotland, could play a political role in 

asserting authority over space and in revealing and reinforcing hierarchies of power. Local challenges 

to the work of the Stevensons, such as those made by residents of Wick and Dunoon, draw attention 

to ways in which knowledge about places was contested and expose the power relations associated 

with notions of engineering expertise.  

 
940 Mukerji, Chandra, (2009) Impossible Engineering: Technology and Territoriality on the Canal du Midi, 
Princeton: Princeton University Press, 5. 
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Theory, Practice and Experience 

Many people in the nineteenth century understood engineering as simply the practical application of 

theoretical science. The assumption that engineering innovation would be derived from theoretical 

science was common and played an important part in the conduct of scientific and engineering 

research. Funding for experimental work on acoustic science by the British Association for the 

Advancement of Science and John Tyndall in the early 1870s, for example, was justified based on the 

likely benefit that such research would have for the practical project of coastal signalling, while the 

lack of theoretical understanding of sound was repeatedly cited as inhibiting the successful 

construction of a sound-based fog signal network.   

While is clear, therefore, that there were many connections between science and 

engineering in the minds of contemporaries, the two were far from synonymous. As discussed in 

chapter three, philosophers and historians of engineering have established that engineering was 

more than simply the application of scientific knowledge. The Stevensons held ambivalent and 

nuanced views on the place of theoretical and scientific knowledge in their work which differed in 

relation to different projects. They valued theoretical scientific training for new engineers and 

required university attendance as part of their apprenticeships, but when it came to making 

decisions in their engineering work, precise and laborious measurement was found to be preferrable 

to formulaic abstraction and calculation, and the recommendations of theoretical science were 

often secondary to issues of cost, practicality, and custom. Scientific ideas were important sources of 

information, but the Stevensons were consistently aware of the limits of the predictive power of 

theoretical science and the important contextualising role of engineering experience and the tacit 

skill of engineering judgement. As Louis acknowledged in Records, ‘even the mechanical engineer 

comes at last to an end of his figures, and must stand up, a practical man, face to face with the 
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discrepancies of nature and the hiatuses of theory,’ instead having to rely on ‘experience and an 

exquisite sympathy’ to complete the task.941 

This thesis has paid attention to engineering practice; to the the ways in which specific 

actions, activities and experiences were made the basis for authoritative engineering knowledge. 

While this included theoretical science, a range of other knowledges and tacit skills were also 

important, including evaluation and in situ testing, financial management, the presentation of ideas 

through writing, drawing, and speaking, and the conduct of interpersonal interactions with clients, 

employees, and the local population. This thesis has identified measurement and drawing as 

important tacit skills in engineering, exploring the role of visual materials and their production in a 

range of contexts. Louis quoted his grandfather’s statement that the ‘very term mensuration sounds 

engineer-like,’ adding that ‘in truth what the engineer most properly deals with is that which can be 

measured, weighed, and numbered’.942 To this list, I would add that which can be drawn. These skills 

of measurement and visual representation, learned through ongoing repetition, formed the basis of 

a range of claims made in the Stevensons’ work about the likely behaviour of natural phenomena 

such as river flow or wave strength. 

Experience in practice was also important as a means of demonstrating competence, 

building status, and gaining the trust of clients and other interested parties. New designs were 

proposed based on previous successful works, completed either by the engineer himself or by other 

members of the Stevenson firm. Experience and practice were closely linked with the familial 

reputation developed and reinforced by the Stevensons over the course of the century, often 

forming the empirical basis and subject of the autobiographical or biographical publications that 

were used to craft the family’s reputation.  

 

 
941 Stevenson, Robert Louis, Records, 83. 
942 Stevenson, Robert Louis, Records, 82.  
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Family, Reputation, and Narrative 

Drawing on Collins and Evans’ model of expertise as both substantive and attributed, this thesis has 

considered the ways in which the Stevensons established themselves as experts.943 As has been 

discussed, personal experience and a successful history of executing engineering works was one way 

of demonstrating expertise. The quantifiable success of works on the Tay became a key reference 

point for the Stevensons in support of their proposals for works on other rivers, while their 

reputation as harbour engineers played a key role in defending their work at Wick in the face of 

disaster.  

For the Stevensons, these questions of experience, reputation, and the demonstration of 

expertise were often understood in family, rather than individual, terms. In fact, the construction of 

their family’s legacy in history was arguably almost as important as the construction of material 

infrastructure in Scotland. Concern for and reliance upon the family’s public image was intertwined 

with almost every aspect of their engineering work. Engineering projects became the subjects of 

autobiography or biography. The family’s archive was a source for credible historical data that was 

used to legitimate heroising biographies and justify further projects. By 1868, the name Stevenson 

was ‘jist [sic] a household word,’ as Mrs Brown, Louis’ hostess in Anstruther, reportedly put it.944  

Family was also practically significant for the Stevensons. Through training and in practice, 

the Stevensons worked together. Young Stevensons were introduced to the profession by their 

fathers, brothers, and uncles, and went on to work alongside them, drawing on their experience and 

expertise and eventually undertaking projects that were signed off collectively, as Robert Stevenson 

and Sons, D. & T. Stevenson, or D. & C. Stevenson. Family resources ranging from interpersonal 

networks to money to the family’s library of engineering books, reports and reference maps were 

 
943 Collins, Harry M. and Robert Evans, (2002) ‘The third wave of science studies: studies of expertise and 
experience’ Social Studies of Science, 32:2, 235 – 296. 
944 Robert Louis Stevenson to Margaret Stevenson (1 July 1868) in The Letters of Robert Louis Stevenson, 128. 
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available to young Stevensons to support their entry into the profession. In practical terms, 

therefore, family played a significant role in shaping the Stevensons’ careers.  

This thesis has therefore considered family in two ways: as a key part of the Stevensons’ 

reputation and claim to expert status, and as a set of concrete relationships with potential role 

models and a source of resources and guidance for young engineers. In doing so, this thesis has 

contributed to a growing body of literature analysing the role of domestic spaces and family 

connections in the history of science. It has asked how such issues influenced the engineering 

profession, dominated as it was in the nineteenth century by family firms, individual celebrated 

engineers and engineering ‘dynasties’.   

A key part of understanding this reputation making activity has been the analysis of how the 

Stevensons represented their activities in reports, accounts and testimony, and a critical awareness 

of how this work has shaped subsequent histories of the family and their engineering work. This has 

required detailed attention to how the Stevensons and their colleagues constructed accounts of 

their own work and contested counternarratives suggested by others. The Stevensons explicitly and 

consistently worked to develop the family’s reputation, to transform the engineering structures that 

they built into ‘immovable, immortal, eminent,’ ‘tall memorials’ [original emphasis] and to ensure 

that their ancestors engineering legacy persisted alongside them.945 

 

Acknowledging Limitations  

Following Derrida’s argument that ‘archivization produces as much as it records the event,’ and 

Ketelaar’s advice that historians ‘make these contexts transparent’, it is important to acknowledge 

the significance of the Stevensons’ enduring reputation and the limitations that this imposed upon 

this research.946 These limitations can broadly be categorised as archive-based limitations – 

 
945 Stevenson, Robert Louis, ‘Skerryvore: the parallel’ Underwoods, 69; Stevenson, Robert Louis, ‘Say not of me 
that weakly I declined’ Underwoods, 73. 
946 Derrida, Jacques, (Trans. E. Prenowitz), (1995) ‘Archive fever: a Freudian impression’, Diacritics 25:2, 17; 
Ketelaar, Eric, (2001) ‘Tacit narratives: the meanings of archives’ Archival Science, 1:2, 137. 
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limitations imposed by the processes of archivisation that shaped the Stevenson archive – and  

approach-based limitations – limitations associated with the decision to focus on the Stevenson 

family.   

The research emerged from engagement with the archive, and therefore was bound by what 

had been included in and excluded from the archive, as well as shaped by the ‘tacit narratives’ 

encoded in the archive’s labelling, cataloguing, and organising.947 The archive is the product of the 

collective and ongoing work of the Stevensons. This thesis has explored the many ways in which the 

Stevensons were heavily invested in their enduring reputation, and the archive was one tool through 

which this project was pursued. Initially functioning as a working resource upon which they drew to 

support their claims about the world, the archive’s purpose was transformed through being 

reordered and donated to the National Library of Scotland in the 1950s to become an historical 

resource to serve the imagined needs of future historians and to immortalise the family as a 

significant part of Scotland’s past. While the archive is rich in detail and presents a valuable 

opportunity to consider one group of engineers across a range of time periods, types of project and 

geographical locations, it is also inescapably marked with the ways in which the Stevensons 

conceived of its purpose.  

The archive influenced the focus of this work both temporally and in terms of the projects 

selected. It is therefore important not to generalise over space, or to take the Stevensons’ 

experience as applicable everywhere, and to understand that engineering changed over time. The 

insights generated in this work speak to a particular set of locations, and to a particular moment in 

engineering history. As Buchanan noted, the ‘Age of the Great Engineers’ – the period when those 

who have been memorialised in popular culture as heroic inventors were active – ended in 1860. 948  

It is this shift in the profession that this thesis has analysed in detail, focusing on the careers of David 

and Thomas Stevenson. Engineering, however, continued to change, both technically and socially, 

 
947 Ketelaar, ‘Tacit narratives’, 131.  
948 Buchanan, R. Angus, (1987) ‘The Rolt memorial lecture 1987: the lives of the engineers’ Industrial 
Archaeology Review, 11:1, 6. 
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after David and Thomas retired. This thesis says little about Robert Stevenson’s entry into the 

profession in the much-studied early nineteenth century, or the work of the later Stevensons, David 

A., Charles, and D. Alan, in the early twentieth century. It would be particularly interesting to explore 

what role family connections, influence and reputation played in an increasingly meritocratic and 

bureaucratic world of the twentieth century, and to explore the experience of individuals who 

worked in engineering after 1860 and who were not generally memorialised as national engineering 

heroes in the same way that earlier engineers had been. Unfortunately, while there is some record 

of the works of David A., Charles, and D. Alan Stevenson in the twentieth century in the archive, 

these experiences feature far less prominently than those of the earlier Stevenson engineers.   

Other limitations of this work were consequences of the approach used. I used a loosely 

biographical framework, concentrating in detail on one family of engineers and their work. While 

focusing on their experiences facilitated new understanding of everyday engineering work, and the 

particular ways in which larger trends in the history of engineering were enacted and resisted at an 

individual level, there are also inherent limitations to this approach that must be acknowledged. This 

thesis has argued that being a Stevenson engineer was unusual in several ways. The family had its 

own training systems that incorporated university classes much earlier than other engineers. They 

developed resources and knowledge about sites such as the Tay and Clyde where they were active 

for generations. They were the only engineering firm employed as engineers to the Northern 

Lighthouse Board from its inception in the 1780s until the mid-twentieth century. They consciously 

developed and protected the family’s reputation for expertise and excellence and deployed this 

reputation in the face of challenges from competitors and the public.  

 This suggests the question, therefore, of how the experience of Stevenson engineers speaks 

to the nature of nineteenth-century engineering at large. Over the century, engineers joined the 

rapidly growing profession from many backgrounds to carry out a wide range of projects across 

Britain and the world. Many were not associated with a prestigious and established engineering 

family like the Stevensons, instead joining through pupillages at other firms or, in the case of non-
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British engineers, through university training and work in the civil service. It is important, therefore, 

to be clear about what contribution can be made to the history of engineering by work on the 

Stevensons.   

Following McGeachan, this thesis has used the Stevensons to uncover ‘cracks and slippages 

inherent in otherwise smooth historical narratives’.949 Historians of engineering have previously 

studied the trajectory of the profession as a whole during the nineteenth century, developing 

accounts of topics such as professionalisation, quantification, expertise and the growing power of 

civil engineers as a professional group, particularly in colonial contexts.950 Such studies have proven 

highly effective in providing an overall understanding of the development and status of the 

profession, but have done so at the risk of presenting the engineering experience as monolithic and 

by flattening the rich diversity of experience that can be observed by detailed individual study.  

By approaching the subject of engineering through the Stevenson family, this thesis has 

considered different places, behaviours, and philosophies of engineering to those identified in 

existing accounts. It has found power outside of London’s elite institutions, explored the Stevensons’ 

engagement with theoretical science and university education long before such activities became 

commonplace, and identified the continuing importance of family and personal connections in the 

engineering business even in the context of increasing professionalisation and formalised training. In 

this way, this thesis had added to existing historiography, providing a richer understanding of 

nineteenth-century engineering, but cannot independently be taken to describe the experience of 

all, or even most, nineteenth-century engineers.   

 

 
949 McGeachan, Cheryl, (2018) ‘Historical geography II: traces remain’ Progress in Human Geography, 42:1, 
136.  
950 See, for example: Buchanan, R. Angus, (1989) The Engineers: A History of the Engineering Profession in 
Britain 1750–1914, London: Jessica Kingsley Publishers; Porter, Theodore M., (1995) Trust in Numbers: The 
Pursuit of Objectivity in Science and Public Life, Princeton: Princeton University Press; Mitchell, Timothy, (2002) 
Rule of Experts: Egypt, Techno-Politics, Modernity, Berkeley and Los Angeles: University of California Press; 
Marsden, Ben and Crosbie Smith, (2005) Engineering Empires: A Cultural History of Technology in Nineteenth-
Century Britain, Basingstoke: Palgrave Macmillan; Andersen, Caspar, (2011) British Engineers and Africa, 1875 
– 1914, London: Pickering & Chatto.  
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Future Directions: An historical geography of engineering? 

This thesis has demonstrated the possibilities for research presented by the detailed study of the 

Stevenson engineering firm. Drawing on a selection of projects undertaken by the family, it has 

explored a range of issues in the historical geography of engineering. Other Stevenson projects, 

however, particularly the broad range of work undertaken by the firm outside of Scotland, could also 

be fruitfully studied. As was explored in chapter six, nineteenth-century engineering involved 

international collaborative networks of engineers and scientists based around the world. An 

exploration of the Stevenson firm’s work outside of Scotland could extend the analysis presented in 

this thesis to consider how these international collaborative relationships functioned when the 

Stevensons were designing, rather than evaluating, the suggested modes of proceeding. What kinds 

of collaboration, for example, characterised the relationship between the Stevensons and the 

Japanese engineers with whom they worked to build the Japanese lighthouse service in the 1870s, 

and how did this relationship differ from their collaboration with American and Canadian fog siren 

designers?  

This thesis has also focused on some members of the Stevenson family more than others. 

Alan Stevenson’s work is less well represented in the NLS archive and has not featured heavily in this 

thesis compared with his brothers. Alan’s career was significantly shorter than those of David and 

Thomas. He was chronically ill throughout his career, retiring from the engineering business due to ill 

health in 1853, aged only 46. As this thesis has noted, the language of masculine fortitude and 

adventure became increasingly significant in science and engineering activities in the late nineteenth 

century. Further research on Alan’s experiences as a chronically ill engineer within this context could 

tell us a significant amount about the intersections of embodiment, masculinity, physical health and 

fitness, and engineering expertise, and provide a different perspective on questions of control, 

practice, and reputation.  

Similarly, the contribution and experiences of the women in the Stevenson family – of 

Robert’s daughter and granddaughter, both named Jane, who worked in an administrative capacity 
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within the firm – do not feature significantly in this research. Although I took care to note where 

they were occasionally acknowledged as amanuenses or assistants by their male relatives, detailed 

records pertaining to their specific contribution to or outlook on the firm’s engineering work have 

not been preserved in the archive. Future research considering other engineers or engineering 

families and using different records could pay attention to those family members whose 

contributions to engineering may be obscured or difficult to locate, and should consider how gender 

and disability, alongside other categories such as race, shaped the experience of engineering in the 

nineteenth century.  

Beyond its analysis of the Stevensons, this thesis has made the case for an historical 

geography of engineering. Following Lane, it has argued that ‘historical geography should embrace 

engineering in the same way it does science’.951 As explored in chapter three, historical geographers 

of science have established that scientific knowledge production always happens in specific places, 

and that knowledge travels between places through a range of human actions, not simply because it 

is true. As Mayhew and Withers point out, ‘today, it is possible to speak of the geography of science 

and for that to convey the importance of studying science’s spatial expression; its situated contexts 

of discovery and justification; its local, regional, national and global dimensions; and science’s 

mobility as a way of knowing and a form of communication between and among practitioners and 

their audiences’.952 Where Mayhew and Withers introduce these themes in relation to nineteenth- 

century science, I would argue that such concerns also provide a useful basis for approaching the 

history of engineering. 

Drawing on approaches from the historical geography of science, this thesis has examined 

engineering by detailed exploration of a range of specific spaces. It has considered how engineers 

conceptualised these spaces, what practices took place in and between them, and how public 

 
951 Lane, ‘Engineering’, 700.  
952 Mayhew, Robert J. and Charles W. J. Withers, (2020) ‘Thinking geographically about science in the 
nineteenth century’ in Mayhew, Robert J. and Charles W. J. Withers (Eds) Geographies of Knowledge: Science, 
Scale and Spatiality in the Nineteenth Century, Baltimore: Johns Hopkins University Press, 2.  
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perception and personal identities of engineers shifted over space. In other words, this thesis has 

considered how the epistemologies, practices and identities of the Stevenson engineers were 

shaped in, and shifted between, spaces such as the university lecture hall, the family office, the 

pages of learned journals, the banks of the Tay and Clyde, coastal fog signal stations, and the town of 

Wick. By following the Stevensons and their work through this series of locations, this thesis has 

made an argument that what counted as engineering knowledge and the nature of engineering 

practice shifted across space in response to local contexts and conditions. This central insight that 

engineering, like science, is fundamentally shaped by its geographies prompts considerations of how 

engineering worked in, or moved between, other places at other times which could form the basis of 

future work in an historical geography of engineering.  

There are also geographical concerns that are specific to engineering as a discipline 

concerned with making changes to the physical world. Space in engineering formed the object as 

well as the context of study, and the aim of engineering was not only to understand but also to 

transform space. Engineering was therefore an important means of demonstrating physical power 

over territory which became associated with control over people.953 As discussed in chapter six, 

engineering feats could become ‘political technologies’ and, through their physical presence in the 

landscape, serve as symbols of status and power.954 Chapters six and seven explored the ways in 

which the Stevensons were able to assert authority over space in Dunoon, and more dramatically in 

Wick, despite criticism. Engineers were made powerful through their command of expert status, and 

used this power to make changes to space, which themselves served as manifestations of political 

and territorial control and reinforced engineers’ claims to expertise. These systems of engineering as 

a manifestation of power over land and people were fundamentally geographical.  

Geography, therefore, must play a more significant role in future research on nineteenth- 

century engineering. Beyond work to expand of the range of local examples and case studies 

 
953 Mukerji, Impossible Engineering, 5. 
954 Schiffer, Michael Brian, (2005) ‘The electric lighthouse in the nineteenth century: aid to navigation and 
political technology’ Technology and Culture, 46:2, 275 – 305. 
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available to historical geographers of engineering, further work should consider how engineering 

was implicated in the spatial politics of various kinds of power. Recognising that relevant contexts of 

study ‘are produced by how practitioners in the past worked and configured their work,’ broader 

analysis may be required to understand the geographical frameworks that were meaningful to 

engineers and the ways in which they influenced the world.955 Geographers may also consider the -

long-term effects of engineering to produce particular geographies. Lane suggests we might study 

‘engineering as transformation, engineering as connection and dislocation, and engineering as 

displacement’, focusing more explicitly on how engineering changed places rather than on the 

geographies of engineering work as a practice.956 As the depth and diversity of the historical 

geography of science has demonstrated, the possibilities presented by beginning from the 

understanding that knowledge has a geography are numerous, and historical geographies of 

engineering thus far have only begun to scratch the surface of the work that could be done.   

 

Conclusion 

From small boats in the estuary of the Tay, the banks of the Clyde at Dunoon, the lecture halls of the 

University of Edinburgh, or the harbour walls at Wick, this thesis has followed the Stevenson 

engineers around Scotland and explored their engineering from a geographical perspective. Drawing 

on their rich archive and employing a small-scale, biographical approach focusing on a single family, 

it has explored what it meant to be a Stevenson engineer in the nineteenth century, using this 

specific experience to challenge monolithic accounts of the rise of the engineering profession in that 

period.   

Through this analysis, it has made the case for the wider significance of geography in the 

historical study of engineering. The Stevenson engineers physically and conceptually produced 

specific geographical landscapes through their work and were themselves influenced by the spaces 

 
955 Mayhew and Withers, ‘Thinking geographically’, 13.  
956 Lane, ‘Engineering’, 698.  
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in which they worked. Despite the language of imposition and control that dominated contemporary 

engineering discourse, and the family’s work to curate their own reputation as experts in controlling 

natural forces, the Stevenson engineers were fundamentally embedded in the landscapes they 

worked in and shaped by the geographies they worked to change. 
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