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Abstract
A theoretical framework for reconstruction as an integrated scholarly research method across a range of disciplines is long overdue. This paper discusses the usefulness of reconstructed textiles and dress as a template for it. It also argues that there is a need to integrate methods from the arts and humanities with analytical techniques from the natural sciences. The aim is to show how interdisciplinary research not only enriches a reconstruction but provides the mechanism through which cross-disciplinary collaboration takes place. Experimental remaking of historical textiles and dress has tended to be undertaken on an ad hoc basis. For reconstruction to be scientific, it must systematically employ soundly researched evidence from a variety of sources. The triangulation of data—well established in natural and social science—rigorously cross references primary evidence using a range of investigative methods. It produces a firm fix on the material under scrutiny and more credible results than those reliant on only one or two sources. The challenge is that different types of evidence demand specialist approaches, including quantitative and qualitative methods, which are not the traditional tools of dress history. Accurate reconstruction also demands interdisciplinary collaboration: the interrogation of fibres at the molecular level; the collection of observational data at the micro level; and the study of how garments were made and worn at the macro level. This calls for new ways of working with integrated methodologies in pragmatic multidisciplinary teams, which include experts from the humanities, sciences and craft.
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Introduction
Reconstruction projects are valuable tools for focusing interdisciplinary research. They offer the opportunity to bring together a variety of different perspectives on a research problem—across theory and practice, the intellectual and the tangible, and from within and outside a range of academic disciplines.
This paper proposes a theoretical framework for the reconstruction of past textiles and dress as a scholarly research method. Textile research has already been acknowledged as a trailblazer in reconstruction-based research. The work of John Peter Wild and Audrey Henshall laid some of the key foundations for experimental archaeology [1, 2]. Despite this long heritage and the many reconstructions made for a variety of purposes, there is no formal protocol suggesting how such projects should be undertaken or reported. If reconstruction is to have credibility as a research method and be applicable beyond dress and textile research, a systematic and scientific approach is necessary. This systematic approach will also ensure that a reconstruction functions as a mechanism through which close collaboration between those working in the humanities, the sciences, and craft may be fostered for new research paradigms to emerge.
There are four main ways in which dress and textiles are studied: the examination of the object; its cultural context; its production; and/or its practice (consumption and use) [3]. Whichever of these routes is adopted, there are three different categories of primary evidence available: representations, artefacts, and documents [4]. Archaeological and conservation perspectives also acknowledge the potential for investigation of an artefact through molecular analyses with, for example, examination of DNA, dyes, fibres, isotopes, and proteins [5]. There is a well-established tradition of investigating extant material with the latest advances in instrumental analyses to provide direct sources of data such as imaging techniques, fibre identification, condition assessment, radiocarbon dating and protein analysis among textile archaeologists. These tools are also routinely applied to historical material by conservators [6, 7]. There is now an opportunity for dress historians to exploit these techniques and data in similar ways.
A systematic deployment of well-researched evidence from a variety of sources is a prerequisite for a credible research method. The study of these different sources demands different methodologies. These are often the preserve of specialists in different academic spheres who lack a shared objective around which to focus their knowledge and skills. A reconstruction project aims to produce a tangible outcome on which a range of diverse expertise may be strategically focused. A robust reconstruction reflects an historical object such as a garment as the product of a complex interaction of resources, technology, and society [8, 9]. The different types of evidence demand a range of specific knowledge and skills, including the use of quantitative and qualitative methods, which are not the conventional tools of dress history.
Archaeologists have a track record of reconstruction projects or “archaeology by experiment” [1, 10]. Textile archaeologists were not only at the forefront of this movement but have continued it, although the resulting experiments are not always adequately evaluated in scholarly literature [11, 12]. This is partly because there is no theoretical framework against which to report them.
Some good practice has been demonstrated in the investigation of textile tools. The Centre for Textile Research (CTR) in Copenhagen has published rudimentary guidelines for good practice [13]. In contrast, it has been suggested that “researchers, curators and conservators, who have engaged in hands on experimental remaking of historical dress for decades have largely done so on an ad hoc basis” [14]. There is an absence of agreed terminology to describe what is produced and the process by which it is produced in experimental archaeology and experimental history: for example, the terms replication, reconstruction, recreation, and remaking are used without clear definition and in different contexts by different people doing different things [15–17].
This is not surprising since there is almost no literature on how newly made or remade objects are defined as scientific instruments. A spectrum with “historically accurate” at one end and “totally stylistic” at the other has been proposed. The latter is defined as being inspired by historical sources rather than true to them in every detail [18]. A hierarchy with replication at the top, reconstruction in the middle, and recreation at the bottom has also been suggested for textile archaeology projects. Here, replication is the exact duplication of an extant garment, reconstruction uses “justifiable speculation” or “gauze to fill in the gaps”, and recreation uses guesswork and imagination [19, 20].
Implied in both the spectrum and the hierarchy identified above is the concept of proximity to relevant primary sources. All newly made or remade dress and textile objects are constructs of assembled information in which empirical data are not the only ingredients. One type of evidence may be privileged over another. The integration of such sources is a highly subjective process. For the purposes of this paper, the word reconstruction is an umbrella term for all newly made textile and dress objects since it contains the helpful notion of a construct comprising a range of elements, including non-empirical information. The purpose of this paper is to recommend principles by which a textile or dress reconstruction is undertaken.
The notion that a replica, indistinguishable from or as close as possible to the original (at the top of the archaeological reconstruction hierarchy) or an historically accurate reproduction (at one end of the historical reconstruction spectrum) has a higher value than a recreation or a totally stylistic reproduction assumes that the purpose of the project is to duplicate the original. Setting a replica as the gold standard of reconstruction presents considerable problems. Most archaeological garments are incomplete or fragmentary. Both archaeological and historical examples often show evidence of wear, remaking or reuse: for example, an early bronze age corded skirt was repaired [21] and a seventeenth century silk satin doublet was widened at the shoulders with additional strips of fabric [22]. It is therefore necessary to choose which part of the object’s biography to reconstruct [23].
A more nuanced categorisation of reconstructions has proposed three different models: Model A is as close as possible to the original textile, both in material and production; Model B focuses on the shape of the garment but with the visual details and the processes of production simplified; and Model C concentrates on the form, colour and materials but craftsmanship is less of a priority [24]. The choice of model will be determined by the project’s purpose or hypothesis. This emphasises that the point of a reconstruction may not be to achieve precise accuracy in every detail. It may not serve the purpose of an archaeological or historical experiment to make a replica. If the variables under scrutiny are pertinent to the raw materials used or the performance of a constructional detail, it will not be necessary to replicate all the elements to the highest standards.
The model proposed below is intended primarily for the physical reconstruction of historical objects. It may also be useful for digital reconstructions [25–28]. That application is not explored in detail here because it does not offer the primary advantage of a tangible process and outcome, which can be experienced, perceived and tested via the five senses. This important intersection between the practical and the intellectual has been championed as “making and knowing”: and hands-on work presented as the only efficient way of acquiring literacy in materials and techniques [29]. In the context of dress, reconstruction “trains visual acuity … to better register the intelligence of the hand that has crafted a garment” [30].
The aim of this paper is to recommend a systematic approach to reconstruction projects to ensure that they produce credible tangible outcomes by bringing together a range of diverse expertise for the purpose of producing new knowledge. The methodology employed to develop the systematic model proposed here was three-fold: (1) A comprehensive literature review of published reconstruction projects was undertaken following a previous study of 30 articles’ use of terminology for reconstructions [31]; (2) A prototype model was tested via a reconstruction experiment [32]; and (3) More than 30 years of personal practical experience managing reconstruction projects for different purposes with a range of budgets, deadlines and outcomes was reviewed.

A SMART reconstruction
A useful approach in any project is to set “smart” objectives. These should be: (1) Specific; (2) Measurable; (3) Attainable and assignable; (4) Relevant and realistic; and (5) Timely [33]. By applying this model to textile and dress reconstructions, a set of useful guidelines for good practice for reconstructions in any discipline emerge.
	A)
Specific purpose—stating a hypothesis

 




Many reported reconstruction projects produce visually impressive outcomes but have no stated purpose [34]. The purpose of some reconstructions may be entirely functional, such as those used to prepare display mounts for fragile items or to conjecture a missing garment in a suit of clothes for exhibition [35, 36]. However, reconstruction as a scholarly research methodology requires a standard approach which produces comparable datasets and repeatable results [37]. These reconstructions require a clearly stated hypothesis. Three types of such practical experiments have been identified: simulation, production methods and function testing [2]. Simulation refers to reconstructions for display which illustrate research findings so far [38] or for costumed interpreters to wear at heritage sites [39]. Production experiments investigate the role of textile tools or tacit knowledge in the process of production [40, 41], or calibrate measurements such as how long it takes to spin, weave, knit or full materials [32, 42, 43]. Function testing includes how garments affect movement [44, 45], who wore them [46, 47], how they were worn [15] and how that wear affected the fabric [48]. It also extends to testing textiles other than garments such as reconstructed Viking ship sails [49]. Experimental archaeology projects have also investigated the sensory experience of clothing, tested a garment’s effectiveness, and identified new significant parameters for further research [50].
In order to have a hypothesis to test, researchers need theory [51]. Dress and textile specialists have been identified as slow to embrace the need for theory even though it has been defined as “a set of statements that advance knowledge by describing, explaining, or predicting the relationship between two or more concepts” [52], which many textile and dress historians propose on a regular basis [53]. Testing a theory requires the identification of variables. It determines which of them will be investigated, and which will be controlled. This also informs the design of the experiment, suggests the resources required, how relevant data will be collected, and how its outcomes are evaluated.
	B)
Measurable outcomes—designing data collection and evaluation

 




Identifying the purpose of a reconstruction project suggests the appropriate method of data collection. There are two categories of measurable outcomes: the data to be collected and analysed; and the evaluation of the project’s success. Experimental archaeology projects collect quantitative data drawn from specific measurements and/or qualitative data using systematic observations (such as evidence perceived through the body) which is recorded using words or numbers in a logbook, diary or spreadsheet [54]. Published historical reconstruction projects which do this are few and far between, although some have very specific hypotheses: for example, whether a specific person could have worn a garment associated with them [46].
A study of Early Modern knitted caps focused on the fulling process with the fleece identified as a crucial variable in producing the characteristic plush nap [32]. Miniature versions of the flat, circular linings inside the original caps were less complex to reconstruct and test than the caps themselves (Fig. 1). In this case, data collection concentrated on the time it took for the fulling process to produce a change in the knitted fabric, the depth of the nap produced, and the extent to which it obscured the loops in the knitting. Some qualitative assessments were undertaken too, such as how silky the different naps looked and felt in relation to each other. The reconstruction experiment served the hypothesis by indicating which of the fleece performed best under repeatable conditions.[image: ]
Fig. 1Reconstructed miniature versions of the flat, circular linings inside the original early modern caps served the purpose of testing the fulling time for five different sheep’s fleece (source: Jane Malcolm-Davies)


In addition to the data drawn from a reconstruction, it is recommended that all “products” be submitted to an objective analysis by external experts, according to the CTR guidelines [13]. Evaluation in this context is similar to that undertaken by the peer reviewers of an academic article. This task is becoming increasingly formalised with the use of specific criteria in structured or semi-structured formats [55]. Peer reviewing is usually undertaken without a fee. If travel or other expenses are necessary for evaluators to examine a reconstruction and/or extant objects which have informed it, these can be apportioned appropriately in a research budget.
The evaluators’ role is to assess how well the reconstruction serves the hypothesis of the research not to judge how “authentic” it is. Authenticity is a word much cited in the discussion of reconstructions. It is often used to suggest how accurate a reconstruction is. In current use, it has several shared, and often muddled, meanings [56]. Only an original item has authenticity [57]. It is therefore not suitable for use as a scale by which reconstructions may be measured [58].
A more helpful concept is that of accuracy [59]. This has been adopted by conservators working with oil paintings to describe the use of materials appropriate to their time of creation with the aim of producing reconstructions at the material level as well as in surface appearance. The “Historically Accurate Reconstruction Techniques (HART)” model incorporates the international standard which defines the scientific concept of accuracy (Table 1): ISO 5725 [9]. The accuracy of oil paintings reconstructed using HART were evaluated in part by how well they performed under various standard analyses such as scanning electron microscopy (SEM). A similar test was used in the evaluation of dyed tablet-woven wool bands based on those found at Hallstatt in Austria. The modern parameter of colour fastness was measured on the relevant standard scale from 1 to 8, with the target being 3 to 6. One of the reconstructions scored 3 and the others between 5 and 6, although these were lower than the scores for colour fastness of the original bands [8].Table 1Carlyle’s model of accuracy ([59], fig. 2) based on ISO 5725–1 applied to the reconstruction of a seventeenth century knitted silk waistcoat showing how proximity to “trueness” is affected by the materials (X), how they are processed (Y), and levels of craft expertise employed (Z)


	Accuracy/trueness
	- (relatively less accurate)
	 ± (between relatively less and relatively more accurate) 
	 + (relatively more accurate) 

	Materials (X)
	Artificial
	Semi/part natural
	Natural

	100% wool (or another non-silk fibre)
	Silk/wool blend (or another non-silk fibre blend)
	100% silk

	Spun and plied
	Spun
	Reeled

	Commercially dyed
	Artificially hand dyed
	Organically dyed

	Processing (Y)
	Industrial
	Semi-industrial
	Handmade

	Knitting machine
	Handknitted
	Handknitted

	Hooks
	Circular needle
	Multiple double-pointed needles

	Flat knitting, sewn to shape
	Round knitting
	Round knitting

	Labour (Z)
	Beginner
	Learner
	Expert

	Amateur, inexperienced, self-taught knitter
	Semi-professional, limited experience, part-qualified knitter
	Professional, experienced, qualified knitter




A project which employed an exemplary third-party assessment of its outcomes was the reconstruction of an 1880s gown. Three different ways of drafting patterns from the original were evaluated to see which created the best reproduction. A panel of 12 people independently assessed the reconstructions against the original garment. They used a five-point rating scale, a separate list of features to compare, and undertook a ranking exercise. These evaluation instruments together produced a mathematical score for each of the pattern drafting methods under scrutiny [60]. The involvement of a panel of experts and the development of an evaluation instrument for them to use offers a practical way of gathering comparable feedback on a reconstruction.
In contrast, there is a trend for reconstructors to be their own evaluators. It has been argued that the arts-based approach of “reflective rationality … usually involving hands-on experimentation and observation … is vital to understanding the skills and design knowledge of early modern artisans” [61]. A lack of expertise has been acknowledged as a strength of reconstruction experiments: “Exposure to the experiential knowledge of materials and techniques makes people “aware of what they do not know” [62].
Reflective rationality may be both a method of data collection and evaluation. But there is distinction between what may be learnt through the reenactment of a production process by an inexperienced researcher-gone-crafts–person (see below) and the reconstruction of an object by an expert practitioner. Reflective rationality is a useful approach even for a researcher who lacks “the embodied expertise of an early modern craftsperson” because “reconstruction allows them to gain a much clearer sense of what was at stake in acquiring and exercising material literacy, at least to the point of being able to better read historical objects, and to appreciate what kind of gestural knowledge their creators would have had to possess” [63]. If the reconstructors are not expert practitioners, what they experience is the process of becoming aware of their own limitations: “Primarily, this experiment taught me to think more like an artisan and less like a scholar, often the result of learning from mistakes” [61]. If the purpose of a reconstruction is to learn something about the materials’ properties, the construction methods or how the garment functions in wear, then it is better done by an experienced practitioner who will avoid a beginner’s mistakes and ensure a more legitimate set of results. Likewise, when data on a reconstruction experiment is generated by the reflections of a researcher who is not an expert, it is important to limit conclusions to those related to the experience of the non-expert and avoid extrapolating the outcomes to assumptions about how such objects were made or behaved in the past.
	C)
Attainable and assignable tasks—deciding who does what with what

 




The third component of a scholarly approach to reconstruction is the allocation of attainable tasks to competent specialists. The CTR’s guidelines recommend “it is essential that tests are performed by several skilled craftspeople, otherwise it will not be possible to evaluate if the end product is affected by the tool or by the craftsperson … and to secure a more objective assessment of the results” [13].
Arguably, the loss of craft skills presents the greatest barrier to competent reconstructions for scholarly purposes. Craft is a living tradition—as recognised by UNESCO, which called for the preservation of intangible cultural heritage as long ago as 2003 [64]. Despite this, integrating craft expertise into a scientific reconstruction is still a challenge because it does not have a widespread academic presence. Very few universities have an academic discipline in craft, and textile crafts are particularly poorly served. There are notable exceptions: academics at the Department of Estonian and Comparative Folklore, at the University of Tartu, Estonia, have taken a scholarly approach to the craft of knitting [65]; and the textile studies team in the art history department at the University of Uppsala includes academics with specific training, skills and qualifications in tailoring, weaving and lacemaking.
Collaborations between university researchers and expert craftspeople have been reported [66] and there are examples of trained practitioners who apply their skills in academic work [67, 68]. But often the tacit knowledge and valuable insights of expert craftspeople go unharnessed and/or unrecorded. An appreciation of craft practices bridges the divide between the study of the materials (fibres, processing and construction) and the study of meaning (culture and context). For these reasons, positioning craft at the centre of a reconstruction is an important part of the research methodology (Fig. 2). It has been argued that this type of embodied skill or tacit, unarticulated, unexpressed, silent knowledge, which is not formalised or written down can be problematic in a scientific context: “It is personal, subjective and does not easily submit to a standard scientific testing and rigour” [69]. But it is possible to learn crafts through recognised qualifications, apprenticeships and training programmes. Craft expertise is also recognised by years of experience as a practitioner and through recommendations from other professional craftspeople. A craftsperson who makes their main living via their craft and provides a professional service is likely to be more expert than a self-taught hobbyist, although for craft practices for which there are no surviving or uncertain training methods, a long-served amateur apprenticeship may be the only source of expertise.[image: ]
Fig. 2A model of good practice for auditing primary and secondary sources of evidence and today's labour resources for reconstructions (source: The Tudor Tailor, image: Jane Malcolm-Davies & Jodie Cox)


Reconstructing dress and textiles in this way takes time, effort, energy, specialist expertise, physical skill, and significant financial resources. Citizen science is a model of scientific research which has the potential to recruit a large number of people with a range of experience, who, under the direction or with the assistance of experts, can contribute their volunteer labour to an otherwise expensive undertaking. It began with the pioneering use of idle computers for identifying Mersenne prime numbers in 1996 for which 1.25 million participants were recruited to generate what has more recently been dubbed crowdsourced knowledge [70]. Citizen science also offers other advantages. Some of the volunteers may be experts who wish to participate in academic research and others may be fast workers with time on their hands. Craft fits the definition of serious leisure for many who participate in it, and it is known to foster wellbeing and offer other therapeutic effects [71]. However, managing volunteers to ensure they provide valid data and gain some personal benefit from participating is an extra responsibility which may not sit well with all reconstruction projects’ aims, objectives or resources.
Whether the craftspeople are paid experts, serious leisure seekers or somewhere between the two, it has been suggested that “crafts in experiments may need to be evaluated with greater care and the uncertainties they contain must be recognised” [69]. This is particularly challenging in the case of the “researcher-gone-craftsperson” for whom the possible conflicts of interest this combination presents have been noted [72].
	D)
Relevant evidence and realistic interpretation of it

 




There is a well-established tradition of triangulation in the natural and social sciences, by which a range of evidence is gathered via different investigative methods and is rigorously cross referenced [73]. This provides a firm fix on the material under scrutiny and produces more credible results than those which rely on only one or two sources and only one or two methods of investigation [74].
A comprehensive audit of the available evidence for a reconstruction will suggest the appropriate variables to be tested, and note when there is a complete lack of relevant material. Variables are ascertained with thorough research into what is known from the three main sources: Pictorial evidence, Artefactual evidence and Documentary evidence. Surveying these sources for a reconstruction produces a “PAD”, a firm foundation on which it stands, according to The Tudor Tailor’s model (Fig. 2). However, in the same way that craftwork requires specialist skills, so too does the study of sources. A systematic approach to all the available evidence requires a range of methodologies.
Pictorial evidence is usually studied via traditional art historical methods which sometimes take an anecdotal approach to it: this evidence includes crucial information at the macro level such as how a garment was worn and in what context [75]. There are also relevant lessons to be drawn from the role of connoisseurship in art history, including the detailed recording of an object, comparing and contrasting similar examples, and exploration of its material for clues as to how it was crafted [76, 77]. These suggest the credibility of the evidence for textiles and dress represented (such as the accuracy with which texture is represented). Visual evidence can also be explored in very systematic ways [78, 79]. There are methodologies drawn from the social sciences available for interrogating pictorial sources as quantitative evidence. These use databases with keywords which identify garments and other features of dress [80, 81], although there is much work to be done in developing terminology which has universal application in this context.
Artefactual evidence comes from the study of the object itself for which general guidance has been provided [82]. This is not a methodology which has been well documented in textile and dress research, although some literature which suggests how textile structures may be described in detail has been put to good use in archaeology [83–85]. Some practitioners have published exemplary reports on extant examples but there are no step-by-step guides to this kind of recording [86]. This may go some way to explaining why there are so few comprehensive and accessible reports on historical garments available. Curators have published “how to” guides [87, 88], others have hinted at how detailed records might be compiled [89, 90], and conservators have developed appropriate ways to take precise measurements from garments [91].
A textile or dress object provides primary evidence at the macro level such as its dimensions. These include the details seen with the naked eye or a basic magnifying glass which can be quantified or measured. There are also the details at the micro level such as the fibre diameter. The examination and description of an artefact in these terms is relatively straightforward, especially when conventional protocols are followed such as the expression of warp followed by weft as threads per unit (centimetre, ten centimetres or inch) for woven fabrics and gauge per unit for knitted fabric (see Knitting in Early Modern Europe for specific measurements of knitted garments [92]). A number of conventions are in use to describe textile objects such as CIETA’s for woven fabrics (2022), Walton and Eastwood’s guide (1988), proposals for refinement such as Splitstoser’s (2012), and protocols specific to non-woven textiles [85, 93–96]. Spin angle is measured in degrees from the vertical with the direction indicated as “s” or “z” (lower case letters) and the ply and its twist as “S” of “Z” (as uppercase letters), with the thread/yarn diameter in millimetres. More difficult is the definition and description of colour without recourse to systems such as the CIELAB and Munsell, which are not routinely used [97]. Colorimetric methods now allow for non-invasive and precise colour identification in historical artefacts in general and in textiles such as tapestries in particular [98, 99].
The non-specialist has access to the micro level of an original object via the use of user-friendly and affordable USB microscopes (such as Dino-Lites) which make higher magnification observations possible without specialist training. These were previously only possible with fixed, more expensive, and less accessible stereo microscopes, although it remains to be seen whether their use provides similarly accurate results. The micro level of observation includes fibre identification to suggest the animal or plant from which it came and fibre diameter measurements to assess the quality of the material (conventionally based on 100 fibres) [100, 101].
The micro level of study using powerful optical equipment such as scanning electron microscopes reveals more about the material under investigation than is available at the macro level. These observational techniques usually require specialists such as conservation scientists who are trained to use them [102]. This puts them one step beyond most textile and dress historians’ reach whereas archaeological specialists are more likely to have had relevant training because of the emphasis on scientific approaches to excavated material.
Beyond that, artefacts may be studied at the molecular level using techniques such as x-raying, micro CT-scanning, radiocarbon dating, proteomics, and isotope analysis (see Table 2) [103]. However, the integration of this type of work into textile and dress reconstruction has been slow to evolve. Understanding the origin of materials (for example, the species of plant/animal and geographical provenance), their morphology (for example, shape, form), their treatment, colours and fixatives (for example, with dyes, mordants, glues) and how they were processed (for example, reeled, spun, plied) helps a researcher decide where appropriate compromises are to be made for the hypothesis under consideration [8, 104].Table 2The integration of scientific analysis with reconstruction as a scholarly research method


	Method
	Identifies
	Aids decision making for resources

	Scanning electron microscopy (SEM)
	Fibre
	Materials

	Dye and mordant analysis
	Original colour/s, dyestuffs
	Materials

	Fourier transform infrared spectroscopy (FTIR)
	Chemical compounds
	Materials

	Surface-enhanced Raman spectroscopy (SERS)
	Natural dyes
	Materials

	Molecular fluorescence
	Natural dye recipes, dates, locations
	Materials

	X-ray fluorescence spectrometry (EDXRF)
	Chemical elements
	Materials

	Radiocarbon dating
	Age
	Materials

	Isotopic tracing
	Geographical provenance
	Materials

	Proteomics
	Proteins, animal/plant species, age of animal/plant
	Materials

	DNA analysis
	Fibre, plant/animal species
	Materials

	MultispectraI imaging
	Dyes
	Production methods

	Photogrammetry
	Surface texture mapping
	Production methods

	Micro-CT scanning
	Structural mapping
	Production methods

	X-raying
	Structural mapping – hidden folds or layers
	Materials and production methods


Identification of the above provides vital evidence for materials to be sourced and used in reconstructions. Subsequent decisions on appropriate resources are based on the environmental resources at the point and date of origin, methods of production available in that locality at that time, and known trade routes



Documentary evidence (including secondary source material such as work by earlier researchers or transcripts of interviews in oral histories) can be interrogated in many ways including qualitative and quantitative study. There are many helpful guides to using archival sources [105–110]. Economic historians of dress have demonstrated the value of large statistical studies of archives [111]. Databases now facilitate quantitative analysis of documentary evidence and there are guides to their construction available [112–114].
A thorough audit of these three sources of primary evidence will inform the crucial decisions and compromises to be made regarding the materials to be used, the constructional details, finishing techniques, and embellishments (Fig. 3). A further audit of the resources available to match or approximate these may demonstrate that compromises must be made [115]. These should be thoroughly documented [116]. Any “justifiable speculation” will only be legitimised with a clear rationale based on a triangulation of sources and the availability of modern resources: “Patient exploration of all the alternatives will serve science better here than mere enthusiasm to produce something tangible” [19].[image: ]
Fig. 3Decisions taken in planning a replica artefact as opposed to a reconstruction (source: Gilbert 2005, Fig. 14, p. 19)


	E)
Timeplan—scheduling appropriate deadlines

 




The project schedule should include adequate time for the purpose to be identified, the primary evidence audited, interrogated and triangulated with any speculations appropriately recorded, resources identified (including appropriate labour recruited and briefed) with compromises documented, the reconstruction completed, relevant data collected from it, and the evaluation undertaken. All these stages of the project should be adequately recorded for the reconstruction to be regarded as robust and scholarly.
Time is likely to be required for preparatory work to test materials and/or tools for a more complex phase of experimentation. These results will form part of an iterative process of investigation. It is also recommended that the time plan allows for repeated experiments because the first reconstruction may reveal fundamental flaws in the materials or method of work, which are  be corrected in subsequent reconstructions. A process of trial, error, review, rethink, repeat is likely to produce the most useful results [41, 117]. One exemplary study produced six garments for comparative evaluation to identify the most satisfactory outcome [67].

Case studies
Two case studies serve to illustrate the SMART model in practice. The first project was devised in line with the model and the second project was a test case mapped on to the model retrospectively. These two overviews are not models of how a reconstruction project should be reported. They are checklists demonstrating how the SMART model is applied for project planning and execution. The first case study demonstrates the application of the SMART model to a reconstruction project focusing on a seventeenth century knitted silk garment at the Museum of London (inventory number A27050) said to have belonged to King Charles I. The reconstruction project aimed at investigating the materials and techniques used for knitting a man’s waistcoat in the early modern era [118].
Case study 1: A seventeenth century knitted silk waistcoat	A)
Specific purpose

 




The first hypothesis was that a modern silk thread with a diameter of about 1 mm knitted in the gauge (the number of wales and courses per 10 cm) of the original would produce a fabric which replicated the look and drape of the original. The second hypothesis was that a reconstruction based on a published pattern of the decorative motifs would pinpoint the suspected errors in it [119].
	B)
Measurable outcomes (data and evaluation)

 




The data to be collected from the reconstruction were overall measurements (length, circumference, depth and width of motifs), number and placement of the motifs, and the gauge. Evaluation of the success of the reconstruction was assessed by a panel of four textile/dress experts (a curator of dress history, an archaeologist/crafts-person, and two textile historians/craftspeople) who completed a three-part questionnaire asking for comparisons between the original and the reconstruction. They were asked to comment on specific characteristics and give a score to their overall impression, materials used, construction techniques and provide recommendations for improvement.
	C)
Attainable tasks assigned to appropriate specialists and achieved with appropriate resources

 




	3a
Specialists and tasks

 



A team of specialists was recruited including a professional historical costumier with extensive handknitting experience, a doctoral student with a special interest in the reconstruction of historic dress and professional experience in handknitting, a semi-professional spinner with experience of working with silk, and a masters student with experience of reconstructing historic knitwear using a knitting machine. Each had the opportunity to view the original garment, take notes and photographs, and share background information on the garment such as relevant literature. One volunteer knitter also joined the team (Table 1).
	3b
Resources

 



The team worked with silks which were available to buy commercially although none replicated the original silk precisely. The spinner also experimented with a range of processed and raw silks to see whether they could be spun or reeled to a suitable dimension. The test swatches they produced were compared and the nearest commercial silk to the original selected. The knitted swatches also provided evidence for an estimate of the time it would take an experienced knitter to knit a complete waistcoat. However, there were several critical construction issues to resolve before investing the time to reconstruct the whole garment. A previous project had recruited volunteers to knit very fine gauge silk stockings for whom one stocking seemed a manageable task [120]. Knitting a sleeve was a comparable task and well within the competence and time available for the historical costumier. A sleeve also required far less silk than a full waistcoat. It was possible to buy off-the-shelf embroidery silk with very little spin which was close to the original but too wide in diameter. Eight double-pointed 1.2 mm needles were necessary to achieve the gauge required for the fabric and the circumference of the sleeve at its widest.
The commercial silk selected for the reconstruction required a few compromises. It was only available in a golden colour (an undyed version would have been preferable because the results of dye analysis will be taken into consideration later in the project). The thread diameter was thicker than the original which made the knitted loops bigger. This required an adjustment in the number of pattern repeats possible in a sleeve of the same dimensions as the original.
	D)
Relevant primary evidence—audit, triangulation and interpretation

 




A review of relevant pictorial, artefactual and documentary primary sources demonstrated that extant waistcoats present the greatest quantity and quality of evidence. There are no known depictions of men wearing knitted waistcoats although two paintings in Scandinavian churches are thought to show women wearing them under other garments [121]. There are 22 damask or purl-patterned knitted waistcoats in museum collections similar to the one under scrutiny here [122]. There are references to knitted waistcoats in archives, including wills bequeathing them. Charles I was supplied with knitted waistcoats by his haberdashers [123]. However, these sources do not provide much detail about the silk from which they were knitted or how they were made.
Magnified Dino-Lite microscope images of the silk (from × 15 to × 55) provided the opportunity to examine the structure of the thread and look for evidence of dye. This established the lack of spin and ply. These images also confirmed the gauge and direction of the knitting and details such as the method of shaping (increasing). It was not possible to establish with certainty how the false seam/jog was constructed because access to the inside of the garment was restricted. Images taken at × 435 magnification suggested a few fibres were saturated with blue dye although it was possible that these were contamination rather than original material. Microfadometry testing (MFT) was undertaken to consider appropriate display, lighting and storage arrangements in the future. This suggested that the colour of the waistcoat has already undergone substantial fading but that there was some evidence of an indigo dye. Further dye analysis was undertaken using x-ray fluorescence (to identify inorganic material such as metal mordants) and fibre optic reflectance spectroscopy (to identify organic colourants). Raman spectroscopy and surface-enhanced Raman spectroscopy (SERS) also suggested an indigo dye was used at some time in the waistcoat’s history. High performance liquid chromatography (HPLC–DAD-MS), a destructive test, will be undertaken before the next phase of reconstruction project to identify the organic colourants more precisely.
	E)
Timeplan

 




The schedule for the waistcoat research project was imposed by the requirement to provide reports to external funders on specific dates and constraints on the period within which the budget was to be spent. The project was undertaken within 18 months, although this did not include all the time required to draft reports and publications. Some necessary restrictions on access to the waistcoat were imposed by conservation before it went on display for seven months. The reconstruction phase of the project began with the team viewing the garment, followed by a six-month search for appropriate silk thread and experimentation with samples. Once decisions were made on the materials, the sleeve was knitted in a month. A review meeting for the reconstruction team was held one month after that and the evaluation day three months later (once the waistcoat was out of the exhibition).
The data collected during the project provided clear guidance on the specification for reeled silk thinner than the commercial embroidery silk available for the first reconstruction. The data also gave a reliable indication of how many hours it was likely to take a professional knitter to complete a whole waistcoat. One sleeve represents an estimated 17% (one sixth) of the whole garment, which suggests a waistcoat will take 600 hours of knitting. The evaluation of the knitted sleeve identified amendments to specific characteristics which will bring it closer to the original: a change in knitting technique to avoid twisted loops with one leg longer than the other; the jog or false seam requires one additional wale; and a blank area (with no motifs) on either side of it.
The second case study demonstrates the application of the SMART model to a reconstruction project focusing on a material used in dress (as a textile support, as a stiffening, and for marking out design templates). It is also used as a medium for writing more usually known as vellum. The reconstruction project described here aimed at investigating the feasibility of handcrafting parchment which would be suitable for creating a copy of an original document dating from 1814 [124].
Case study 2: An early nineteenth century parchment treaty	A)
Specific purpose

 




 The hypotheses were that detailed methods and tools for making parchment described in the 12th and 18th centuries would produce a more acceptable medium for writing than modern commercial production processes. Parchment prepared using today’s industrial chemical treatments and machine sanding processes does not provide a surface suitable for writing. The reconstruction project proposed using only materials and specially made tools described in historical sources.
	B)
Measurable outcomes (data and evaluation)

 




The measurable outcomes for the project were that the handcrafted parchment would provide a sufficiently thin (0.2 microns) smooth surface on both the hair and flesh sides suitable for writing with a goose quill and ink. Evaluation of the success of the project was assessed by manuscript conservators familiar with early 19th century parchment who were able to compare tool marks observable on the original documents with those on the reconstruction. The parchment was also evaluated by a team commissioned to produce other elements of a reconstruction of the Treaty of Kiel signed between Denmark-Norway, Sweden and Great Britain in 1814. The final evaluation was the acceptability of the reproduction for display by the Norwegian parliament, which had commissioned the work [124].
	C)
Attainable tasks assigned to appropriate specialists and achieved with appropriate resources

 




	3a
Specialists and tasks

 



 The reconstruction was prepared by a parchment conservator with fifteen years’ experience of experimental parchment making, in collaboration with an experienced professional calligrapher [125].
	3b
Resources

 



The materials used were salted skins from six-month-old calves. The stillborn animals used in the past are no longer commercially available. The skins were washed, rinsed and soaked in slaked lime for two weeks after which they were dehaired and partially defleshed on both sides with the blunt edge of a curved knife (on the hair side) and a sharp blade (on the flesh side) against a wooden beam. They were further “scudded” to remove the lime and thin them down – in some places from a thickness of 1cm. The skins were then stretched on herses (wooden frames) for shaving with the sharp edge of a semi-circular “lunellum” knife and pumicing with chalk. This work completely removed the hard, gelatinous material on the hair side to produce a surface identical to the flesh side [124].
	D)
Relevant primary evidence—audit, triangulation and interpretation

 




A review of relevant pictorial, artefactual and documentary primary sources revealed many medieval images of parchment makers with their equipment and tools [124]; for example, St Jerome in the Hamburg Bible of 1255 [126]. Close examination of the original treaty showed there were no holes in the folia supporting the main text and that the hair sides absorbed the ink just as efficiently as the flesh sides (without any penetration to the other side [124, 127].
A white deposit is visible in the wrinkles at the edges of the parchment folia. This has been identified chemically as calcium hydroxide. There are even indications of a dried lime crust where parts of the skin floated above the surface of the liquid. This is evidence of slaked lime providing the alkaline bath to remove the animal’s hair. There are also marks left by different tools, especially knives, which were used for shaving, scraping and smoothing the surface and to reduce the skin’s thickness. The presence or absence of these is observable on both sides of the parchment providing evidence of which processes were necessary for which types of skins. Other clues to the preparation of the parchment are provided by unfinished peeling, striation marks from shaving the hair side of skin, and tension lines showing the direction in which the skin was stretched [128].
A detailed account of the preindustrial processing of parchment provided further step-by-step guidance as text and in engravings [128]. A further documentary source which provides detailed instructions for making parchment was also identified. These were included in a German medieval compendium of crafts written in Latin between 1110 and 1140. It includes descriptions of the various activities for transforming animal skin into parchment. Among other detailes, it explains that the lime bath will take twice as long in winter as in summer to be effective [129].
	E)
Timeplan

 




The skins are most efficiently processed in the summer when the warmer temperatures ensure that they need only be soaked in slaked lime for two weeks. This is also when the weather is better for working out of doors and the skins will dry more quickly than in the winter. The first two days of work required the skins to be repeatedly rinsed and scraped while wet. This was followed by at least another two days for the skins to dry naturally and stretch (depending on the weather and thickness of the skin), and a further two days for dry working [130]. Most of the reconstructions made to test the hypotheses that historical lime-based methods and tools could successfully produce appropriate parchment for writing were made as part of a larger batch after Easter to take advantage of the warmer weather [131].
The parchment maker and the calligrapher worked together to ensure that the reconstruction’s surface had the same quality as the original Treaty of Kiel. Both the quality of the texture and its thickness were similar to delicate suede and, as a result, both hair and flesh sides took the ink well. They lacked the shine which causes ink to flow uncontrollably. The lack of hair helped the calligrapher achieve speed and precision in copying the original text [124, 125]. The reconstruction was sufficiently close to the original for it to be displayed at the Storting (parliament) archives in Oslo, where it may be viewed today.
These two case studies go some way to demonstrating the application of the SMART reconstruction model and  showing that “the skill of makers must be taken seriously as a form of knowledge and that collaborations between makers and scholars are one way to break down the extremely pervasive and long-enduring partitions between mind and hand and between making and knowing” [132].

Conclusion
Scientific reconstruction is the mechanism by which a variety of methodologies can come together to generate new knowledge by cross referencing a range of different primary evidence. There is a need for a model of good practice for experimental reconstructions in both archaeological and historical research which includes the triangulation of data, the control of variables, and the evaluation of outcomes. Recognising the role of interdisciplinary team working in systematic textile and dress research is long overdue, although it is not unusual in this omission [15]. The statement of a specific hypothesis directs the collection of useful data and makes it possible for a reconstruction to be evaluated according to the project’s objectives and not against a vague and troubled notion of authenticity. It is recommended that researchers structure reconstructions in a scholarly fashion by identifying:	A)
A specific purpose stated as a hypothesis with variables to be tested;

 

	B)
Measurable outcomes with appropriate data collection and evaluation;

 

	C)
Attainable tasks which are assigned to appropriate specialists and achieved with appropriate resources;

 

	D)
Relevant primary evidence through an audit, triangulation and interpretation of it; and

 

	E)
A timeplan which schedules the processes and products of the project with appropriate deadlines.

 




This model of good practice will encourage smart ways of working with integrated methodologies in pragmatic multidisciplinary teams [133], which include experts from the humanities, the sciences, and craft. Further strategies for closer collaboration between researchers building reconstructions and those investigating the original objects is encouraged to ensure that the eloquent primary evidence from surviving artefacts gives voice to the interplay of the raw materials, the processing and the production of textiles (and other objects) in the past.

Acknowledgements
Many thanks are due to Jiří Vnouček for information on his parchment making experiments. Geeske Kruseman and Lesley O’Connell Edwards commented on early drafts. Beth McMahon and Melanie Schuessler Bond offered helpful feedback. Cecilia Aneer provided additional references. Thanks too to three peer reviewers who offered constructive suggestions. Early work on the model was part-funded by a Marie Skłodowska Curie Research Fellowship (grant agreement 656748) and an award from Stiftelsen Agnes Geijers Fond för Nordisk Textilforskning. This article was written as part of the Beasts to Craft (B2C) research project, which received funding from the European Union’s Framework Programme for Research and Innovation Horizon 2020 (grant agreement 787282). It also benefited from a Janet Arnold Award from the Society of Antiquaries of London (2022). This article/publication is based upon work from COST Action EuroWeb, CA19131, supported by COST (European Cooperation in Science and Technology).

Author contributions
Not applicable.

Funding
Open access funding provided by Royal Library, Copenhagen University Library.

Availability of data and materials
Not applicable.

Declarations
Consent for publication
Not applicable.

Competing interests
The author declares no competing interests.


References
	1.
Coles J. Archaeology by experiment. London: Hutchinson; 1973.

	2.
Peacock E. The contribution of experimental archaeology to the research of ancient textiles. In: Walton Rogers P, Bender Jørgensen L, Rast-Eicher A, editors. The Roman textile industry and its influence. A birthday tribute to John Peter Wild, Oxford: Oxbow Books; 2001. p. 181–92.

	3.
Skov, L, Melchior, M. Research approaches to the study of dress and fashion. Creative encounters, working paper. 2008;19:1–18, p. 10.

	4.
Riello G. Things that shape history: material culture and historical narratives. In: Harvey K, editor. History and material culture: a student’s guide to approaching alternative sources. Oxford: Routledge; 2009. p. 24–46.

	5.
Gleba M. Textiles studies: sources and methods. Kubaba. 2011;2(2–26):9–12.

	6.
Serrano A, Meijer S, van Rijn RR, Coban SB, Reissland B, Hermens E, Batenburg KJ, van Bommel M. A non-invasive imaging approach for improved assessments on the construction and the condition of historical knotted-pile carpets. J Cultural Herit. 2021;47:79–88.

	7.
Salazzo C. Characterizing historical textiles and clothing with proteomics. Conservar Património. 2019;31:97–114.

	8.
Hartl A, Bommel M, Joosten I, Hofmann-de Keijzer R, Grömer K, Rösel-Mautendorfer H, Reschreiter H. Reproducing colourful woven bands from the Iron Age salt mine of Hallstatt in Austria: an interdisciplinary approach to acquire knowledge of prehistoric dyeing technology. J Archaeol Sci Rep. 2015;2:569–95.

	9.
Carlyle L. Reconstructions of oil painting materials and techniques: the HART model for approaching historical accuracy. In: Dupré S, Harris A, Kursell J, Lulof P, Stols-Witlox M, editors. Reconstruction, replication and re-enactment in the humanities and social sciences. Amsterdam: Amsterdam University Press; 2020. p. 141–67, p. 81.

	10.
Coles J. Experimental archaeology. London: Academic Press; 1979.

	11.
Matsin A. The 13th-16th century tablet-woven bands from Estonia. In: Hopkins H, editor. Ancient textiles, modern science: recreating techniques through experiment Proceedings of the first and second European Textile Forum 2009 & 2010. Oxford: Oxbow Books; 2013. p. 64–78.

	12.
Zimmerman H, Douwes J. Sixteenth-century children’s clothing: the reconstruction of a pair of breeches and a doublet. Archaeol Text Newsletter. 2004;38:2–10.

	13.
Andersson Strand E. Experimental Textile Archaeology. In: Andersson Strand E, Gleba M, Mannering U, Munkholt C, Ringgaard M, editors. NESAT X North European Symposium for Archaeological Textiles. London: Oxbow Books; 2010. p. 1–3.

	14.
Davidson H. The embodied turn: making and remaking dress as an academic practice. Fash Theory. 2019;23(3):329–62, p. 8.

	15.
Davidson H, Hodson A. Joining forces: the intersection of two replica garments. In: Hayward M, Kramer E, editors. Textiles and text: re-establishing the links between archival and object-based research. London: Archetype; 2007. p. 204–10.

	16.
Hayward M. Unlocking one facet of Henry VIII’s wardrobe: an investigation of the base. In: Hayward M, Kramer E, editors. Textiles and text: re-establishing the links between archival and object-based research. London: Archetype; 2007. p. 45–51.

	17.
Morena J. Definitions of authenticity: a study of the relationship between the reproduction and original Gone With The Wind costumes at the Harry Ransom Center. In: Gordon R, Hermans E, Lennard F, editors. Authenticity and replication: the ‘real thing’ in art and conservation. London: Archetype; 2014. p. 119–30.

	18.
Radcliffe P. Period dress projects: considerations for administrators. Curator. 1987;30(3):193–8, p. 196.

	19.
Wayland Barber, E. Archaeology by experiment and reproduction. In Proceedings of the 9th International Aegean Conference, Yale University, 18–21 April 2002. Foster, K, Laffineur, R. Liège & Austin: Aegaeum 24. 2003. p. 193–195, p. 194.

	20.
Wayland Barber, E. How we came to dress the way we do: tales from a scholar’s 30-year pursuit of origins, paper presented at From fig leaves to bling bling: let research ring, Costume Society of America Symposium, Philadelphia, 2005: May.

	21.
Demant I. Making a reconstruction of the Egtved clothing. Archaeol Text Rev. 2017;59(33–43):33.

	22.
Payne S, Wilson D, Pardoe T, Mikhaila M. A 17th century doublet from Scotland. Costume. 2011;45(39–62):47–8.

	23.
Kopytoff I. The cultural biography of things: commoditisation as process. In: Appadurai A, editor. The social life of things. Cambridge: Cambridge University Press; 1986. p. 64–91.

	24.
Demant I, Batzer A. The good garment reconstruction. In: Lyngstrøm H, editor. Refashioning Viking Age garments. Copenhagen: University of Copenhagen; 2015.

	25.
Kodrič Kesovia M, Penava Z, Danijela Jemo D. The story of two historical textile fragments: technical analysis and reconstruction of the lost textile pattern. Text Res J. 2021;9(23–24):2859–71.

	26.
Kuzmichev V, Moskvin A, Mariia Moskvina M, Pryor J. Research on 3D reconstruction of late Victorian riding skirts. Int J Clothing Sci Technol. 2018;30(6):790–807.

	27.
Kuzmichev V, Moskvin A, Moskvina M. Virtual reconstruction of historical men’s suit. Autex Res J. 2018;18(3):281–94.

	28.
Kuzmichev V, Moskvin A, Surzhenko E, Moskvina M. Computer reconstruction of 19th century trousers. Int J Clothing Sci Technol. 2017;29(4):594–606.

	29.
Smith P. Historians in the laboratory: reconstruction of renaissance art and technology in the Making and Knowing Project. Art History. 2016;39(2):210–33.

	30.
Rublack U. Renaissance dress, cultures of making, and the period eye. West 18th A J Decorative Arts Design Hist Mat Cult. 2016;23(1):6–34, p. 27.

	31.
Dancause, R. Reconstruction, reproduction, replication, re-creation: Synonyms in the costume history and textile conservation literature? A matter of perspective. Proceedings of the textiles sessions of AIC's 34th annual meeting. Textile Specialty Group Postprints. Providence, RI: American Institute of Conservation, 2006;16:41–53.

	32.
Malcolm-Davies J, Mearns R. Investigating 16th century knitting with citizen science: an archaeological experiment into fleece and fulling. Archaeol Text Rev. 2018;60:83–99.

	33.
Doran G. There’s a S.M.A.R.T. way to write management’s goals and objectives. Manag Rev. 1981;70(11):35–6.

	34.
Tiramani J. Reconstructing a Schwarz outfit. In: Rublack U, Hayward M, editors. The first book of fashion: the books of clothes of Mattäus and Veit Konrad Schwarz of Augsburg. London: Bloomsbury; 2015. p. 371-396.

	35.
Arnold J. Make or break: the testing of theory by reproducing historic techniques. In: Brooks M, editor. Textiles revealed: object lessons in historic textile and costume research. London: Archetype; 2000. p. 39–47.

	36.
Vedeler M, Hammarlund L. Reconstructing the tunic from Lendbreen in Norway. Archaeol Text Rev. 2017;59:24–33.

	37.
Beck. U. Pattern Recognition: How to structure data methodically, create a repeatable reconstruction method and understand clothing and motion in a mathematical system. Paper presented at Dressed - The Widespread Role of Clothes, Textile Production and Clothing Concepts in Society: Interweaving Perspectives, Berlin, 2022;22–23 June.

	38.
Grömer K. Reconstruction of pre-Roman dress in Austria: a basis for Identity in Roman Province Noricum. In: Alfaro C, Tellenback M, Ferrero R, editors. Clothing and identities New perspectives on textiles in the Roman Empire. Valencia: Dress ID Project; 2009.

	39.
Malcolm-Davies, J. Weaving away fabric frustration. Museums & heritage, 2009:47–48.

	40.
Siennicka M. Textile tools at Tiryns, mainland Greece. In: Andersson Strand E, Nosch M-L, editors. Tools, Textiles and Contexts Investigating textile production in the Aegean and Eastern Mediterranean Bronze Age. Oxford: Oxbow Books, Ancient Textiles Series 21; 2015. p. 267–78.

	41.
Ekstedt Bjersing M. Tutankhamun’s collar: repeated reconstructions of a single collar. FormAkademisk. 2021;14(2):1–15.

	42.
Sundstrom A. Reproduction of horsehair tablet braids from Scandinavia’s Migration Period. Archaeological Textiles Newsletter. 1995;201:24–6.

	43.
Nørgaard A, Østergaard E. The reconstruction of a blanket from the Migration Period. Archaeol Text Newsletter. 1994;18–19:17–9.

	44.
Jaquet D, Bonnefoy-Mazure A, Armand S, Charbonnier C, Ziltener J-L, Kayser B. Range of motion and energy cost of locomotion of the late medieval armoured fighter: confronting the medieval technical literature with modern movement analysis. Historical Met. 2016;49(3):169–86.

	45.
Webster E, Milne F. Cicero’s new clothes: recreating and investigating dress and dress effects. Costume. 2004;38(1):13–25.

	46.
Davidson H. Reconstructing Jane Austen’s Silk Pelisse, 1812–1814. Costume. 2015;49(2):198–223.

	47.
Zink, G, Kwaspen, A, The Dätgen trousers. In: Grömer, K, Pritchard, F, editors, NESAT XII: Aspects of the design, production and use of textiles and clothing from the Bronze Age to the Early Modern era, Budapest: Archaeolingua, 33, 2015, p. 175–186

	48.
Cooke W. Creasing in ancient textiles. Conserv News. 1988;35:27–30.

	49.
Andersen, E, Milland, J, Myre, E. Uldsejl i 1000 ar. Roskilde: Vikingskipshallen. 1989.

	50.
Harris S. The sensory archaeology of textiles. In: Skeates R, Day J, editors. The Routledge Handbook of Sensory Archaeology. Abingdon: Routledge; 2019.

	51.
Pedersen E, Buckland S, Bates C. Theory and dress scholarship: a discussion on developing and applying theory. Dress. 2008;35(1):71–85.

	52.
Pedersen E. Theory is everywhere and for everyone: a discourse on theory. Cloth Text Res J. 2007;25(1):106–28, p. 123.

	53.
Aneer C. Tailored criticism: the use of renaissance and baroque garments as sources of information. In: Gleba M, Munkholt C, Nosch M-L, editors. Dressing the past, Ancient Textile Series 3. Oxford: Oxbow Books; 2008.

	54.
Hurcombe L. A sense of materials and sensory perception in concepts of materiality. World Archaeol. 2007;39(4):532–45.

	55.
Horbach S, Halffman W. The changing forms and expectations of peer review. Research Integrity and Peer Review. 2018;3(8):1–15.

	56.
Wang N. Rethinking authenticity in tourism experience. Ann Tour Res. 1999;26(2):349–70.

	57.
Lowenthal D. The past is a foreign country. Cambridge: University Press Cambridge; 1985. p. 368.

	58.
Agnew, V, Tomann, J. Authenticity. In: V. Agnew, Lamb, J, Tomann, J, editors. The Routledge handbook of reenactment studies: key terms in the field, London & New York: Routledge, 2020. p. 20–24.

	59.
Carlyle L. Towards historical accuracy in the production of historic recipe reconstructions. In: Neugebauer P, Ortner W, Poggendorf E, Reinkowski-Häfner R, Stege E, editors. Tempera painting experiment and innovation from the Nazarene Movement to abstract art. London: Archetype; 2019. p. 81-86.

	60.
Marendy M. The development and evaluation of costume reproduction pattern blocks for an 1880s woman’s dress. Clothing Text Res J. 1993;11(4):41–52.

	61.
Bendall S. The case of the ‘French vardinggale’: a methodological approach to reconstructing and understanding ephemeral garments. Fash Theory. 2019;23(3):363–99, p. 367.

	62.
Smith P. Historians in the laboratory: reconstruction of renaissance art and technology in the Making and Knowing Project. Art His. 2016;39(2):210–33, p. 232.

	63.
Taape T, Smith P, Uchacz T. Schooling the eye and hand: performative methods of research and pedagogy in the making and knowing project. Ber Wiss. 2020;43;323-340, p. 337.

	64.
UNESCO. Convention for the safeguarding of the intangible cultural heritage. Paris: UNESCO; 2003.

	65.
Pink, A, Reimann, S, Jöeste, K. Estonian knitting: traditions and techniques, Türi: Saara. 2016.

	66.
Panagiotis Columbus, R. Vacker Viking. Hemslöjd, 2021;3.

	67.
Lillethun, A. The recreation of Aegean cloth and clothing. In: Foster, K, Laffineur, R, Editors. Metron: measuring the Aegean Bronze Age: proceedings of the 9th International Aegean Conference, Yale University, 18–21 April 2002. Aegaeum 24: Liège & Austin, 2003; p. 463–472 & p. XCV-XCVII

	68.
Aneer, C. Skrädderi för kungligt bruk: Tillverkning av kläder vid det svenska hovet ca 1600–1635, doctoral thesis. Acta Universitatis Upsaliensis, Studia Textilia 2, Uppsala University, 2009.

	69.
Holmqvist, V. The use of craft skills in historical textile research. In: Hopkins, H, (Eds). Ancient textiles, modern science: recreating techniques through experiment – Proceedings of the first and second European Textile Forum 2009 & 2010. Oxford: Oxbow Books, 2013, p. 49–63, p. 50 & p. 52.

	70.
www.​mersenne.​org Accessed from 6 February 2023.

	71.
Malcolm-Davies, J. Knitting virtual tribes together: new audiences for cultural objects. Florence Heri-Tech – The Future of Heritage Science and Technologies, IOP Conference Series: Materials Science and Engineering, 2018;364; 012031:1–9, p. 1.

	72.
Hansen C. Experiment and experience practice in a collaborative environment. In: Paardekooper R, Cunningham P, Heeb J, editors. Experiment and experience practice in a Ccllaborative environment. Oxford: Oxbow Books; 2008. p. 69-80, p. 70-72.

	73.
Haasbroek N. Gemma Frisius Tycho Brahe and Snellius and their triangulations. Delft: Netherlands Geodetic Commission; 1968.

	74.
Flick U. Doing triangulation and mixed methods. Los Angeles: Sage; 2018.

	75.
Rublack U. Dressing up: cultural identity in renaissance Europe. Oxford: Oxford University Press; 2010.

	76.
Elsig, F. Connoisseurship et histoire de l’art. Considérations méthodologiques sur la peinture des XVe et XVIe siècles, Geneva: Droz, 2019.

	77.
Constable W. Art history and connoisseurship: their scope and method. Cambridge: Cambridge University Press; 1938. p. 198.

	78.
Rose G. Visual methodologies: an introduction to researching with visual materials. 3rd ed. London: Sage; CA; 2012.

	79.
Burke P. Eyewitnessing: the uses of images as historical evidence. London: Reaktion Books; 2001.

	80.
Malcolm-Davies, J, Mikhaila, N. Counting cuffs and analysing aprons: a statistical approach to children’s dress in the 16th century. Paper presented at The Costume Society of Great Britain’s annual symposium, Exeter, 2014;July.

	81.
Malcolm-Davies J. ‘Wherin taylors may find out new fashions’: constructing the Costume Research Image Library CRIL. In: Hayward M, Kramer E, editors. Textiles and text: re-establishing the links between archival and object-based research. London: Archetype; 2007. p. 37–44.

	82.
Pearce S. Thinking about things: approaches to the study of artefacts. Museums J. 1986;86(4):198–201.

	83.
Emery I. The primary structure of fabrics: an illustrated classification. London: Thames & Hudson; 1994.

	84.
Seiler-Baldinger A. A classification of techniques. Belair: Crawford House Press; 1994.

	85.
Walton P, Eastwood G. A brief guide to the cataloguing of archaeological textiles. 4th ed. York: Textile Research Associates; 1988.

	86.
For example, Arnold, J. Patterns of Fashion: Englishwomen’s Dresses c.1720–1860, London: Wace. 1964; Arnold, J. Patterns of Fashion 2: Englishwomen’s Dresses c.1860–1940, London: Macmillan. 1966; Arnold, J. Patterns of Fashion 3: The Cut and Construction of Clothes for Men and Women c.1560–1620, London: Macmillan. 1985.

	87.
Mida I, Kim A. The dress detective: a practical guide to object-based research in fashion. London: Bloomsbury; 2015.

	88.
Edwards L. How to read a dress: a guide to changing fashion from the 16th to the 20th century. New York: Bloomsbury; 2017.

	89.
Prown D. Mind in matter: an introduction to material culture theory and method. Winterthur Portfolio. 1982;17(1):1–19.

	90.
Kraft K. Academic Puppet Plays? For an Object-Based Fashion Research. Waffen Und Kostumkunde. 2003;45(1):77–96.

	91.
Wood J. A Guide to accurate measuring. London: Historic Royal Palaces; 2001.

	92.
Malcolm-Davies, J. Knitting in Early Modern Europe, www.​kemeresearch.​com Accessed from 6 February 2023.

	93.
Centre International d’Etude des Textiles Anciens, Vocabulary of technical terms: fabrics, Lyon: CIETA, 2006. Available at: http://​vocabulaire.​cieta.​fr/​de Accessed from 27 January 2023.

	94.
Splitstoser J. The parenthetical notation method for recording yarn structure. Text Soc Am Symp Proc. 2012;745:1–16.

	95.
Karp C. Defining crochet. Text Hist. 2018;49(2):208–23.

	96.
Malcolm-Davies J, Gilbert R, Lervad S. Unravelling the confusions: defining concepts to record archaeological and historical evidence for knitting. Archaeol Text Rev. 2018;60:10–24.

	97.
Ringgaard M, Bruselius Scharff A. The impact of dyes and natural pigmentation of wool on the preservation of archaeological textiles. In: Andersson Strand E, Gleba M, Mannering U, Munkholt C, Ringgaard M, editors. NESAT X North European Symposium for Archaeological Textiles. Oxford: Oxbow Books; 2010. p. 221–4.

	98.
Yoo W, Kim J, Kang K, Yoo Y. Extraction of colour information from digital images towards cultural heritage characterisation applications. SPAFA J. 2021;11(5):1–14.

	99.
De la Codre H, Marembert C, Claisse P, Daniel F, Chapoulie R, Servant L, Mounier A. Non-invasive characterization of yellow dyes in tapestries of the 18th century: influence of composition on degradation. Color Res Appl. 2021;46:613–22.

	100.
Rast-Eicher A, Bender Jørgensen L. Sheep wool in bronze age and iron age Europe. J Archaeol Sci. 2013;40(2):1224–41.

	101.
Christiansen, C. A reanalysis of fleece evolution. In: Maik, J. (Eds), Priceless Invention of Humanity: Textiles. Report from the 8th North European Symposium for Archaeological Textiles 2002, Acta Archaeologica Lodziensia, 2004, 50;1 p. 11–17.

	102.
Margariti, C. FIBRANET database, Centre for Textile Research/University of Copenhagen – see https://​netlearning.​gr/​fibranet/​ Accessed from February 2023.

	103.
Malcolm-Davies J. Shedding light with science: the potential for 21st century studies of 16th century knitting. J Dress History. 2017;1(1):83–91.

	104.
Demant I. Making a replica of Textile 1—the dress. In: Mobjerg T, Mannering U, Raeder Knudsen L, Rostholm H, editors. The Hammerum Burial Site: Customs and Clothing in the Roman Iron Age. Moesgård: Jutland Archaeological Society Publications, 103; 2019. p. 167–85.

	105.
Roulston K, deMarrais K. Exploring the archives: a beginner’s guide for qualitative researchers (Qualitative research methodologies: traditions, designs, and pedagogies). Gorham, ME: Myers Education Press; 2021.

	106.
Gaillet G, Eidson H, Gammill D. Landmark Essays on Archival Research. London & New York: Routledge; 2015.

	107.
Redman S. Historical research in archives: a practical guide. Pittsburgh: American Historical Association; 2013.

	108.
Ramsey A. Working in the archives: practical research methods for rhetoric and composition. Carbondale: Southern Illinois University Press; 2010.

	109.
L’Eplattenier B. An argument for archival research methods: thinking beyond methodology. Coll Engl. 2009;72(1):67–79.

	110.
Hill M. Archival strategies and techniques. Newbury Park: Sage Publications; 1993.

	111.
Spufford M. The great reclothing of rural England. London: The Hamberley Press; 1984.

	112.
Hayward M. Rich apparel: clothing and the law in Henry VIII’s England. Farnham: Ashgate; 2009.

	113.
Malcolm-Davies J, Mikhaila N. The typical Tudor: reconstructing everyday 16th century dress. Lightwater: Fat Goose Press; 2022.

	114.
Gil T. How to make a database in historical studies. Switzerland: Springer Cham; 2021.

	115.
Toledo de Paula C. Back to black: conservation of a 1900s ensemble via replication and web display (REPLICAR). In: Brooks M, Eastop D, editors. Refashioning and redress: conserving and displaying dress. Los Angeles: Getty Conservation Institute; 2016. p. 133–44.

	116.
Gilbert R. Decisions taken in planning a replica artefact. Archaeol Text Newsletter. 2005;40:18–9.

	117.
Malcolm-Davies J, Johnson C, Mikhaila N. ‘And her black satin gown must be new bodied’: the 21st century body in pursuit of the Holbein look. Costume. 2008;42:21–9.

	118.
Malcolm-Davies J, Behlen B. The ghastly garment: a knitted waistcoat associated with King Charles I. Archaelogical Text Rev. 2022;64:24–7.

	119.
Thomas M. Mary Thomas’s book of knitting patterns. London: Hodder & Stoughton; 1943. p. 49–53.

	120.
Carnie C. Texel stocking project conference. Archaeol Text Rev. 2020;62:187–90.

	121.
Ringgaard M. Silk knitted waistcoats: a 17th century fashion item. In: Engelhardt Mathiassen T, Nosch M-L, Ringgaard M, Toftegaard K, Venborg Pedersen M, editors. Fashionable encounters: perspectives and trends in textiles and dress in the early modern Nordic world, Ancient Textile Series 14. Oxford: Oxbow Books; 2014. p. 73–104.

	122.
Gilbert R. The king’s vest and the seaman’s gansey: continuity and diversity of construction in hand-knitted body garments in north-western Europe since 1550, unpublished MPhil thesis. UK: University of Southampton, Textile Conservation Centre; 2009.

	123.
Strong R. Charles I’s clothes for the years 1633 to 1635. Costume. 1980;14:73–89.

	124.
Vnouček, J. Production of parchment for a handmade replica of the Treaty of Kiel from 1814. In: Johansen, K, Lund Petersen, M, editors. Making a replica of the Treaty of Kiel. Copenhagen: The Royal Library & Oslo: The Norwegian Parliament Archives. 2015, p. 28-41.

	125.
Frank, D. The Treaty of Kiel - parchment, ink and calligraphy. In: Johansen, K, Lund Petersen, M, editors. Making a replica of the Treaty of Kiel. Copenhagen: The Royal Library & Oslo: The Norwegian Parliament Archives. 2015, p. 44-55.

	126.
Hamburg Bible, Royal Library, Copenhagen, GKS 4, f. 183r.

	127.
Vnouček, J. The parchment of the Codex Amiatinus in the context of manuscript production in Northumbria around the end of the seventh century: identification of the animal species and methods of manufacture of the parchment as clues to the old narrative? Journal of Paper Conservation, 2019;20:1-4;179-204.

	128.
De La Lande, J & McCauley, G, trans. The art of making parchment, Art in Translation, 2021;13:4, 326-386.

	129.
Schedula diversarium atrium, British Library MS Harley 3915, f. 128r.

	130.
La fabrication de parchemin/Parchment making, Université de Namur, https://​sites.​google.​com/​palaeome.​org/​ercb2c/​interesting-links/​videos Accessed from 30 May 2023.

	131.
Vnouček, J. The Language of Parchment. Tracing the Evidence of Changes in the Methods of Manufacturing Parchment for Manuscripts with the Help of Visual Analyses. Unpublished doctoral thesis. York: University of York, 2019.

	132.
Smith, P. Introduction: new directions in making and knowing. West 86th: A Journal of Decorative Arts, Design History, and Material Culture. 2016;23;1:6-34, p. 5.

	133.
Pollard A, Bray P A bicycle made for two? The integration of scientific techniques into archaeological interpretation. Annual Review of Anthropology. 2007;36:245–259.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40494_2023_982_Fig1_HTML.jpg





OEBPS/navigation.xhtml

    
      Contents


      
        		Structuring reconstructions: recognising the advantages of interdisciplinary data in methodical research


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40494_2023_982_Fig2_HTML.png
g

Pictorial

&

Documentary Artefactual






OEBPS/images/40494_2023_982_Fig3_HTML.png
’
[}
v

Is there a single
object of which an

= exact i
Canoriginal |, __/ ©© | | replicaistobe | {o°\ 4l Is the aim to
: 1 made? ey produce
object(s) be - N a typical
examined? o N j yp
Seeel - o7 object ?
R fh \\ - - ;
H e e e S
\\\ _ \\\// )
: l ] -
s ecc)lsuscigle © . Are there images ) re-cIrSetahtee E:r:n otboject
material used - __| and/or descriptions ==+ = 7 that no longer
from the object, [~ of object(s)? ~— exists? °
image or i
? . ;
description? o A
1' : / oo “ { o o
' ] \ — J=a - — _="\ ‘
o = (R
- 5 Is it possible to deduce Y
) Stcnwer Is it possible to
- N KN ? i H - deduce tools and/or
i ' AN M e e technique used?
: : o > - !
JE g R S TN
' | Isitpossible | i i | Isit possible S wy
i to use the ! " to use the / . N
i S?m'e 1? " i tsartne ? 2 i !
: material? | : structure: / v Isit pﬂssible to
' H 4 i e o ' uset e same
) N N N 7 ! tools and
! ( 00 (oo : {o0oY ! technique?
H T/ \—/ : - " ' r
' ~~ ~— i v ; e
! 1 : 1 ' /’ " / oo
' ' ' i i / 0\
' 1 ! [l ' it NG —
! : b : e
¢ v | ' & J v__ v

Is it possible to use
material(s) that give
similar properties?

Is it possible to use a
structure that gives the
similar properties?

Is it possible to use
tools and technique that
gives similar properties?

4

S

T
A

ko= N
\






OEBPS/css/sidebar.gif





