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Abstract 
Plastic-focused collection surveys are a fundamental starting point for locating, identifying and assessing the conservation needs of polymer-based objects, and are increasingly conducted internationally. As surveys are both time- and people-intensive, it is critical to ensure the optimal usefulness of the data for the institution and wider conservation community through consistent documentation, using flexible robust data structures, and making results accessible. However, only summaries of survey results have been published in the conservation literature, resulting in a lack of continuity and information dissemination. This is problematic for institutions without the necessary resources to conduct extensive surveys and to identify polymer types. This paper outlines the collaborative development of a plastic-focused collection survey methodology, highlighting the importance of developing and testing standardised procedures, engaging with expert collaborators, and ensuring results are accessible. 


Introduction
Surveys of polymers in museum and gallery collections have been used since the 1990s as a key strategy, and starting point, for the conservation of plastic cultural heritage, and are actively being conducted internationally. Surveys reveal where plastics exist in their collections, along with detailed information about polymer identification, object types, and degradation issues facing the collection. Collection surveys are time- and people-intensive, and while more data means more knowledge, there is additional time-cost for each data point, and enacting a survey becomes a balance of time versus data value. 

At least 25 plastic-focused collection surveys have been mentioned in the literature (in English), and have contributed to the development of plastics conservation as a field of research (Table 1). In the early 1990s, plastic-focused collection surveys informed the community of the significant presence of plastics in collections, and highlighted their vulnerability and degradation symptoms (Quye 1993; Shashoua 1993; Keneghan 1996; Mossman 1993; Morgan 1994). With growing awareness of the risks, other researchers and institutions also embarked on the extensive task of documenting plastics in their collections. The POPART project brought together key researchers, conservators and scientists, with coordinated surveys conducted across five institutions (Lavédrine et al. 2012). It accelerated plastic conservation research internationally, resulting in regular publications of plastics surveys. Currently, large international research projects such as COMPLEX at University College London, and the Dutch Project Plastics are focusing on deterioration modelling, and non-instrumental polymer identification respectively (Curran 2018; King et al. 2020; van Aubel et al. 2022).

Over time, the data from surveys has increased from short descriptions to more complete summaries of results and polymer identifications (Table 1), although comprehensive survey data, including all object descriptions, condition assessments, images, infrared (IR) spectra, methods and terminologies has not been disseminated. When considered as a corpus, this results in discontinuities in survey structure, data collection, and disseminated resources, as institutions gather similar data but with structural variations, meaning cross-institutional comparison of results is not possible. Consequently, institutions without the resources to conduct extensive surveys, or identify polymer types, have little comparable external data to apply to their own collections. Project Plastics has made progress around non-instrumental identification of polymers with a Plastics Identification Tool (plastic-en.tool.cultureelerfgoed.nl). It allows collections without access to analytical instruments to use a robust question and answer hierarchy, to initiate identification of plastic objects.  

It was the aim of a collaborative Australian project to develop and publish a multi-purpose database of plastic-focused collection survey data, to address the gap in the literature and to create a tool available for use across collections. This project’s aim is to deliver: a repository of data including observational survey information (object description, condition, storage, treatment), photographic documentation and analytical data (e.g. IR spectra); a quantitative and qualitative tool facilitating data analysis and visualisation; publication of data; and established methodologies through a searchable web-based platform. Together, these tools will form a framework to enable direct comparison across institutions, collections, geographic locations, and time. 

To coordinate surveys across multiple institutions with vastly different collections, workflows and customised museum databases, standardised survey methodologies were developed collaboratively. The project used standard procedures, ongoing consultation, robust yet flexible data structures, controlled vocabularies, and a multi-purpose central repository. With this protocol, it is possible to overcome common issues hindering the utilisation of survey data, such as the comprehensive publication of survey results, lack of data retention and small sample sizes.

This paper will outline the methodology development of this project. It is structured as iterative phases of development, data collection and data processing. Each phase is discussed in further detail, highlighting issues that arose, the value of key interdisciplinary contributors, and the need for establishing standardised processes. An overview of survey outcomes to date, data visualisation and resources developed will then be presented, demonstrating the benefits of establishing standard data collection, curation, and migration protocols. 

Table 1. Overview of data published (in English) on plastic-focused collection surveys 
	Institution, date and reference 
(chronological order)
	Objects 
surveyed
	Survey description
	Condition
definitions
	Survey form
	Polymer IDs
	Visible 
Degradation
	Overall 
condition
	Object 
images
	IR spectra

	National Museum of Scotland (Quye 1993)
	Film, decorative art objects
	Yes
	-
	-
	-
	-
	-
	-
	-

	National Library of Canada (Michaels 1993)
	Sound recordings
	Yes
	-
	-
	-
	Yes
	-
	-
	-

	British Museum
(Shashoua 1993, Shashoua and Ward 1995)
	3032 objects
	Yes
	Yes
	-
	-
	Yes
	Yes
	-
	-

	Victoria & Albert Museum, #1 1992–1993 (Then and Oakley 1993)
	>4500 objects
	Yes
	-
	-
	-
	Yes
	Yes
	Part
	-

	Science Museum, #1 (Mossman 1993)
	~1500 historical objects
	Yes
	-
	-
	-
	-
	-
	Part
	-

	UK historical collections (21 institutions) (Morgan 1993, Morgan 1994)
	Historical objects
	Yes
	-
	-
	-
	Yes
	-
	-
	-

	Victoria & Albert Museum, #2, 1993–2001 (Keneghan 1996, Keneghan 2001)
	7938 objects
	Yes
	Yes
	-
	Yes - 6%
	Yes
	Yes
	Part
	-

	Stedelijk Museum, #1 
(Keneghan et al. 2012)
	62 artworks
	Yes
	-
	-
	Yes
	-
	Yes
	-
	-

	Strathclyde University
(Stewart 1997)
	18 CN artefacts
	Yes
	Yes
	Part
	NA
	-
	-
	Part
	Part

	Royal Armouries collection (Kitto 2004)
	500 arms and armour
	Yes
	-
	-
	-
	Yes
	-
	Part
	-

	Science Museum, #2 (Coles 2007)
	Objects as acquired
	Yes
	Yes
	Yes
	 -
	-
	-
	-
	-

	Metropolitan Museum of Art (Moomaw 2011)
	50 artworks
	Yes
	-
	Yes 
	-
	-
	Part
	Part
	-

	Tate (Lambert 2012)
	300 sculptures
	Yes
	-
	-
	-
	-
	-
	-
	-

	POPART – Victoria & Albert Museum, #3, 2010 (Keneghan et al. 2012)
	200 objects
	Yes
	Levels only
	Yes
	-
	Yes
	-
	Part
	-

	POPART - Stedelijk Museum,  #2
(Keneghan et al. 2012)
	40 artworks
	Yes
	Levels only
	Yes
	Yes
	Yes
	Yes
	Part
	-

	POPART - Musée d’art modern et d’art contemporain de Nice (Keneghan et al. 2012)
	54 artworks
	Yes
	-
	-
	Yes
	Yes
	Yes
	Part
	-

	POPART - Musée d’art modern de Saint-Etienne (Keneghan et al. 2012)
	75 furniture, design and artworks
	
	
	
	
	
	
	
	

	POPART - Musée de la mode et du textile de la ville de Paris – Musée Galliera (Keneghan et al. 2012)
	100 fashion accessories
	
	
	
	
	
	
	
	

	Walt Disney Animation Research Library (Hoeyng et al. 2016)
	5700 animation cels
	Yes
	-
	-
	-
	-
	-
	Part
	-

	Plastics Project (Netherlands) (van Aubel et al. 2022)
	Objects from 10 collections
	Yes
	- 
	-
	Yes 
	-
	-
	Part
	-

	Harvard Art Museums, 2016–2021 (Rayner et al. 2022)
	~500 artworks
	Yes
	Levels only
	-
	-
	-
	Yes 
	Part
	-

	Know, name and assess your plastics (Hendrickx et al. 2022)
	 450 objects
	Yes
	Not yet
	-
	-
	-
	-
	Part
	-

	Deutches Bergbau-Museum (Krieg et al. 2022a)
	119 industrial heritage objects
	Yes
	Yes 
	- 
	Yes 
	- 
	Yes 
	Part 
	-

	Acrylic sheet in Portuguese art collections (8 institutions) (Babo and Ferreira 2022)
	89 PMMA artworks
	Yes
	-
	-
	-
	Yes
	Yes
	Part
	-




Methodology
A flexible yet robust data structure was developed to ensure optimal usefulness of the data. Deterministic and rigid data requirements, especially in the early stages of the project, may have compromised the completeness and utility of data captured. Thus, an iterative development strategy was used, with phases of: review, consultation and development;  data collection; and data processing (Figure 1). In each iteration through these three phases new collaborators with specialist expertise were engaged to contribute to specific aspects of the project and further co-create the refinement of methodologies. Experts included conservators, polymer and spectroscopy scientists, collection catalogue coordinators, archivists, social and cultural informatic experts, research data specialists and stewards. This allows for the inclusion of new concepts as they are identified, adaptation when problems arise, human-proofing the data model, and improvement of data processing while maintaining overall cohesion. The project is currently in the fourth iteration.

Iteration 1 
Literature and existing institutional practices were reviewed, and, in consultation with conservators and social and cultural information experts, the baseline data structure, terminologies, and collecting requirements for surveying three-dimensional plastic objects were established. A small number of objects was surveyed at four institutions, with data fields remaining open for expansion. Collected data was then manually processed by the data experts to build the database. 

Iteration 2 
The data that was collected, the database interface itself, and feedback from conservators who conducted the surveys were all reviewed, and with the addition of three new PhD researchers to the project, collaborators workshopped and expanded the data structure to include new object types (textiles and archival materials). Documentation was refined to include limited, but flexible, terminology lists. Data collection was performed on a wider scale producing six datasets each containing 20–100 objects. All data processing was conducted manually, which represented a significant time commitment, proving to be a significant bottleneck point in the workflow. 

Iteration 3
Six more datasets were collected before surveys were interrupted due to Covid-19 lockdowns. With recognition of the significant labour required for manual data processing, research data specialists were approached for collaboration, and they joined during the review phase to provide direction in data curation and migration. Their valuable contribution automated elements of data processing, also instituting checks and balances to ensure data accuracy, and facilitated the backlog of data to be effectively migrated into the growing relational database. 

Iteration 4
Through automating the data processing in iteration 3, further refinement of data fields was conducted collaboratively, establishing the current set terminology list, with new terms now only accepted through a controlled review process. From this point, written guidance for all processes was available, allowing data collection to occur remotely with museum partners or trained masters students, and data processed and stored centrally. 

Current workflow
The collection survey data template, with controlled vocabulary, is sent to the project collaborator at a collecting institution, with supporting documentation, protocol training from the project team, and support with data collection. When the data has been collected in the template, it is returned to the project researchers, who then apply the data curation process. Data curation involves running automated processes to check data validity and correct identified inconsistencies prior to the data being migrated into the relational database.


Review, consultation and development
Collaborative workshops were crucial in bringing together different areas of knowledge and expertise to ensure that the survey and database elements of the project were coordinated. A relational data model, rather than a traditional collection catalogue model, was identified as ideal because it allows for collection-based knowledge, object observations, scientific data, and the project context, to be connected in an open network environment (Jones 2015). 

A critical component of the project is the condition survey, and for this to serve its purpose, the data collection process needs to be well understood and requires advance preparation. As such, relevant fields and their relationships were workshopped with museum partners, researchers, and archival database experts, and mapped onto an established relational data model, represented in Figure 2. 

Five key entities (orange circles) representing the survey data are: object, condition reports, scientific analysis, storage report, and treatment reports (if any). These are linked (blue lines) to each other and to other survey information or entities (tan ovals) including organisation, collection and person (black lines), which are controlled by project management keys (red circle). Data is collected for each entity, some of which (yellow circles) are also linked to other reference or framework entities. For example: an object with five plastic components will have one entry in object, one entry in storage report, one entry in scientific analysis combining all analysis details, and five entries in condition report recording degradation observations (described below); and it may have additional treatment information if any is available.

Developing these entities in collaboration with collection surveyors allows identification of any dissonance between the ideal data structure and practical application to be identified and addressed, and for the unique requirements of each survey to be recognised. Placing these entities in relation to each other in a universal schema, with a mixture of structured and natural language with restricted and open fields, gave the flexibility to create statistically analysable data within a logical framework while also capturing nuanced observations and additional information. As outlined in the methodology, the data fields were revisited in each iteration, reflecting on prior data collection experiences. This review mechanism, involving careful testing and development of the survey categories and definitions in the context of the needs of the survey, proved to be an important part of the process. 

As identified by Taylor (2013) through his work on condition collection surveys, three key factors that can have a significant effect on data reliability are the surveyors, objects and survey forms. Ensuring that the survey form was effective with low levels of overlap and ambiguity was crucial to the production of reliable data. Categorisation of condition issues often used in surveys, i.e. surface, structural, chemical, biological were abandoned, with condition issues described only as visually observed, rather than interpreted phenomena. Through review of published plastic degradation terminologies, and after consultations with conservators, the list in Table 2 was developed (Morgan 1991; Stewart 1997; Quye and Williamson 1999; Keneghan 2001; Shashoua 2008; Lavédrine et al. 2012; Plastics Historical Society 2015; Coughlin 2015; Ravenel et al. 2021; AICCM 2021; NFSA 2021; Krieg et al. 2022b). 

Table 2. Degradation terminology list
	VISIBLE
	Definition / description

	Abrasion
	Roughened, scuffed or scraped area of an object’s surface caused by gradual loss of material generally due to wear and handling. 

	Accretion
	Build-up of foreign matter which lies on the surface, rather than being embedded.

	Blister / bubbling
	Raised pockets or bubbles on the surface, often between adjoining layers.

	Blocking
	Film reel adhered to itself to form a solid mass, known as blocked, that cannot be unwound without causing serious damage to the emulsion, base, or both.

	Bloom / chalking
	Waxy, cloudy or powdery grey/white material or film on a surface. Usually caused by degradation and/or migration of additives to the surface but this cannot be assumed without analysis. 

	Break
	Separation of object into 2 or more pieces

	Change in gloss
	Loss of glossy finish, dulling of surface. Possibly caused by roughening (abrasion) of a surface. 
Note. Change in gloss is difficult to assess accurately, so observations are subjective and descriptive.

	Channelling
	Film specific – shrinkage and delamination occurring between layers. 
'The emulsion will compensate for a small amount of shrinkage in the base by compressing. Eventually the stress between the emulsion and the base will become so great that the emulsion will lift away from the base, 'emulsion lift’ or 'channelling’.

	Cockling
	Planar distortion of material, appears as wrinkles, puckers or ripples, often in parallel ridges, without creases. A specific subset of warping / deformation / distortion.

	Crack / split
	A line of failure in solid material that does not cleave object in two or more pieces. Differentiated from interconnected internal or surface cracking i.e. crazing.

	Crazing
	Fine, interconnecting cracks or fissures at surface or in the body of material. 

	Crease / fold / Bend
	Line/indentation resulting from the material being bent over on itself. Often causing the material to become damaged or more susceptible to degradation along the fold line. 

	Curling
	Spiral or curved planar distortion in a material, often in response to changes in relative humidity. A specific subset of warping / deformation / distortion.

	Delamination / peeling
	The separation of layers in an object or material composed of multiple layers (sometimes called a laminate), often due to the failure of an adhesive or binding agent.

	Dent
	Indentation, hollow or impression on an object surface caused by external force.

	Dirt / grime / soiling
	Build-up of foreign material accumulated on, or ingrained in, the object surface.

	Discolouration
	Colour change of a material from original. Discolouration is a top order hierarchical term where a more specific colour change, such as yellowing, fading, or darkening, cannot be disambiguated. 
Disambiguated from the term 'yellowing', which may be difficult to see on darker materials. 

	Dust
	Loose, dry, foreign particulate matter accumulated on an object's surface.

	Fading
	Loss of brightness or intensity of colour.

	Fraying (textile)
	Unravelled or worn spot on a textile, indicated by the separation of threads, often found on edges.

	Holes
	Opening or perforation through a material caused by damage, not resulting in loss of material. 

	Insect remains
	Deposit of insect excreta, body parts or other on surface. Only use when clearly identifiable as insect deposits. 

	Loss 
	Where any element of an object is missing, either from damage, or disassociation of parts. 

	Loss of transparency / fogging
	A change in light diffusing properties, or clouding of transparent materials. Can be caused by surface abrasion/crazing, or chemical changes. 

	Melted
	Heat sensitive material warmed (by hot day, sunlight, heat exposure, lights etc.) causing deformation

	Mould
	Growth of various kinds of fungi, producing a furry mass on a surface of materials.

	Pitting
	Small, shallow craters or irregular pin-sized losses scattered on surfaces not caused by physical damage.

	Scratch
	Sharp-edged, narrow indentation caused by physical damage involving loss of surface material. 

	Shattering (textile)
	Losses specific to chemically weighted silks.

	Shrinkage
	Contraction or lessening of size as material loses mass.

	Silver mirroring
	Mirror-like, iridescent appearance of silver-based emulsion in photographs. 

	Tear
	Where material has been pulled or separated apart with force.

	Stain
	Localised discoloured mark produced by penetration of foreign matter into, or on the surface of a material.

	Warping / deformation / distortion
	Changes in original shape or dimensions of a component without loss of material. When a material loses strength, or from external impact/pressure/heat, and causes an area of distortion.

	Weeping / sweating
	Beads of liquid on the surface due to migration of additives or by-products of degradation.
Note: these are anthropomorphised terms used in conservation to denote the formation of surface droplets.

	Yellowing
	The formation of yellow colouration – easier to identify in clear or lightly coloured plastics. Disambiguated from discolouration.

	Feel
	Observation of 'feel' terms are difficult to define, and rely on subjective perceptions by the surveying conservator. 

	Brittle / embrittlement
	Friable or weak surface, loss of strength and flexibility, easily broken if touched. May be due to loss of additives, or the result of cross-linking. 

	Crumbling / powdering
	Loss of coherence, or disintegration of an original material.

	Greasy / waxy
	Oily/lubricated appearance and/or texture

	Hardening
	Reduced softness of a material, often observed in elastomers and due to polymer cross linking.

	Sticky / tacky
	When touched, the surface has a light adhesive quality or condition causing materials (glove, dust etc.) to attach.

	Loss of elasticity
	Lessening of a material's ability to return to original shape after being stretched. Mainly observed in elastomers. 

	Smell
	Note: After recording multiple different observed smells, with many very subjective, we have decided to classify only as 'odour', while maintaining descriptive text for added context.



Interpretation of terms is innately subjective; however, when the data structure can be adjusted to help regulate this, without disrupting meaning or consistency, reliability of results can be improved. As such, a number of quasi-synonymous terms were combined to reduce confusion caused by overlapping terms and subjective interpretation to ensure fidelity of the data, and maintain the ability to conduct quantitative analysis without ‘diluting’ the data. An example of this is concatenation of the terms warping / deformation / distortion to indicate changes in the original shape without loss of material, rather than developing slightly different definitions for these common condition issues. 

While terms describing visible degradation could be categorised in a way that removed elements of subjectivity and interpretation, tactile descriptions proved more challenging. Initially ‘plastic feel’ was treated in the same way as visible degradation, but after feedback from conservators, and with increased data variability, terms were minimised and levels removed. Additionally, as an odour cannot be isolated to an individual component on composite objects, ‘plastic smell‘ was converted to a binary option (yes/no) with an open text field to record description – such as ‘vinegar’ or ‘camphor’. 

While reliance on observation and categorisation to document and interpret condition contains difficulties, such data is essential for conservation purposes, and removing these fields from collection surveys is not feasible (Ashley-Smith 1999). When combined with historical and descriptive information, photographic documentation and scientific analysis, the aim is to establish a holistic view of the state of plastics in a collection with the ability to return to the data. 


Data collection

An individual’s knowledge of material type deterioration plays a large part in reliable condition assessment (Taylor 2013: 101). Consequently, the project members tasked to lead the performance of collection surveys were identified as those with high levels of condition assessment experience (conservators) and the PhD candidates embedded in the field of research. Surveys were ideally conducted with at least two people, often three, to expedite data collection, allow for inter-surveyor consultation increasing reliability, and facilitate skills transfer. As with the majority of previous plastic surveys, it was essential to prescribe a set of numerical values corresponding to the extent of the visible degradation, and overall condition to facilitate quantitative analysis. Consistent with consensus in the literature, a level 1–4 rating system with simple descriptions was chosen (Table 3) (Then and Oakley 1993; Shashoua 1993; Keneghan 2001; Keneghan et al. 2012; Babo and Ferreira 2022; Rayner et al. 2022).

Table 3. Visible degradation and condition rating system
	
	Visible degradation
	Overall condition

	Level 1
	slight and/or limited
	Good

	Level 2
	perceptible and/or moderate
	Fair

	Level 3
	obvious and/or considerable
	Poor

	Level 4
	important and/or generalised
	Unacceptable/severe/unstable



Objects made of more than one material, or materials not common before the twentieth century (the majority of plastics) are more difficult to reliably survey due to their complexity (Taylor 2013: 100). With the majority of objects surveyed fitting both these categories, a system to accommodate composite objects was developed assessing each plastic component individually as plastic 1 – plastic *, and the object overall. the whole object was documented for historical context (creator, production date, accession date, summary), storage details (location, storage materials, enclosure type, adjacent objects) and prior treatments. While each accessible component was physically documented (colour, opacity, hardness, rigidity, form, texture), condition assessed (visible degradation, feel, smell, overall condition) and analysed with Fourier transform infrared spectroscopy (FTIR) for polymer identification. This extent of data collected is significant and time consuming. However, as resources required to revisit collection surveys are extensive and difficult to secure, collecting as much data as possible in the first instance was considered important. 

For polymer identification with FTIR, standardised analytic measurement parameters, previously tested and optimised, were utilised project-wide, including number of scans, resolution, and range, see Bell et al. (2019) . A reference spectral library was developed bringing together published spectra, and samples from plastic conservation workshops, collected objects, purchased polymer sheets and the commercially available ResinKit™ (The Plastics Group of America 2022). All reference materials were surveyed and registered in the relational database as entities themselves, so they too can be documented over time, related to objects to which they are spectroscopically matched, and available to the wider community. For complex or difficult to read spectra, consultation with spectroscopy and polymer scientists was invaluable for interpretation of polymers, additives and copolymers. Spectra from black elastomers (rubber-like polymers with elastic properties) proved the most problematic to interpret, with further research to establish spectral markers differentiating these materials currently underway (Krieg et al. 2022b: 4). Plastic components unable to be confidently identified were registered as ‘unidentified rigid polymer’ or ‘unclassified elastomer’ allowing researchers to return to these spectra in the future. 


Data processing

Collecting institution partners contributing to the project were driven by the dual desire to dedicate time to finding out more about their collections, while also contributing to a larger dataset providing important, industry-wide and relevant information. Lack of integration of survey data into collection catalogues has been noted as an issue with previous surveys (Moomaw 2011). To ensure the usability of survey data for both the research project and the museum partners, the data processing phases required cooperation from several contributors. As the museum partners were contributing significant time to conduct these surveys, adapting to their documentation methods and requirements was important, but due to variability across institutions, increased the workload. At one institution, data needed to be directly inputted into the collection catalogue, updating material identifications, descriptions and condition information, and flagging where treatment or housing updates were desirable. To facilitate this, the Collection Management System Coordinator advised of catalogue requirements, and contributed significant time exporting survey data in a format that was compatible with the subsequent data curation and migration steps. Another museum partner preferred surveying directly into the project spreadsheet, with necessary catalogue data exported and added later by the Collections Systems Manager. Object, condition and analysis location images, along with IR spectra were also included in the database as ‘digital objects’ requiring metadata, copyright and IP approval, also facilitated by Collection Systems personnel. With digital objects numbering in the tens of thousands, standard naming and filing conventions were also established so the files could be machine read in the underlying structured query language (SQL) and smoothly incorporated into the database. 

As identified in the second iteration, manual data processing was not viable due to the significant time commitment to curate, relate and migrate into the database, and thus a semi-automated process was deemed necessary. The project researchers recognised they did not hold the technical skills required to automate data processing; thus, a collaboration was undertaken with a team of research data and academic specialists with data stewardship expertise. The project was provided with the expert advice and guidance needed to process the backlog of data, and create a robust procedure including checks and balances for future datasets. Through consultation, a decision was made to code and curate data in Microsoft Excel, rather than using a programming language such as Python, as it allows a transparent record of underlying functions, and remains more accessible to researchers without coding skills (Figure 3). Curation involves splitting out original data (orange rectangles), creating relationships (grey rectangles) within the data and with reference entities (green rectangles), and running macros to check terms and quantities, and create tables for ingest (blue rectangles).  

Collaborating with research data specialists provided additional benefits to the survey project, with their expertise in data intensive research and mitigating associated risks ‘human-proofing’ the data model. The accuracy checks incorporated into data curation proved crucial for overcoming diachronic and synchronic human variables in data collection, such as spelling errors, synonymous terms, variations in data formats and missed information (Brown et al. 2018). For example, in the second round of data collection, poly(methyl methacrylate) was entered as (at least) six different terms: acrylic, polymethyl methacrylate, Perspex®, PMMA, polymethylmethacrylate, and methyl methacrylate homopolymer. These systems were carried over into the third iteration of the data collection spreadsheet which has controlled terminologies and similar automated accuracy checks. 

Effective skills transfer from the data research experts to project members, and development of extensive documentation, ensured that knowledge of the systems was not contained in one person’s experience, and is available to future researchers. For any data intensive research, careful consideration must be given to finding a balance between pre- and post=data collection work; developing a strong data structure before surveying makes it easier for surveyors, and significantly reduces time to ‘clean’ data after it is collected. However, if initially too rigid and deterministic, it can be restrictive as knowledge is acquired and nuances of the data structure are revealed. For example, the time required to manually process a dataset of 100 objects was ~50 hours, whereas after automation, this can be done in under a day. Bringing in experts saves researchers’ time, improves processes, avoids risks and strengthens research potential.

Outcomes

To date, 1120 objects and 2370 individual plastic components from six institutions have been surveyed (Table 4). Data from 877 objects and 1793 components has been curated and migrated into the relational database for analysis, with statistics presented below drawn from these datasets. 

Table 4. Overview of datasets collected to November 2021
	Institution
	Objects surveyed
	Plastic components

	Museums Victoria
	619
	1246

	University of Melbourne Collections
	155
	297

	Queensland Museum
	89
	251

	Art Gallery of New South Wales
	100
	309

	South Australian Museum
	83
	148

	Museum of Applied Arts and Sciences - Powerhouse Museum
	74
	119

	Total number of objects
	1120
	2370



Table 5. Overall condition level percentages
	Condition Level
	Australian datasets
	Average of published datasets (post-2010)

	Level 1 (good)
	45.3 %
	39 %

	Level 2 (fair)
	42.3 %
	40.1 %

	Level 3 (poor)
	10.3 %
	16.2 %

	Level 4 (unstable/severe/unacceptable)
	2 %
	4.7 %



Compared with condition levels published in the literature from 2010 onwards, the Australian datasets have a higher quantity of level 1 and 2 objects, and fewer level 3 and 4 (Table 5) (Keneghan et al. 2012; Krieg et al. 2022a; Rayner et al. 2022; Babo and Ferreira 2022). This discrepancy may be attributed to the types of objects surveyed, as the majority of plastic-focused surveys in the literature have been conducted at art galleries, whereas in the Australian context, social history collections represent the majority of objects surveyed. Figure 4 shows polymer identifications of individual components (n=1793), with the ‘other’ category representing 10 polymers each with a single identification. Figure 5 lists all observed degradation issues, including a breakdown of levels 1–4 for visible degradation. The most frequently observed degradation issues also reflect the type of objects surveyed, showing general wear and tear (abrasion), and surface deposits (dirt, dust and accretions). Further quantitative analysis focusing on deterioration trends is currently underway. 

Another benefit of the relational data model is the ability to produce network mapping visualisations, making graphical representations of the survey data, reference and project framework entities. Relational network maps are inherently data driven, and thus can be used as an exploratory tool to reveal insights about specific sections of the data. As with all elements of the project, standardised terminologies and entity filters were established, and the visualisations produced and documented iteratively. Figure 6 is a visual representation of objects surveyed (blue nodes) related to identified polymer types (yellow nodes). The most common polymers identified, poly(vinyl chloride) (PVC), cellulose nitrate, polystyrene, polyethylene and natural rubber are identified with labels, and distinct clusters form around most polymer nodes. PVC is observable as the most interconnected, meaning it is the polymer most likely to be identified in combination with others on an object. The five polymer nodes in the top left are disconnected from the main network as they have only been identified on one or two objects, and not on composite objects with additional polymer components. There are thousands of filter combinations possible, providing a novel way to visualise, interpret and analyse the data, which is currently being conducted. 


Implications

Establishing a standardised, cross-institutional methodology for conducting plastic collection surveys has implications both for the collaborative project, and the wider conservation community. Resources developed include: the plastic condition terminology list and level definitions, a standard FTIR measurement procedure, spectral polymer reference library, searchable web-based platform of all survey data including object images and spectra, and publication of quantitative and qualitative analysis results. Access to these resources would allow smaller institutions to apply the information to their own collections, supporting polymer identification and conservation decision making. For the project, developing, testing, and implementing the co-designed methodology has and will facilitate accurate comparison of results across institutions with significant collection and geographic differences, increasing the sample size of data and, therefore, analytic potential. With thorough documentation, ongoing research is not restricted to those originally involved in the project, and it is hoped data will continue to be collected, with collections revisited in the future to allow for longitudinal studies of change over time. 

Interdisciplinary and collaborative methodologies are not only ideal for addressing complex problems, broadening the scope of investigation, and overcoming discipline-specific gaps in approach, they are also becoming an essential requirement of many funding bodies. Fundamental to a successful interdisciplinary project is a shared understanding of the project purpose, and a well-designed and communicated project structure. While each new collaborator for this project brought in unique skills and made important positive impacts, it cannot be ignored that time is required to bring new participants up to speed on purpose, work to date, and current development needs. Further, each new collaborator brings a new perspective on work already completed and may in fact catalyse revision of previously confirmed methodology or tools. With that in mind, and recognising that collection surveys are time- and people-intensive, the earlier the need for expert collaborators is identified the better. It is of even more benefit if a project can bring in collaborators with prior domain, field, or project-specific knowledge. However, researchers are experts in their own field, and it is not always simple to ‘know what you don’t know’; this is where literature is essential for sharing experience and pointing the way for similar projects. 

Collection surveys continue to be an initial and crucial strategy for gathering information about the number, type, identification and condition of plastic cultural heritage. However, results are frequently underutilised and not shared. The collaboratively developed plastic survey methodology and database overcame these limitations by establishing standard processes, utilising a relational data model, engaging a range of expert contributors, optimising analytical options, and making possible wide access to results. 
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Figure captions

Figure 1. Iterative methodology development flowchart.
Figure 2. Relational data model.
Figure 3. Schema depicting data curation process structure and function.
Figure 4. Polymer identification of individual plastic components (n=1793).
Figure 5. Frequency of observed degradation issues and level breakdowns.
Figure 6. PolyMuse relational database visualisation filter 3, iteration 3: object (blue) and polymer type (yellow) nodes.
Table 1. Overview of data published (in English) on plastic-focused collection surveys. 
Table 2. Degradation terminology list.
Table 3. Visible degradation and condition rating system.
Table 4. Overview of datasets collected to November 2021.
Table 5. Overall condition level percentages.




