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Abstract
For large heritage organisations the monitoring and documentation of sites in their care presents
considerable challenges; continual monitoring of the smaller, unstaffed and more remote sites is often
not practical. Long-term trends, one off events or seasonal variations can sometimes go unnoticed or
undocumented. However, heritage sites are often popular tourist destinations and can receive a high level
of footfall from visitors who carry increasingly sophisticated mobile phones. It seems a logical
conclusion that heritage organisations capitalize on using visitors’ images to record and monitor remote
heritage sites.

This research proposes Citizen Heritage Science as an effective method to gather reliable data for
heritage sites. We compare two methods for data collection: a ‘guided’ approach, in which on-site signage
prompts visitors to submit photographs of speci�c areas of a site; and an ‘open’ approach, in which the
public is asked to send any photographs they have of the site in question.

At the study sites in Scotland, Machrie Moor and Clava Cairns, the guided approach provided enough
images to monitor speci�c risks to the site (erosion and �ooding). Visitors conformed to the instruction
provided and the majority of submitted images could be included in the analysis. The open approach was
successful in gathering a large number of submissions during the national lockdown in the spring of
2020 in which access was restricted to heritage sites. Notably, the open approach led to more diverse
images which was ultimately bene�cial, resulting in a multi-faceted understanding of long-term changes
in site interpretation and management. Finally, we found great bene�t in storing the data in an accessible
database; this meant research data was easily accessible for heritage managers in real time, requiring no
specialist knowledge for access or analysis. This allowed for rapid responses to urgent one-off events,
such as heritage crime.

In summary, both approaches have potential to inform monitoring of heritage sites which would
otherwise require signi�cant resources to be more frequently monitored by staff. In presenting both
methodologies we hope heritage institutions will be able to set up similar projects and continue research
in the �eld of Citizen Heritage Science.

1. Introduction
Citizen science involves enlisting groups of untrained volunteers to participate and contribute to scienti�c
research. Crowdsourcing and citizen science are often used interchangeably however there is a difference
between the two. Crowdsourcing involves engaging a group of people within any project that utilises
contributions from non-professionals, be it through collecting or analysing data. Citizen Science projects
are the same, with the exception that they have a focused scienti�c outcome and engage non-
professionals in some point of the scienti�c process [1, 2]. Citizen heritage science is the practice of
engaging communities and individuals with scienti�c understanding of heritage. Examples of this are
projects such as Micropasts [3] and Rekrei (formerly Project Mosul) [4], used crowdsourced images to
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create digital facsimiles of heritage artefacts, utilising citizen heritage scientists for both data collection
and analysis. Using satellite imagery volunteers helped identify fossils across East Africa as well as
pinpoint possible locations for the tomb of Gengis Khan across the Mongolian steppe [5, 6].

Citizen science can assist in heritage disaster management and is an effective methodology to
understand community values of heritage [7, 8]. It is also a valuable tool used to transcribe, process and
discover myriad types of metadata contained within collections, as can be seen in projects such as
Transcribe Bentham, Old Weather, What’s on the Menu and Monitoring the ANZACs to name a few [9–11].

Citizen science projects that involve the collecting of data thrive in areas which are closely aligned to
popular leisure activities. Participants can contribute to real scienti�c research whilst maintaining their
current hobby. To date the vast majority of CS projects involving data collection are aligned with
environmental conservation, such as e-Bird [12] and Budburst [13]. Whilst projects such the Coastal and
Intertidal Zone Archaeological Network, otherwise known as CitiZAN, and the Scottish equivalent Scottish
Coastal Heritage at Risk have had great success in utilising volunteers to monitor remote heritage sites in
danger, there are comparatively few citizen science projects involving collecting data for heritage [14].

Visiting heritage sites is a highly popular pastime in UK; in England 73% of the population visited a
cultural heritage site in 2018 [15] whilst in Scotland 75% of the population were actively engaged with
cultural heritage [16]. This represents considerable untapped potential for monitoring heritage sites: using
mobile devices visitors can ‘act’ as sensors, recording one-off events or ongoing phenomena that would
not otherwise be monitored without a regular presence at the site.

Smartphone cameras are capable of monitoring a variety of issues in heritage such as biological growth,
erosion and one-off events such as vandalism [17–20]. The vast majority of scheduled monuments
across the UK are small, unstaffed and not often visited by heritage professionals but are often
destinations for tourists and popular walking sites for locals.

Similarly, when a heritage site is well known and frequently visited, it is likely there is a wealth of useful
historical reference data stored in personal photographs. These can be used to qualitatively study the
changing use of a site over time, as recently done by English Heritage in the exhibition ‘Your Stonehenge,
150 years of personal photographs’ [21].

Within heritage science, environmental and observational monitoring is key to ongoing care. However
individual object monitoring cannot always be completely uniform; national heritage institutions often
have a large portfolio of sites in their care spread over a large geographical area. Smaller and unstaffed
sites such as cairns, standing stones and ruined churches often receive comparatively fewer visits from
conservation and management teams meaning that long term trends, one off events and seasonal
variants can go un-noticed or undocumented.

In this paper we present a methodology developed as part of the citizen heritage science project
Monument Monitor as a viable way to collect digital conservation data. It uses photographs taken and
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provided by visitors to monitor speci�c aspects of heritage sites in Scotland. This utilizes the interested
site attendee or ‘visitor-as-sensor’, to document patterns that may otherwise go unnoticed between visits
from professionals.

In this paper we compare two different types of data collection: a ‘guided’ approach in which participants
are directed to take and submit photographs that �t certain speci�cations through signage and an ‘open’
approach, in which participants respond to an open call for photographs through public channels. Unlike
other Citizen Heritage Science projects, such as SCAPE and CiTIZAN, Monument Monitor does not
actively recruit and training volunteers. Instead visitors to the site were prompted to submit digital
conservation data (photographs) through signage or press outreach which are subsequently uploaded
onto an online database. This interactive database was accessible to all key stakeholders in the project,
creating an ongoing live feedback loop for site managers and heritage scientists alike.

2 Methodology

2.1 The project setup
This paper will focus on submissions from two sites within the Monument Monitor project; Machrie Moor
Standing Stone Circles and Clava Cairns. This is due to the higher levels of both open and guided
submissions at both sites in comparison to other case studies sites in the project. Both sites have similar
demographics, being relatively rural sites and receiving a similar number of visitors per year. This means
that difference in the collected data will more likely re�ect the data collection method, and not necessarily
the site.

Machrie Moor Standing Stones, situated on the Isle of Arran, comprises of six stone circles built around
2000 BCE. Due to the topography of the area the site is prone to �ooding, especially in the furthermost
and middle circle. Clava Cairns is a bronze age cemetery complex comprising of hut circles, standing
stones, chambered cairns and �eld systems. Situated near to the Culloden Battle�eld and being linked to
a popular TV series ‘Outlander’, the site has enjoyed an increase in visitors since 2014. As a result of this
area of the site have started eroding noticeably around cairn entrances with visitors even treating the site
with light-�ngered contempt [22]. As such, heritage managers requested for images to document these
areas of the site, as well as any stone movement that may be the result of nighthawkers or vandals.

2.2 Data pipeline
A data pipeline was designed to ensure data collected from the project was stored centrally in one
location and was easily accessible to both the academic researchers and heritage managers involved in
the project. As data was requested from four difference sources, a certain amount of automation was put
in place to minimise time spent uploading and categorising through the data. Figure 1 depicts the data
pipeline from submission to analysis by the heritage managers. An online database was created to store,
sort and subsequently analyse the submitted data. This was built with Ruby-on-Rails with a Postgres SQL
database and hosted Heroku. Submitted images were stored on an Amazon Web Services S3 service and
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were linked to the database entries using Active Storage, an extension to the Rails programming
framework.

Two programming scripts were run automatically daily to collect posts from both Twitter and Instagram
that contained the hashtag #monumentmonitor, included an image, and was not a re-post. Images
submitted via email and WhatsApp were bulk uploaded through an online form. This process ensured
that the researcher spent minimal time organising the submitted data; uploading submissions took
roughly 45, reduced to 15 minutes during periods of low submission. In accordance with General Data
Protection Regulations (GDPR), no personal or identi�able information for any individual was recorded.

In the following analysis each photograph constitutes an individual submission; thus, if one person were
to submit 30 photographs it would count as 30 submissions from one participant. Images with
unsuitable content, such as those containing faces, were categorised as ‘unsuitable’ and images in which
the site could not be recognised were categorised as ‘unidenti�ed’. Duplicate data was also removed at
this point; submissions from the primary researcher’s personal Twitter and Instagram accounts as well as
the main Monument Monitor Instagram account were not included in data analysis. This is because they
were re-posts of other submissions, created to publicise the work of the project.

An interactive website was built to allow project stakeholders to easily access the submitted images
(Fig. 2). Images were categorised by site and submission type could also be tagged with any relevant
observations. The service allowed images containing speci�c issues to be easily identi�ed by site
managers and heritage scientists in real time. This is a key difference to traditional scienti�c approaches
for data storage in which specialised knowledge and access is often required to access research data.
Access to submitted images was direct, easy and well-received by project stakeholders.

2.3 Guided submissions
Signs were placed at each site to prompt visitors to take and submit photographs to the project, using
either email, WhatsApp, Twitter or Instagram (Fig. 3). Visitors were prompted to use the hashtag
‘#monumentmonitor’ alongside the name of the site to assist in identi�cation. Individual signs were
created for each location, as different aspects were to be monitored at each site. Different wording was
used for each sign, chosen in discussion with site managers focusing on a speci�c issue. At Machrie
visitors were requested to document groundwater �ooding, the reoccurrence of which is currently
undocumented. Signs were placed at the entrance of circle 3 and 6 and visitors were requested to ‘take a
photo of the circles from the sign’, thus giving some degree of unity to the submitted images.

At Clava Cairns the instructions were vaguer, the manager was keen to see how visitors experience the
site as well as document any stone disturbance. As such, visitors were asked to take photos of the cairns
‘from different angles’ to ‘monitor the effects of ground erosion, gra�ti and stones being moved’.

2.4 Open submissions
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Following the UK wide lockdown arising from the COVID-19 pandemic, a public campaign, ‘Monument
Monitor at Home’ was started which requested members of the public to submit any photographs they
had of the case study sites. Started with a blog published by HES on the 14th August [23], with ten
articles published in a variety of national newspapers and three articles in history magazines [24, 25].
These were complemented by a social media push from the ISH, UCL SEAHA and HES twitter accounts.
There was a particular focus on Clava Cairns and Machrie Moor Standing Stone Circles as it was more
likely that the general public would have heard of and visited them. It was found that Clava Cairns was of
particular media interest, due to the connection with the television show ‘Outlander’ [26]. As such, the
majority of the press coverage garnered from the campaign focused on Clava, which is also re�ected in
the submission results.

2.5 Relevance of submissions
As Ma et al. commented, an advantage of using citizen scientists to collect data is that it does not
necessarily matter if most images are unusable, as long enough are submitted in the required time scale
[27]. Thus, in order to establish the percentage of useable images, each image was categorised based on
if it was useful for monitoring purposes in discussion with site managers. Alongside any images showing
one-off events, photographs of Clava Cairns had to contain a clear view of either cairn entrance in order
to effectively measure ground erosion at the site. At Machrie, relevant images had to include a clear view
of the 3rd and 6th circles in the complex, in order to monitor levels of groundwater �ooding.

3. Results
Guided submission numbers were related to the seasonal trends of tourism in Scotland and wider
national guidelines during the COVID-19 pandemic. Submissions steadily accumulated once the signs
were placed on-site, as seen in Fig. 4. The popularity of Machrie Moor, the �nal sign to be installed, is
evident by the spike in submissions through September and October, a popular time for visitors being the
off-peak ‘shoulder season’ for tourism in Scotland. February 2020 saw successive storms across the
country and less data was submitted than in the previous month. Participation started to rise throughout
March 2020 but was quickly curtailed on the 16th when the UK government advised against all non-
essential travel amidst the COVID-19 global pandemic. Ticketed sites were shut to stop the spread of
COVID-19 and on 23 March 2020 a nationwide lockdown was imposed. The effect of diminished
submission levels can clearly be seen in Fig. 4, especially when comparing guided submissions between
June 2019 and the spring of 2020. Though Scottish Government guidance permitted outdoor exercise
once per day, people could not travel over 5 miles for leisure until 3 July. As such, throughout the
lockdown period, the only guided submissions received were from sites that were unstaffed and situated
in more urban areas i.e. those which were readily accessible. Being quite remote, Machrie Moor and Clava
Cairns received considerably less submissions than other properties in the project that were near urban
centres. In addition, rates of submission via social media channels dropped considerably, with 25% of
submissions being made through social media, down from 39% pre-lockdown.
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The Monument Monitor at Home campaign was launched on the 14th April 2020 with a blog and
successive articles in the national press. As Fig. 5 shows, this led to a 10% increase in overall
submissions, the majority of which were historical photographs. Whilst guided submissions are often
sent in within weeks of being taken, most of the open submissions were many years old, shown in Fig. 6.
Though dependant on the wording of the campaign request, this indicates the usefulness of the open
method for gathering historical data. However, open submissions relied heavily in public engagement
through traditional media channels. Figure 5 shows high levels of submission after each publication
which quickly dwindled.

Relevant submissions at both sites were of high enough frequency to carry out subsequent monitoring
and analysis. Comparatively fewer overall submissions for Clava were considered relevant, with roughly
4% of both open and guided submissions (Fig. 6). At Machrie Moor however, the split is much larger.
Considerably more guided images were appropriate for analysis (26.3%) whilst only 1.7% of open
submissions were relevant.

Participants often submitted multiple photographs for each site, and guided submissions would often
feature the more ‘picturesque’ features of the site, along with aspects prompted through signage. This
means that the overall percentage of relevant submissions is low for both sites. However, the majority of
participants submitted at least one relevant photograph for analysis. The exception is for open
submissions at Machrie Moor, for which only 3.8% were relevant.

The project successfully alerted managers to numerous instances of heritage crime and natural
disasters. The pilot project, which ran in 2017 noti�ed managers regarding an incident of gra�ti at
Machrie Moor, in which a visitor had carved their initials into the Neolithic monument. In August 2020 a
tree fell onto one of the chambered cairns during a storm, which was subsequently reported the next day.
At several other Monument Monitor sites littering, stone movement and damaging camp�res have also
been reported. In each of these cases, there was not a scheduled visit from a conservation professional
planned for at least a week.

There were also several submissions reporting a heritage crime which actually were far from it. Numerous
photographs submitted of Machrie Moor were from visitors worried that stones have been moved from
the site. After an investigation it was found that the culprit was a local sheep, who had scratched a hole
into the �oor to shelter from the wind. Improved signage is now being considered to reassure visitors.

4. Discussion
Digital documentation is a vital part of preventative conservation and offers a sustainable and scalable
approach to the registration and management of conservation information [28]. While pioneering
activities such as the RAE project in Scotland [29] and HeritageCare [30] in southern Europe are leading
examples of large-scale digital conservation methodologies, they rely heavily on professionals providing
all documenting and monitoring data. Using this methodology heritage institutions can capture long-term
trends and one-off events between site visits from conservation professionals. This is a novel method of
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scienti�c investigation within heritage and is particularly pertinent immediately following the coronavirus
pandemic and can be used to supplement other methods of documentation that cannot be carried out
due to national or local restrictions, such as those caused by the COVID-19 global pandemic.

Visitors responded positively to the requests to send in data, both on site and from press outreach. The
open method is well suited for gathering historical data. Open submissions from Clava Cairns dated back
to the 1960’s and clearly showed visitors enjoying the site through the subsequent decades. These
submissions have provided the site managers with a valuable visual historical resource; they visually
record different management approaches that are otherwise missing from conservation records.

The open method also proved to be a useful catalyst to engage the public at a time in which heritage
sites were inaccessible to many. Many images were submitted with fond memories and anecdotes about
their visit as well as consternation about the issues they faced - particularly erosion across Clava Cairns.
This methodology has a double positive by engaging communities with the conservation issues
alongside collecting reference data. Similar outreach often helps ascertain the social value of heritage
[31–33], and can be used within a toolkit of other approaches [34]. Whether this methodology could be
used with or alongside such a toolkit requires further research.

The sign at Clava requested for images to be taken ‘around the site, including any stone disturbances’,
which alongside monitoring erosion would potentially provide an early warning mechanism to instances
of vandalism [22]. This is why the relevance is low for both open and guided methods. Submissions were
general photos that people took around the site. The cairn entrances at Clava are particularly
‘picturesque’, and so often feature in visitor photographs shown in Fig. 6.

Machrie has a much higher level of ‘relevant’ guided submissions than of Clava, this is likely due to the
signage at having more speci�c instructions. The sign at Machrie requested images of two speci�c
circles in order to monitor waterlogging. The area of the site being monitored, Circle 6, is not most
‘picturesque’ viewpoint of the site. Being somewhat removed from the main standing stones circles
visitors sometimes fail to reach it all together. As such, historical holiday snaps rarely capture the area
and was featured in only 1.7% of open submissions, whilst 26% of guided submissions did feature the
circle which was su�cient to measure weekly �uctuations in waterlogging. Therefore, both open and
guided approaches are useful if the aspect to be monitored is a part of the ‘standard’ visitor image.
However, a guided approach is more suitable where speci�c images are required.

The open method relies heavily on public outreach and is particularly resource-intensive in all aspects of
publicity, media and social media management. This should be factored into citizen heritage science
projects. Much less engagement is needed for the guided method as the signage is the catalyst for
submission. Whilst submission numbers through the open method were high, guided submissions are
more sustained and is more suited for ongoing monitoring.

The project successfully alerted the conservation team to numerous issues across the sites including two
instances of heritage crime (vandalism and illegal camping) and several instances of littering. In early
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August several submissions alerted the management team to a tree that had fallen on the southern cain
at Clava, which was quickly removed by conservation staff. In each of these instances the site was not
scheduled for a visit, demonstrating the effect of the visitor-as-sensor. Site managers and project
stakeholders were able to easily access the submissions and use them for their own analysis of ongoing
trends at the site.

Conclusion
Both a ‘guided’ and ‘open’ approach to citizen heritage science provides useful data for heritage
managers and other stakeholders, which has been summed up in table one. As a multidisciplinary
approach it can help with both scienti�c and heritage management questions. Guided images were
submitted with enough frequency to monitor aspects such as erosion and �ooding at both sites. The
visitor-as-sensor successfully discovered numerous instances of events that would otherwise have gone
un-checked between routine inspections. These could be acted upon in a swift manner due to the data
pipeline that allowed heritage managers access to the research data in real time. Whilst the COVID-19
pandemic negatively impacted the frequency of guided submissions, the open approach to data
collection proved adequate at providing site managers with useful insights pertaining how sites are
enjoyed and managed at a time where access to heritage was restricted at an unprecedented level.We
believe there is much scope for future citizen heritage science projects and present this paper as a
methodology for heritage institutions to set up similar projects and conduct further research.
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Tables
Table 1

Summary of �ndings through open and guided methods

  Guided Open Further Research

Data
Quality

High, with largest
proportion of ‘useful’
images for analysis.

Less high, unless the
area being monitored
is particularly
‘picturesque’.

Useful for one off events
and certain types of
environmental monitoring.
But what are the limits of
this data?

Frequency Of high enough frequency
during tourist low season,
however, very low during
national lockdown and
winter.

Initially high levels of
interaction after press
coverage, that quickly
curtail.

How would different types
of heritage sites affect the
frequency?

Information Successful for reporting of
one-off events, such as
vandalism.

Useful for historical
reference, especially to
see how visitors
experienced the site in
the past.

Can either of these
methodologies be used to
ascertain social values of
heritage?

Figures
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Figure 1

Diagram of data work�ow from submission of photograph from visitor to analysis by project
stakeholders
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Figure 2

Screenshot of interactive database developed for researchers and site managers. The database allowed
users to sort by site, submission type or tag as well as download selected images to a zip �le, view
submission patterns over the year and compare two sets of images.

Figure 3

Example of guided signage, alongside two example submissions, one ‘useful’ one not.



Page 15/18

Figure 4

Submission and participation rates at Clava and Machrie showing low numbers of submissions through
the winter of 2019 and spring of 2020 when the national lockdown was introduced
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Figure 5

Submissions over spring 2020 lockdown period with press publication dates showing large number of
submissions immediately following press coverage.
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Figure 6

Time passed between site visit and photo submission between open and guided approaches. Open
images are often submitted after a much longer period of time than guided.
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Figure 7

Perceived ‘usefulness’ of images showing that guided submissions have a higher rate of perceived
‘usefulness’, as judged by site managers.


