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ABSTRACT

The increasing use of digital technologies can provide significant benefits to the excavation and
interpretative process in archaeology. Yet, despite major developments in the last two decades,
digital recording can still be seen as part of the realm of tech savvy archaeologists, well-funded
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projects, or larger commercial units who can develop their own recording systems or deploy a
pre-existing application. The latter are often expensive and can be technologically challenging to
implement, and few of these focus on both context recording and feature drawing. In response,
this paper presents an accessible and flexible low-cost DIY digital workflow developed by the
Comparative Kingship Project, Scotland, allowing field practitioners to benefit from some of
the key advantages of “going digital” without the associated costs or complexities of some of the

other systems.

Introduction

Archaeological excavation is a destructive process, making
on-site recording paramount for documenting archaeological
features and allowing the preservation of a site by record (Bar-
ker 1993). Textual and photographic records, drawings,
material culture, environmental remains, and soil samples
often constitute the only remaining evidence of excavated
sites (Barker 1993, 162). Given the quantity of data produced
during the excavation process, post-excavation work can be
laborious, with certain tasks, such as digitally entering paper
records or digitizing on-site plan and section (profile) draw-
ings, particularly time-consuming. This can have significant
cost-related implications, either regarding the number of
staff or time needed on-site, a problem especially pertinent
in an era of greater budgetary constraints in archaeology
(Hamilakis 2015; Sayer 2014; The British Academy 2016).
The process of recording excavations in archaeology has
gradually begun to take advantage of some of the major
developments in digital technology (we include here digital
photography and portable devices such as tablets, drones,
dGPS, etc.), which has seen the emergence of oriented
recording methods and the notion of “paperless archaeol-
ogy” (Ballsun-Stanton et al. 2018; Eve and Hunt 2008; Jack-
son, Motz, and Brown 2016; Motz 2016; Roosevelt et al. 2015;
Uildriks 2016; Wallrodt 2016). It is beyond the scope of this
paper to debate in detail on the pros and cons of digital
recording, and the benefits of digitally recording excavations
have been well reported in the literature, the most significant
of which include: a greater efficiency in the overall recording
process and greater data quality and more accurate illus-
trations, as well as improved intellectual engagement with
the archaeology in the field as digital recording liberates us
from necessary but time-consuming tedious tasks (Austin
2014; Ellis 2016, 66-67; Morgan and Wright 2018; Olson
et al. 2013; Roosevelt et al. 2015). Critics of digital recording

and proponents of “slow archaeology” in particular (Caraher
2016) have, on the other hand, questioned whether improved
efficiency has resulted in a greater understanding of the exca-
vated site or how digital recording may lead to the “de-skil-
ling” of archaeologists or impede interpretative and reflective
processes due to the use of “rigid databases” or digital tech-
nologies replacing the “craft” of traditional illustration (for a
more in-depth discussion on this debate, see Caraher 2016,
2019; Ellis 2016). Just as Ellis (2016, 69) before us, here we
firmly believe that these concerns are more associated with
“good archaeology” than with a particular type of recording
system (i.e. paper-based vs. paperless).

However, besides the ubiquitous use of digital photogra-
phy and survey equipment such as total station or dGPS, it
still appears that a significant proportion of field prac-
titioners have yet to adopt digital recording methods for
excavation (Boyd et al. 2021, 62). Most still rely on paper
records and hand drawings, though digital recording is
gradually being integrated into the excavation process, either
directly in the field on a mobile device or during the post-
excavation phase (Morgan and Eve 2012, 526). The main
reasons for this slow adoption seem to include a lack of
awareness of existing digital recording solutions available
for archaeological excavations, their capabilities and applica-
bility, their adaptability, their cost, and the perceived or real
complexity to implement them (Austin 2014, 14). It is rarely
highlighted how relatively easy it can be to implement pro-
ject-specific digital recording using off-the shelf software,
basic equipment (such as a handheld camera or a basic
drone), or existing digital capture equipment already avail-
able on most excavations (Bobowski 2012; Waagen 2019;
Wilhelmson and Dell’'Unto 2015). Likewise, the ease of use
and reliability of new digital technologies such as photo-
grammetry and drones for plan and section drawings does
not appear to be widely deployed. In general, there is a
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lack of published workflows and guidelines for implementing
a low-cost, digital recording system, especially for non-IT
specialist field practitioners. Digital recording still appears
to be largely the domain of tech-savvy archaeologists or
well-funded projects with significant IT support (Ballsun-
Stanton et al. 2018; Morgan and Eve 2012). In the British
commercial sector, the larger companies have now devel-
oped their own digital recording systems, but, with the
exception of LP Archaeology (ARK), these systems are not
destined for distribution nor have they been widely
published.

Furthermore, the majority of published digital recording
systems originate from major, well-funded excavation pro-
jects at sites of international importance in particular
(usually favorable) climates with significant infrastructure
in place and reasonably easy site access. Such a physical
and financial setting is in stark contrast to many commercial
and smaller-scale academic excavations, where inclement
weather conditions, difficulties in accessing sites, short-
term targeted excavations, and small excavation teams are
the norm. This is particularly the case in Scotland and for
the Comparative Kingship Project at the University of
Aberdeen. It is in this setting that we developed a simple,
low-cost, and flexible DIY digital recording workflow
which we mainly use on small-scale excavations at remote
sites. In this paper, we present a digital approach developed
for the project team and discuss how some of the major
benefits of digital recording can still be attained with a
low-cost DIY system which in turn could be adopted (or at
least some elements) by practitioners across the sector.

The Comparative Kingship Project

The Comparative Kingship project at the University of
Aberdeen is examining the nature of the societies and social,
ideological, and political frameworks that filled the chasm
left by the demise of the Roman Empire in the 5th century
A.D. The project is undertaking detailed study of three
major polities—Pictland, Scotland; Dal Riata, Northern Ire-
land; and Munster, Ireland—and their development during
the course of the first millennium A.D. There are major dis-
parities in the dataset, with early medieval Ireland having
tens of thousands of settlements from this period (O’Sullivan
et al. 2008), whereas in Scotland, the sites are much fewer
(Noble and O’Driscoll 2019). Hence, in Scotland, a major
focus of the project has been undertaking numerous evalua-
tive excavations to try and identify sites of this period along
with larger open area excavations of previously identified
early medieval power centers at sites such as Rhynie, Aber-
deenshire (Noble et al. 2013, 2019).

Since late 2017, the project has investigated approximately
35 sites, including hillforts, promontory forts, ecclesiastic
enclosures, cemeteries, and the location of in situ carved
stone sites, with a further 15-20 sites to be investigated
(Figure 1). The sites are varied in geographical and topogra-
phical settings, many of which are difficult to access, such as
Mither Tap hillfort (Site Number NJ62SE 1, CANMORE).
From this broad field-based approach with multiple research
interventions, and the apparent lack of viable options avail-
able elsewhere, came the need to develop a digital recording
workflow that followed discipline standards and allowed
quick, but efficient and detailed, field recording and report-
ing. The system had to be simple enough for the multiple

student and community volunteers who are involved in
our fieldwork initiatives, robust enough to withstand the vag-
aries of the Scottish climate, portable enough to carry equip-
ment to difficult to access sites, and low-cost enough to
achieve with limited budgets for IT and equipment.

What are the Options? Digital Recording
Approaches for Archaeological Excavation

The main reasons for excavations “to go digital” often reside
in the desire to ensure greater efficiency and consistency in
the recording process and increase data quality, as well as
reduce the time necessary to perform certain tasks in and
out of the field (entering and managing on-site records,
drawing of plans and sections, checking and exporting
records, and producing excavation reports). This usually
entails entering stratigraphic information and other site
records directly into a database or application on a tablet
in lieu of paper records (Cianciarulo and Guerra 2007; Fee,
Pettegrew, and Caraher 2013; Motz 2016; Roosevelt et al.
2015; Uildriks 2016) and the use of digital technologies
such as survey equipment, orthophotography, or photo-
grammetry for plan and section drawings (Berggren et al.
2015; Kimball 2016; Morgan and Wright 2018; Waagen
2019). Practitioners wishing to switch from an analog to a
digital record have the choice between either adopting an
existing solution or developing and implementing their
own DIY solution.

Existing alternatives

Existing solutions are either bespoke using proprietary soft-
ware or purpose-built applications (for discussion, see Aus-
tin 2014, 14-15; Sobotkova et al. 2016) and are often for
large excavation projects. Their primary objective is to pro-
vide a digital platform for collecting stratigraphic infor-
mation and managing site records. These solutions are
effectively enhanced databases integrating features such as
the photographic record, GIS capabilities, survey equipment
for spatially recording features, or 3D visualization abilities
(Taylor et al. 2018).

Bespoke solutions such as iDig (Uildriks 2016), KAP (Roo-
sevelt et al. 2015), or Imilké (Lopez et al. 2016) are built from
off the shelf, often proprietary software such as Filemaker Pro,
Microsoft Access, or ArcGIS and were developed and
deployed for specific projects on large multi-season exca-
vations that often have considerable funds and resources.
Though innovative in terms of digital recording, these sol-
utions were not originally intended for wider distribution,
which often limits their use for other projects. They are also
often complex and difficult to replicate without hiring IT
specialists, which is often beyond the means of most archaeo-
logical projects (Austin 2014). For example, while iDig is
freely downloadable, easy to install, and has the advantage
of running on the iPad, its vocabulary and structure is specific
to the Agora project for which it was developed, limiting its
portability to other projects (Uildriks 2016), though Boyd
and colleagues (2021) have adapted iDig for their excavations
at Dhaskalio, Greece. Similarly, while the authors of a system
designed for the Kaymakgi Archaeological Project in Turkey
encourage its adoption at other sites (Roosevelt et al. 2015,
329), its setup and implementation appear technologically
challenging (Roosevelt et al. 2015, 328) and would only be
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Figure 1. Map showing interventions carried out by the Comparative Kingship Project in Scotland (2017-2020).

accessible to institutions with significant resources (in terms
of personnel and funds).

Applications purposely built for archaeological record-
ing, with development involving archaeologists and an IT
team, ensure the software is fit for purpose and guarantees
support and maintenance (Sobotkova et al. 2016, 338). The
advantage of such applications is that they are intended for
distribution and developed for use on multiple excavations,
as opposed to having been designed for a particular site, and
are therefore more flexible and adaptable than bespoke sys-
tems. They are often built using web-based technologies
such as the Archaeological Recording Kit (ARK), the Feder-
ated Archaeological Information Management System
(FAIMS; Ballsun-Stanton et al. 2018), or OpenDig (Vincent,

Kuester, and Levy 2014a, 2014b) and can be, to some extent,
freely available to use under open-source licenses. However,
knowledge of web technologies and access to a server is
needed to install and customize files for specific project
needs (Austin 2014, 15).

Another issue is the lack of dedicated long-term develop-
ment and software support (Austin 2014; Roosevelt et al.
2015), something encountered for recording apps developed
on Google-based software such as Fusion Tables (Cascal-
heira, Bicho, and Gongalves 2017), which is no longer sup-
ported since 2019. Currently, only FAIMS (Ballsun-Stanton
et al. 2018), ARK (Eve and Hunt 2008), and Intrasis
(https://www.intrasis.com), a GIS-based recording system
(Williams and Brown 2017), seemingly provide continuous
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support. Solutions such as ARK and FAIMS operate on an
open-source business model where users pay for installation
and/or customization and support costs, providing the funds
for continued support, whereas Intransis is a licensed pro-
gram. The costs for ARK and FAIMS can vary depending
on the needs for customization and support, but at a mini-
mum, it is several hundred British Pounds per season (Sobot-
kova et al. 2016, 345-346). Though these costs are likely to
decrease as the number of users increases (Sobotkova et al.
2016, 348), they are still usually beyond the means of less
well-funded archaeological projects whose spending priori-
ties may lie elsewhere.

The majority of existing digital recording systems have
been developed as all-in-one packages that amalgamate site
records and some planning or drawing capabilities and
sometimes include integration with survey equipment and
3D visualization tools. These programs were primarily
designed for large-scale ongoing excavations with complex
stratigraphy and large artifact assemblages and have been
particularly effective in visualizing and managing large sets
of excavation data. They can also incorporate real-time or
scheduled synchronization of data between devices via a cen-
tral database hosted on a server, which can be beneficial for
projects with large excavation teams, allowing all team mem-
bers, including post-excavation specialists, access to exca-
vation data in near real-time (Taylor et al. 2018).

However, the necessity of such applications, and their
associated costs, is questionable for smaller-scale excavations
with limited funds. This is particularly true for relatively
non-complex sites with shallow stratigraphy, such as in
rural environments in Scotland, which can be limited to shal-
low deposits dominated by cut features such as ditches, post-
holes, or pits. This is in stark contrast to the internationally
recognized and deeply stratified sites such as Pompeii or Cat-
alhdyiik for which most of these programs were developed.

Digital recording of excavations now extends far beyond
centralized databases and can include an array of exciting
low-cost possibilities for other fundamental tasks, such as
planning and section drawing (Morgan and Wright 2018).
Therefore, in order to benefit from digital recording, prac-
titioners may prioritize the acquisition of equipment (such
as drones or tablets) or photogrammetry software rather
than bear the cost of implementing an all-in-one recording
package. For the Comparative Kingship Project, the systems
noted above were too elaborate and costly for the needs of
the project and the nature of the excavations. Our motivation
here was the belief that it was possible to benefit from “going
digital” while adopting a “simple” low-cost DIY digital
recording workflow.

DIY approaches

There has been an increasing number of alternatives to pur-
posely-built programs for digitally recording excavations,
many of which consider the funding and technological limit-
ations that can face projects (Perfetti, Fassi, and Rossi 2020).
These have experimented with, and successfully developed,
methodologies and tools to digitally undertake some of the
key steps of the recording process. Even in its simplest
form, entering site records directly into a database is already
an improvement on analog recording, with greater data con-
sistency during input, alleviation from cumbersome paper
records, and an increase in efficiency during post-excavation,

as the records already exist in digital format. Several well-
known database software, such as Filemaker Pro, Microsoft
Access, or LibreOffice Base, can easily be used to generate
data entry forms. Filemaker Pro has been particularly popu-
lar among archaeologists developing recording apps suited to
the need of their projects (Jackson, Motz, and Brown 2016),
as it is particularly well suited for the iPad environment and
can also be used on PC tablets. Web-based options are also
available, which have the advantage of being accessed via a
web-browser and therefore are not constrained by a particu-
lar operating system. For instance, Zoho and Open Data Kit
have both been successfully used by archaeologists to gener-
ate field recording forms for use on tablets (Austin 2014;
Bobowski 2012).

Drawings are a critical component of recording, usually
forming the only scaled visual record of excavated features
which are inevitably destroyed by the excavation process
(Morgan and Wright 2018). Site plans provide the location
and character of features and allow the site to be “recon-
structed” once excavation has been completed, while section
drawings are a valuable aid to understanding stratigraphic
sequences. Just as the use of digital photography is ubiqui-
tous on most archaeological excavations, the use of digital
survey equipment (Total Station or DGPS) is relatively com-
mon for recording the spatial location of features across a site
and their broader outlines. However, when dealing with the
detailed recording of a particular feature, measured plans
and sections are necessary and are still largely done by
hand (Morgan and Wright 2018, 1).

Several methods have been explored in order to utilize
aerial photography to produce detailed images of an exca-
vation to complement hand-produced field drawings or to
be directly digitized to produce a scaled plan. Kites, balloons,
and helikites, for example, have been used, and though they
do have some advantages, they also have significant draw-
backs (Verhoeven 2009). The use of georectified oblique
photos have also been used to produce vertical images of
sites which can then be digitized to produce a plan. Recent
advances in technology have also seen the use of 3D laser-
scanning to produce accurate representations of the archae-
ological record. However, the post-processing requires sig-
nificant skill and is extremely time-consuming, while the
weight, bulkiness, and high cost of such equipment limits
the use of this technology (Kimball 2016, 10, 14).

The benefits of drawing directly from 2D orthophoto-
graphs and 3D models (Brandolini and Patrucco 2019; Kim-
ball 2016) have been clearly demonstrated in terms of time
gained in-field and accuracy and precision of the illustrations
produced when compared to analog plan drawings. Recent
developments in drone technology and photogrammetry
appear well-suited to resolve some of the drawbacks of
other methods used for capturing vertical imagery (Waagen
2019). Furthermore, most drones can now produce high-res-
olution imagery that is georeferenced via onboard GPS tech-
nology, making it an instrument of choice for planning
purposes. While the absolute accuracy of non-professional
drones can vary considerably and can sometimes be in the
range of + or - 50 m or more (this can be corrected using a
variety of techniques, like setting up Control Points manually
or with a DGPS or georeferencing the collected data in GIS),
the relative accuracy of the data is usually between 1 and
2 cm, which is more than accurate enough to produce a
highly detailed and accurate model.



Drawing sections is probably the aspect of recording that
has received the least “digital attention.” Traditionally, sec-
tions are drawn by hand on paper in the field and, once in
the office, scanned and then digitized using a CAD software
such as Inkscape, Illustrator, or Affinity Designer. However,
drawing sections can be time consuming, sometimes subjec-
tive, and their accuracy is highly dependent on the illus-
trator’s experience and abilities. Furthermore, drawing
sections can be challenging in high winds or heavy rain, or
in the case of wide and deep sections. Sections have also
been reconstructed in open-plan excavations from the
detailed recording of contexts in GIS software (such as Arc-
GIS or QGIS) using section tools allowing the vertical visu-
alization of stratigraphic sequences (Losier, Pouliot, and
Fortin 2007). Just as with plans, field practitioners have
been experimenting with alternative methods to record sec-
tions. An initial approach has been to draw sections digitally
on a tablet using drawing software such as iDraw instead of
paper (Wallrodt 2016, 43). The advantage of this is to directly
produce a vector drawing, removing the time needed to scan
and digitize paper sections in post-excavation. However, it
does not eliminate the time spent drawing in-field, nor
does it reduce issues of accuracy. A far more promising
approach has been the use of photogrammetry to capture
excavated sections as 3D models from which section draw-
ings can be generated during post-excavation, representing
an improvement in time efficiency and accuracy over
hand-drawn sections in the field (Boyd et al. 2021; De Reu
et al. 2014; Kimball 2016).

As government agencies such as Historic Environment
Scotland still require the production of vector-scaled section
drawings in reports and archaeologists do not yet appear to
be willing to abandon this type of output, considering the
clear benefits of generating section drawings from 3D photo-
grammetry models of sections, efforts should be made to
democratize the photogrammetry approach in order to
allow more field practitioners to digitally enhance the pro-
duction of sections in a simpler and cost-effective manner.

Photogrammetry: current applications and unused
potential

Recent developments in photogrammetry have shown con-
siderable potential to further streamline the in-field record-
ing process. Terrestrial photogrammetry has been used by
archaeologists since the 1980s (Fussell 1982; Georgiadis
et al. 2000). However, the prohibitive expense of hardware
and processing software, as well as concerns with the
reliability of the results due to issues with keypoint identifi-
cation (which are integral to create an accurate and dense
three-dimensional model), meant that this was not a viable
technique until quite recently (see Dellepiane et al. 2013;
Doneus et al. 2011, 82; Jeffrey 2003, 112). The last ten years
has seen a distinct shift in its use and application (Roosevelt
et al. 2015, 327), as evidenced by a series of studies testing its
accuracy and usefulness (Dellepiane et al. 2013; De Reu et al.
2013; Lerma and Muir 2014; Remondino 2014; Roosevelt
et al. 2015, 327). Most of these focus on methodological
work-flows (Dellepiane et al. 2013) or best practice case
studies (Sapirstein and Murray 2017), though a few examples,
such as Roosevelt and colleagues (2015), McCarthy (2014),
De Reu and colleagues (2014), O’'Driscoll (2018, 2019), or
Boyd and colleagues (2021), have highlighted the wider
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potential of this technique in excavation and surveying con-
texts. Dellepiane and colleagues (2013) and Doneus and col-
leagues (2011), for example, use photogrammetry to
document each stratigraphic level in a trench but do not dis-
cuss its potential application in plan and section recording.
Conversely, De Reu and colleagues (2014) have successfully
used this technique to record plans and sections, while also
highlighting its applicability to record complex deposits
such as human and animal remains.

Roosevelt and colleagues (2015, 340) have shown that
photogrammetry can reduce the average 0.08-0.1 m error
margins of traditional drawings to 0.01-0.03 m. Such
methods also improve standardization, consistency, and pro-
blems with subjectivity, particularly when applied to sites
where a team of archaeologists may have varying levels of
competency, though as Sapirstein and Murray (2017, 340)
have summarized, the greatest benefit is the significant
reduction in time needed for in-field recording. Photogram-
metry does also provide a more permanent record, with the
original layers, spatial data, and appearance of a given feature
able to be revisited more easily than a simple line drawing
and photograph.

Of course, terrestrial photogrammetry is not without its
problems. For example, in all of the published cases above,
a hand-held DSLR was used for photo capture. While this
allows quick and ad hoc capture of data, without additional
time-consuming mapping of control points, the data can lack
important detail, such as a scale. While Sapirstein and Mur-
ray (2017, 341) dismiss drone-derived photogrammetry for
excavation recording, as they see it as being too low resol-
ution (which is a questionable point, considering the poten-
tial resolution achievable with modern drone cameras), we
would argue that this is a viable solution and through par-
ticular techniques and processing can provide critical detail,
including an accurate scale. In this regard, the additional
implementation of drone-derived photogrammetry of an
excavation site, integrated with hand-held derived data, pro-
vides an innovative and comprehensive approach to accurate
and detailed recording of excavations.

Developing a Low-Cost DIY Digital Recording
Approach

Designing the application for recording stratigraphic
information

Four objectives were considered prior to the development of
a digital recording application for the Comparative Kingship
Project. First, to eliminate cuambersome paper records, bin-
ders, and other associated materials, replacing them with
far more transportable tablets, a critical consideration
given the remote location of some of the sites to be excavated
during the project. Second, to ensure consistency among
team members when filling in site records. Third, to elimin-
ate the time-consuming task during post-excavation of
entering data from paper records (including deciphering
handwriting and manually verifying consistency) into a data-
base or spreadsheet for the production of excavation reports.
Finally, the design of digital site recording forms had to
remain relatively simple so that hiring a programmer was
unnecessary, staft time for development and deployment
was kept to a minimum, and the resulting application was
easy to use by staff, students, or volunteers and therefore
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would remain a close mimic of the traditional paper record
(Austin 2014).

The application was developed using Filemaker Pro. The
main reason behind the choice of software was the ability to
easily deploy an application for iPad, already a device of
choice among archaeologists (Ellis 2016; Fee, Pettegrew,
and Caraher 2013) and available in our department. File-
maker operates on both Windows and Mac, and with File-
maker Pro Advanced, it is possible to create standalone
versions, which is useful for distribution. However, we did
not have the IT skills to develop a separate Android version.
The example of OsteoSurvey (Austin 2014) has also high-
lighted the use of Open Data Kit as a promising open-source
alternative to Filemaker. Filemaker Pro is not without issues
on Mac computers, as previous versions are not supported by
the developer, whose commercial strategy instead is to make
new versions regularly available on the market. Furthermore,
operating system upgrades may render Filemaker Pro
unstable. There are now a number of alternatives for devel-
oping applications, and a comprehensive review addressing
costs, implementation issues, and technological challenges
or the IT skills required would be valuable for the archaeolo-
gical community, though it is beyond the scope of this paper.

For ease of use and development, it was decided that a
master database would not be created to store synchronized
data from multiple devices on the same site. Given the rela-
tively small teams on most of our excavations, the cost of
Filemaker Server, necessary to implement synchronization,
the technological challenges (Houk 2012, 80), and the
necessary time expenditure (Austin 2014, 15), it was deemed
unnecessary. The lack of synchronization was surmounted
by assigning iPads to specific trenches in the case of larger
excavations, in the same way that several context registers
may be used for a large site. At the end of each excavation,
the data was exported then merged in an Excel spreadsheet
if multiple tablets were used for recording. Photographs
taken with the iPad were also exported.

The recording application was developed based on the
Museum of London Archaeology Service (MoLAS) record-
ing protocols (London Archaeology Service 1994; Spence
1993) and is text-based, offering a digital equivalent of tra-
ditional paper records, integrating iPad camera capabilities
easily achievable in Filemaker. While iPad camera resol-
utions are high enough for the photographic record,

Samples
Areas
\ o
Contexts
Finds
Inclusions
Drawings

Figure 2. Simplified database model showing data tables and relationships.

publication, and reporting purposes, we still take a DSLR
camera on each site for photogrammetry purposes (see
below), working shots, and as backup. Wherever possible,
the forms designed use value lists and check boxes to reduce
the amount of writing and ensure data consistency. Free note
taking was also possible on most forms. Help prompts were
implemented on the forms for training purposes, an
approach that Bria (Bria and DeTore 2016) has demon-
strated to be highly effective.

The database is site-based and structured around the con-
cept of excavation “Areas” (i.e. trenches, test pits, or specific
areas), which constitute the parent table to which all other
records are related (Figure 2). The main form is the “exca-
vation area” where the different records are easily accessible
via menu tabs such as “Contexts,” “Samples” (following Dob-
ney et al. 1992), “Photos,” “Finds,” and “Drawings” (Figure
3). Contexts (i.e. stratigraphic units) are visible as an editable
list (see Figure 3) with specific forms for detailed recording
(i.e. deposit/fill or cut; Figure 4). The other site records are
entered in a list style form, which was preferred in terms
of rapid overview and ease of data entry. The “Photo” regis-
ter (Figure 5) logs entries for photos taken with a tablet, auto-
matically imported into the database, or a DSLR camera or
drone. The “Drawings” register can be used to log hand-
drawn sketches, scaled site plans, and section drawings or
digitally annotated photographs.

Integrating digital technologies into the drawing
process

In our workflow (Figure 6), some elements of hand drawing
are retained, though the drawing process relies heavily on
digital imagery. No hand-drawn plans are undertaken on-
site, with this step of the recording process being abandoned
altogether. Site plans and section drawings are produced
after the excavation, back at the office, by digitizing a vertical
image or a 3D photogrammetry model. The digitizing pro-
cess is aided by an annotated hand-drawn sketch (on paper
or tablet) or an annotated photograph on a tablet using a vec-
tor drawing software (Figure 7). This step is done in the field
and is an important element of the recording and interpret-
ative processes as contexts and their stratigraphic relation-
ships are identified.

Depending on the context, there are a number of potential
methodologies we can apply when creating plan drawings.
The simplest is taking a vertical photograph using a drone
(see Verhoeven 2009, 236-237), though for larger exca-
vations, depending on the camera, this may lack quality
and definition. In this regard, using a drone to create a
photogrammetric three-dimensional model and orthomo-
saic of the excavated area provides more accuracy and also
allows the user to extract accurate height data (Figure 8)
(for a more comprehensive step by step guide to this process,
see O’Driscoll 2018; Waagen 2019). We use a DJI Mavic Pro
with 12 megapixel camera or DJI Phantom 4 Pro with 20
megapixel camera. Both are relatively light-weight and
have built-in GPS (most low-cost drones have in-built
GPS). This imprints each photograph with a geotag that
enables the subsequent addition of a precise scale. However,
accurate plans can be created with any type of camera drone,
regardless of the presence of GPS or geotagged images.
Instead, the core principle of any photogrammetric survey,
either ground or drone based, is overlap of images. These
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<= TRENCH 7
Contexts Samples Photos Finds Drawings Notes
| Context N° Type Basic description Feature/Part of Group/Structure
| 7101 Deposit | | Large stones deposit near hearth 7104 Stone hearth (7004) | v X
| 7102 Deposit \ Hearth spread deposit 7104 Stone hearth (7004) \ Structure 1 Ve X
| 7108 | | Deposit | | Cobbled surface under floor \ Structure 1 4 X
‘ | 7104 Deposit | | Stone hearth (7004) 7104 Stone hearth (7004) | Structure 1 v X
| 7105 cut | | Possible cut for hearth slabs 7104 Stone hearth (7004) | Structure 1 Va X
| 7106 Deposit \ _Hearth spread deposit ) J \ Structure 1 - s X
[ 7107 Deposit | | Possible N wall fill 7108 Possible N wall large \ Structure 1 v X
‘ | 7108 Deposit | | Possible N wall large stones 7108 Possible N wall large | Structure 1 d X
| 7109 Deposit \ Possible postpad \ Structure 1 v X
| 7110 | Deposit | | stone surface in S2 | Structure 1 4 X
7 Cut \ Shallow pit to the east of hearth 7111 Shallow pit to the east | Structure 1 d X
|72 Fill | | Firof pit 7111 7111 Shallow pit to the east | Structure 1 a X
| 7113 Deposit \ Floor deposit | \ Structure 1 Ve X
7112 [F | | Stone feature in NW corner of trench 7115 Cut of unknown feature | | Structure 1 d X
[ 715 |cut | | Cut of unknown feature 7115 Cut of unknown feature ~ | | Structure 1 s X
| 7116 Deposit | [ subsoil \ v X

Figure 3. Excavation “Area” data page showing the “Context” list tab. Green numbers indicate the context data entry has been approved by a supervisor. The
pencil button takes the user to the relevant recording form type (deposit/fill or cut).

overlapping images show features from slightly different pos-
itions, giving each photograph a unique angle of the selected
area/object while also providing it with keypoints (reference
points) visible on multiple photographs. An overlap of
between 70 and 80 percent is needed to create an accurate
three-dimensional model (O’Driscoll 2018). For larger land-
scape surveys using a drone, an automated flight-path cre-
ated using freely available software, such as Drone Deploy
or Pix4D Capture, is generally applied (for a more compre-
hensive step by step guide to using this software, see O’Dris-
coll 2018, 33). While this is a good way of ensuring
consistent, evenly spaced photographs with sufficient over-
lap, it is not wholly necessary for planning an excavation
trench. For the surveys described below, the drone was
flown manually at a height of between 4 and 6 m, the height
depending on the size of the trench and type of archaeology
to be recorded. The height of the drone also determines the
resolution of the model and number of data points per cubic
meter. Once the drone has reached the desired height, the
camera needs to be focused before image capture begins
(on pre-planned flights, this is automated).

There are no special trench preparations needed for the
survey, other than cleaning that would be undertaken for
general context photographs. In some instances, where a
context or deposit is poorly defined, we recommend lightly
marking the outline with a trowel. Once the survey has
started, it is good practice to keep the height consistent
and photographs evenly spaced, though this is not a stringent
requirement as long as there is enough photographic overlap.

There are some instances where flying a drone is not poss-
ible or necessary, such as in wet or windy conditions, in areas
where flight restrictions occur, or simply where the size of an
excavation trench is too small or narrow. While a 2 x 2 m
trench could easily be surveyed with a drone, using a

handheld digital camera offers more flexibility. In this
instance, the same principles apply, with photographic over-
lap the main necessary component for a successful survey.
Vertical photographs should be taken in a systematic manner
using the same zig-zag traverse pattern employed by drone
survey, making sure that the survey area incorporates at
least 1 m of ground beyond the edge of the excavation trench.
This allows the edges of the trench to have enough overlap-
ping photographs to be included in the final three-dimen-
sional model. When using a handheld camera, it is also
good practice to take a series of oblique photographs from
the edge of the excavation trench. Unlike most drone surveys,
surveys employing handheld cameras will not automatically
produce a scale (though the model will be proportionally cor-
rect) or orientate the resulting model. This has to be applied
manually by incorporating a ranging-rod and north arrow
into the surveyed area. Using a bubble-level to level the ran-
ging-rod provides further accuracy. Conversely, the corners
of the trench can be mapped with a Total Station or GPS
and the photogrammetric model corrected in a GIS software
such as ArcGIS or QGIS (for a more comprehensive step by
step guide to employing corrections, i.e. “Ground Control
Points,” see Waagen 2019, 14-17).

Regardless of the methodology employed (drone or hand-
held), the same techniques are used to process, visualize, and
manipulate the data. Firstly, the photographs need to be pro-
cessed. While this may seem like the most intimidating part
of photogrammetry, nearly all modern software is automated
(we use Pix4D Cloud; however, other software platforms,
such as Autodesk ReMake or Agisoft Metashape, are also
automated). Although the underlying algorithms and pro-
cesses are complex and continually developing (O’Driscoll
2018, 33), all that is required of the user is to drag and
drop the captured photographs into the program (this has
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A) DEPOSIT/FILL ENTRY FORM CONTEXT 7107 Trench 7
Context number Context ID Compaction ?  Colour Notes
7107 7 7107 Hard Modifier | Mid Edges not clear, possibly contained to larger stones.
- Fim Slightly mottled in places with more grey.
Basic description ® Soft Hue greyish
Possible N wall fill Friable Colour brown
Composition Chart
Feature / Part of
7108 Possible N wall Sand (fine) Silt Silty clay
. Sand (medium) Sandy silt Pebbles
Structure/Group
Sand (coarse) ~ (® Clayey silt Cobbles
Silty sand Clay Stones
Visibility Clayey sand Sandy clay
® Partally visible Inclusions | ? Stoniness
Fully visible
Truncated by
Length (m) Width (m) Depth (m)
1.2 .08
- Bioturbation
Stratigraphic relationships
Burrowing + Roots
7131
‘—'—‘ Excavation conditions
— 7107 — Et)
Excavation methods SIe\Led Date Recorded by ~Approved
7108 Lignt hand tools 12/08/2019 @] |[SN v
B)[ cut entry Form CONTEXT 13006 e e Ol e (DD o \ch 13
Shape in plan General character
Context number Context ID Linear Sharp Imperceptible
Break (top)
13006 13_13006 Sub-linear
Feature type Gircular Sides of cut — Sharp
O . lar
Posthole 2 Sub-circut
Oval Break (base) Gradual g
Square
Part of
Rectangular SRRt
Sub-rectangular
Iregular
Structure/Group
Orientation
(ex: linear features)
Visibility
Stratigraphic relationships Partially visible
Fully visible
13019 13007
L I ]
‘ Length (m) Width (m) Depth (m)
13006 75 60 55
‘ Truncated by
L 1 1
Date Recorded by Approved
29/09/2019 B

Figure 4. A) Context forms for recording deposits/fills and B) cuts, showing the combined use of text entry, graphics, and help prompts.

been tested on Pix4D Cloud, Autodesk ReMake, and Agisoft
Metashape). The software then knits the computed keypoints
together to form an orthomosaic, DSM (Digital Surface
Model), mesh, and point cloud, as well as producing a quality
report that gives key information like the exact resolution of
the model. We use Pix4D Cloud, which allows us to process
our data online, without the need for high-spec computers.
While this is a paid service, as is Agisoft Metashape, other
freeware alternatives, such as Autodesk ReMake, exist,
though these are not connected to the cloud and require
longer processing times or better quality hardware for
computation.

Once the data has been processed, we can download the
output files and input into a GIS software to visualize and
manipulate (while we use ArcGIS, this has also been tested
in QGIS). Again, this software may seem like an impene-
trable black box. However, all of the downloaded files can
simply be dragged and dropped into the GIS, the most
important of which are the orthomosaic and DSM. The
orthomosaic provides a vertical, geo-rectified image with
an accurate scale, and this can be used to create a trench
plan by tracing contexts either in GIS or other illustration
programs. We can also use the DSM to extract feature
profiles, levels, and other height data. Profiles are created
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I * Looking \S ] ‘ E Insert image ‘ m PC ‘ lm iPAD‘
Contexts \ Samples f tes i
Entry N° Frame(s) Device Type
[ 701 || | liPad | |Pre-excavation \ M@ x
[ 702 ]| | |iPad | [Pre-excavation | @ x
[ 703 || | [Pad -] [Pre-excavaton | @ x
[ 704 || | |iPad | [Pre-excavation | @ x
| 705 | | |iPad | |Pre-excavation | @ x
| 706 || | liPad | [Mig-excavation | @ x
| 707 | | [iPad | |Pre-excavation \ @ x
| 708 | | |iPad |Pre-excavation | @D x
[ 709 || | [iPad | [Pre-excavation \ @D x
[ 710 || | |iPad | [Pre-excavation | . ®D x
[ 711 || DSC_0899 | [cAM 4 | [Post-excavation \ | i ® x
| 712 || DSC_0901 | [cAM 4 | [Post-excavation 1 e M@ x
[ 113 | | |iPad | [Post-excavation | [section of unknown stone feature 7114 | [ sE ~|[] 1408190 & x
[ 714 | | |iPad | |Mid-excavation | [Posthole 7121 showing large packing stone | [ sw ~|[] [1408/19|@ (3 x
[ 715 | | |iPad | [Mio-excavation ] | | ] [1508/19 |2 & x
[ 716 || | [iPad [Post-excavation | [Pit with charcoal and bumt bone rich fill (7124) | | | ] [15/08/19 |3 (& x

Figure 5. Photo register with preview.

in GIS using the 3D Analyst tool (for ArcGIS), where the line
of the profile is marked out with the Interpolate Line func-
tion, and then the Profile Graph function visualizes the
selected height data. In the open-source GIS package
QGIS, this can be done using the Profile Tool plugin. Levels
can be taken by selecting any point with the Identify tool.
It is also possible to use these techniques on excavation sec-
tions (for a more comprehensive step by step guide to record-
ing sections using photogrammetry, see De Reu et al. 2014).
While it is possible to use photogrammetric modeling for
simple and clearly defined stratigraphic sections, we advocate
a more integrated approach for complex sequences, where a
traditional paper record is taken of the layers and any detailed,
time consuming features to draw, such as stone inclusions, are
modeled. The position of the section is either located using GPS
or Total Station survey or potentially a large, site wide photo-
grammetric drone survey (see O’Driscoll 2018). The section
should be cleaned as normal, with the layers lightly marked
with a trowel after general record photographs are taken. As
above, a leveled ranging rod should be placed at the edge of
the balk to allow the user to correctly level the section. The
same processing methodology described above is applied
here. In some instances, it might be necessary to delete data
points which have been generated beyond the section face.
This needs to be done manually. Usually, this requires the
user to drag the point cloud file over the photogrammetry pro-
gram window (we use Pix4DMapper, which is a companion
program to Pix4DCloud), which loads the data. Then the
user manually selects the unwanted data using a polygon and
simply deletes this data. Once completed, the software will
have to partially re-process the data to create an updated ortho-
mosaic and DSM. In some cases, the resulting models will need
to be displayed in a dedicated three-dimensional visualization
program like SketchFab. Here again, this simply entails

dragging the generated mesh file into the program, which auto-
matically creates a textured model. The ranging rod (which has
been leveled) and north arrow can be used to both scale and
orientate the model. This can then be used to create a section
by tracing contexts using an illustration program and combin-
ing them with the digitized section drawing.

The Comparative Kingship Project data is stored on the
University of Aberdeen’s servers and, upon completion, the
project’s digital archive will be stored with Historic Environ-
ment Scotland Archives Digital Repository (Historic
Environment Scotland 2019).

The DIY Workflow Put into Practice: Excavations
at Burghead and Other Sites from the
Comparative Kingship Project

Our recent excavations at Burghead provide an excellent case
study for the diverse applications of digital technologies and
test for our low-cost DIY approach. Burghead, in northeast-
ern Scotland, is one of the largest early medieval forts
known in northern Britain (Figure 9). Prior to its partial
destruction in the early 19th century, it comprised three
banks with external ditches cutting off the southeastern
approach to a distinct promontory projecting into the
southern edge of the Moray Firth (Oram 2007). The interior,
which largely survives intact, is divided into an upper and
lower citadel and was protected in the east, north, and west
by a massive bank that survives in places to a height of over
6 m. Antiquarian excavations revealed incredibly well-pre-
served timber-lacing with charred in situ wooden beams.
More recent sample excavation by the Archaeology Depart-
ment at the University of Aberdeen has shown dense activity
within the interior. The 2019 excavation season saw a variety
of targeted and large-scale excavations of both the bank and
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Figure 6. The digital recording workflow developed for the Comparative Kingship Project.

internal areas in which our digital recording workflow was
used and compared with more traditional forms of recording.

There were four major excavation areas at Burghead:
T18 in the lower citadel and T11, T13, and T14 in the
upper citadel. The trench supervisors of T18 and T14
each had an iPad, while the proximity and the small
scale of T13 and T11 made it possible to share one device
between the two trenches. One of the major advantages in
the field was the portability of the devices versus having
binders of paper records. The application only had two
context recording forms: deposits/fills and cuts. The cur-
rent deposit/fill forms, supplemented by the ability to
enter text freely, were sufficient to collect the necessary
information on ramparts and other contexts that may tra-
ditionally have required a separate or bespoke recording
template. If there was a need for recording in more detail,
such as stone finishing and coursing, this could be achieved
by “revisiting” the feature by relying on a 3D photogram-
metry model (Kimball 2016). The ability to enter text freely
in a “notes” field proved to be particularly useful at the
context level (for interpretations) but also at the trench
level, where a “notes” field was sometimes used as a trench
diary where the main observations, thoughts, and interpret-
ations could be recorded on a daily basis.

At Burghead, the lack of syncing between devices was not
an issue, despite the fact that several trenches were opened
over two seasons. Should the necessity of using multiple
devices in the same trench arise, careful coordination
between excavators would be necessary, but feasible, just as
it would be if using paper records, referring to a master list
of context numbers. One of the other clear benefits of the
digital recording workflow was the ability to take photos
with the iPad, which were then automatically integrated
into the database. Staff and students adapted rapidly to the
use of digital records, and no specific training was required.
The ability to call directly on the recording form help fea-
tures, such as soil description charts or icons for cut descrip-
tion, proved popular and useful among students. Finally, the
major benefit of creating even just a simple database like the
one developed here was the ability to easily export all records
as Excel spreadsheets as well as photographs. It is this aspect
which proved to save the most time during post-excavation
work, as well as generating consistent data.

The large and complex stone features revealed within T18
(Figures 7, 10) highlight the significant advantages of using
our digital workflow. Even with regard to ongoing interpret-
ations of a trench during an excavation, using a drone to
simply visualize the overall plan can help clarify feature
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Figure 7. Site plan generated from single vertical drone shot. A) Aerial photograph of Lower Citadel trench, Burghead; B) digitally annotated photograph during

excavation on tablet; C) final site plan.

shape, orientation, etc., and in our experience, this can lead
to the identification of features earlier than if we were asses-
sing the trench from the ground alone. In terms of recording,
a trench like this would traditionally be frame planned, as the
density and complexity of the stones could not be adequately
mapped with Total Station or GPS. In large trenches, this
might be undertaken by a number of people and, in research
contexts, by students of significantly differing levels of
experience and competency. While every practitioner should
have the ability to do these types of drawings, and students
need time and training with these techniques, photogram-
metry allows us to create a more accurate, consistent, and
less subjective plan at a much quicker pace. This in turn
allows students more time, and less pressure, to learn tra-
ditional techniques and, in the commercial sector, signifi-
cantly cuts down the amount of time and resources needed
in the recording phase of an excavation.

In this instance, a good quality vertical aerial photograph
was used to plan the trench. Subsequently, both drone-
derived and handheld photogrammetry was undertaken to
compare the three methods (Figure 10A). While there is
no obvious difference in terms of the plans that are extracted,
the photogrammetry techniques allow for a more extensive
analysis, where feature profiles, levels, and other height-
dependent data can be extracted and allows the original
deposits to be more easily interrogated in the future through
accurate photogrammetric models.

Two drone surveys were undertaken over the same area in
order to compare the quality of models derived from a data-
set with a low number of photographs and one with con-
siderably more (Figure 10B). Model 1 was created with 47

overlapping images taken at a height of approximately 6 m
with a flight time of approximately 3 minutes. The flight-
path of this model shows that exact and evenly spaced photo-
graphs are not necessary to create a good quality model, as
long as there is sufficient overlap of images. A resolution/
Ground Sample Distance of 104,339 points per meter
cubed was attained using this data. Model 2 used 295 over-
lapping images taken from a similar height over 8 minutes
to create a model with a resolution/Ground Sample Distance
of 878,436 points per meter cubed. We might pursue such
detail if we were attempting to model an artifact, for
example, but in the present context, we see no advantage
in this extra detail. In contrast, 648 photographs were
taken with the handheld camera over 18 minutes, creating
a model with a resolution/Ground Sample Distance of
1,847,572 points per meter cubed. While this is a good option
in windy or wet weather, or for those who do not have access
to a drone, with a trench of this size, there is more opportu-
nity for user error (insufficient overlap being the most com-
mon mistake). We recommend, whenever possible, to only
use a handheld camera for trenches less than 5 m wide.

In contrast, it took a relatively inexperienced student
approximately 1 hour and 20 minutes to draw 2 m” of the
trench using a planning frame (it must be noted that the
trench comprised a significant quantity of small to medium
stone and cobbles, making plan drawing time consuming
even for an experienced excavator). Extrapolating this, it
would have taken this student approximately 66 hours to
complete the entire trench. This is in addition to the time
it would take to scan and digitize the resultant drawing. Of
course, an experienced archaeologist could have recorded
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Figure 8. Aerial photogrammetry workflow.

the trench much quicker, but even in this case, the methods
described here saved significant quantities of time and pro-
duced better, more detailed records.

Excavation of the upper citadel rampart revealed an
incredibly well-preserved wall face that survived to a height
of nearly 3 m (Figure 11A). Due to the depth of the trench
and the need for substantial shoring, it proved difficult to
complete an accurate section drawing. An experienced
archaeologist set up and completed the section in approxi-
mately 3 hours and 22 minutes. The photogrammetric
model was completed in approximately 7 minutes, with
260 overlapping images used to create an orthomosaic and
DSM with a resolution/Ground Sample Distance of
189,538 points per meter cubed. Both the traditional hand
drawing and photogrammetric model were digitized and
compared in Figure 11A. Immediately, we notice differences
in terms of detail, not only regarding markings on the face of
certain stones, but in the shape and outline. In most cases,
the corner points of stones are measured when drawing by
hand, and detail in shape can be missed. While such detail
is not always necessary, there are certainly differences in
the presence/absence of smaller stones. This may be a conse-
quence of the subjectivity of the archaeologist drawing the
section, who decides what to include in the drawing, which
can be influenced by time and cost restraints, but also an
archaeologists’ opinion of what is necessary to include.
Many practitioners delimit an area of small cobbles or peb-
bles rather than drawing each stone individually, for

Data outputs and GIS manipulation

example. Using photogrammetry substantially reduces this
subjectivity, as there is no additional in-field time or costs
associated with collecting this data. Using the three-dimen-
sional models also allows users to reassess previous exca-
vations without being influenced or biased by section
drawings.

A more commonly encountered section was drawn at
another Comparative Kingship site at Balbinny, Angus, Scot-
land (Figure 11B). This leveled fort was discovered as a crop-
mark, and a section was excavated across its ditch on the
eastern side in order to retrieve dating information on its
construction and use. While it took a relatively inexperi-
enced student approximately 47 minutes to set up and com-
plete the drawing, no detail, such as the concentrated deposit
of small rounded cobbles (deposit 104), was included. This is
an excellent example of where digital and traditional record-
ing techniques can be used in combination. In this instance, a
photogrammetry model was used to add significant detail to
the section drawing but also to check the quality of the stu-
dents” work.

Here again we stress the need for a hybrid approach, as in
many instances, particularly where relying on compaction
and composition as opposed to color, it is difficult to dis-
tinguish between contexts. At Mither Tap, Aberdeenshire,
Scotland, for example, a deep balk was recorded using photo-
grammetry. While four contexts were identified in the field,
it was impossible to distinguish between these in the photo-
grammetric model due to their similar color, composition,
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Figure 9. Aerial view of the Burghead site today and location of excavation trenches at the site.

and inclusions. We attempted to lightly mark out these layers
in-field using a trowel, which produced good results in par-
ticularly challenging weather conditions for drawing. Using
such a method can also alleviate issues which arise when
inaccuracies in hand drawn records lead to minor difficulties
in combining traditional and digital methods. However, our
approach may need to be adapted for very large sections with
deep and complex stratigraphies, such as those encountered
in urban settings.

We can also use digital recording in feature-specific con-
texts. T18 at Burghead revealed a series of evenly spaced post
pads in the southwestern side of the excavated area. These
stone features were used to support wooden posts in loose
sand subsoils. While the broader trench level aerial photo-
graph and photogrammetry surveys allow us to plan this fea-
ture and extract a profile, we could also use these methods for
feature-specific contexts. Here, for example, 40 vertical and
oblique photographs taken of one of these post pads with a
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Figure 10. A) Comparison of orthophoto and photogrammetry model and B) comparison of photogrammetric models.

handheld camera produced a model with a resolution/
Ground Sample Distance of 189,472 points per meter
cubed (Figure 12A). Figure 12A shows the dense point
cloud, which can be generated from a feature-specific photo-
grammetric model, as well as some of the methods (hillshade
and TIN models) which can be used to visualize the data. A
model like this provides us with a comprehensive record of
this feature, where we can extract an accurate plan or profiles
from any orientation and view the feature in three dimen-
sions. While a complete trench survey would provide similar
results, creating feature specific models, particularly of
important contexts, can be useful when other parts of the
trench are not ready to be surveyed.

Photogrammetry can also mitigate health and safety
issues. At our excavations at the Iron Age hillfort of Tap
O’Noth in western Aberdeenshire, a rock-cut, partially clay-
lined well was investigated within the interior. Instead of
attempting to draw a profile using traditional methods, due

to safety concerns, two photogrammetry surveys, one drone
based and the other completed with a handheld camera, pro-
duced accurate three-dimensional models which were used to
extract a profile and produce a plan (Figure 12B).

Discussion

The purpose of this paper was to highlight the viability of a
low-cost digital DIY recording system with minimal devel-
opment required and the ease of applying and integrating
these tools, either in part or as a complete suite, in the
recording process. We feel there is value in making digital
workflows more available to non-IT specialist field prac-
titioners and demystifying digital recording. Though there
is a gradual increase in the adoption of digital tools for exca-
vation, the uptake still appears slow among the community,
based on discussions with colleagues and other field prac-
titioners. Published workflows and practical working
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Figure 11. A) Comparison of hand-drawn vs. photogrammetry derived section drawings at Burghead. B) Section produced from combining photogrammetric
model and hand-drawn outline of section at Balbinny, Angus.

examples can help the uptake of digital recording methods in  upon paper-based recording. It was observed that the adop-
archaeology. tion of the digital workflow, despite being simple, improved

The authors have significant excavation experience in both  recording effectiveness and data quality (accuracy and con-
research and commercial contexts and had previously relied sistency) and provided greater opportunities for on-site and
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post-excavation reflection and interpretation, as tedious and
menial tasks were reduced or removed, resulting in a greater
understanding of sites and the production of higher quality
outputs (reports, publications, and illustrations).

The workflow could be particularly beneficial to small/
medium commercial units or projects with limited IT or
financial resources and in projects where rapid recording
and reporting is required. In our case, the development of a
paperless record was particularly advantageous, as excavated
sites were often located in remote areas (hilltops and remote
rural) and in some cases with no vehicle access. At times, sev-
eral sites were investigated in quick succession by undertaking
short evaluations, where carrying binders, paper records, and
site plans, including the necessary planning frames and sup-
plementary equipment, would have been an extra burden
on the necessary excavation and survey tools that were
required on-site. A similar observation can be made for cam-
eras, where we now just take one camera on-site primarily for
photogrammetry purposes, as most excavation shots were
taken with the tablet camera. At some smaller excavations,
survey equipment was not taken on-site, with trench locations
being recorded directly using the drone.

Considering the limited IT budget at our disposal, it was
worthwhile to spread costs over all components of the

workflow, such as the purchase of a drone and photogram-
metry software, rather than concentrate our funds on an
all-in-one existing recording package. Another advantage
of developing a DIY workflow with multiple independent
components was the possibility to use equipment available
on most excavations and its greater flexibility to adjust in
the light of new advances in digital recording practices. Con-
trary to integrated systems, it was not desirable and was tech-
nically too challenging to produce a single application or
database that contained all the necessary functions for digital
recording (Spigelman, Roberts, and Fehrenbach 2016, 416).
The design of the recording app was the most time consum-
ing and challenging aspect, and this would probably be the
case for any given digital recording system. The features
implemented will be limited to personal abilities and time
available, including for self-teaching when necessary. Never-
theless, even a database in its simplest form is an improve-
ment on paper context sheets, as the data is already in
digital format (eliminating indecipherable hand-written
records), is more consistent, and is easier and more con-
venient to back up (local copies and synchronization to
cloud-based servers) than paper records, without limiting
free note taking (Ellis 2016, 59-60). Furthermore, DGPS
integration in the recording app was unnecessary for the



type of excavations undertaken, considering DGPS data can
be easily imported into GIS software, including open-source
options, an important consideration for an accessible and
low-cost digital workflow. Similarly, DSLR cameras and
drone photos for photogrammetry were processed post-
excavation in independent software and archived separately.

The most significant benefits to the in-field recording pro-
cess we observed were the time and accuracy gained in pro-
ducing site plans and sections. Elements of hand-drawing
were retained in the form of sketches on paper, thus retain-
ing the cognitive actions involved in paper sketching (see
Morgan and Wright 2018, 11-12 for a review on structured
sketching), to accompany orthophotos and photogrammetry
plan and section models. This approach was preferred over
directly annotating photographs on the tablet (which is a
consideration for future improvements of our workflow),
which can be technologically challenging (Waagen 2019,
18). Morgan and Eve (2012, 12) have already argued the
benefits of a hybrid methodology where archaeological
craft is maintained and the recording system benefits from
the introduction of digital technology, while maintaining
elements of older traditions.

After adopting the digital workflow, we observed signifi-
cant time savings in nearly all situations, which led to a better
learning environment. We ensured that students continued
receiving training in conventional methods, particularly
drawing. More time could be spent with students, or volun-
teers, “at the trowel’s edge,” thus helping them develop their
excavation and interpretative skills, focusing on the identifi-
cation and understanding of the stratigraphy. Less pressure
was put on students to generate site plans and section draw-
ings that would traditionally compose the site archive, with
the responsibilities this entails. As more accurate and less
time-consuming site plans and sections could be produced,
students benefited from greater opportunities to hone their
drawing skills and reflective engagement (Morgan and
Wright 2018). Students were taught conventional drawing,
albeit with fewer drawing hours than with the use of an ana-
log recording system, and a greater emphasis could be placed
on ensuring they were able to correctly identify the various
contexts and understand the stratigraphic relationships
being analyzed. This was done by asking students to “present
their feature” in an informal manner to their trench supervi-
sors. After completing at least one conventional drawing,
students would then usually only draw scaled sketches
(plans) or outlines (sections) to accompany drone shots or
photogrammetry models. The completion of their illus-
tration is then done during post-excavation using CAD soft-
ware. Compared to using a conventional paper-based
recording system, we found this hybrid approach more effec-
tive for teaching and training, resulting in an enriched
experience for the students.

There has been a necessary reflective process within the
discipline on the impact of digital recording on archaeologi-
cal practices (Caraher 2016, 2019; Ellis 2016; Huggett 2015,
2017), and concerns have been raised among practitioners
that digital paperless recording could lead to the deskilling
of the field archaeologist and constrict the interpretative pro-
cess, removing it from the field to the office (Caraher 2016,
435-436; Morgan and Wright 2018, 12). It has also been
argued that neo-liberal pressures on academic and private
excavations are forcing field archaeologists to neglect on-
site training and interpretation (Caraher 2016). Digital
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recording should therefore be regarded as a solution rather
than a problem, and developing guidelines and publishing
easily implementable practical workflows, in the absence of
a discipline-agreed system, should be a priority in order to
make digital recording more available and perhaps help
towards alleviating some of those pressures, particularly in
the commercial sector (Spigelman, Roberts, and Fehrenbach
2016, 403). We found, as Roosevelt and colleagues (2015,
339) and Ellis (2016, 66-67), that the reduction or replace-
ment of tedious time-consuming analog tasks by quicker,
more accurate digital methods released extra time for reflec-
tion and interpretation of the stratigraphy in the trench.
Based on our experience, digital recording did not result in
de-skilling or lack of engagement with the archaeology,
issues raised by the “slow” archaeology movement (see Car-
aher 2016, 2019; Ellis 2016). Quality recording and on-site
intellectual reflection are also values shared with “good
archaeology” (Ellis 2016, 69) to which digital recording can
positively contribute. Could digital recording not also con-
tribute to such movements, including “degrowth archaeol-
ogy” (Flexner 2020), by potentially “slowing down” or “de-
stressing” some aspects of the excavation process?

By removing tedious analog tasks (e.g. drawing countless
stones), students and staff benefited from having more time
available for intellectual engagement with the archaeology
(analysis and interpretation of the stratigraphy) rather than
spending those hours just recording it, increasing our
interpretation and understanding of the site (see also Ellis
2016, 67). Not only do we continue to value training in con-
ventional recording and excavation practices as an important
formative element, these skills were deemed necessary to bet-
ter integrate new digital tools. What appeared evident, how-
ever, is that more training in digital recording technologies
(i.e. database design, drone technology, photogrammetry,
etc.) at the undergraduate level will be required, and acquir-
ing these new skill sets will be just as important as learning
conventional recording methods. This will be an important
step in students becoming digitally independent archaeolo-
gists in the future, avoiding technological elitism and poor
practice (see Taylor et al. 2018), and contributing to the “dis-
tribution of digital know-how at relatively low-cost” (Roose-
velt et al. 2015, 341) and the democratization of digital
recording.

Conclusion

The aim of this paper is to demonstrate the ease and
affordability of implementing digital recording on archaeo-
logical excavations using a DIY approach as an alternative
to previously developed digital recording systems. Com-
posed of independent elements, the workflow is flexible
in terms of upgrades and improvement and can accommo-
date budgets of various sizes. The study also highlighted
that even the incorporation of a relatively simple digital
approach could be highly beneficial, due to the low expen-
diture in terms of development time and costs. This
resulted in greater data quality and overall efficiency and
generated further opportunities for reflective engagement
and training on-site. Hiring an IT specialist or purchasing
available packages may well be out of reach for most
archaeological projects; thus, we believe low-cost and DIY
approaches, despite their limitations, have an important
role in improving archaeological excavation practice and
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can benefit all sectors involved in fieldwork, including com-
munity-led, academic, and commercial projects.
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