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Abstract. The visual representation of large archaeological data sets, especially 
those related to the subsoil and its stratigraphic units, is a very effective solution 
for supporting archaeologists’ practice. In this paper we present ArchMatrix, a 
visual analytics tool for Harris Matrices’ management that relies on an excava-
tion database and allows the archaeologists to easily perform their analysis tasks 
by simply adopting a direct manipulation interaction style. 
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1 Visual Analytics in Archaeology 

Current approaches to Field Archaeology are based on the concept of stratigraphic 
units, defined and formalized by W. Harris in 1973 [1]. The core concept of the Harris 
Matrix is that archaeological sites are stratified and the stratigraphic units are linked 
by geometric, topological and temporal relationships. Stratigraphic units are the result 
of natural or human action of deposition or erosion and physical relationships among 
stratigraphic units are necessary to detect the relative chronological sequence of the 
entire excavation site. However stratigraphic excavations also produce a number of 
supplemental data that are not included in the concept of the Harris Matrix.  

The other side of an archaeological excavation is represented by an enormous 
amount of data that form the entire range of documentation related to stratigraphic 
units. For this reason such data are usually stored in the excavation archives because 
they represent the material evidence of the knowledge accumulated during each  
excavation phase and deserve the same stratigraphic approach followed in the case of 
stratigraphic units. 

This means that a number of heterogeneous data and analyses addressed to recon-
struct different semantic spheres related to the site under observation (ancient produc-
tions, environment etc.) need to be assimilated and synthesized in order to produce 
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integrated results together with stratigraphic units. This situation involves different 
disciplines and the related activities of comparing and contrasting information coming 
from different data sources. For example, archaeologists need architectonic or chemi-
cal information to support their hypothesis, whilst environmental specialists need 
information on the nature and status of specific deposits. To support such a complex 
and interdisciplinary decision-making activity, this paper takes into account a twofold 
scenario: the contribution of a visual analytics approach to ongoing efforts in archaeo-
logical analysis and the affection of a visual analytics approach by aspects of human-
computer interaction (HCI).  

From the one hand visual analytics focuses on how human perceptual, cognitive, 
and collaborative abilities are related to the dynamic interactive visual representations 
of information on the other hand a HCI approach makes it also possible to monitor 
how individual cognitive and perceptual processes of domain experts involved in the 
same analytical activities (both innate and acquired through experience with  
interactive visualization) could affect the ability to share and analyze information 
between contributing parties through interaction with different visual representation 
of information.  

In this framework interactive systems are meaningful tools both to explore the 
complexity and diversity of users’ abilities and activities in technological contexts and 
to produce effective results in different fields of research. 

Such interactive systems were applied to the complexity of the stratigraphic analy-
sis in the study case of Tarquinia, that will be considered later on. The result of such 
an experience is a stratigraphic visual representation tool (ArchMatrix) able to inte-
grate data, practices and human decision-making processes through the use of interac-
tive strategies in order to foster individual and collaborative analysis. ArchMatrix 
creates the condition to support a community of interacting scientists (domain experts, 
HCI researchers and practitioners) focused on the same archaeological site to produce 
effective and successful visual interaction solutions on the perceptual, cognitive, and 
communicative processes in Archaeology. 

The aim of ArchMatrix is to fulfil the requirements of the archaeological re-
search in the field of historical interpretation, survey strategies and cultural heritage 
preservation.  

1.1 Harris Matrix 

In 1973, the British archaeologist E.C. Harris invented what is known today as “Har-
ris Matrix”, a visual representation of stratigraphic sequences using multi-graphs [1]. 
Data collected during the excavation and registered in the stratigraphic units’ forms, 
are used by the archaeologists to represent the units and the relationships in a drawing 
on paper that is used in further data analysis.  
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Fig. 1. A small fragment of a Harris Matrix 

The resultant Harris Matrix enables the archaeologists to determine the mechanical 
sequence of the various units (an example is shown in Figure 1). The rectangles 
represent the stratigraphic units, while lines are used to indicate the existing relation-
ships among them (e.g. “copre” means “covers”, “taglia” means “cuts”). After the 
drawing is complete, the archaeologists can determine the relative chronology of each 
stratigraphic units, based on such relationships (i.e. stratigraphic units “covering” or 
“cutting” other units are to be considered superimposing and therefore later).   

On the other hand the analysis of the mobile finds belonging to each stratigraphic 
unit is crucial to determine its real chronological span since mobile finds are  
good indicators for chronology thanks to the information issued from archaeological 
literature.  

The following activity is the detection of the overlays, i.e. logical levels that are 
constituted by the stratigraphic units that belong to the same historical period. This 
activity is usually performed using paper documents, which number increases very 
fast, according to the quantity of different data sources issued from the excavation. 
Consequences in data management are heavy and in addition to this the more strati-
graphic units are added, the more the Harris Matrix expands and any modification or 
extension applied to it becomes extremely complicated.  

Summing up, a number of disadvantages arise when using a non-digital approach. 
Among them we can figure out  the difficulty to up to date the Harris Matrix docu-
ments; to integrate other type of analysis (e.g. geographical, chemical, geological) 
within the stratigraphic representation offered by the Harris Matrix; to change the 
representation of the graph according to the ongoing excavation activities and arc-
haeological studies; to allow more than one person to modify the Harris Matrix. Re-
gards this last issue new problems arise whenever many people have access and mod-
ification permission to the same resource. Visual interactive systems represent there-
fore the best choice to support activities and collaboration among experts focused on 
the same archaeological issues. 
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1.2 Related Works 

We analyzed several existing software tools for Harris Matrices creation. These tools 
provide simple graphical editors for creating stratigraphic sequences (e.g. Harris Ma-
trix Composer1) or offer functions to automatically generate stratigraphic sequences 
starting from tables filled by users (e.g. Proleg MatrixBuilder2). The possibilities of-
fered by these tools are limited, a part from devices addressed to coloring and drawing 
units and representing relationships through different geometric shapes. These tools 
do not rely on databases to recover information about the stratigraphy, and in the case 
they perform some storing strategies, the queries that are allowed are very simple and 
limited.  

Moreover number and typology of relationships are restricted and there is no  
opportunity to assign further information to stratigraphic units. However the most 
important limitation is the lack of tools for analyzing data through complex query 
implementation such as the links among finds and strati-graphic units. 

2 ArchMatrix 

ArchMatrix, the visual analytics tool we designed and developed, is the result of the 
analysis of limits and weaknesses of existing software solutions.  ArchMatrix is 
meant to endow archaeologists with a more complete environment able at supporting 
them in knowledge management and decision making. The innovation in our solution 
concerns: 

• The definition of an interactive visualization tool for efficiently managing archaeo-
logical excavation site knowledge; 

• The creation of a collaboration strategy in which different domain experts can dis-
cuss to produce new ideas and interpretations; 

• The automatic updating of the Harris Matrix according to the interaction among 
different users and ongoing researches both in terms of visualization and storage;  

• The definition of visual analytics tool able to support the collaboration activity by 
putting together different and heterogeneous knowledge sources mediated by a 
formal ontology. 

ArchMatrix enables the archaeologists to represent their acquirements using a graph-
based visual environment, by offering a visual representation of archaeological assets 
and their relationships in order to support intuitive and useful explorations (see Figure 
2). With ArchMatrix, node/edge properties and sets of different relationships (covers, 
fills, leans, cuts, ties, is equal) can be represented by means of different set of colors 
and shapes.  

The edges can be hidden or shown depending on the type of interaction. One of the 
most useful feature concerns the possibility to design sub-structures of the Harris 

                                                           
1  http://www.harrismatrixcomposer.com 
2  http://www.proleg.com/pmatrixbuilder.htm 
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Matrix. This improves restricted and localized graph operations and allows selected 
queries related to specific units in order to increase the explicit knowledge displayed 
in the graph, without visualizing the Harris Matrix of the entire site. It is possible to 
organize the graph according to specific properties and/or relationships of the units. A 
value of ArchMatrix is that the users can modify units and relationships according to 
their ongoing researches and needs. Different cases might be figured and solved 
through ArchMatrix: 

• a relationship can be changed from its original category (e.g. covers, fills, leans, 
cuts, ties) to a new one (e.g. “is equal to”); in this case the properties of the related 
units are updated together with the underlying database and the users are in the 
condition to re-organize the graph by interacting with nodes and edge in a direct 
way 

• a previous positioning of a stratigraphic unit in the Matrix, based on the mechani-
cal stratigraphic sequence, can shift according to the chronology recovered from 
the study of the mobile finds  

• stratigraphic units containing particular items (for example bronze finds, geological 
features, etc.) can be sorted out and mapped according the specific needs of the re-
search 

• the chronology of a stratigraphic unit (for example a monument like a well) and the 
mobile finds discovered in it might be very different (for example because the well 
was sealed by such mobile finds later on and in different periods) therefore there is 
a strong need to drag and drop the units among different layers. 

These type of re-organizations are very useful since they allow experts to visualize the 
graph according to the modality that better fits their practice. ArchMatrix also sup-
ports the integration among domain experts - in discussing their different points of 
view and ideas to expand the research horizon and to favor the creation and the  
management of new knowledge - by means of an annotation tool. 

This is a new collaboration strategy based on a communication medium for ex-
changing ideas and impressions. The goal of its use is to enable different experts to 
make explicit and available to other stakeholders the implicit knowledge they possess. 
Annotation may be seen as the tool that bridges the communication gap taking place 
in an interdisciplinary collaboration like the one we are describing in this paper. By 
inserting an annotation on the graph, an expert is able to describe her/his point of 
view about a specific matter and to start a discussion with the other experts in order to 
reach, step by step, a common understanding. Eventually, a last important innovation 
of ArchMatrix is the possibility to integrate different knowledge sources and make 
them accessible by means of a visual analytics tool. Specifically, this tool allows to 
create on-the-fly Harris Matrix and to display related information about the excava-
tion database, other surveys (for example chemical or geological analysis) or the terri-
tory (for example using a Geographic Information System – GIS). Making a complete 
and integrated survey involves the use of a common formalism for representing 
knowledge and data coming from involved domains. The choice of ontological  
formalism is driven by formal and applicative reasons.  
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This ontology exploits the concept of a standard ontology of cultural heritage 
(CIDOC-CRM [2]) for producing a representation of concepts and relationships suit-
able for domain experts. The information core also supports the ability to perform 
information retrieval and to browse the existing knowledge taking in consideration all 
elements related to the excavation site under study (e.g. data concerning geology, 
hydrography, altimetry, toponymy or other information related to findings discovered 
in the same geographic area). The idea is to design an integrated framework able to 
support the domain experts in studying a wider set of elements during their archaeo-
logical analysis but also to collaborate together. For example archaeologists can lead 
analysis together with geologists who exploit their knowledge about stratigraphic 
units deriving from natural phenomena (i.e. landslide, flood); chemists can produce 
data issued from the composition of the finds or of the stratigraphic units; architects 
can contribute reconstructing the structure of a habitation or other architectural  
elements. 

Furthermore, a statistical analysis module (Figure 3) allows to produce new  
knowledge on the artifacts (clustering them for example). Improving and integrating 
the statistical analysis to discover correlation between units and other archaeological 
data is one of the most challenging issues of our system.  

3 Design Methodology and Evaluation 

To design and develop ArchMatrix we applied participatory design (PD) techniques 
[3,4,5]. Specifically, we designed our system in the context of a real Etruscan excava-
tion site placed in Tarquinia. According to the experience we developed in years of 
collaboration with Etruscologists [6,7,8], we can define the site of Tarquinia as the 
benchmark of an all-comprehensive investigation upon which multiple disciplinary 
areas applied to archaeology are converging, such as geology and natural science, 
archaeometry, architecture and computer science. We applied different PD tech-
niques: Cooperative Prototyping, PICTIVE method, and Ethnographic method. The 
result of cooperative prototyping was not just a software prototype but also a proper 
learning process: the experts learned to use the system even before it was completed. 
Similarly, the participants in this process learned how to teach the use of ArchMatrix 
to future users. PICTIVE method (Plastic Interface for Collaborative Technology 
Initiatives through Video Exploration) [9] was carried out starting from the results of 
the collaborative prototyping and visual communication paradigms. It employed a 
combination of deliberately low-tech design tools (e.g., paper and pencil, colored 
labels, sticky notes) with high-tech video recording facilities (e.g., webcam). Specifi-
cally, mock-up prototypes of ArchMatrix were created using low-tech design tools. 
Recording facilities have been used to capture the process of prototyping, in order to 
use the recordings as a guide for the implementation of the system or to explain the 
logic that exists behind the design decisions. Following the ethnographic method, 
designers of ArchMatrix observed domain experts in their activities and they worked 
with them side by side for some weeks in order to understand their terminology, prac-
tices and the tacit knowledge applied in their context of use. The development phase 
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was strongly supported by the activity performed during the design that involved all 
the stakeholders; this allowed to identify current difficulties and new innovation strat-
egies. Moreover the PD design highlighted several communication gaps existing 
among the experts and the need to define a formal ontology able to mediate the com-
munication process and the information exchange among heterogeneous data-sources. 
After the development of ArchMatrix, we set up a user test evaluation carried out both 
on the field, during the excavations in Tarquinia, and afterwards, during the study of 
the findings. To this aim, we involved 15 archaeologists all experts in Etruscology. 
Each user was required to perform a set of tasks. The tasks assigned to the users were 
all activities that the archaeologists need to perform in analyzing the stratigraphical 
units and the relationships among them and that most of the time result as time con-
suming. At the end of the test, a questionnaire, composed by three sets of questions 
has been submitted to the users. A first set was a SUS (system usability scale), a ten-
item attitude Likert scale, the other was a CUSQ (computer usability satisfaction 
questionnaires), a nineteen-item attitude Likert scale, and the third one was a set of 
open-ended questions. The results of this evaluation report that ArchMatrix is a usable 
system and proved that the archaeologists had changed their approach to the working 
activities and practices. Therefore archaeologists might exploit new possibilities for 
visualizing the graph according to their needs, better collaborating with each other, 
integrating and sharing different knowledge sources, and adopting new modalities of 
interaction and communication  

4 Conclusion 

What emerges from the user test performed and from the questionnaires, is that 
ArchMatrix is more powerful than the other systems ever used by the archeologists. 
They all recognize that ArchMatrix offers more possibilities in terms of modification 
of a Harris Matrix and that is more helpful in their daily work practice. Moreover, the 
visual representation of the Matrices and the possibility of directly working on them 
by using a simple direct manipulation interaction style have been described as the 
strongest contribution to their daily practice. 

In the future we figure out to test ArchMatrix in the field of Architecture since non 
destructive visual analysis of direct sources (stratigraphic investigations in Architec-
ture) has already been carried out at Tarquinia. The study case of the monument 
called ‘Porta Romanelli’ shows that its material and geometric aspect provides con-
siderable information about its historical evolution. 

ArchMatrix - adequately translated and transferred from the archaeological prac-
tice to architecture - could be applied as a tool for reading monuments, ensuring a 
common formalism to carry out underground and aboveground research in continuity. 

We expect to evaluate results in the same framework by comparing direct  
observa-tion and indirect sources (i.e. historic documentations, cartography, icono-
graphy and bibliography) in order to expand our research and identify new paths and 
opportunities. 
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