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Introduction

When he introduced the term ergonomics in 1857,
Wojciech Jastrzebowski had in mind holistic research
on human and non-human (!) work which he
perceived as a positive driving force of development
leading to general benefits for humanity such as
increasing property, skills, perfection and happiness
(Jastrzebowski 1857). In this paper, the term
‘ergonomics’ is defined as a tendency for humans to
adjust their working environment to the capacity of the
human body and it is used to describe labour required
by textile technology and an effective organisation of
textile work (see Penrose 2013, 686-695 for the concept
of ergonomics in archaeology of contemporary
world; for modern definitions of ergonomics see
Dempsey, Wogalter, Hancock 2006). But it also
refers to Jastrzebowski’s original ideas perceiving
pleasantness, playfulness, satisfaction, skills and
theoretical knowledge as integral components of
human work.

It seems that the ergonomics, being so closely related
to the human body and to work, is scarcely reflected
in archaeological evidence and, therefore, remains
largely intangible for textile archaeology and difficult
to examine in the academic discourse. However, the
precepts of ergonomics may be investigated by tracing
all those means which were applied to optimise work
and workloads, organise a workplace and design tools
in order to make them the most convenient for human
use.

This paper presents a short overview of how
ergonomics may be approached by integrating
archaeological evidence with experimental and
experience textile archaeology, taking the textile
technology in Bronze-Age Greece as the focal point
of reference. It aims to suggest that the ergonomics of
textile production constitutes a substantial component
of textile technology, especially with regard to the
organisation of a workplace, the division of labour, the
balance between labour investment and efficiency, and
the usability of tools. It also suggests that the results of
contemporary experiments may shed some new light
on how the textile labour may have been maintained
and perceived in the past.

Ergonomics and awareness of it in past societies

It may be suggested that the term ergonomics
correlates with other concepts referring to work,
practice and skills, such as tacit, non-discursive
or embodied knowledge excluding, however, the
frequently-acknowledged  dichotomy  between
theoretical knowledge and practice or technology
(cf. Ryle 1949, 14-48; Polanyi 1966, 4-52, especially
7; Dobres 2000; Molander 2004; Bender Jorgensen
2007; 2012; Ciszuk 2007; Budden and Sofaer 2009,
203-205, 207-209; Kuijpers 2012). On the contrary, the
ergonomic organisation of work and design of tools
may be perceived as a manifested combination of both
‘mechanical’” and theoretical aspects of the argued
duality of technology and knowledge.
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The origins of ergonomic needs for efficient and
convenient tools and for minimising workloads have
already been traced back to distant prehistory (cf.
Bailey 1983; Lupo and Schmitt 2002; Menin, da Silva and
Paschoarelli 2012). But a more conscious improvement
in living and working conditions, implying a human-
centred basis for the overall design, was argued to have
been born in classical Greece (Marmaras, Poulakakis
and Papakostopoulos 1999). Since the explicit use
of the concept of ergonomics in societies of Bronze-
Age Greece cannot be argued, the term ‘ergonomic
criteria’ has been introduced to indicate those aspects
of labour which reflect the human need for ergonomic
adjustments to the working environment.
Considering the large scale, complexity and highly
time-consuming and labour-intensive character of
textile production in Bronze-Age Greece, it may be
suggested that ergonomic criteria for the organisation
of workplaces, the division of labour and the designing
of tools were already present at this time. Even if
efficiency itself may not have been the prime concern
of the earliest textile workers (cf. Barber 1994 for near-
idyllic images of the work of early textile workers), the
need for minimising labour investment likely existed
as well.

Ergonomic criteria for the organisation of textile
production in Bronze-Age Greece

Ergonomics of workplaces

Although several textile workshops and dye-works
have been identified with certainty in archaeological
evidence, such discoveries are as yet quite random.
Function, date and (incomplete) state of preservation
do not allow, therefore, any generalised overview
of the ergonomic criteria applied in the spatial and
architectonic design of textile workplaces to be
presented.

Various strategies for the organisation of work
may, however, be traced in specific buildings
and installations, demonstrating a broad range
of ergonomic choices and reflecting both specific
technical requirements for activities conducted and
various modes of the organisation of work. From the
Neolithic period onwards, archaeological evidence
has allowed us to distinguish between domestic and
public contexts of textile production (e.g. Knossos
and Phaistos: Evans 1964; 1968; Burke 2010; Militello
2012), complex and specialised dye-work installations
(e.g. Chryssi and Pefkas: Apostolakou, Brogan and
Betancourt 2012; Betancourt, Apostolakou and
Brogan 2012; Brogan, Betnacourt and Apostolakou
2012), specialised and large weaving workshops
(e.g. Akrotiri: Tzachili 1990; 2007) and multi-craft
workshops where several industries were practiced

within one space (e.g. Mochlos: Soles 1997).

Even small-scale remains of textile production, such
as the early Bronze-Age settlement at Myrtos Fournou
Korifi on Crete, show ergonomic criteria for the
organisation of the workplace (Warren 1972). Textile
production at Myrtos was carried out at only a few
spots recognised thanks to the concentration of textile
tools combined with several built-in installations
providing heating, dyeing and drying facilities in
the close vicinity. Those arrangements allowed
consecutive procedural sequences to be executed,
such as heating water, preparing fibres and dyes,
washing/dyeing, drying, spinning and weaving at the
very same spot, showing that thinking about work
and workloads from the perspective of ergonomics
was already there.

Ergonomic design of textile tools

Recently, the functionality of textile tools and the
complex relationship between their forms and the
parameters of final products, i.e. yarns and textiles,
have been clearly acknowledged (Andersson Strand
and Nosch 2015), proving that the forms of tools
were designed to meet technical requirements of the
products.

Several archaeological experiments in spinning have
suggested that the quality of yarn may also result from
an individual preference of the spinner for spinning
threads of a certain diameter (Gromer 2005; 2010,
93, Abb. 36; Kania 2013; 2015), and this may, in turn,
suggest that some personal preferences for specific
tools or forms of tools existed as well.

The forms of textile tools in Bronze-Age Greece did
not differ a lot from tools found in the neighbouring
areas (cf. Barber 1991; Andersson Strand and Nosch
2015). However, certain specific forms were found
almost exclusively in quite restricted areas, such as the
cuboid and spherical loom weights from central and
eastern Crete (Barber 1991; Burke 2010; Cutler 2012;
Andersson Strand and Nosch 2015). Other forms, such
as discoid loom weights, spread over a large area and,
in addition to the already acknowledged factors which
may have contributed to their wide distribution (Cutler
2012; Pavuk 2012), the ergonomic design of those loom
weights resulting in their universal usability may also
be highlighted.

Generally, the long-lasting forms of textile tools, some
of which had appeared as early as the Neolithic period
and have survived until recently, may suggest the
appropriate, if not optimal, tool design and their high
expediency for users (cf. Marmaras, Poulakakis and
Papakostopoulos 1999, 365).
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Division of labour and workloads

It is generally assumed that textile production was
highly gendered and performed predominantly by
female workers (cf. Barber 1991; 1994; Olsen 2014).
Although other studies admit that the complex chaine
opératoire of textile manufacturing also required the
involvement and work of men, children and the elders
(cf. Barber 2007; Breniquet 2010; Costin 2013), the
monotonous and safe character of several operational
sequences (namely spinning and weaving) which
allowed work to be combined with childcare was
argued as a general rationale behind engendering the
labour (Brown 1970; Barber 1994, especially 29-30).
For most phases of the Bronze Age in Greece, it is
difficult to speculate about the division of labour
beyond this general assumption, with a notable
exception of the Mycenaean administration system
which left behind fairly large amount of specific data
about the huge scale and meticulous organisation
of textile industry controlled by the palaces. Thanks
to those records, it is possible to assess the number
of textile workers employed in one working group/
workshop contracted or run by the palace, to
consider the social position and occupations of textile
workers, to estimate expected production deliverables
(including specialist products) and even to speculate
about the existence of a craft education system (cf.
Killen 2007; Burke 2010, 66-103; del Freo, Nosch and
Rougemnot 2010; Olsen 2014).

Experimental and historic comparanda imply that
large workloads were required to fulfil the contracted
or ordered tasks (Andersson and Nosch 2003; Nosch
2012; Olofsson, Andersson Strand and Nosch 2015)
and it may be assumed that the efficiency of textile
production was of much concern to the Mycenaean
palatial administration. However, more specific
ergonomic criteria applied to meet such high needs
and expectations could not be recognised at present.

Experimental approach to the ergonomics of textile
production

The ergonomics of textile production has become
a subject of study of experimental archaeology,
even if the ergonomics itself was not specifically
addressed in the posed research questions. In a result
of experimental research on the workloads required
at each of the consecutive operational sequences, the
highly time-consuming character of textile work has
been clearly acknowledged (Andersson and Nosch
2003; Andersson Strand 2010b; Olofsson, Andersson
Strand and Nosch 2015, 97-98), thus highlighting the
importance of the ergonomic organisation of work.
The experimental approach to the functionality of
textile tools has demonstrated that the design of those

implements, especially their weight, height, diameter
and thickness, were subordinated to practical needs
for obtaining threads and textiles of various quality
(Martensson, Andersson Strand and Nosch 2009;
Olofsson, Andersson Strand and Nosch 2015). As
C. Cheval has demonstrated experimentally, even
certain peculiarities of shape which may not be
easily explained by using the criteria of usability,
such as grooves at the upper edge of some discoid
loom weights, may have had their rationale in the
manufacturing process (Cheval 2008).

According to E. Andersson Strand, a broad
terminological umbrella of ‘experimental textile
archaeology’ entails three main research methods:
experimental archaeology as a method, ethnographic
studies and experience archaeology (Andersson
Strand 2010a). The last term encompasses a general
hands-on introduction to technology. Alternatively,
experience archaeology is also defined as ‘exploratory
experimental archaeology’ (Miller 2007, 34-35) and
‘experiential activities” (Outram 2008, 3-4). Acquiring
of hands-on experience in textile technology allows one
to perceive the nature of labour in person and raises
the awareness of how the non-discursive components
of technology, such as hardships, pleasantness and
satisfaction from work, may have affected the final
effectiveness and productivity. Therefore, experience
archaeology may be seen as one of the methods of
investigating, or at least penetrating, the ergonomics
of textile production.

Experience archaeology and academic discourse

Experience archaeology serves primarily as an
effective, if not indispensable, teaching tool in studies
on any technology (Clarkson and Shipton 2015).
Due to the less formal organisation of hands-on
activities, usually lacking for any explicit hypothesis
to be tested and being less strictly relevant to any
specific archaeological evidence, the research value of
experience archaeology seems to be seriously limited.
However, the results of experiential activities have still
been acknowledged as a possible source of analogies
with the past (cf. Miller 2007, 35), especially if the tests
are repetitive and documented over a longer period
of time, and performed according to previously
established principles (Ulanowska 2016 forthcoming).
The weaving activities discussed herein were
conducted by me with students of the Institute of
Archaeology at the University of Warsaw since
2011, as part of regular teaching courses dedicated
to textile production and technology in Bronze-
Age Greece. Each course is scheduled within the 60
hour time-span, comprising of c. 30 hours of lectures
and c. 30 hours of hands-on activities. Until now, 70
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Department of Aegean Archaeology, Institute of Archaeology UW
BAND WOVEN ON A LOOM WITH A RIGID HEDDLE - DOCUMENTATION CARD

Name and surmame Band no. Date
N N B L [ [ [ [ [ [ T |

N I N N m_gm,___m 0:_T_ﬁ__ﬁ___% [ ] [ [ 1 [ |
'BAND PARAMETERS: | LOOM PARAMETERS: TIME OF WORK:

Fibres: Loom width in cm: Time of designing the pattern in min:

Thread diameter in mm: Shed height in cm:

Threads / 1 cm?: Loom setting: Time of warping the loom in min:

WA: _ WE: backstrap _ vertical _ horizontal

Weight of band: Warp setting: Weaving time in min:

vertical _ horizontal _a_mmozm_

Fabric dimensions in cm (without finishing): Warp tension, if possible to determine: Finishing time in min:

L: _ W: Totaling: _._ thread/qg:

Finishing: Length of working area in cm: Total working time in min:

DESCRIPTION OF WORK:

Required level of attention: General comfort of work: Satisfaction from work:

warping high medium low high high

weaving high medium low medium medium

finishing high medium low low low

OTHER OBSERVATIONS AND A DESCRIPTION OF WORK:

Fig. 1. Documentation card for a band woven on the rigid heddle.
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participants altogether have completed the courses,
including seven students who decided to attend twice.
The comparable number of participants each year, the
repetitiveness of the experienced activities, as well
as the considerable time investment in practice, have
inspired me to monitor students” work and to use
those observations as possible comparanda to textile
work in the past.

In 2013, in order to make the process of monitoring

more scholarly and systematic, a card system of

documentation was elaborated (Ulanowska 2014,

153-157; 2016 forthcoming). This system was designed

to record these activities which are practiced more

than once during each course, ie. weaving on
rigid heddles (tabby bands and tabby bands in
warp-floating technique), weaving on tablets and
weaving on warp-weighted looms. It comprises of
four card layouts respectively, tailored to record the
parameters of a fabric and the process of weaving it
by an individual weaver (Fig. 1). All cards contain
similar components, referring to the weaver and his/
her experience (name, date, number of fabrics woven
in a recorded technique), the fabric (its structure and
parameters), the process of weaving (setting up the
loom, working position) and, finally, the work (time
of work, subjective comfort of work, satisfaction from
work). But, since each card was designed to document

a specific weaving technique, it also contains specialist

questions about it. The card system is open-ended and

more cards and more questions may be included in
the documentation in the future,

Over time, the underlying methodological principles

were established by formulating the following tenets

of performance, inspired by the principles established
at the Danish National Research Foundation’s Centre
for Textile Research for experimental research on the
function of textile tools (Andersson Strand 2010a;

Olofsson, Andersson Strand and Nosch 2015, 76-77):

e all activities are scheduled according to the
chaine opératoire sequences and their temporal
organisation as Do It Yourself tasks;

e looms and weaving techniques are selected based
on the current knowledge of the Aegean Bronze
Age textile implements and weaves;

e all loom weights, spools and spindle-whorls used
in experience activities are copies of Bronze-Age
implements from archaeological sites in Greece;

e students/actors are always informed of gaps in
archaeological evidence, either for operational
sequences of weaving, the construction of looms
or certain categories of textile tools;

e students/actors are always informed that textile
production in Bronze-Age Greece was highly
specialised and that there were various modes

Fig. 2a-c. Textile workshop in the Institute of
Archaeology, University of Warsaw with ergonomic
arrangements of the work place.
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of its organisation but the manner in which they
proceed has no relevance to those organisational
systems;

e students/actors are always informed that the
manner in which they proceed is suggested by
traditional craft and ethnographic analogies
and that there may be more than one manner of
execution for each of the tested activities;

e whenever there is a greater number of manners
of execution or procedural choices, at least two of
them are demonstrated and tested;

e the documentation system covers descriptions
and photographs of all operational sequences
combined with a card system for documenting
pieces of experientially woven textiles and their
weaving as the work of an individual;

e students/actors are not skilled craftspeople
and their observations on weaving can only
be further analysed bearing in mind this
important qualification (cf. Ulanowska 2014, 2016
forthcoming).

Bearing in mind the limitations resulting from the

said principles, the documented experience of labour

will be further discussed with regard to the concept of
ergonomics.

Experience of the workplace and the ergonomics of
textile tools

Since 2012, all the experience activities have been
performed in a “textile workshop” arranged in a staff
office-room in the Institute of Archaeology with
an area of c. 30 m? Depending on the nature of the
performed jobs, the room may comfortably hold
up to ten working people, although more students
happened to work simultaneously in clearly less
comfortable conditions (Fig. 2). The basic arrangement
of the room could not have been changed, except for
the place where two warp-weighted looms and a big
working table were placed. All smaller textile tools
and yarns are kept in cardboard boxes in the office
cupboards and on the floor.

The ergonomic arrangement of this workplace was,
therefore, largely limited but still several unplanned
improvements to the workplace were successively
made. All of them resulted from the need for
optimising the working conditions, even if the work
itself was performed occasionally and within the
time-span limited to the three hours of a single lesson.
Within those adaptive strategies all openings/holes,
pegs or hooks in the looms and on the walls were
employed to put aside the used tools, such as shuttles,
weft bobbins, weaving combs, pins, scissors, in order
to free the workers’ hands. Accordingly, all tools
which turned out to be suspendable were provided

with threads or strings which made it possible to hang
them out or to hang them on the workers themselves.
The main use of the textile tools employed in
experiential activities is adequate to their recognised
function in the chaine opératoire of textile technology.
Nearly all replicated and tested Bronze-Age Aegean
loom weights, such as discoid, cuboid and crescent-
shaped forms, as well as tools identified as possible
loom weights, such as spools and cylindrical weights
with three perforations, were evaluated as suitable if
not comfortable tools for weaving. A preference for
choosing heavier tools which provide higher tension
has been observed among inexperienced weavers who
usually perceived the heavier tools as being easier to
work with.

It seems, however, that ergonomic thinking about
how the workplace and tools may be fully exploited
resulted in less obvious techniques of use of the
available equipment. The warp-weighted looms also
appeared to be practical devices for weaving starting
borders and warping, and their cloth-beams were
set up for being used in various techniques of band
weaving (Fig. 3) with crescents, cylinders with three
perforations, large cones and spools employed as
expedient weights for vertical tensioning of warps (cf.
Ulanowska forthcoming). The highly ergonomicdesign
was especially recognised in the form of spool-shaped
objects which may also serve as thread containers
and reels providing continuously unwinding thread
for knitting the heddles (cf. Siennicka and Ulanowska
2016).

Experience of textile labour and labour division
Weaving and spinning is practised in the classroom
in the manner which I have been taught by Anna
Grossman, archaeologist and textile practitioner from
the Biskupin Archaeological Museum in Poland. But
the basic manner of performance has been modified
or adjusted, according to scholarly descriptions of
weaving techniques (e.g. Hoffmann 1974; Collingwood
1982; Reeder Knudsen 2014), new solutions resulting
from our practice and experience (cf. Siennicka,
Ulanowska 2016) and consultations with colleagues.
Weaving bands on rigid heddles and tablets is
demonstrated and experienced in two working
positions: sitting and standing. In sitting position, the
tension is provided by the body of the weaver who
ties himself/herself to the band loom or by stretching
warps between two fixed points. In standing position
the warp is set up vertically and gravity-tensioning
is provided by a suspended weight or spools. The
students are encouraged to practise band weaving in
all working positions and then to choose the one they
feel the most comfortable with.
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Fig. 3. The comparison of the individual overall working time with the duration of the weaving phase
and the size of the obtained fabric (41 respondents altogether).
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Student 11
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B Level of satisfaction from work H Level of the general comfort of work | Efficiency
Fig. 4. Individual efficiency of the overall weaving process expressed in terms of the size of a fabric to be
obtained within one hour of work, and compared with subjective feelings accompanying the work, such as

the comfort of work and satisfaction from work. The level of emotions, recorded as being low, medium and
high, were transformed into the numerical values: 10, 20 and 30 respectively.
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According to the principles established for the
experience tests under discussion, all hands-
on activities should be performed as DIY tasks.
Throughout the course, the students practise weaving
bands on rigid heddles and tablets individually
but other activities, such as off-loom weaving with
heddling devices, weaving starting borders on rigid
heddles or tablets, setting up the warp-weighted loom
and weaving on the warp-weighted loom, are usually
performed in groups of two to three actors.

Even though all of these tasks may also be executed
individually, it seems that cooperation and social
interaction make the job easier to learn and perform.
In the case of a working group, the efficiency was not
taken into consideration or measured but, based on
mere observations, it is may be suggested that two
weavers working together seem to be optimal for most
of the tasks and, possibly, such a group may also add
to the overall effectiveness. Therefore, the observed
tendency towards collective labour may also reflect
the ergonomic strategies in the organisation of work.

Work times, efficiency and emotions accompanying
the work

The card system introduced in 2013 has allowed us to
record and compare the amount of time spent on the
successive sequences of weaving, such as designing,
warping, weaving and finishing, and the subjective

Average efficency

a low level of
attention required

a medium level of
attention required

a high level of
attention required

0 50 100 150 200

feelings accompanying the work, such as the comfort
of work, the level of attention required and the final
satisfaction from the work (Ulanowska 2014 153-157;
2016 forthcoming).

The records analysed herein refer exclusively to the
most frequently practised technique and, presumably,
the easiest one, i.e. weaving bands on rigid heddles
(Fig. 1). So far, 42 cards documenting weaving of
simple bands (36 cards) and bands with warp-floats
(six cards) have been transferred to an electronic data
base in Excel, which made the data easy to search and
available for statistical analyses. All the subjective
feelings described by the actors by choosing one of
three levels of the accompanying emotions, namely
low, medium or high, have been translated into
numerical values, such as 3, 6 or 9, or 10, 20 or 30
respectively, in order to present them as graphs and
compare them with other variables. From among
that data, one card was rejected as being incorrect,
whereas the other cards, documented the third band
(17 cards), the fourth band and subsequent bands
woven by an individual weaver (21 cards), which
implies that most of the actors, although not skilled,
have already acquired some basic knowledge of the
tested technique.

As expected, the said lack of skill has a negative
impact on the effectiveness of weaving. This may be
illustrated by a comparing the overall working time

Average efficency

tension stretched
between two points

gravity-tensioning

body-tensioning

0 50 100 150 200

Fig. 5. Comparison of the average efficiency calculated per hour of the weaving phase alone with the high,
low, or medium level of attention required (12, 5, 24 respondents respectively), and comparison of the average
efficiency of the weaving alone with the manner of tensioning the loom: tension stretched between two points,
vertical, body-tensioning (18, 4, 19 respondents respectively).
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with a distinguished sequence of weaving alone, and
the size of fabric in centimetres (Fig. 3). Although
the operational sequence of weaving seems to be the
most time-consuming phase which directly affects the
overall effectiveness, even if the actors are not skilled,
the resultant size of the fabric, in several cases, is not
clearly related to the time of work or to the already
acquired experience in band weaving. Whereas two
less efficient actors documented their fifth (Student 3)
and the third band woven on rigid heddle (Student
26), the most efficient ones: Students 19 and 14
documented their third and second band, respectively
(Fig. 4). This lack of a clear correlation between the
time of work and the size of the fabric obtained may
be explained by various levels of individual manual
dexterity. However, among the group of actors who
attended the course twice or submitted more than one
documentation card (Students 1, 2, 3, 4, 5, Teacher),
only Student 2 seemed not to improve his/her
efficiency while weaving more times (Fig. 4).

The average efficiency was calculated for the size of
a fabric to be obtained within one hour of work, and
it results in 76.51 cm of textile to be woven per hour,
but this seemingly good result needs to be considered
with the qualification that all the textiles discussed are
narrow widths measuring from one to six cm in width
and, therefore, they are relatively fast to weave (Fig.
4). In the analyses considering the efficiency of a single
phase of weaving, such as examining the possible
impact of the manner in which the loom was tensioned,
efficiency was measured per hour of weaving instead
of one hour of the overall working time.

The individual efficiency was not related to the
reported feelings describing the comfort of work and
satisfaction from work and translated into numerical
values: 30 to indicate the high level of emotions, 20
medium, and 10 low (Fig. 4). The recorded results
may also suggest that for the majority of actors the
weaving experience was perceived as both satisfying
and comfortable, disregarding the duration of work
and the quality of the fabrics obtained. A low level
of comfort of work was reported only by two actors
(a high level of comfort of work was reported by 13
actors; the medium one by 26 of them). The majority
of actors seem to be quite satisfied with the work,
describing the level of their satisfaction as being high
and medium (19 and 16 respondents respectively),
with six being displeased. The satisfaction from work
and the comfort of work experienced by the said group
of actors who documented weaving of more than
one band, suggests that the emotions accompanying
the work did not change much with the subsequent
weaving trials. It may be observed that the medium
level of attention required by the weaving alone may

have a positive effect on the average efficiency of the
weaving phase, since the highest rate of said efficiency
was observed in correlation with the medium level of
attention (Fig. 5). Accordingly, the other correlations
may suggest that too little and too much attention
required by the work may reduce its effectiveness. As
regards the manner in which the loom is tensioned,
it seems that the body-tensioning may slightly favour
the higher rate of the average efficiency of the weaving
alone (Fig. 5).

However, it should be clearly stressed that all
the efficiencies discussed, as well as the overall
effectiveness of work, seem to be primarily related
to the level of an individual’s manual dexterity for
weaving and that the given results may have been
different if all actors were more advanced in the craft
skills.

Conclusions about the prospects of the experimental
approach to ergonomics of textile production
Ergonomics may be seen as an inevitable part of any
work and the tendency towards optimising working
conditions, minimising workload and using available
equipment in full seems to be a natural need of any
worker who is allowed to arrange or adjust his/her
workplace. The use of various ergonomic criteria
in the organisation of textile work, e.g. ergonomic
arrangements of workplaces, ergonomic design of
tools and division of labour, could be traced in the
preserved material evidence of textile production.
But the complex emotions accompanying the work,
referring to the collectivity of labour, the level of
attention it required, its comfort and pleasantness,
and, finally, satisfaction from work, remain largely
intangible for textile researchers. Since these tacit
components of technology must have had a direct
impact on the overall productivity, being an important
part of every day life, the should also be more clearly
addressed in academic discourse.

Experimental approaches to investigating the
ergonomics of textile production seem to offer a new
method of penetrating the nature of textile work.
Especially the acquiring of hands-on experience in
textile techniques may be seen as an efficient tool
allowing for personal reflections about this work. But
in order to use experience archaeology as a research
method, the outcomes resulting from the hands-
on activities have to be defined, documented and
translated into the academic discourse.

The examples discussed of the experience approach
to the ergonomics of textile production in Bronze-Age
Greece suggest the manner in which an individual
experience of modern actors may be compared
and verbalised. Specifically, the system of the
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documentation demonstrates how the standardised
questionnaires may be used to record hands-on
experience and hands-on learning. Obviously, the
relations or lack of relations between the time of work,
its comfort, satisfaction from work and the efficiency
cannot be seen as any comparanda to the experience
of work performed by the textile workers in the
past. But still, these relations do demonstrate how
various emotions accompanying the work may have
influenced its effectiveness.

The statistic analyses presented here refer only to
one technique of weaving. In the future, however,
continued documenting of other textile techniques
practised with students may allow for comparison
between the work and workloads required by various
weaving techniques. It would be also interesting to
collect and analyse the comparative evidence of textile
work performed by modern craftspeople and more
experienced hobbyists.

Finally, it may be suggested that the overall concept
of ergonomics had to exist in societies of the past and
may be used to describe the technical knowledge
and skills, the organisation of textile production, its
economics and the socio-cultural meaning of textile
work as well as the social position of workers, even if
some of the aforementioned aspects of work were not
consciously perceived and valued as being important
by the textile workers in the past.

Acknowledgments

I wish to warmly thank Professors Eva Andersson
Strand and Henriette Lyngstrom for inviting me to
take part in the session ‘Experimental archaeology
— theories behind practice” at the XV Nordic TAG
conference in Copenhagen in 2015 where I presented
a lecture on this topic. I would also like to thank
my colleagues from the Institute of Archaeology,
University of Warsaw, especially Professors Kazimierz
Lewartowski and Wojciech Nowakowski - the
Director of the Institute, for their constant support for
my experience approach to textile archaeology.

I wrote this paper during my FUGA internship at
the Centre for Research on Ancient Technologies of
the Institute of Archaeology and Ethnology, Polish
Academy of Sciences, awarded by The National
Science Centre in Poland.

Bibliography

Andersson Strand, E. (2010a) The experimental textile
archaeology. In: E. Andersson Strand, M. Gleba, U.
Mannering, C. Munkholt and M. Ringgaard (eds)
NESAT X, Ancient Textiles Series 5. Oxford and
Oakville: Oxbow Books, 1-3.

Andersson Strand, E. (2010b) The basics of textile
tools and textile technology: From fibre to fabric. In: C.
Michel, M.-L. Nosch (eds.) Textile Terminologies in the
Ancient Near East and th e Mediterranean from the 3rd to
the 1st Millennia BC, Ancient Textiles Series 8. Oxford
and Oakville: Oxbow Books, 10-22.

Andersson Strand, E. (2015) The basics of textile
tools and textile technology — from fibre to fabric. In
E. Andersson Strand and M.-L. Nosch (eds.), Tools,
Textiles and Contexts. Investigating Textile Production
in the Aegean and Eastern Mediterranean Bronze Age,
Ancient Textile Series 21. Oxford and Philadelphia:
Oxbow Books, 39-60.

Andersson Strand, E. and Nosch M.-L. (eds) (2015)
Tools, Textiles and Contexts. Investigating Textile
Production in the Aegean and Eastern Mediterranean
Bronze Age, Ancient Textile Series 21. Oxford and
Philadelphia: Oxbow Books.

Andersson, E. and Nosch, M.-L. (2003) With a little
help from my friends: Investigating Mycenaean
textiles with help from Scandinavian experimental
archaeology. In K. P. Foster and R. Laffineur (eds)
METRON. Measuring the Aegean Bronze Age. Proceedings
of the 9th International Aegean Conference, New Haven,
Yale University, 18-19 April 2002, Aegaeum 24, 199-203.

Apostolakou, V., Brogan, T. M. and Betancourt, P.
P. (2012) The Minoan settlement on Chryssi and its
murex dye industry. In M.-L. Nosch and R. Laffineur
(eds), KOSMOS. Jewellery, Adornment, and Textiles in the
Aegean Bronze Age. Proceedings of the 13th International
Aegean Conference, University of Copenhagen, Danish
National Research Foundation’s Centre for Textile Research,
21-26 April 2010, Aegaeum 23, 179-182.

Bailey, G. (ed.) (1983) Hunter-Gatherer Economy in
Prehistory, A European Perspective. Cambridge, New
York: Cambridge University Press.

Barber, E. ]J. W. (1991) Prehistoric Textiles. The
Development of Cloth in the Neolithic and Bronze Ages
with Special Reference to Aegean. Princeton: Princeton
University Press.

Barber, E. J. W. (1994) Women’s Work. The First 20 000
Years. Women, Cloth, and Society in Early Times. New
York, London: W.W. Norton and Company.

Barber, E. ]. W. (2007) Weaving the social fabric. In C.
Gillis, M.-L. B. Nosch (eds), Ancient Textiles, Production,
Craft and Society, Proceedings of the First International

Archaeological Textiles Review No. 58 53




Articles

Conference on Ancient Textiles, held at Lund Sweden and
Copenhagen, Denmark, on March 19-23, 2003. Oxford:
Oxbow Books, 173-178.

Bender Jorgensen, L. (2007) Archaeological Textiles
between the Arts, Crafts and Science. In A. Rast-
Eicher, R. Windler (eds), Archiologische Textilfunde -
Archaeological Textiles. NESAT IX, Ennenda.

Bender Jorgensen, L. (2012) Introduction to Part II:
technology as practice. In M. L. Stig Serensen and K.
Rebay-Salisbury (eds), Embodied Knowledge. Perspectives
on Belief and Technology. Oxford: Oxbow Books, 91-94.

Betancourt, P. P., Apostolakou, V. and Brogan, T. M.
(2012) The workshop for making dyes in Pefka, Crete.
In M.-L. Nosch and R. Laffineur (eds), KOSMOS.
Jewellery, Adornment, and Textiles in the Aegean Bronze
Age. Proceedings of the 13th International Aegean
Conference, University of Copenhagen, Danish National
Research Foundation’s Centre for Textile Research, 21-26
April 2010, Aegaeum 23, 183-186.

Breniquet, C. (2010) Weaving in Mesopotamia during
the Bronze Age: archaeology, techniques, iconography.
In C. Michel and M-L. Nosch (eds) Textile Terminologies
in the Ancient Near East and the Mediterranean from the
3rd to the 1st Millennia BC, Ancient Textiles Series 8.
Oxford and Oakville: Oxbow Books, 52-67.

Brogan, T. M., Betnacourt, P. P. and Apostolakou, V.
(2012) The purple dye industry of eastern Crete. In M.-
L. Nosch and R. Laffineur (eds), KOSMOS. Jewellery,
Adornment, and Textiles in the Aegean Bronze Age.
Proceedings of the 13th International Aegean Conference,
University of Copenhagen, Danish National Research
Foundation’s Centre for Textile Research, 21-26 April
2010, Aegaeum 23, 187-192.

Brown, J. (1970) A note on the division of labor by sex.
American Anthropologist 72 (5), 1073-1078.

Budden, S. and Sofaer, J. (2009), Non-discursive
knowledge and the construction of identity: Potters,
potting and performance at the Bronze Age Tel of
Szazhalombatta, Hungary. Cambridge Archaeological
Journal 19 (2), 203-220.

Burke, B. (2010) From Minos to Midas, Ancient Cloth
Production in the Aegean and in Anatolia, Ancient Textiles
Series 7. Oxford and Oakville: Oxbow Books.

Cheval, C. (2008) Protohistoric weaving, the Minoan
loom-weights: a first approach. In C. Alfaro and L.

Karali (eds) Purpureae Vestes II. Textiles and Dyes in
Antiquity.Vestidios, Textiles y Tintes. Estudios sobre la
produccion de bienes de consumo en la Antigiiedad. Actas
del 1I Symposium Internacional sobre Textiles y Tintes
del Mediterrdaneo en el mundo antiguo (Atenas, 24 al 26
de noviembre, 2005). Valéncia: Universitat de Valéncia,
19-24.

Ciszuk, M. (2007) The academic craftsman - a
discussion on knowledge of craft in textile research.
In C. Gillis and M.-L. B. Nosch (eds), Ancient Textiles,
Production, Craft and Society, Proceedings of the First
International Conference on Ancient Textiles, held at Lund
Sweden and Copenhagen, Denmark, on March 19-23, 2003.
Oxford: Oxbow Books, 13-15.

Clarkson, C. and Shipton, C. (2015) Teaching
ancient technology using “hands-on” learning and
experimental archaeology, Ethnoarchaeology 7 (2), 157-
172.

Collingwood, P. (1982) The Techniques of Tablet Weaving.
London: Faber and Faber.

Costin, C. L. (2013) Gender and textile production in
prehistory. In D. Bolger (ed.) A Companion to Gender
Prehistory. Chichester: Wiley-Blackwell, 180-202.

Cutler, J. (2012) Ariadne’s thread: the adoption of
Cretan weaving technology in the wider southern
Aegean in the mid-second millennium B.C. In M.-
L. Nosch and R. Laffineur (eds) KOSMOS. Jewellery,
Adornment, and Textiles in the Aegean Bronze Age.
Proceedings of the 13th International Aegean Conference,
University of Copenhagen, Danish National Research
Foundation’s Centre for Textile Research, 21-26 April 2010,
Aegaeum 23, 145-154.

Dempsey, P. G., Wogalter, M.S. and Hancock, P.A.
(2006) Defining ergonomics/human factors. In
W. Karwowski (ed.), International Encyclopedia of
Ergonomics and Human Factors, second edition, vol. 1.
Boca Raton, London, New York: Taylor & Francis, 32-
35.

Dobres, M.-A. (2000) Technology and Social Agency:
Outlining a Practice Framework for Archaeology. Oxford
and Malden: Blackwell.

Evans, ]J. D. (1964), Excavations in the Neolithic
Settlement of Knossos, 1957-60, Part 1. Annual of the
British School at Athens 59, 132-240.

54 Archaeological Textiles Review No. 58




Articles

Evans, ]. D. (1968), Knossos Neolithic, PartII. Summary
and conclusions. Annual of the British School at Athens
63, 269-276.

Freo del, M., Nosch, M.-L. and Rougemont, F. (2010)
The terminology of textiles in the Linear B tablets,
including some considerations on Linear A logograms
and abbreviations. In C. Michel and M-L. Nosch
(eds) Textile Terminologies in the Ancient Near East and
the Mediterranean from the 3rd to the 1st Millennia BC,
Ancient Textiles Series 8. Oxford and Oakville: Oxbow
Books, 338-373.

Gromer, K. (2005) Efficiency and technique -
Experiments with original spindle whorls. In P.
Bichler, K. Gromer, R. Hofman-de Keijzer, A. Kern
and H. Reschreiter (eds) Hallstatt Textiles. Technical
Analysis, Scientific Investigation and Experiment on
Iron Age Textiles. British Archaeological Reports
International Series 1351, 107-116.

Gromer, K. (2010) Prihistorische Textilkunst in
Mitteleuropa. Geschichte des Handwerkes und der Kleidung
vor den Romern. Vienna: Naturhistorisches Museum
Wien.

Hoffmann, M. (1974) The Warp-Weighted Loom, Studies
in the History and Technology of an Ancient Implement.
Oslo, Bergen, Tromsg: Universitetsforlaget.

Jastrzebowski, W. B. (1857) Rys ergonomyji czyli nauki
o pracy, opartej na prawdach poczerpnietych z Nauk
Przyrody. Przyroda i Przemyst 29-30, 227-231, 236-238.

Kania, K (2013) The Spinning Experiment: influences
on yarn in spinning with a hand-spindle. In H.
Hopkins (ed.) Ancient Textiles, Modern Science. Re-
creating Techniques through Experiment. Proceedings of
the First and Second European Textile Forum 2009 and
2010. Oxford and Oakville: Oxbow Books, 11-29.

Kania, K. (2015) Soft yarns, hard facts? Evaluating the
results of a large-scale hand-spinning experiment.
Journal of Archaeological and Anthropological Sciences 7,
113-130.

Killen, J. T. (2007) Cloth production in late Bronze Age
Greece: the documentary evidence. In C. Gillis and M.-
L. B. Nosch (eds) Ancient Textiles, Production, Craft and
Society, Proceedings of the First International Conference
on Ancient Textiles, held at Lund Sweden and Copenhagen,
Denmark, on March 19-23, 2003. Oxford: Oxbow Books,
50-58.

Reeder Knudsen, L. (2014) Tacit knowledge and the
interpretation of archaeological tablet-woven textiles.
In: S. Bergerbrant and S. H. Fossoy (eds) A Stitch
in Time, Essays in Honour of Lise Bender Jorgensen.
Gothenburg: Gothenburg University, 91-110.

Kuijpers, M.H.G. (2012) The sound of fire, taste of
copper, feel of bronze, and colours of the cast: sensory
aspects of metalworking technology. In M. L. Stig
Serensen and K. Rebay-Salisbury (eds), Embodied
Knowledge. Perspectives on Belief and Technology. Oxford:
Oxbow Books, 137-150.

Lupo, K. D. and Schmitt, D. N. (2002), Upper
Paleolithic net-hunting, small prey exploitation, and
women’s work effort: a view from the ethnographic
and ethnoarchaeological record of the Congo Basin.
Journal of Archaeological Method and Theory 9 (2), 147-
179.

Marmaras, N., Poulakakis, G. and Papakostopoulos,
V. (1999) Ergonomic design in ancient Greece. Applied
Ergonomics 30, 361-368.

Martensson, L., Nosch, M.-L. and Andersson Strand,
E. (2009) Shape of things: Understanding a loom
weight. Oxford Journal of Archaeology 28 (4), 373-398.

Menin, M., da Silva, J. C. P. and Paschoarelli, L.C.
(2012), Objects from Prehistory, a study from the point
of view of ergonomics — a reference in Brazil. In P.
Vink (ed.) Advances in Social and Organizational Factors.
Boca Raton, London, New York: CRC Press, 749-756.

Militello, P. (2012) Textile activity in Neolithic Crete:
the evidence from Phaistos. In M.-L. Nosch and R.
Laffineur (eds.) KOSMOS. Jewellery, Adornment, and
Textiles in the Aegean Bronze Age. Proceedings of the
13th International Aegean Conference, University of
Copenhagen, Danish National Research Foundation’s
Centre for Textile Research, 21-26 April 2010, Aegaeum 23,
199-206.

Miller, H. M. L. (2007) Archaeological Approaches to
Technology. Amsterdam, Boston, Heidelberg, London,
New York, Oxford, Paris, San Diego, San Francisco,
Singapore, Sydney, Tokyo: Elsevier.

Molander, B. (2004) The meaning of ‘knowledge’
in the history of knowledge. In A. K. Borresen (ed.),
Science, Crafts and Ignorance. Perspectives on the History
of Knowledge. Trondheim: Tapir Academic Press, 13-23.

Archaeological Textiles Review No. 58 55




Articles

Nosch, M.-L. (2012) The textile logograms in the
Linear B tablets: Les idéogrammes archéologiques —
des textiles. In P. Carlier et al. (eds) Etudes mycéniennes
2010. Actes du Xllle colloque international sur les textes
égéens, Sévres, Paris, Nanterre, 20-23 septembre 2010,
Biblioteca di Pasiphae X. Pisa, Roma: Fabrizio Serra
Editore, 303-346.

Olofsson, L., Andersson Strand, E. and Nosch, M.-L.
(2015) Experimental testing of Bronze Age textile tools.
In E. Andersson Strand and M.-L. Nosch (eds) Tools,
Textiles and Contexts. Investigating Textile Production
in the Aegean and Eastern Mediterranean Bronze Age,
Ancient Textile Series 21. Oxford and Philadelphia:
Oxbow Books, 75-100.

Olsen, B. A. (2014) Women in Mycenaean Greece. The
Linear B tablets from Pylos and Knossos. London and
New York: Routledge.

Outram, AK. (2008) Introduction to experimental
archaeology, World Archaeology 40 (1), 1-6.

Pavuk, P. (2012) Of spools and discoid loom-weights:
Aegean-type weaving at Troy revisited. In M.-L. Nosch
and R. Laffineur (eds) KOSMOS. Jewellery, Adornment,
and Textiles in the Aegean Bronze Age. Proceedings of
the 13th International Aegean Conference, University
of Copenhagen, Danish National Research Foundation’s
Centre for Textile Research, 21-26 April 2010, Aegaeum 23,
121-130.

Penrose, S. (2013) Archaeologies of the postindustrial
body. In: P. Graves-Brown, R. Harrison, and A. Piccini
(eds), The Oxford Handbook of the Archaeology of the
Contemporary World. Oxford: Oxford University Press,
685-698.

Polanyi, M. (1966) The Tacit Dimension. Garden City,
New York: Doubleday.

Ryle, G (1949) The Concept of Mind. London & York:
Routledge (2009 edition).

Siennicka, M. and Ulanowska, A. (2016) So simple yet
universal. Contextual and experimental approach to
clay ‘spools’ from Bronze Age Greece. In ]. Oritz, C.
Alfaro, L. Turell and M.A. Martinez (eds) PURPUREAE
VESTES V. Textiles and Dyes in Antiquity. Ancient
Textiles, Basketry and Dyes in the Ancient Mediterranean
World. Textiles Cesteria y Tintes en el mundo mediterrdneo
antiguo. Proceedings of the V" International Symposium
on Textiles and Dyes in the Ancient Mediterranean World

(Montserrat, 19-22 March, 2014). Valéncia: Universitat
de Valencia, 25-36.

Soles, ].S. (1997), A community of craft specialists at
Mochlos. In R. Laffineur and P. P. Betancourt (eds)
TEXNH, Craftsmen, Craftswomen and Craftsmanship in
the Aegean Bronze Age, Proceedings of the 6th International
Aegean Conference Philadelphia, Temple University, 18-21
April 1996, Aegaeum 16, 425-43.

Tzachili, L. (1990) All important yet elusive: looking for
evidence of cloth-making at Akrotiri. In D. A. Hardy,
C. G. Doumas, J. A. Sakellarakis and P. M. Warren
(eds.) Thera and the Aegean World III. Proceedings of
the Third International Congress, Santorini, Greece, 3-9
September 1989, vol. 1 Archaeology. London: The Thera
Foundation, 380-389.

Tzachili, I. (2007) Weaving at Akrotiri, Thera: defining
cloth-making activities as social process in a late
Bronze Age Aegean town. In C. Gillis and M.-L. B.
Nosch (eds) Ancient Textiles, Production, Craft and
Society, Proceedings of the First International Conference
on Ancient Textiles, held at Lund Sweden and Copenhagen,
Denmark, on March 19-23, 2003. Oxford: Oxbow Books,
190-196.

Ulanowska, A. (2014) The economics of weaving
— aspects of labour in the Bronze Age Aegean. In K.
Drof3-Kriipe (ed.) Textile Trade and Distribution in
Antiquity, Philippika 73. Wiesbaden: Harrassowitz,
151-159.

Ulanowska, A. (2016 forthcoming) Towards
methodological principles for experience textile
archaeology. Experimental approach to the Aegean
Bronze Age textile techniques in the Institute of
Archaeology, University of Warsaw, Prilozi Instituta za
arheologiju u Zagrebu 33.

Ulanowska, A. (forthcoming) Experimenting with
loom weights. More observations on the functionality
of Early Bronze Age tools from Greece. In M. Siennicka,
L. Rahmstorf and A. Ulanowska (eds) First Textiles,
The Beginnings of Textile Manufacture in Europe and the
Mediterranean, Ancient Textiles Series.

Warren, P. (1972) Myrtos: an Early Bronze Age Settlement

in Crete, British School of Athens Supplementary vol.
7, London: Thames and Hudson.

Author: a.ulanowska@uw.edu.pl

56 Archaeological Textiles Review No. 58




