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REAL OR IMAGINARY:
THE EFFECTICVENESS OF USING PERSONAS IN
PRODUCT DESIGN

Frank Long MA, BDes ANCAD, MIES
Frontend.com,
7 Westland Court, South Cumberland St.,
Dublin 2, Ireland

ABSTRACT
The use of personas as a method for communicating user requirements in
collaborative design environments is well established. However, very little
research has been conducted to quantify the benefits of using this technique. The
aim of this study was to investigate the effectiveness of using personas. An
experiment was conducted over a period of 5 weeks using students from NCAD.
The results showed that, through using personas, designs with superior usability
characteristics were produced. They also indicate that using personas provides a
significant advantage during the research and conceptualisation stages of the
design process (supporting previously unfounded claims). The study also
investigated the effects of using different presentation methods to present
personas and concluded that photographs worked better than illustrations, and
that visual storyboards were more effective in presenting task scenarios than text
only versions.

INTRODUCTION
The product development process for complex consumer products is a collaborative
one. It involves multidisciplinary design teams, consisting of numerous individuals, working
on different components of the design, often in geographically dispersed locations. It can be
challenging to maintain a consistent user focus in such environments. User testing provides
valuable design feedback, but generally this feedback arrives in the later stages of
development when it is difficult to modify the design. In order to create more useable
solutions, earlier user validation is required in the design process. The use of ‘Personas’ as a
method for communicating user requirements and maintaining a consistent user focus in
collaborative design efforts is becoming increasingly widespread. Personas are fictional user
archetypes based on user research. Through a process of analysis and refinement, the data
from user interviews is distilled into one or multiple fictitious characters. Each character is
developed in realistic detail, and how that character wants to interact with the design is
described as task scenarios. This Persona and their associated task scenarios form the basis for
specifying how users want to experience the design. Through role-play and QA sessions using
the persona, the merits of design solutions can be evaluated against the needs of the persona.
Despite the growing popularity of personas, there is considerable debate as to the efficacy of
the technique.
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BACKGROUND
There is a surprisingly little published work detailing the methodology or providing
evidence of its effectiveness. At the time of writing only a few books deal with the subject in
any detail. Cooper’s ‘The Inmates are Running the Asylum’ (1999) provides a compelling
business argument for using personas but offers little practical information on how to use
them. ‘About Face 2.0; The Essentials of Interaction Design’ (Cooper and Reimann, 2003)
details a more of a systematic overview of the process, strongly advocating their own
trademarked design approach – Goal-Directed Design ™. In 2006 Pruitt and Adlin published
the most detailed volume on the subject, ‘The Persona Lifecycle’ – outlining and developing
their interpretation of Cooper’s original technique. This work focuses heavily on creation and
maintenance of personas throughout the product lifecycle and includes case study references
from industry. Pruitt’s early background advocating and using personas in Microsoft is also
documented through the short paper Personas Practice and Theory (Pruitt and Grudin, 2003).
Mulder’s ‘The User is Always Right: a Practical Guide for Creating and Using Personas on
the Web’ (2007) focuses on the creation of personas and techniques for incorporating
quantitative market research and other empirical data into the process.
From a research perspective, the problem with much of what has been published is
the lack of objectivity. Most have adopted an advocacy standpoint and their examples and
analysis tend to evangelise the use of personas. Furthermore there are distinct differences in
the way the authors advocate using the technique. There is very little objective research or
insight published. Chapman and Milham (also working at Microsoft) identify this in their
2003 paper:
“There is little peer-reviewed discussion of the personas method. The most
comprehensive work to date (Pruitt and Adlin, 2006) is a compiled book advocating the
method. There is no literature that systematically evaluates personas’ methodology or
utility in a comprehensive fashion”
.”There have been no adequate studies addressing the reliability, validity, or utility of the
method. To rectify this, we suggest the following as potential idea sketches for future
research… (point 4)Assign multiple teams to design the same product, where some teams
use personas and some don’t. Which teams create products that are more usable?”
(Chapman and Milham, 2003, The persona’s new clothes: methodological and practical
arguments against a popular method, p2-4).

METHODOLOGY
The chief aim of the study was to assess and measure the effectiveness of using
personas as a design tool - heeding Chapman and Milham’s call for further research. Does
using personas as a tool give designers any advantage in designing more effective and usercentred solutions? Would there be a quantifiable usability difference between the designs
from the persona-based teams over ones that did not use persona? A secondary element of the
research was to investigate the effect of different presentation techniques on the effectiveness
of the personas. Would the use of the storyboards with illustrated user personas over the
traditional method of using realistic user photographs and text-based scenarios have any
significant difference on the resulting designs?
At the core of this research is a project-based experiment that was conducted with a
group of 3rd year Industrial Design students from the National College of Art and Design
(NCAD) in Dublin. The experiment was planned as a design project conducted over a period
of 5 weeks. The students were divided into 3 groups (see table 1.1). In order to ensure a
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‘level-playing field’ the tutors were consulted to help distribute the class into groups of equal
strength. Two groups used personas as a design tool and one group acted as the control group
and did not use a persona-based approach. The objective of the experiment was to evaluate
whether there was any difference in the usability of the final designs. The study also sought to
measure how using personas influenced the design teams in their approach to solving the
brief.
Group

No. of Teams Design Tools

Alpha (control)

3

Brief + Image Boards

Beta

3

Brief + Persona
(Photographic image and text-based scenario document)

Gamma

3

Brief + Persona
(Illustrated image and storyboard scenario document)

Table 1.1 Groups used in the experiment and associated design tools

Personas and Scenarios
The scope of the experiment was focused on the effectiveness of using personas in
the design process. It was not practical for the students to research and create personas within
the project timeframe. It was also felt that using different personas would add an additional,
unwanted level of variability to the experiment. Instead, a pre-prepared user persona and task
scenarios were given to the students (see fig 1.0 and 2.0). The persona matched the target-user
demographic outlined in the project brief and care was taken to ensure that it did not contain
any information that might create an unfair advantage over the control group. The persona
detailed the personal information of a fictitious character, her likes and dislikes, her home
environment and her attitude towards new technology. The persona documentation included a
‘day in the life’ section, where the character’s daily routine and how she currently uses the
product was described. Finally the persona’s goals were listed, as were the client’s business
goals (these were also contained in the project brief). Two versions of the persona’s image
were used; the Beta group received a photograph of a real person while the Gamma group
received an illustration. Two task scenarios ‘Set-up’ and ‘Listening to the Radio’
accompanied each persona – one set was text only the other was laid out as a storyboard. (See
Fig 1.0 and 2.0)
The Project
Students were briefed in separate groups. Each group was instructed not to disclose or
discuss their design tool to the other groups. The Beta and Gamma students were briefed in
how to use personas as were their tutors. The tutors agreed to take observational notes during
the project and a questionnaire was distributed at the end of the 5 weeks for the students and
tutors to complete. Finally individual focus groups were conducted among the 3 design
groups and the project tutors to discuss the experience of using the personas. The Beta and
Gamma groups were asked to complete a recall test to capture how much detail that they
could remember about each persona.
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Fig 1.0 – Sample from the persona and task scenario documentation used by Beta team

Fig 2.0 – Sample from the persona and task scenario documentation used by the Gamma team

ANALYSIS
On completion of the project, the grades awarded to the students at each stage and the
overall grade was noted. By analysing the mean grades awarded to each group at the key
project stages, it was possible to gain a comparative progress snapshot of the teams during the
design process.
Detailed usability analysis was conducted on each individual design solution. The
project timeframe did not facilitate the production of working prototypes or 3D models so
user testing was not a viable method for evaluation. Instead a Heuristic evaluation was carried
out on the designs using Nielsen’s usability heuristics (table1.2). By using a consistent
checklist to evaluate each design a comparative score could be achieved. Understanding and
measuring the variance between the projects was more important than gaining a definitive
usability assessment of each one.
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Nielsen’s Usability Heuristics
Visibility of system status: The system should always keep users informed about what is going on, through
appropriate feedback within reasonable time
Match between system and the real world: The system should speak the users' language, with words,
phrases and concepts familiar to the user, rather than system-oriented terms. Follow real-world conventions,
making information appear in a natural and logical order.
User control and freedom: Users often choose system functions by mistake and will need a clearly marked
"emergency exit" to leave the unwanted state without having to go through an extended dialogue. Support
‘undo’ and ‘redo’. Home and back controls should be also present.
Consistency and standards: Users should not have to wonder whether different words, situations, or actions
mean the same thing. Follow platform conventions. Icons should be recognisable and consistent.
Error prevention: Even better than good error messages is a careful design, which prevents a problem from
occurring in the first place. Either eliminate error-prone conditions or check for them and present users with a
confirmation option before they commit to the action.
Recognition rather than recall: Minimize the user's memory load by making objects, actions, and options
visible. The user should not have to remember information from one part of the dialogue to another.
Instructions for use of the system should be visible or easily retrievable whenever appropriate.
Flexibility and efficiency of use: Accelerators -- unseen by the novice user -- may often speed up the
interaction for the expert user such that the system can cater to both inexperienced and experienced users.
Allow users to tailor frequent actions.
Aesthetic and minimalist design: Dialogues should not contain information, which is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes with the relevant units of information and
diminishes their relative visibility.
Help users recognize, diagnose, and recover from errors: Error messages should be expressed in plain
language (no codes), precisely indicate the problem, and constructively suggest a solution
Help and documentation: Even though it is better if the system can be used without documentation, it may
be necessary to provide help and documentation. Any such information should be easy to search, focused on
the user's task, list concrete steps to be carried out, and not be too large

Table 1.2 – Nielsen’s Usability Heuristics

Each design was analysed against each heuristic, one at a time. As a design was first
assessed for ‘user control and freedom’, if it contained a feature that supported this heuristic it
scored 1 point, if it contained two or more features it scored 2 points. If no features supported
that heuristic the score was 0. The analysis was carried out for each of the heuristics in this
way. The overall score obtained by each design was tabulated and then the results were
compared across the three groups.

RESULTS
One of the key research questions was to determine whether using personas within
the design process generates more user-friendly solutions. As usability is not a core criterion
in the NCAD grading system, but only one of a large number of design attributes that are
assessed, this question cannot be answered through simple comparative analysis of the
students’ final project results. Further analysis was carried out on each project using Nielsen’s
Usability Heuristics to isolate and quantify the usability attributes.
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Table 1.3 – Heuristic evaluation scores by project team

The Heuristic analysis revealed a clear pattern. The teams that used the persona (Beta
and Gamma) scored higher than the control group (Alpha). While the individual scores varied
somewhat in accordance with the ability of the individual design teams, the overall results
formed a consistent pattern. The Alpha group average was 2.67 compared to 5.67 (Beta) and
10.33(Gamma) as can be seen by table 1.3. These results indicate that the Beta and Gamma
groups had a greater understanding of the user needs and designed solutions around the usercritical tasks to a greater degree than the control group.
Project Grades by Stage
Analysing the grades at each project stage showed that the gap between the mean
scores for the control group and the groups using the personas was significantly larger (p
value less than 0.05) at the research and concept stages. However, this gap had narrowed by
the end of the project providing an even spread of overall grades. From the results it is clear
that the personas gave an advantage to the Beta and Gamma design teams during the early
stages of the project. Through using personas these design teams had a clear perception of
‘who’ they were designing the solution for and what the users’ goals were. Through roleplaying scenarios and ideas they were able to quickly identify what design problems the user
would encounter and to propose solutions that the user would want. As the project progressed
the gap between the Alpha teams and Beta and Gamma teams narrowed. This suggests that by
using their conventional design process the control group also identified and addressed many
of the design problems; however it took them longer to reach this stage. The teams using
personas seemed to identify and problem-solve design issues faster and earlier in the
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development process. The tutors confirmed this finding during the focus groups and feedback
questionnaires.

Participant Feedback
The focus groups conducted at the end of the project confirmed that very little
information regarding each design tool was leaked between teams. From the 16 responses to
the questionnaire, 5 (31%) agreed that at the end of the project no information had leaked
between groups, while 7 (44%) agreed that only very minor details had leaked out by the end
of the project. The Alpha group (control) confirmed that they focused more on aesthetic
aspects of the design brief and limited their consideration of user interaction to physical
controls. The Beta group was generally enthusiastic about their experiences using personas.
They incorporated the persona profile into their normal design approach – conducting
additional research with real people that matched the profile of the persona, conducting
product research in stores where the persona might shop etc. One key area where the Beta
students identified the positive effects of using the persona was in relation to teamwork. It
was considerably easier to achieve a design consensus within the team by being able to refer
to an external target user. This allowed them to push personal opinions to the background.
“If one of us came up with a design feature that the other didn’t like we could think
about it in terms of what Marie would like – it wasn’t just based on my opinion or their
opinion, we could refer to the Marie; Marie would not like it to work like that” –
Comment from Beta student during focus group

Using the persona seemed to increase the focus of the Beta team on the user interface
issues. It was generally agreed that if they had not used the persona they would have arrived
at a different design solution. When asked about using the approach again in the future all
agreed that it would be useful. Some students admitted that if they had to make the persona
themselves, they might be tempted to adjust the details to suit their own design outlook. The
Gamma group were less enthusiastic (than the Beta group) about using the persona and
through discussion it became clear that they did not empathise with ‘Marie’ to the same extent
as the Beta group did. The group discussed the fact that their persona was represented by an
illustration and therefore was obviously not a real person. This seemed to highlight the fact
that the persona was based on research – and perhaps because the students were not involved
in conducting the research, they were sceptical. The students also discussed how the
illustrated image of the persona made them feel that they could pick and choose from her
characteristics and even superimpose their own additional features and information onto her
character. Some Gamma participants reported to ignoring parts of the persona and others
stated that they designed their solution partly for the persona and partly for more general
users. There was general agreement in the group that having the persona was helpful and that
it helped prevent self-referential design.
Persona Memory Test
Both Beta and Gamma teams were given a memory test to identify whether there were
any differences in their ability to recall specific details about the persona. While there was
no statistically significant difference between the performances of the two groups, the
Beta group (photograph) could remember more details (mean score 20.6) than the Gamma
group (18.4). The difference was most apparent in relation to personal details such as age,
names of family members, users likes and dislikes etc. Users with the sketch tended to give
more vague answers – for example when asked her age some students responded with an age
range 50-55 where as the beta group were more exact providing the precise age.

Tutor Feedback
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As the tutors were aware of the research objectives and had a ringside seat during the
project, they had a wealth of insights into how the student teams reacted to the various design
tools. The overall impression from the tutors was that the persona-based approach definitely
offered something different. The students seemed to be more enthusiastic about the design
challenge when they could relate the product to a specific user. This also resulted in a higher
quality and quantity of work produced by the students. The tutors agreed that the students
found working and communicating within their teams easier through using the persona.
Previously team-based projects had a tendency to result in conflict. While the tutors were very
positive towards the technique, they expressed some reservations about using it in the future.
Both expressed a concern that it the persona research was not done accurately then the design
result could be badly compromised. Tutors felt that students could skew research to suit their
own design agenda. They also noted that some students became so focused on the persona
that they lost a little perspective on the general design issues. This would need to be balanced
in future projects. The tutors reported that towards the end of the project, the general
relevance of the personas within the teams began to wane. They suggested that as a result of
this, the effect of the different tools diminished as the project progressed; the difference
between the groups in terms of engagement with the user was considerable in the beginning
and seemed to converge gradually during the course of the project. The tutors reported that at
the outset of the project the good students of groups Alpha and Gamma seemed to under
perform and weaker students in groups Beta and also, to some degree, Gamma performed
better than normal. However during the course of the project both relative performances
returned to their regular levels.

DISCUSSIONS AND CONCLUSIONS
The principle aim of this pilot study was to assess whether using personas as a design
tool in the product development process would lead to more user-centred designs. It can be
justifiably claimed at the outset that there are positive benefits associated with using the
technique and this claim is evident from the analysis of the student design work, the student
survey and the focus group feedback from the students and their tutors. This pilot study
produced objective evidence to support the key claims made by Cooper, Pruitt et al. for using
personas in the product design process. Personas strengthen the focus on the end user, their
tasks, goals and motivation. Personas make the needs of the end-user more explicit and
thereby can direct decision-making within design teams more towards those needs.
Furthermore, the study suggests that using personas can improve communication between
teams and facilitate more constructive and user-focused design discussion. Students using
personas produced designs with better usability attributes than the students that did not use
personas – thereby answering one of Chapman and Milham’s key concerns.
Using illustrations instead of photographs of the persona would seem to reduce
effectiveness. It can lead to selective consideration of the persona characteristics and can
increase the risk of self-referential details being superimposed onto the persona. The study
also reported a lower level of empathy towards the illustrated persona and a diminished
ability among students to recall details about the persona after time. The storyboard task
scenario seemed to be more effective than the text version and facilitated more detailed
design solutions.
The study indicates that using personas offers several benefits for user-centred design
in product development. The results support claims that using personas focuses more attention
on the end-user, particularly in the early stages of the project. Not only does this increase the
likelihood of a more usable end product but it also provides a clear user focus at the initial
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design research and idea generation stages, which enhances the possibility of incorporating
user-centred features at the product specification stage. Personas have a role in helping
designers to innovate new ideas but can also assist in validating new designs as they emerge.
They can provide a valuable user-centred input early in the development cycle - helping to
bridge the gap between research and design.
Personas are only one of a number of user-centred design tools and are not suited to
every situation. There are considerable resources required to implement a persona-based
approach within a design project. The time and effort required to research, analyse and
document personas, should not be underestimated. As can be seen from the early experiences
at Microsoft, where timeframes and human resources are not sufficient, the effectiveness of
using personas is greatly diminished. Furthermore, attempting a scaled-back or low-budget
version of personas can cause more harm than good. If the research and analysis is not
thorough, confidence in the resulting personas will be undermined and as identified in the
study, if the persona details and goals are not correct then the design direction can be
inappropriate. Using personas also requires training at an organisational level, this is an
additional obstacle and given the lack of published material on how to use personas, can be
difficult to overcome.
The debate about whether personas work or not has been one of faith versus
scepticism; claim versus counter-claim. This study demonstrates the effectiveness of using
personas in the product design process and while more research is needed, there is now some
objective evidence that using personas does work.
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THE DESIGN OF SCHOOL FURNITURE FOR PRIMARY
SCHOOL CHILDREN
Simon Dennehy

Department of Industrial Design
National College of Art and Design
100 Thomas St
Dublin

Abstract
This paper outlines the research and design process involved in the
development of “Perch - A school chair and desk for primary school
children”, and documents the implementation of a new and innovative
solution. School children experience a surprisingly high level of
discomfort, pain, injury and musculoskeletal disorder, due to the
prolonged use of unsuitable seating and desks. “Statistics show that half
of all children... have back problems at some time and that in 8% of cases
it is serious enough to affect their attendance at school” (ELLIOTT, J.
2006. “School books - a pain in the back”). This is not unique to the Irish
education system; numerous studies have shown that this is a global
problem. Primary school children require carefully designed furniture in
the classroom, where they regularly maintain static postures for long
periods of time. More importantly, primary schools prepare children for a
sedentary way of life. The project centres on the investigation of
ergonomics and usability, the exploration of this research in a series of
user tests and the creative implementation of the results in a new design.
The solution proposed incorporates a new, patented, flexible seat pan,
with a unique height adjustment feature and adjustable desk with sloped
worksurface. The improved posture and the practical resolution of storage
facilities offer students and teachers improved flexibility in the classroom
and overall enhanced modern learning environments.

1.0 Introduction
“Ergonomic furniture ultimately ensures increased performance and
productivity.”(Breithecker, Dr. B. 2006.) Active sitting has been a focal point for
leading producers, ergonomists and designers for many years. The ability of end users
to change posture and position throughout the course of the day, attain and maintain
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open posture, while relieving unnecessary load from the mid-section and back, helps
to prevent long term damage associated with traditional “right angles” sitting. With
most companies focused on reclined positions to achieve open posture, the concept of
forward and upright sitting has been overlooked for mainstream task seating. Within
the niches, there are companies selling furniture to encourage high sitting, pelvic tilt,
and open postures, but these products remain well outside the mainstream, despite
their advantages. The benefits of open posture and active sitting are now recognised
for being far healthier than the “right-angles” approach. The project illustrates how
significantly higher sitting, where the subject sits upright with open posture, toward
an elevated and sloped work desk, can positively affect the physiological and
psychological state of the school child.

Figure 1: Perch - School Furniture

It is irresponsible to design school furniture for students, without gaining an
understanding for their requirements. Primary education aims to achieve basic literacy
and numeracy for all. In the process of learning to read and write, students focus
intently on material immediately in front of them, on a desk, and traditionally from a
seated position. It was apparent, from early in the study, that the current “accepted”
standards for school furniture are fundamentally flawed. Rear sloping or horizontal
seat pans with horizontal worksurfaces, where “right-angles” sitting is encouraged,
simply forced students into unimaginable postures, where discomfort and pain were
experienced daily. The “Perch” design provides a significantly elevated seat and
work surface height. Students are encouraged to sit with an open posture, where the
angle between torso and thighs far exceed ninety degrees. The findings suggest that
chair and desk designs must be considered as items of equal importance.
A “User First Design” approach guided the literature review, design, testing and
prototype phases of this project. The final designs remain true to the needs and
requirements of the student during class time.

2.0 Design Implementation
2.1 Seat Design
The Perch seat pan incorporates a flexible surface (wing) at each front corner (figure
2). These wings remain in contact with the users' legs (back of femur), regardless of
their seated height, without restricting circulation to the legs caused by hard edges. In
elevated positions, the “Wings” organically adjust and flex to accommodate any
femur position, asymmetrical or not. During testing, it was common to see students
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frequently moving both legs in a pedalling motion, as a result of seat flexion. When
sitting high where the femur to spine angle approaches 120° or above, the pelvis is
rotated forward, and a position of lordosis is attained. This contributes to a straighter
upper back and reduced stress on neck muscles. Hip abduction, while sitting on the
flexible seat helps to stabilize the pelvis in an upright position. Balance is improved
by the rigid front pommel, which stabilises the location of the subjects' buttocks and
sit bones. In an upright, open posture, a subject will make use of the major and
strongest muscle groups of the body. Stomach and back muscles are in balance and
the leg muscle groups get utilised. In a reclined position, this is less the case.

F
igure 2: Flexible "Wing" sections

There is no one “good” position for sitting all day long, and regular movement of the
upper and lower body is to be encouraged to stimulate muscle growth, blood flow and
circulation throughout the body. During right-angles sitting, observation and analysis
has shown, how underused the lower body, from the chest to the toes, are during task
work in the classroom. In almost all cases, the lower body practically ceases to work.
This lack of movement will contribute to muscle atrophy and, at such an early age,
will prevent the proper development of muscle groups around the stomach, back and
legs of the subject. “The most direct effect of sitting idle is that the work performed by
the large skeletal muscles in the legs, back, and trunk required for upright movement
comes to a halt”. (HAMILTON,M.T, - HAMILTON D.G. - AND ZDERIC, T.W.
2007. Volume 56, page 2665)
With the Perch solution, in all cases, students were seen to considerably increase
movement throughout their entire bodies during task work, without any perceived loss
of concentration or distraction towards course work. To the contrary, reports indicate
an overwhelming improvement in comfort and satisfaction. The seat uses hundreds of
ventilated slots throughout. On saddle chairs, heat build up around the pubic region is
an area for concern, especially when long term sitting occurs. These vents allow
approximately 30 percent of material to be removed, increasing airflow and cooling,
while reducing weight and unit cost.
On the Perch chair, a user can sit at any height, while maintaining the same level of
leg support and freedom of movement. The ischial tuberosities remain in contact with
the rigid rear section of the chair. When sitting low, or when not in use, the front
pommel practically disappears, as the wings return back up into a neutral and
horizontal resting position. Once the student dismounts the chair, the aesthetic is
similar to traditional seat pan styles. It is the authors opinion, which has been shared
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by representatives in industry that a primary reason for the failure of niche products,
such as kneel chairs or saddle seats, is their remarkable and unique aesthetic.
The chair provides a leg rest, where the student can engage one or two feet at a time,
then alternate back onto the floor, as required. The chair also includes a unique and
safe height adjustment. It is not possible to disengage from a set height while the user
is sitting. The lowering of seat can only be accomplished when the subject dismounts
the chair and pivots the seat arm, which disengages the lock to allow suitable
readjustment (figure 3).

Figure
3: Height adjustment feature

2.2 Desk Design
The height adjustable desk improves accessibility and functionality for students as
they learn to read and write. Incorporated is a flat front ledge, where students rest
their arms or elbows to relieve load to their mid-section. Investigating poor posture
among school children revealed that Optimal Visual Distance (OVD) dictates the
head position of the student. In all cases, students brought their heads approximately
300mm from their work, when they were required to read or write. They do so at the
expense of comfort and continue working in this position for long periods of time.
(Figure 4)

Fi
gure 4: Poor posture because of OVD requirement

Because most school seat pans are slightly reclined and work surfaces are generally
horizontal, the user is required to form an excessive kyphotic posture in order to
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achieve their OVD. By sloping the work surface toward the student at 25°, the work is
far more accessible (Figure 5). By raising the work surface height, postural kyphosis
is reduced greatly and the student does not need to bend over as much. Also noted
was the small desk area actually utilised during task work, again due to the need to
keep work within OVD. Desks are traditionally 600mm deep, but students only ever
used about 400mm of the desk, with the remaining surface being used for storing
books and accessories. The Perch desk shortens the writing surface and incorporates a
storage trough at the rear. When sitting higher with hip abduction the reach of a
student is significantly increased and this allows the students to access items at the
rear of the desk.

Figure 5: Desk profile

Also included is a reading ledge (Figure 5: A-B), which potentially extends the
footprint of the desk when students are copying from a book during regular course
work. Its inclusion takes inspiration from the students' ability to read clearly from far
distances, such as blackboards, without requiring the work to be within OVD, which
is required for only intense task work.
The desk offers an accessories tray at the rear of the desk and is replaceable with
multiple solutions, such as a removable and stackable system for Arts and Crafts,
Lego trays etc. The desk is fully height adjustable, allowing all students to be
accommodated. Finally, a soft and tactile, rubberised surface was applied to the work
area of the desk. This provides an easy to clean, warm and haptic surface that grips
work and prevents slippage.
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Figure 6: Ergonomic illustration

3.0 Conclusions
•
•
•

•
•

•
•
•
•

Because of the ability of young students to repair damage to their
intervertebral discs, for the most part, poorly designed furniture tends to be
overlooked.
A primary problem lies in the fact that students are training themselves to sit
very inappropriately.
As students mature and lose their repair mechanisms, they become immune to
poor sitting and working postures. "The dire concern for the future may rest
with growing numbers unaware of the potential insidious dangers of sitting too
much” (Daily mail, 2007 - online)
The project is now progressing toward more advanced user trials.
Longer term test phases with entire classroom fit-outs are required to prove
claims regarding improved learning, posture, comfort, health and wellbeing
and it is hoped that within the 2009 year, this work will be completed and
ready for production.
Short term test phases have, shown that higher sitting in conjunction with
higher positioned work surfaces can have major comfort and ergonomic
effects on students.
By treating aesthetics as an important issue, it is possible to design a product
that appeals to the masses, as opposed to looking like a medical machine for
sitting.
This project has highlighted the need for new consideration of furniture design
in the education sectors.
A future study into secondary school furniture is now planned using the same
“User First Design” methodology.
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Abstract
This paper presents the findings of research relating to the specification of a new
human factors report, conducted as part of the work requirements for the Human
Integration into the Lifecycle of Aviation Systems (HILAS) project, sponsored
by the European Commission. Specifically, it describes the proposed concept for
a Unique Report, which will form the basis for all operational and safety reports
completed by flight crew. This new reporting form has been developed in
collaboration with a major Spanish airline involving also some field research
with five other airlines. Part of the field research concentrated on collaborative
prototyping and evaluation of new reports/flight plan concepts and a number of
evaluation activities. Participants have included both operational and
management personnel, across different airline flight operations processes

Introduction
The Human Integration into the Lifecycle of Aviation Systems (HILAS) project is part of the
Sixth Framework Programme for aeronautics and space research, sponsored by the European
Commission. The overall objective of the HILAS project is to develop a model of good
practice for the integration of human factors across the life-cycle of aviation systems. The
project contains four parallel strands of work: the integration and management of human
factors knowledge; the flight operations environment and performance; the evaluation of new
flight deck technologies, and the monitoring and assessment of maintenance operations
(McDonald 2007). The Flight Operations strand comprises seven European airlines, human
factors researchers and technology partners. The critical objective of this strand is to develop
and implement a new methodology for monitoring and evaluating overall system performance
to support improved information sharing, performance management, operational risk
management and process improvement.
Currently, airlines use a range of paper and technology based tools to monitor and evaluate
human performance (and by implication organizational/system safety). Feedback from these
tools is used to direct system safety improvements (e.g. process/procedures re-design,
enhanced training etc.). Traditionally, these tools have divided into two types: those that focus
on gathering human performance information; using either self report or observer based
methodologies (e.g. Air Safety Reports, Non Technical Skills Evaluation, Line-Checks and
Line Operations Flight Training) and those that focus on gathering aircraft performance
information (e.g. Flight Operations Quality Assurance). Crucially, these tools fail to provide a
real-time picture of routine operations supporting predictive risk management (Cahill et al
2007). The use of many discrete tools presents additional information management
challenges. Much valuable data is gathered about the operation. Yet this data is gathered,
analyzed and stored in different formats, making it difficult to obtain an overall integrated
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safety/risk picture. Although useful from a data gathering perspective, these tools fall short of
providing adequate data integration and analysis support. To this end, airlines are interested in
developing tools which provide a real-time and continuous picture of the operation.
Furthermore, many airlines are focusing on improving knowledge integration both internally
(e.g. within airline) and externally (e.g. with authorities, other airlines etc). Arguably, little or
no attention has been paid to the development of tools which embed crew reporting in the
Flight Crew task, and link directly to airline safety/risk monitoring and process improvement
activities). Within HILAS airlines called upon solutions able to integrate flight deck and
airline safety practices and technologies.

Field Research and requirements for improved reporting capabilities
An inductive research approach has been adopted, involving a range of qualitative research
methods. Specifically, the methodology adopted uses a mix of both formal and informal
Human Computer Interaction (HCI) methods, along with process analysis and evaluation
methods used in the Organizational Ergonomics field.
Field research was carried out with six partner airlines involving participants from across the
three Flight Operations sub-processes e.g. (1) flight planning, (2) active flight operation and
(3) change/safety/quality process. In addition, more specific research was undertaken with
operational and management personnel from a major Spanish airline. Overall, six phases of
research have been undertaken. A high level overview of these six phases is detailed in Table
1.

Issues with Existing Performance Management Processes & Tools
Reporting and information feedback: High level End users requirements
Overall, research suggested a number of problems with existing performance management
tools and processes. The ones relevant to the work presented in this paper include the
following:
- Participants observed that existing tools fail to provide a real time picture of routine
operations supporting performance management and predictive risk management.
- It was also remarked that the use of many discrete tools presents certain information
management challenges. Much valuable data is gathered about the operation. Yet this
data is gathered, analyzed and stored in different formats. As such, it is difficult to
obtain an overall integrated safety/risk picture.
- Certain tools facilitate data analysis (e.g. Flight Data Monitoring), but this needs to be
integrated with other data, so that rich analysis is achieved.
Participants noted that the output of this analysis is not necessarily used in the right way. This
links to the process of communicating the gathered information to the right people to support
relevant task requirements. Typically, this analysis is used to support certain organizational
processes (e.g. process redesign, training) but not operational processes. In this respect,
participants suggested a number of feedback loops. For example, (1) provision of feedback to
flight planning to mitigate risks/safety issues in flight planning, (2) provision of flight specific
threats information to flight crew in the flight plan and (3) improved feedback to crew (e.g.
safety magazines, training etc). Further, it was noted that wider feedback loops require
improvement (e.g. feedback to training, procedures design etc). Currently, flight crew
participants noted that they do not obtain feedback about potential threats in the flight plan.
This information must be gathered from different operational sources and/or deduced by
flight crew following an examination of both flight and operational conditions. Specifically,
empirical research indicates that Pilots require intelligent, context based task support,
facilitating the management of operational risks and changes, and communication with
different operational throughout the flight operation (Cahill et al 2007). The provision of
performance feedback to crews would enhance both individual and team competencies, along
with flight safety.
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Table 1. Overview of the various research phases and the methods used
Research Phase
Phase 1 Research:
Background Flight Operations
& Performance/Safety
Management Research

Phase 2 Flight Crew Task
Analysis

Phase 3: Specification of High
Level Requirements, Use
Scenarios and High Level
Tool Concepts

Phase 4: High Level
Modelling of Tool Concepts

Phase 5: Detailed Modelling
of Reports and Flight Plan
Concept

Phase 6: Evaluation of tool
concepts

Methods Used
Process workshops were conducted with six airlines, to map the
active flight operations process and to understand flight crew
task performance. This followed from the approach developed
by Gilbreth and Gilbreth (1921). Also, a review of existing state
of the art performance management/safety management systems
was undertaken. This involved a series of case studies with six
airlines, to understand existing approaches and possible airline
requirements for improved tools and processes (Cahill, 2006).
A detailed task analysis was then undertaken with flight crew
participants from two partner airlines. This research was directed
at understanding the nature of flight crew task performance (and
associated information requirements) and identifying how this
might be facilitated by the design of improved flight
planning/situation assessment and reporting tools. This included
(1) seven jump-seat observations and de-briefs interviews, (2)
two detailed task analysis case studies involving one pilot from
each airline and (3) interviews with twelve Pilots.
All prior research was then analyzed. First, overall tool
requirements were specified. Following this, a series of ‘future
use scenarios’ were developed, using the scenario based design
approach proposed by Carroll (2001). The associated tool
concepts (both in relation to the reporting concept, and the
intelligent flight plan concept), arising both from the definition
of tool requirements and future use scenarios were then outlined.
As part of this, proposed high level prototypes for the three
flight crew application concepts were specified (1) remote crew
application, (2) dispatch application and (3) electronic flight bag
application.
Collaborative prototyping activities were conducted with flight
crew from Iberia Airlines, using participatory design
methodologies, (Muller, 1991, 1993). This research focused on
modelling low fidelity prototypes of the proposed user interface,
for the three application tool concepts.
More detailed collaborative prototyping and evaluation sessions,
were conducted with five Pilots from Iberia Airlines, to further
specify both the reporting concept and the intelligent flight plan
concept. This involved a series of individual sessions with one
pilot from Iberia airlines, and a number of group sessions with a
panel of Iberia pilots.
First, an implementation and evaluation workshop, focusing on
the evaluation of the proposed reporting tool and intelligent
flight plan concept, was undertaken with Iberia airlines. This
involved a review of actual use scenarios for the proposed tools,
and an evaluation of the proposed technology solution (e.g.
HILAS tools framework and specific prototype for the reporting
tool). As part of this, a team of pilots, flight planning and
dispatch personnel, safety personnel and airline IT/systems
representatives reviewed and evaluated mid fidelity prototypes
of the proposed tool concept
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The research suggests that flight crew require time saving and human friendly
cockpit mechanisms to provide safety and process improvement feedback to
relevant airline personnel. A number of problems with the design of existing
reports were noted. This includes:
-

Difficulties accessing reports
Insufficient time to complete reports
Unnecessary data entry
Duplication across company and authority reports
Confusion in relation to classification of events and contributory factors
Near misses not routinely reported

The issues identified through field research were also summarized in a number of high level
requirements for improved flight crew reports
- Requirement 1: to establish a reporting framework linked to the airline journey log for
each flight, which would allow Pilots to report on threats and errors encountered and
how these were managed by crew
- Requirement 2: to enable an improved logical reconstruction of occurrences and crew
corrective actions, taking in to account the temporal sequence of events
- Requirement 3: to provide an established channel for reporting threats and occurrences
in parallel to the Line Operation Safety Audit methodology (FAA 2005). In this sense,
the structure of the Reporting Form should focus on eliciting information relating to
the crews account of the main facts constituent to the event, introducing an “ad hoc”
space for the crew to express their analysis at the end. The analysis can be directed
towards those elements of operational performance of which the company has
leverage.
- Requirement 4: to provide feedback to pilots regarding specific flight threats for their
given flight and associated best practice “Threat Error Management” (TEM)/ “Crew
Resource Management” (CRM) tips, by means of an intelligent flight plan

The Unique Report and the collaborative prototyping approach
In support of the above processes, the requirements for a number of technology and
organizational tools have been identified within which the unique reporting is just one
component. The overall framework includes (1) human factors tools used by different
operational personnel providing task support information, performance feedback information
and assisting reporting (e.g. the unique report and the intelligent flight plan as part of the
electronic flight bag) collectively named Tool A, (2) a ground server and database to store
and integrate performance data (named Tool B) and (3) data analysis and communication
tools – supporting safety/risk analysis and knowledge integration both within the airline and
with other airlines, (Tool C).
Self reporting is not the only source of information. However it has a very important role to
play. As demonstrated in HILAS research, reporting allows front end personnel to act as
auditors of their company, on a continuous basis. This fact is critical to the structure of the
proposed Unique Report. The Unique Report is designed to reconstruct an actual chain of
events, capturing this information electronically, facilitating integration with other airline
data, and subsequent analysis by safety personnel. The Unique Report in fact is to be
embedded in an electronic version of the Journey Log that flight crew complete at the end of
each flight, using a so called Electronic Flight Bag (EFB). The data collected through the
report will allow safety personnel to derive a reliable picture of the main threats and hazards
faced in everyday operations, along with the threat and error management strategies used by
crew. It is anticipated that this data can be used to enhance the existing flight plan used by
flight crew. Specifically reporting data can be used to generate a picture of the threats
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associated with a specific flight, and the associated Threat and Error Management (TEM)
guidance. The Unique Report should not only provide crucial quantitative data for the safety
management process, but also provides the flight crew with a tool which is easily accessible
(some reports may be saved and completed later in the crew room, hotel room or at home),
more efficient (only one report is required for completion as supplementary reports are prepopulated with data from the Unique Report) and therefore promotes an integrated data
format for reporting and storing data which is related to the overall systems process.
The unique report was developed through the active participation of flight crew from the
Airline involved, using participatory design methodologies, (Muller, 1991, 1993). This
research focused on modelling low fidelity prototypes of the proposed user interface. Using
this approach it was possible to identify new solutions for events representations, like for
instance the need to refer them to the process map previously developed in a previous phase
of the field research.
A detailed description of the various section of the report has been presented in a previous
paper (Leva et al 2009). However the structure of the reporting form can be summarised as
follows:
A. Event generic structure
Pilots are asked to classify the event as either a single (isolated) event or a chain of events.
The logical distinction between a single event and a chain of event is necessary in order to
correctly reconstruct the event sequence
B. When did it happen
The events are to be related to the specific process phase they occurred in. This information is
presented graphically to the pilots for ease of reference. This choice was motivated by some
of the findings of the collaborative prototyping exercises:
- It was observed by revising a sample of reports that a substantial majority of the
narrative accounts start by stating when in the process phase a certain event
happened.
- Furthermore the pilot involved in the brainstorming session admitted that they do not
like to classify the event before even starting an actual account of it.
- The classification of the event can become confusing since it can be assigned
according to main actors involved, main causes or consequences. As already said the
underpinning logic of a classification is often unclear
C. “What happened”: Setting The Scene
This section allows the pilots an opportunity to list all the actors who were involved in the
event, and to provide further information about their actions linked to each process phase
identified. The users can input a qualitative assessment of the perceived criticality of the
threat that can be reported. Five levels of gravity can be reported: catastrophic, hazardous,
major, minor, negligible. This data assists in rating the importance of each threat on the basis
of historical data. This facilitates a review of how many high/critical threats are successfully
managed on a daily basis
– Actors involved
– Narrative description (using key words and Threats, Errors and Delay codes menu)
D. Actions Taken
– According to Procedures (Normal, Abnormal, Emergency)
– According to company procedures
– According to Authority Regulation
– None of the above (undefined)
– None
E. Consequences/Outcome
– Users are asked to indicate the consequences and outcomes for every element of the
chain - detailing both safety and operational outcomes. Specifically, users are
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presented with pre-defined lists and are asked to select relevant issues. The lists are
taken from the ECCAIRS classification scheme (ICAO 2006).
F. Analysis
This section of the report is optional. It provides pilots with an opportunity to report and
rate factors which contribute to the event, and upon which the company may have
leverage for corrective actions. It is possible for the pilot to assign an importance rating
to the blockers and facilitators identified. The field provided are two series of nested
drop down menus to display:
– Blockers (contributory factors which have a negative impact on the performance
– Facilitators (contributory factors which have a positive impact on the performance)
– Potential Outcome/consequences
And free text space for suggestions.
G. Mandatory Report completion support (part of the journey log)
If an occurrence is a chain of events sections B, C, D, E are repeated for every element of the
chain. The example of the final version of the prototype developed is reported in Figure 1.

The Unique Report and the possible uses of the data collected with it.
The performance management concept is based on the relationship between flight crew task
activities in the cockpit (e.g. flight-planning/briefing, ongoing TEM, reporting), supporting,
operational and organisational processes on the ground. Reporting data can be integrated with
a range of safety and operational data, and analysed by Safety/Risk personnel. The result of
this activity is feedback to relevant operational and organisational functions. For example,
flight-planning will receive information about problems/threats to be managed in flightplanning activities. Flight crew will receive a threat/risk picture for their specific flight, taking
into account those threats that cannot be mitigated in flight-planning.
As already said current performance management processes within airlines often neglect
operational feedback. Within HILAS, it has been stressed that feedback to operational
processes is a central part of a best practice in performance management activities which
cannot be conceived in isolation from other safety management processes and functions. For
example, the provision of TEM information to Flight Crew (e.g. task support) links to broader
risk management activities (e.g. reports data analysed as part of reactive safety management
and ongoing proactive strategic safety management activities). Therefore the provision of
reports feedback and safety case studies relates to broader organisational learning processes.
Specifically, the critical organizational areas considered for the possible usage of data were
the following:
Task Support which involves supporting the safe, competent, effective and timely execution
of individual and collaborative work tasks/activities in relation to the achievement of the
operational goal
Tactical Risk Management which is performed through routine processes such as reporting,
investigation, assessment, analysis, recommendations, implementation, monitoring.
Strategic Risk Management which performed through involving strategic policy decisions for
the organisation and systemic assessment of events, monitoring trends against boundaries,
analysing and prioritising systemic risks, policy decisions, organisational change.
Organizational Learning which entails knowledge-acquisition, information distribution,
information interpretation, and organizational memory (Huber 1991). Table 2 provides a
summary of the main high-level functionalities linked to this reporting data as suggested by
flight crew as part of the evaluation of this reporting form.
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Table 2: Summary of envisaged use of data collected through the UNIQUE REPORT
#

Report Feature

Related Use of data

1

At the beginning of the report
– users select whether they are
reporting on a single event or a
chain of events –

2

Users are not required to
classify the nature of the event
(e.g. event types) or error
types.

3

Users are required to state
single events or the elements
of the chain of events
according to the process
phases they refer to.

4

The
report
captures
information about contributory
factors (e.g. fatigue, poor
situation
assessment,
information availability and so
forth). and their estimated
relevance in respect to the final
outcome.

5

The
report
captures
information
about
the
application
of
Standard
Operating Procedures

6

The UNIQUE REPORT allow
the association of threats to
specific routes and flight
phases

Strategic Safety Management: This data can be used to provide information in
relation to process dependencies for each high severity reported Threat or Issue.
This can highlight the need of specific safety barriers and the placement of them
where they might results more effective.
Organizational Learning: Further reports on specific event chains that result in
unacceptable aircraft states can be used for training purposes.
Legal Requirements: Event and error classifications can be flexible in respect to the
different accident classification schemes. However the ECCAIRS classification was
taken as a benchmark and because the outcomes are classified according to it an
easy transferability of the information is, in principle, possible.
Organizational Learning: The data can be queried according to the specific needs
of the company, choosing freely to explore issues according to threats categories,
routes, actors involved, and contributory factors examined.
Strategic Safety management: The Data collected about threats, errors, delays etc.
through the form is linked to a map of the relevant airline processes. This feature
can building up a living picture of the threats and hazards most recurrent in every
process phase.
Organizational Learning: The process map can be periodically updated taking into
account the suggestions coming form the report users whenever they needed to add
a processes that they found not well depicted in the available map
Tactical Safety Management: The indication about the relevance of contributory
factors can be used to structure an index for decisions regarding the allocation of
resources to the possible corrective actions. The process however also required an
estimation of the expected impact of the corrective action (in terms of prevention of
Loss associated with the related Risk Factor) and its foreseeable costs.
Strategic Safety Management: Feedback on the follow up activities and how they
took into consideration the notes provided about contributory factors can be made
available to the reporters. This is recognised as a factor stimulating a proactive
attitude of the front line staff.
Tactical/strategic Safety Management: Reports can be filtered according to SOP
usage and problems. Threats and route can be associated to a frequency in the issue
highlighted in respect to the use of Procedures.
Organizational Learning: Update SOPs considering suggestions made by crew (via
reports).
Tactical/strategic Safety Management: Use reports information, along with
information from other data sources, to determine risk ratings for specific types of
flights/flight route/operations etc. Further, aggregated report information can be
used to customise the list of threats that pertain to specific routes.
Organizational Learning: Revise the reports pertaining threats that have been
successfully managed, and rank in terms of effectiveness of actions reported.
Task support: Provide the list of threats that pertain to specific routes in the
intelligent flight plan. Provide additional information available on how threats have
been successfully managed in the past.
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Evaluation and future developments
As part of the collaborative prototyping activities an evaluation exercise took place over three
days and consisted of four evaluation workshops each with a group of between three and five
participants. A total of 15 personnel from a partner airline took part (60% of which were
highly experienced pilots, and 20% of which were personnel from Safety and Training
Department), none of whom had previously been involved with the HILAS project. All
participants were informed of their right to withdraw from the exercise at any stage until the
pooling of data and were made aware that there would be no way of identifying the
information that they provided. All participants received the same introductory presentation
which covered a brief project overview of the HILAS objectives, tools concepts and scenarios
within the context of an airline safety management system. After this presentation, a
demonstration of the Unique Report was given to each group. This demonstration presented a
scenario as an example of an event to be reported. A researcher read the case-study aloud to
participants and a “Wizard of Oz” approach was used to let a third party actually input and
change the interface whilst performing the exercise (Read J.C. 2008). After this
demonstration, the participants were asked to complete an evaluation questionnaire which
consisted of eighteen questions (using a 5-point Likert-type scale) and four additional open
questions. The primary purpose of the questionnaire was to ascertain a measure of whether or
not each of the four end-user design requirements had been addressed effectively. A further
purpose was to provide an indication of the usefulness of the tools in relation to the
participants’ job roles and of the usability of the toolset.
The evaluation of the Unique Report was highly positive. The vast majority of the responses
were above the neutral rating on the 5-point Likert-type scale (86.7% of the answers) with
only 0.01% of the answers below the neutral rating. Negative comments received through
open questions highlighted that the reporting form may take too much time to be filled and
that it needs to be adequately supported by sufficient electronic infrastructure. Positive
comments received suggested that the Unique Report could provide very useful information
and that the pilot would welcome the reporting form if it is in conjunction with the change to
a paperless environment and adequate task support and feedback.
The overall feedback indicated that each of the end-user design requirements had not only
been achieved but had been appropriately represented and attended to in the design of the
Unique Report. In summary, the evaluation feedback strongly suggests that a reporting
framework linked to the journey log has been established and would allow pilots to report on
threats and errors encountered and managed throughout the flight. In addition, the feedback
suggested that the Unique Report enables an improved logical reconstruction of events and
links them to the relevant flight phase and corrective action. Evaluation feedback further
suggests that the structure of the reporting form focuses on the facts surrounding the event
and provides sufficient room to comment and analyse the event. This analysis is structured
relevant to areas of operational performance where the airline is likely to be able to
implement change. Finally, participants not only felt that the intelligent flight plan would
indeed provide much needed feedback on performance management concepts, but that this
feedback would be a key motivator for them to use to Unique Report to its full extent.
Specifically, the value added by the development of the Unique Reports lies in:
- the direct involvement of front line staff by establish a reporting framework linked to
the journey log of each flight that would allow the pilots to reports on threats and error
encountered and managed during each flight.
- A better logical reconstruction of chain of events.
- An established channel to report on threats and occurrences and how they are managed
daily by crew. The report is therefore provided from crew perspective. However, the
reports is structured in such a way to give a clear focus on the actual accounts of the
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-

main facts constituent the event, introducing an “ad hoc” space for the crew to express
their analysis at the end.
The analysis is concentrated on contributory factors upon which the company should
have leverage.
The provision of a clear feedback mechanism for the front line staff through the
availability of the information about the status of the report submitted by them and
actual performance support functionalities build upon the use of the data coming form
the report (e.g. the intelligent flight plan function referring to TEM and briefing).

Next Steps
The next steps in the development of the Unique Report will involve additional participatory
evaluation with airline personnel – taking into account the links to other airline tools. A full
scale airline trial will be undertaken involving the use of an electronic flight bag and the
actual collection and analysis of data from it, along with the existing airline systems.
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Abstract
Ergonomic analysis of control tower (TWR) layout plays the leading role in
standing out inconsistent characteristics with theoretical rules and final user’s
needs. The first step to gain the aim of process optimization is to find out layout
weak points. This paper presents a systematic approach to the continuous
ergonomic improvement of control towers. The proposed methodology has been
used to analyse two Italian TWRs (i.e. Milano Linate and Roma Fiumicino). The
results show that continuous ergonomic improvement is feasible even though
the perfect solution is difficult to reach, because of the strict connection between
an ergonomic layout and the operative context, and also because trade-offs are
always necessary. However, it is possible to identify a better way for continuous
improvement by finding out technical priority and needs perceived by
controllers.

Introduction
Control tower provides air traffic control, information and clearances to aerodrome traffic
under its own control in order to assure a safe, fast and punctual flow of traffic. Ergonomic
analysis of control tower layout plays the leading role in standing out inconsistent
characteristics with theoretical rules and final user’s needs. The first step to gain the aim of
process optimization in a control tower is to find out layout weak points. An ergonomically
correct layout is the first effective gate to mistake’s possible lining up and, by Reason’s
theory (1990), to the consequent system failure. To analyse a control tower layout under an
ergonomic point of view, regulative elements, compulsory or not, have been identified, even
though the literature lacks in recognizing generally applicable criteria and rules in design and
evaluation of control tower ergonomics.
The paper aims at describing the systematic approach to the continuous ergonomic
improvement of control towers that has been applied to the Milan Linate (LIN) and Rome
Fiumicino (FCO) control towers. The paper ends with the suggestion of some improvement
measures for the two situations analysed.

Review of international technical standards and analysis of two best
in class designs
According to literature, a regulatory gap and lack of prescriptive references on design rules,
generally recognised and applied, for control tower internal layout still exist.

27

The main references in Italian legislation, related to specific EC Directives, deal with
workers’ health and safety (i.e. L. 626/94, updated in D.Lgs 242/96, D.L. 359/99 and at last in
L. 422/00). L.626/94 sets the implementation of basic ergonomic principles in designing
workstation, choosing equipment, and setting working methods in any type of control room
(e.g. chemical plant, power plant). On the other hand, a large number of recommendations
provide for the few compulsory rules existing in the ATM domain. A lot of technical design
rules are suggested by ICAO (International Civil Aviation Organization) in “Air Traffic
Services Planning Manual (Doc 9426, 1984)”, and FAA (Federal Aviation Administration) in
“HFDS – Human Factor Design Standard” (2003). Other important general references are
ISO standards (UNI EN ISO 11064-3 (1999), UNI EN ISO 11064-4 (2004)) since they
include generic recommendations on generic control room design.
Theoretical technical requirements do not guarantee optimal results, as context related
trade-offs are always necessary. For this reason it is interesting to examine two European best
in class designs, Wien and Bruxelles. In both these control towers (TWRs), layout is designed
to optimize controller’s visual field, to facilitate communication and the retrieval of
information from time to time needed.

Figure 7. Inside view of Wien control tower
On the base of this critical review of state of the art and best practices, a methodology
has been set to analyse two Italian control towers (i.e. LIN and FCO).

Methodology
The proposed methodology to systematically analyse the ergonomic quality of control tower
layouts is divided into four steps: 1) functional analysis of the operational context, 2)
definition of ergonomic criteria applicable to the specific context, 3) definition of the metrics
used to estimate the technical gap between requirements and actual status of the layout, and
finally 4) users’ needs analysis by means of a questionnaire administered to air traffic
controllers.
The first step consists of the description of the operative process and working
conditions. A top-down approach should be applied in order to create a flow chart showing
main activities within the entire ATM process. Then functional connections and
communications between working positions or with the outside need to be analysed.
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The second step aims at identifying technical ergonomic criteria fully implemented and
those, instead, with a gap, more or less extensive, respect to ergonomic standards (compulsory
or not), and to rank these criteria on the basis of the opportunity of significant improvement.
The ergonomic criteria and standards that are not fully implemented are further
analysed (i.e. Step 3) to assess the magnitude of the gap. This evaluation has to be made
considering the degree of adherence to theoretical precepts by measuring the width of the gap
on a scale of three levels. A major gap means to disregard completely theoretical precepts.
The gap is considered minor if standard is only partially implemented and negligible if
standard is largely implemented, with small deviations mainly due to necessary trade-offs.
In Step air traffic controllers are asked to provide a feedback by responding to a
questionnaire aimed at bringing to light elements of ergonomic disorders, at a purely
perceptive level (e.g. leaving out any kind of technical knowledge), and generating a list of
priorities of improvement. Gathered data, once corrected the polarizations related to
controllers’ experience and seniority (i.e. controllers with more experience or seniority has
more ability in underlying the real operations needs), has been processed to obtain the average
weight of importance:
yb= (∑a=1, A xa,n) for each n=1, N
with:
yb= total relative importance given by the controllers to the b element;
A= number of controllers interviewed;
N= number of elements identified;
xa,b= relative weight of importance assigned by controller a to the b element.
Then, that value has been converted into a percentage that expresses how much the
item is considered a priority:
zn = yb / (Σn = 1,N yn) for each n = 1, N
where:
zn = total weight percentage given by controllers to n.
Therefore, the classification obtained has been used as the input for a QFD study
(Quality Function Deployment, Cohen 1995 ), to report items described by controllers that
TWR must consider and analyse (the Voice-of-the-Customer in QFD methodology).
Using this technique it is possible to identify ergonomic issues sensitive to improve the
conditions perceived by the controllers, and derive the priorities for action related to this
improvement. At least, consistency of the results of technical and perceptive estimation of gap
will be assessed, trying to bring out parallels and disparities, and emphasizing as technical
interventions, aiming at least to meet the legislation requirements, improve the conditions
perceived by end users.

Analysis of LIN and FCO and results
The methodology has been applied to two Italian control towers, Milano Linate (LIN - Milan)
and Roma Fiumicino (FCO - Rome). All processes have been mapped with flowcharts and
tables have been created to track input and output of these processes.
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Figure 8. FCO tower internal layout

The ergonomic criteria and standards not fully implemented in the two control towers
and that were evaluated with a major or minor gap are shown in Table 1.
Table 1. Ergonomic criteria not-compliant to standards and with a major or minor gap
for LIN and FCO

•
•
•
•
•
•
•
•
•
•

LIN
layout of operative line
dimensioning of circulation
pathways
functionality of stairs
space for maintenance and cleaning
activities
lighting, desk light
air circulation
functionality of rest room
reachability of toilets excessive
proximity of workstation
work desk engaged
non-adjustable monitor, interfaces

•
•
•
•
•
•

FCO
layout of operative position
dimensioning functionality of stairs
work desk functionality
work desk engaged
non-adjustable monitors, interfaces
functionality
invasive presence of visitors

Interviewing about 60% of LIN controllers and 45% of FCO controllers, and applying
the last step of the methodology, priorities for improvement were identified and listed. Figure
3 summarizes the main results.
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Figure 9. Results for LIN and FCO control tower

By comparing technical gap and perceptive analysis, it can be observed that some gaps
were clearly highlighted in both analyses (i.e. technical and perceptive analysis), while other
lacks or gaps were pointed out only by one of the two.
Table 2. Perceived priorities for improvement intervention ('0': no gap; '+': major gap;
'-' minor gap)
LIN
Perceived priorities
Layout
reorganization

Rationalization
of operative
benches and
work positions

%

27.6

27.4

Technical
gap
0→+

-→0

Perceived priorities
Work station
layout
Layout
reorganization
Rationalization of
operative benches
and work positions

FCO
%
13.5
14.3

30.6

Technical
gap
+
0

+

This is a confirmation of the fact that the importance of some factors depends on the
specific application context, and this could be a good justification for the lack of a strictly
compulsory set of rules that governs the ergonomic design of control towers.
At the end of the analysis some proposals for the continuous ergonomic improvement
of the two control towers have been envisaged. Particularly interesting, were the design of
height-adjustable work positions at FCO control tower.
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Figure 10. Prototype of an height-adjustable work position

Discussion and conclusions
The paper proposed and validated a sustainable approach to the continuous ergonomic
improvement of control towers needed to overcome the lack of a strictly compulsory set of
rules both in early design process or later during operation. Since it is not possible to achieve
perfect solutions at once – because of the strict connection between an ergonomic layout and
the operative context, that changes over time, but also because trade-off are always necessary
– the proposed approach can be used to support high safety performance of Air Traffic
Management activities and at least to guide the study of some proposals for the continuous
ergonomic improvement according to the needs expressed by controllers.
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Abstract
The paper introduces the development of a tool for representing tasks in the
workplace, based on the reproduction of safety critical tasks in Virtual Reality
(VR) simulations. In the context of an EU research project called Virthualis a
tool is being developed to address the needs of three different user groups, to
support data collection and to provide a structure for the interviews in addition
to the simultaneous graphical representation of tasks. It was used as a common
means of communication between the technical personnel involved in the
interviews, the human factors expert and the VR expert in view of its final
representation in a virtual reality application.

Introduction
In safety-critical environments the foundation of a human factor analysis often requires a
detailed representation of the work activities under study. The scope of analysis may cover a
Human Reliability Assessment, an evaluation of a human-machine system, the writing of a
procedure or the preparation of a training program.
This critical first step of the analysis is normally referred to as Task Analysis. More and more
studies have highlighted that this step is often neglected leaving the design stage without
structured information about the tasks and contexts to be addressed (Kirwan, & Ainsworth
1992, Diaper , Stanton 2004, Van Welie & Van der Veer 2003, Kontogiannis 2003, Chitnis et
al unpublished, Jung et al. 2001). During a EU funded Virthualis project which focused on
reproducing safety-critical tasks in Virtual Reality (VR) simulations, the issue of a proper
analysis and representation of tasks has been considered as a keystone. In the project real
plants can be modelled in VR, where experiments can be conducted, observations made and
data collected. This gives the safety analyst a safe environment to form and test hypothesis,
and train operators using a trial and error approach, something that can seldom be done on a
real plant. However within Virthualis the analysis of the task and its description is the first
input required for the development of the Virtual Reality (VR) simulation.
In this framework the research also led to the development of a tool used for guiding the
preliminary phases of data collection about the tasks to be analyzed and then represented
using the Virtual Reality. Its scope is to provide a structure for the interviews and for the
graphical representation of the task so that it can be a common means of communication for
all the stakeholders involved in the analysis.
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The end users needs for Task Analysis in Virthualis
In the preliminary phase of the project end-user needs were elicited through the use of
specific use case scenarios (Carrol, 1995) during the course of task analysis exercises on
specific case studies (Leva et al 2008). The end-users can be subdivided in three different user
groups: the HF analysts, the Industrial End Users and the VR experts.
The Human Factors analysts needed an approach and a tool to help them in providing a
template for the interview process of a Task analysis with the ability to structure the interview
phase in order to highlight and examine the deviations from standard practice. These
deviations are fundamental to understanding what can and does go wrong in the field and
should be an integral part of any safety critical task representation. A graphical representation
of the procedure map linked to the template including:
- A list of tasks and subtasks and their associated actor roles, mapping a given
procedure.
- Logical links between sub-tasks, events and actor roles.
- A list of all the possible sequences of execution for a given procedure
- A list of the possible error modes of the tasks and Performance Shaping Factors (PSF)
affecting activities.
- A list of tools, documents, artifacts and information exchanges between the roles for
each step of the task.
The industrial end-users needed:
- A representation of the task that was easy to understand so that they could verify the
information they provided was correctly translated
- Be able to use the task analysis to rewrite existing standard procedures
- Derive indication for ad hoc possible troubleshooting procedures.
Finally, the VR experts tasked with providing a representation of the data requested the
following information:
- A graphical description of a task and its objectives including logical and temporal
description of the expected steps and actors carrying out those steps and a formal
description of the task sequences (XML schema)
- A list of the different actors to be involved in the Procedure under analysis and
indication about the relevant part of the plant, tools and equipment the actors are likely
to come in contact with during task execution.
- A list of relevant performances to be observed and in respect to which meaningful
interactions should be provided (warning messages etc.).
Some existing tools and method have been revised in the area of Task analysis and Workflow
Modeling to address those needs. Table 1 reports a summary of the review.

The approach chosen for task analysis to fulfil the end users requirements
Following the indications provided by the End users the Task Modeler within Virthualis
would have to provide a structured interview template for the human factor practitioner so
that he can reconstruct a model of an actual task execution considering also the deviation
from the nominal task flow and its consequences. The analysis process can step forward from
the first background information collected using a template and taking the form of a
structured interview process addressed to experienced personnel related to the task under
focus. The methodology underpinning the development of the tool has already been described
in a previous paper (Leva et al. 2008). It is worth reminding here that the template that has
been used for initial pilot applications in order to organize the information about the task to be
reproduced is a slightly modified version of a Hazop Multilevel (Cagno et al. 2002)
spreadsheet. This is useful for identifying key steps and actors with the associated possible
deviations.
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Table 1. Revision of existing techniques/tools in respect to Virthualis user needs.
Tool and Method revised in the task analysis domain
Hierarchical Task Analysis (HTA); (Annett, J., & Duncan 1967) is a
process for developing a description of tasks in terms of operations (things
people do to reach goals) and plans (statements of conditions that tell when
each operation is to be carried out). HTA has been mostly used for the
design of training. Its merit is mainly the clear representation technique.
HTA is currently supported by a software: www.taskarchitect.com
Goal Operators Methods Selectors (GOMS) (Card et al 1983) is one of the
most influential task analysis techniques for the purpose of user interface
design. It is intended to estimate user performance based on the description
of the system before the system is actually built. Several attempts have
been made over the years to develop graphical representation tools as well.
(ftp://www.eecs.umich.edu/people/kieras/GOMS/GOMSL_Guide.pdf)
Méthode Analytique de Description des taches (MAD) (Baron 2006) is the
task modelling part of a larger method for designing interactive systems. In
MAD, task models are similar to HTA models except that the plan has
been replaced by so called constructors in order to specify the time order in
which tasks are executed. Templates are used to describe the task details
even if most of the fields are merely for description purposes and are not
used in any automated evaluation or transformation. MAD is supported by
a tool called (KMADe) (http://kmade.sourceforge.net/).
Groupware Task Analysis (Van Welie & Van der Veer 2003 ) essentially
consists of a conceptual framework that specifies relevant aspects of the
task world that need attention for design purposes. For extracting data, it
uses techniques such as structured interviews, interaction analysis, and
observation. Task modelling is then performed as a cyclic activity where
models are created, evaluated, modified. GTA mainly uses hierarchical
representations. GTA is also supported by a software tool:
http://www.cs.vu.nl/~martijn/gta/.
Microsaint is a commercial tool developed by Micro Analysis and Design
Inc. It consists of a discrete-event network simulation software package for
building models that simulate real-life processes. It is used to model and
simulate manufacturing processes, such as production lines, to examine
resource utilization, efficiency, and cost. It can model service systems to
optimize procedures, staffing, and other logistical considerations and it can
model human operator performance and interaction under changing
conditions.
IBM Task modeller in Eclipse The “Task Modeller” developed by IBM as
an editor that is part of the software development platform called Eclipse A
usability practitioner can produce either classic HTA (Hierarchical Task
Analysis) diagrams or RAG (Roles and Goals) diagrams. A development
manager can produce a use case model.
The link for the download and demo version of this product is the
following: http://www.alphaworks.ibm.com/tech/taskmodeler/download

Issues in respect to Virthualis needs
The main problem encountered with it was
primarily the limited capability to represent
task deviations flow and critical decision
point as logical gates.
GOMS underpinning model does not allow
for any type of error analysis, the model
works under the assumption that a user will
know what to do at any given point.
The tool has been developed primarily with
the focus of analysis of user interfaces.
Therefore task structure is still configured
around the notion of a hierarchical
breakdown of a task tree that does not
logically represent the impact of task
deviation on the nominal expected flow.
This tool has also been developed primarily
with the focus of analysis of user interfaces.
Therefore, the main issue encountered was
the difficulty in representing task deviations
flow and critical decision points as logical
gates.
With respect to this tool, the issues
highlighted were the impossibility of using
the source code and modifying it in order to
integrate the tool within the Virthualis
platform. Also, the fact that Microsaint
does not really model human error, and
does not allow the provision of a
classification of the possible errors for a
given procedure
The issue related to this UML modelling
tools is that its usage for Human Factors
Practitioners and Safety analysts is not so
immediate because it is meant to be used
primarily by software developers.
Furthermore no support is provided for
guiding the task analysis interview process.

Once the information collected for the task are elicited it is then necessary to represent the
detailed task analysis in a graphical way in order to revise it together with the different people
involved with the work to make sure a realistic picture of the task itself has been captured.
The effectiveness and validation of the representation method is not the only aspect to be
considered for evaluating task analysis tolls. Other critical aspects have to be considered:
Deviation mapping: appropriate consideration of external dynamic aspect of the task
such as events, and their influence on the sequence of task or in general deviations (departure
of actions from their intended course, or departure of planned actions from an adequate path
towards desired goals, or deviation of work behaviour from appropriate operating
procedures).
Dynamism: effective representation of the information (one or more actors) as well as
the dynamic aspects of a task.
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Task criticalities evaluation: connection between the phase of the task criticalities
evaluation and the methods used for the task analysis itself (likely chance data collection
phase is missing much of the information useful in the evaluation phase).
In revising the available formalism and tools for task representations the formalism chosen
and tested as effective with end users during a previous application (Leva et al 2008)
belonged to the category of the UML diagrams and can be described as a combination of
mainly two UML diagram types: the Activity Diagram and the Sequence Diagram (Chitnis
M., et al. 2002).
In software engineering, UML (Rumbaugh et al., 1997) provides four representations that are
directly relevant to task modelling (The Activity Diagram, The Collaboration Diagram, The
Sequence Diagram and the Use Case Diagram); the underlying premise is that no-one
diagram can capture the different elements of a system in its entirety (Van Welie & Van der
Veer 2003 and Chitnis M.et al..2002). UML diagrams mainly consist of flow chart and are
actually able to properly reproduce most of the aspects of the task analysis domain (e.g.
events, relations, deviations etc.). A notation currently used in the UML framework is the
Business Process Modelling Notation (BPMN) (White & Miers 2008). Its primary goal is to
provide a notation that is readily understandable by all business users, from the business
analysts that creates the initial drafts of the processes, to the technical developers responsible
for implementing the technology that will perform those processes, and finally, to the
business people who will manage and monitor those processes. In Virthualis it was proposed
the use of the BPMN notation for representing the task in a graphical understandable way and
providing a sound logical structure and found that the notation seems to be very suitable for
this purpose.
In adopting the BPMN formalism the developers had to explicit the logical structure needed
for representing the chain of events in the Task Modeler. Four main elements were identified
as main constituents to map a task:
- Activities (tasks and sub-processes): is a generic term for the work that the operator
performs.
- Events (start events, messages to be sent to the system or the other actors, completion
events, errors, deviations, tools related events)
- Links and Gates (gateways for controlling the merging or splitting of actions
according to “And” & “Or” logic, connectors between activities, gates etc..) Gateways
are used to control the divergence and convergence of the sequence flow and critical
decision points where deviations can occur; links are used to show the order that
activities are supposed to be performed in a process; links can also represent referents
to communication flows and associations.
- Information connected to task (performance shaping factors, etc.) does not have a
direct effect on the Sequence Flow or Message Flow of the Process, but provide useful
information about what data may be required to perform the activity, what influences
the activity and/or what the activity can produce.
The representation formalism chosen compared to the task analysis method structured of the
Multilevel Hazop condensate the deviations into the category of events without breaking them
down according to the source (whether they are results of human errors, plant and equipments
malfunctions or external events)
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The Task modeller: Brief description of the tool developed
The “Task Modeller” (TM) uses different Sections of its Graphical User Interface (GUI) for
editing and visualizing the collected information in different formats according to the needs of
the user. The representation of the task model can be input following a guided structured
interview, through two editors: a graphical and tabular one. The visual representation
documents the relationship between tasks and sub-tasks making up a procedure, highlighting
the workflow, actor interactions, parallelisms, and possible deviations. Every change in each
editor has to be simultaneously reported on any other.
For the first version of the TM, five processes were considered:
1) A safety analyst / human factor (HF) specialist imports, exports or creates a new task
model;
2) A safety analyst / HF specialist performs a task analysis interview sessions in real time
by filling the interview template or the tabular task;
3) A safety analyst / HF specialist alters a certain task representation;
4) Industrial end-user views and print a task model;
5) Retrieve different kinds of reports about the task model
The Graphical User Interface developed includes five main sections:
1.) Section 1 “Case study Wizard: it allows the creation of a new case study, the definition
of its properties (general information about the plant under study, the interviews
sessions, the operators involved etc..), and it introduces the template for the structured
interview.
2.) Section 2 provides a tabular editing of the information collected through the template of
the structured interview.
3.) Section 3 provides a graphical view of the sequence of events, actions and messages in
the task model. The sequence is synchronized with the information input through the
tabular or the wizard view and can be edited directly as well. The graphical interface
provides a palette containing the symbols used for representing the task model (Business
Process Modelling Notation) and a map facilitating the navigation of extended graphs.
4.) Section 4 enables the analyst to query the information inserted.
5.) Section 5 enables to explore and edit existing task models and their connected properties.

Figure 1. General information about the Case Study
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The graphical User interface contains also the interview templates (Figure 2). It includes the
template for the structured interview in which the interviewer is able to go through the
definition of all the steps of the normal flow of the task and their connected attributes during
an interview session.
This part will have different screens for inputting the actual outline of the task. Specifically
the inputs required are:
a) The information about the case study trigger (a case study trigger can be any of the
possible task nodes: an action/task or an event, or a gate);
b) The information associated with each task node.
The form is set up into two tabs, one for the general description and one to detail the
properties. In this form, it is possible to define the gate or rule specification in which the logic
of the sequence of action and event can be explicitly identified;
Figure 2 shows the form to be filled to input a new event and the detail of the pop-up window
used to select the conditions.
The second tab in figure 2 allows detailing the properties of the nodes that is:
- Expected Duration of the step – it is possible to specify a time distribution
- Actors involved (Job Roles) – all the actors involved in the step
- Tools, Plant areas, and Plant components involved in the considered step.

The second Section of the GUI provides a tabular view of the information collected
through the template for the structured interview. It also enables to modify this
information and the changes are synchronized for all other Sections. The information
collected into the tabular view is exportable in a file format readable by Ms Word, Ms
Excel, and XML. The third Section provides a graphical view of the sequence of
events, actions and messages forming the task model. This third graphical
representation enables the Safety Analyst / Human Factors expert to edit the task
model in a graphical way. The graphical interfaces provide a graphical palette
containing the symbols used for graphically representing the task model (which is the
Business Process Modeling Notation) and a map facilitating the navigation of
extended graphs. It is possible to drag and drop the symbol from the graphical palette
into the drawing area to create a new node of the task. The map is updated every time
the drawing area or the tabular view is edited. The properties of every generic
graphical node or connection are editable by opening the guided interview template
format for the selected node through a right-click of the mouse.The tabular view and
the graphical view are visible from a unified window (Figure 3).
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Figure. 2: Example of a screen for the Interview Template

Figure 3: Graphical and Tabular view of the task model.

The Task Modeller and the Design of user centred VR experiments
The task analysis provides a structured description of the activities that permits a highprofiling of the task, the context of work and the users’ needs. However, task analysis is
more focused on “what” the operators are expected to do than on “how” they actually perform
their activities from their own perspective. Another method, based on user scenarios, seems
to be more suitable to examine user activities from the visual perspective (e.g. location, gaze
direction, affordances and constraints on movement) and generates functional and usability
specifications for virtual environments (VE). This information however can find as a
cornerstone the fact that for each node of the task model (especially critical decision-points),
the important performance shaping factors and tools to be used are recorded. They are linked
to specific task deviations and in relation to those and the need to observe how they influence
the task some suggestion for the Virthualis simulation experiments can be reported. An
example of it is reported in Table 2.
Table 2: Link between PSF, task deviations and suggestions for VR experiments
Task deviation
Does the operator
spot the leakage in
the first 5 min?

PSF
Clearness of roles/responsibility

Accessibility/Location of leakage
Number of simultaneous goal

Suggestions for VR experiment Variations
In one experiment no one is clearly assigned to the
task of oil leakages, the set of tasks are shared among
everybody
Test different positions for the leakage (first floor and
second floor)
In one experiment the operator assigned to do the
checking is also assigned many other tasks, in another
is only assigned one or few compatible tasks

In Virthualis then the List of Tasks and their related actors, in conjunction with the PSF
identified and the related suggested variations for the design of experiment using Virtual
Reality are then followed up using a scenario-based technique.
Scenario-based techniques (e.g. storyboards, videos, or other rapid prototyping tools) assume
a setting or starting state, the agents with their goals and a plot of interactions (e.g., sequences
of actions, events, things that actors do, things that happen to them, changes in the setting). A
variant of storyboards was selected in order to describe the user activities and specify suitable
interaction requirements and metaphors for the design of the Virtual Reality Experiment.
In the Virthualis application, the storyboard technique aims at:
a. examining the correctness - completeness of activities from the perspective of the users
b. verifying that functional requirements for interactions are consistent with user activities
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c. specifying usability requirements (e.g., input-output devices, metaphors and humancomputer interaction techniques)
This process leads designers to ensure that the quality of the interaction with the Virtual
Environment will achieve the psychological quality of the interaction with the actual work
environment. As already pointed out the base of the Scenario is however constituted by the
quality of the information provided during the task analysis exercise, as recorded through he
use of the Task modeller.
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The Ergonomic Design and Implementation of an
Improvement Initiative for an Aircraft Base Maintenance
Check
M. Ward & D. Gaynor, Aerospace Psychology Research Group, School of Psychology,
University of Dublin, Trinity College, Dublin 2.
Abstract
As part of a data-driven participatory action research programme in an
aircraft maintenance organisation, ergonomic design principles were applied
to develop an improvement initiative for an aircraft base maintenance check
with the aim of improving efficiency (process and cost) and customer
satisfaction while at the same time ensuring quality and safety. The initiative
was developed taking account of Sinclair’s (2007) seven-part framework for
ergonomically designing future systems and Hendrick & Kleiner’s (2002)
need for the interaction of four major socio-technical system elements:
personnel subsystem, technical subsystem, internal environment and external
environment. The improvement initiative was applied to a line of twenty
Boeing 737 New Generation aircraft on B1, B2, B3, B4, B5 checks of one or
two weeks duration. The results were impressive for the organisation
including all aircraft being delivered ‘Early’ or ‘On-time’ and improved
aircraft availability for the customer airline by 136 hours (8.5 days). As there
was no ‘control’ mechanism as such so it is hard to ascribe all of this
improvement to the initiative. The initiative was also very labour intensive
and suggestions for future enhancement are supplied.
Introduction
Grandjean considered one of the ‘founding fathers’ of Ergonomics noted in 1987 that despite
the considerable diversification of Ergonomics over the history of its first forty years the
primary aim remained the same:
“To optimise the functioning of a system by adapting it to human capacities and
needs” (Grandjean, 1987 p.ix).
The International Ergonomics Association (IEA) Council definition of Ergonomics in August
2000 reflects this earlier definition and significantly expands on it to put the focus on human
well-being firstly, system performance secondly:
“Ergonomics is the scientific discipline concerned with the understanding of
interactions among humans and other elements of a system, and the profession that
applies theory, principles, data and methods to design in order to optimise human wellbeing and overall system performance” (IEA, 2000).
Ergonomics and Human Factors grew up on different sides of the Atlantic in response to
similar issues, however both are taken today to refer to the same discipline and use of the
term Ergonomics/Human Factors is now common. This nomenclature is used throughout this
paper.
But what is a system, what characteristics does it have and what could we include under the
term ‘system’? Sinclair (2007) explores this very issue and explores the role of Ergonomics in
future systems. In his review of definitions and theories of systems, of which he says there are
many, he starts with and ends with the work of Singleton in the 1970s. He argues the
components of Singleton’s (1974) definition of a system are still valid today with the
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assumption that systems exist in an environment with which, as far as practical systems are
concerned, the system necessarily interacts. Thus given this addition a system is made up of
the following characteristics:
•
•
•

It comprises a set of interconnected entities
It exhibits dynamic behaviour
It has a purpose or reason for existence

So in terms of defining what is a system could for instance an attempt to improve a system be
in fact a system itself? Most improvement activity tends to be conceptualised as ‘process’
activity, processes being defined as, for example, “a series of steps designed to produce a
product or service” (Rummler & Brache, 1995, p.45) or “a collection of activities that take
one or more kinds of input and creates an output that is of value to the customer” (Hammer &
Champy, 1993). However when the focus of improvement is on not just a process, but a
system and a particularly ‘difficult’ system at that, should the same principles of ergonomic
design apply to the design and development of the improvement activity? This paper attempts
to address this issue and argue that indeed improvement of systems is a system in itself and it
should fall under the same principles of ergonomic design. This will be done in the context of
the development and implementation of an improvement activity in the area of aircraft
maintenance.
Introduction to Aircraft Maintenance and Aircraft Maintenance Activity
Corrigan (2002) in her doctoral thesis ‘Comparative Analysis of Safety Management Systems
and Safety Culture in Aircraft Maintenance’ notes that aircraft maintenance is a highly
dynamic and regulated industry characterised, for example, by complex and interdependent
systems and technologies, detailed and legally binding task procedures and documentation,
highly publicised accident rates and highly regulated management systems to ensure
reliability, efficiency and safety at all times. Aircraft accidents always attract a great deal of
media attention and maintenance related error has contributed in no small way to the number
of major aviation accidents, and indeed maintenance deficiencies can often be found as a
contributory factor in accidents (e.g. Aloha Airlines 737 accident of 1988; Excalibur A320
accident of 1993; British Midland Boeing 737-400 of 1995).
Task analysis has revealed aircraft maintenance activity to be a complex socio-technical
system requiring sustained co-ordination, communication and co-operation between different
work-groups and teams including aircraft maintenance engineers (AMEs), supervisors,
inspectors and shift managers; various other subsystems such as planning and commercial,
stores, quality and engineering; and external bodies, such as the regulators, the manufacturer,
the customer and the airline in order to ensure efficient and effective operations (McDonald,
1998; Drury et al., 1990; Gramopadhye & Kelkar, 1999). Four of the key aspects of aircraft
maintenance are:
(i)
(ii)
(iii)

The regulations – aircraft maintenance is a highly regulated industry where
maintenance organisations are continually subjected to audits and approvals by
aviation authorities covering both quality and operational requirements.
Other external bodies – the manufacturer, customers, vendors and the airline also
play a key role in influencing operational matters.
Internal functions – a number of key functions continually support pre-check
aspects of aircraft maintenance (e.g., contract negotiation, personnel selection,
personnel training etc) and
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(iv)

Maintenance production system - this is where the work is actually carried out,
either aircraft overhaul or line maintenance, all of which is continually supported
by engineering, planning and commercial, and quality departments.

Every newly acquired aircraft will have a National Aviation Authority (NAA) approved
Aircraft Maintenance Programme (AMP), otherwise referred to as the Approved Maintenance
Schedule (AMS). This document lays down the mandatory minimum maintenance
programme and is produced by a Maintenance Review Board (MRB) consisting of the
manufacturers and the aviation authorities, in consultation with the airlines and maintenance
organisations to ensure the continuous maintenance needs of the aircraft are met. The AMS is
modified by the maintenance organisation in order to suit individual organisational
requirements as well as meeting all the legal requirements. This modification as agreed
between the customer and the maintenance organisation is the Maintenance Planning
Document (MPD).
Usually the AMS is broken down into checks at various intervals, designated as either line
checks, over night checks, and A, B, C, D (the heaviest checks). The objective of these is to
conduct both routine and non-routine maintenance of the aircraft. This maintenance includes
scheduling the repair of known problems; replacing items after a certain air time, number of
cycles, or calendar time; repairing defects discovered previously from reports logged by pilots
and crews or items deferred from previous maintenance; and performing scheduled repairs or
inspections (Gramopadhye & Drury, 2000).
Once maintenance and inspection are scheduled for an aircraft as per the MPD they are
translated into firstly a check ‘Work Pack’ and then into a set of task cards giving the
instructions for the aircraft maintenance personnel to carry out the different tasks on the
aircraft. A major check (e.g., C or D check) may have as many as 5,000 – 10,000 task cards.
Each card will include a description of the task and contain information pertaining to the type
of aircraft. As the information on the task cards initially comes from task cards within the
aircraft manufacturer’s Maintenance Manuals (MM), all tasks will also have a reference to the
relevant section of this manual. The task card is also a legal document that when properly
executed provides ‘proof’ of work accomplishment and it exacts accountability from the
aircraft maintenance engineer/inspector signing off the card.
A critical aspect of the workload is dependent on recognising and identifying defects during
maintenance and inspection activities. In particular there is pressure to identify critical defects
that necessitate lengthy follow-up maintenance and additional logistical support early in the
inspection process. Therefore there is usually a heavy inspection workload at the
commencement of each check. During inspection each defect is written up as a Non-Routine
Work Card (NRC) and re-assigned to maintenance personnel for completion and sign-off.
Reason and Hobbs (2003) give the following overview of aircraft maintenance activity:
“If some evil genius were given the job of creating an activity guaranteed to produce
an abundance of errors, he or she would probably have come up with something that
involved the frequent removal and replacement of large numbers of varied
components, often carried out in cramped and poorly lit spaces with less-thanadequate tools, usually under severe time pressure. There could also be some
additional refinements. Thus, it could be arranged that the people who wrote the
manuals and procedures rarely if ever carried out the activity under real-life
conditions. It could also be decreed that those who started a job need not necessarily
be the ones required to finish it. A further twist might be that a number of different
groups work on the same item of equipment either simultaneously or sequentially, or
both together” (p.1).
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So enter into this world and attempt to make an aircraft maintenance base (heavy) check more
efficient, reducing cost for the maintenance provider while at the same time providing an
excellent product to the customer airline, ensuring quality and never compromising safety.
The performance of a base maintenance check is a system. It has the four components from
Singleton and Sinclair. Designing ‘something’ to improve that system is also a system and
similarly contains the four component elements:
•
•
•
•

It comprises a set of interconnected entities
It exhibits dynamic behaviour
It has a purpose or reason for existence
It exists in an environment to which it must relate.

The aircraft maintenance check system is as noted above extremely complicated. In a case
study analysing roles in relation to processes within that system Ward (2005) found that
different actors in the system had incomplete knowledge of the overall system. They
understood their role in the system and where they interacted with others but did not know the
nature of other people’s roles within the system. There was not one ‘evil genius’ involved in
designing the aircraft maintenance check but many, from different roles and backgrounds,
different experiences and expertise. No two checks could be said to be the same either as
eventualities arise on one that may not be seen again. Siemieniuch and Sinclair (2005, cited in
Sinclair 2007) note that the challenge in designing future systems is that:
“We need to achieve a step-change in knowledge of how to design, integrate, operate
and evolve systems that a) are not fully understood by all stakeholders – the
‘Darkness Principle’, b) whose behaviour may not be fully predictable and c) which
function in an environment which cannot always be controlled”.
This same challenge would be present now if someone sat down to design the maintenance
check. Similarly this challenge presents itself when designing a system to improve the
maintenance check.
Ergonomic Design – What is it?
Design is at the heart of Ergonomics/Human Factors and indeed Gallwey (2004) defines
Ergonomics/Human Factors as “the design of products, enterprises and work to suit people”.
He argues this is done through the integration of quality, safety and, importantly for the
survival of Ergonomists, cost effectiveness through the design process.
Sinclair (2007) in an exploration of what Ergonomics/Human Factors has to offer to future
systems summarises the component elements of Ergonomics/Human Factors design, for
future systems, into a seven-part framework. This framework draws on the rich history of
Ergonomics/Human Factors and includes the following:
•
•

•

The development and maintenance of a culture that supports organisational change
and growth
A devolved organisational architecture (tasks, roles, jobs, teams, business units,
support groups, head office) that facilitates the achievement of the organisation’s
goals – satisfaction of stakeholders, growth, flexibility and agility, robustness,
resilience, etc
Efficient capture and utilisation of knowledge, both within the enterprise and from its
environment
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•
•
•
•

Process measurement, to establish current performance, to carry out bench-marking
of processes, to set stretch targets and to identify opportunities for improvements
Revised ‘current-best’ business processes that have been designed from a stakeholder
perspective (customers, process user, managers, etc)
IT-based tools for supporting business decisions, at all levels of the enterprise.
An appropriate, homogeneous, modular, open information technology and
telecommunications infrastructure serving the whole extended enterprise

Furthermore, Hendrick and Kleiner (2002, cited in Schutz, Counte & Meurer, 2007), note that
effective design of work systems’ structures must consider the interaction of four major sociotechnical system elements:
•
•
•
•

The personnel subsystem
The technical subsystem
The internal environment
The external environment

In terms of the broader extensive literature on implementing change, Ward (2005) took three
main points important to implementing change. These are listed here and would also need to
form part of the scope of the initiative:
•

•

•

The need for change: A clear need for change must be identified for a change to
succeed. Woodhouse and Woodhouse (1999) argue further that each individual must
believe in the importance and personal relevance of the change being made. Each
individual must be able to suggest changes also as research within aircraft
maintenance demonstrates that many answers to critical safety questions are readily
apparent to the employees who perform the day-to-day operations (Eiff, 2001).
The need for a team of people to run with the change: Practically all of the change
literature suggests the need for an individual or a team of people to run with the
change but Ergonomic/Human Factor research also suggests that there is a danger
that change could be marginalised as a result of this (McDonald, Daly, Corrigan,
Cromie, & Ward, 1999) so this too needs to be taken into account.
The need for support for the change: Galpin (1996) highlighted that most change
initiatives fail, not in the taking them on board, but when ‘the rubber hits the road’,
that is, at the stage of implementation. Support in general and management support in
particular for the initiative at all levels would be needed.

The Aims of the Improvement Initiative
In August 2007 one of the industrial partners, a large European maintenance organisation, in
the European funded Ergonomics/Human Factors project ‘Human Integration in the Lifecycle
of Aviation Systems’ (HILAS), set forward the following agenda to be covered as part of the
project’s remit:
“Optimise Base Maintenance check processes to deliver an excellent product to the
customer, within an operational model that is profitable and can be replicated across
all lines (of customers) in Base Maintenance”.
At the first meeting on the topic between the company and the HILAS Ergonomics/Human
Factor experts it was noted:
“On 17th September 2007 twenty aircraft would arrive into Base Maintenance Nose
To Tail. Each aircraft would be the same type (737 NG) but the check will vary into
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potentially five different types. A crew will be chosen that have experience on this
aircraft type. The company would like to change their processes across these twenty
checks so that a perfect model of how to do the check emerges, it is hoped that when
someone comes into work on a particular day there will be transparency over the
work activities and the status of those activities so the person can resume tasks
immediately. It is hoped this will be the same in terms of visibility for the customer,
senior management and staff. It is hoped that processes will become more efficient
and whatever is created can be replicated across other lines.” (Minutes of the
meeting 30 August 07).
The project goals were outlined as the following:
Pre-Check
Improved Planning in relation
to paperwork / tooling /
materials

Check
Check progress visibility
during check through use of
Day-Rack area for placing
Task Cards and Project Plan

Post-Check
Guaranteed On Time Delivery
to the Customer

Improved Planning in relation
to tooling

Efficiencies in:
Environment / tooling / stands
/ docking

Customer Satisfaction in
relation to cost

Improved Planning in relation
to materials

Efficiencies in:
People / competencies /
communication / customer
commitment

Customer Satisfaction in
relation to quality

Table 1: Project goals
The objective of this study was to develop an improvement system that would address these
needs initially in the hangar where the twenty aircraft were arriving and across the time frame
of their stay in the hangar (September 2007 – April 2008). It was hoped then that whatever
was developed could be rolled out across the other hangars of the company or “replicated
across the other lines” as noted above.
Methodology for designing the Improvement Initiative
The overall methodology of this work was participatory action research. However within this
Ergonomic/Human Factor design principles were applied. Most would cite the origins of
action research in Organisational Development work, for example Lewin’s seminal work (e.g.
Schein, 1989), and in the critical pedagogy put forward by Freire as a response to the
traditional formal models of education where the ‘teacher’ stands at the front and ‘imparts’
information to the ‘students’ that are passive recipients. Lewin combined the methodology of
experimentation with solid theory and a concern for action around important social concerns
(Coghlan, 2002). Coghlan (2002) argues that for Lewin it was not enough to try to explain
things one also had to try to change them. For Lewin there was a realisation that human
systems could only be understood and changed if the members of the system were involved in
the inquiry process. Coghlan (2002 p.63) notes “action research is fundamentally about telling
a story as it happens”. The elements of this action research story are an articulation of the
context and purpose of the action research project and the cycles of diagnosing, planning
action, taking action, evaluating action which in turn lead to further diagnosing, planning
action and so on (Coghlan & Brannick, 2001).
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Participatory action research then focuses on the effects of the researcher's direct actions of
practice within a participatory community with the goal of improving the performance quality
of the community or an area of concern (Reason & Bradbury, 2001; Hult & Lennung, 1980).
The actions have a set goal of addressing an identified problem in the workplace. May et al.
(2002) (cited in Hughes, 2003) define participatory action research as “a continual reflective
dialectic between theory and application of knowledge gained as a continuous research cycle.
This reflective dialectic, involving ‘outsider’ professional university-based researchers,
working collaboratively with ‘insider’ community-based researchers, opens traditional
scientific knowledge to substantive incongruencies, inconsistencies, and inaccuracies” (p.6).
Essentially Wadsworth (1998) argues participatory action research is research which involves
all relevant parties in actively examining together current action (which they experience as
problematic) in order to change and improve it. Participatory action research is not just
research which it is hoped will be followed by action. It is action which is researched,
changed and re-researched, within the research process by participants. Nor is it simply an
exotic variant of consultation. Instead, it aims to be active co-research, by and for those to be
helped.
Thus in terms of this research it was the management of the company that had set the research
agenda but most of the work was carried out with non-managerial staff in a collaborative
manner, designing and re-designing component parts of the improvement initiative. Staff
were involved in shaping aspects such as organisational architecture, the use and sharing of
knowledge, process measurement and re-design and IT support which as per Sinclair’s (2007)
framework were all felt to be important aspects of designing the improvement system. Thus in
relation to culture there were many sub-cultures involved in the work.
Following Hendrick and Kleiner (2002) there were a number of distinct intervention areas
within the project. It was agreed that intervention would be needed at each level:
•

•
•
•

The personnel subsystem: a total crew of around 60 people were involved in the
checks from the hangar manager, the front line managers, seven zonal teams of
around 7-8 people working on the different aircraft zones landing gears, wings,
engine, cabin etc. These staff were supported on a daily basis by the support planner,
the materials co-ordinator and the commercial officer.
The technical subsystem: the actual check process itself. In this instance it was B1,
B2, B3, B4 and B5 checks of one week or two weeks in duration.
The internal environment: the hangar where the check took place and all the
departments involved in the upkeep of the hangar for example, facilities supplying
cleaners, equipment repair etc, the environmental officer ensuring waste recycling.
The external environment: this hangar, like the others in the company, is located in
base maintenance. This area oversees the running of the checks including any work
carried out in related workshops and the resourcing of the checks from a personnel
point of view. The base maintenance department operates within a broader aircraft
services structure of planning and commercial, engineering, quality and supply chain.

The many stages involved in iteratively designing the initiative are described in the next
section.
Iterative Design and Implementation of the Improvement Initiative
Due to the scale of the project it was decided that one researcher from TCD would be based
fulltime on site with another researcher supporting the work, attending meetings on site but
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returning to TCD after. The company also provided a dedicated staff member to assist with
the environmental management aspect in particular. This staff member had a background in
continuous improvement and in particular was trained in Six Sigma to the level of Black Belt.
This group along with the Organisational Learning manager of the company and the base
maintenance manager became known as the ‘Improvement Team’. This team would manage
the overall development and implementation of the initiative.
(1) Culture and Team Engagement (the personnel subsystem)
The following steps were involved in this aspect of the initiative and will be discussed here:
•
•
•
•
•
•

STEP 1: Assess organisational readiness to change and identify key areas to be
addressed with staff
STEP 2: Have initial Communication Session with all staff
STEP 3: Establish a Hangar Improvement Team (HIT)
STEP 4: Train HIT, Crew Managers and all Hangar Staff
STEP 5: Engagement with Meeting Schedule to facilitate improvement and resolve
blockers
STEP 6: Engagement with Company Wide Process for Blocker Resolution

Previous EU funded Ergonomic/Human Factor research projects suggested that the first step
in introducing any kind of change was a thorough understanding of the current situation (e.g.
AMPOS, ADAMS II). This understanding applies to the organisational system, the processes,
the people involved, the environment etc. One of the HILAS partner organisations, the
University of La Laguna, developed an interview protocol that would help with this in
relation to assessing an organisation’s readiness to change (Diaz Cabrera, D., Ramos Sapena,
Y. & Villegas Velásquez, O., 2008). Four managers (from crew managers in the hangar, to
the hangar manager and the base maintenance manager) took part in the one hour interviews.
They were all male with age range from 41 and 57. In the interview questions were grouped
around the following categories:
•
•
•
•
•

General information.
Knowledge Management Systems.
Organisational Change Processes and Barriers
Coordination, Cohesion and Group Pressures.
Individual Values.

The first four categories were assessed by a range of open questions, and the Individual
Values was assessed by a five points Likert-type scale of twelve questions about the
managers’ perceptions of their department’s workers values about:
•
•
•
•
•
•
•
•
•
•

Knowledge ownership attitudes.
Openness to change.
Professional self-development (e.g., Importance of well done work; Identification
with the own role).
Personal Trust: Trust in colleagues, management and in the organisation.
Value of the fulfilment of the information transmission rules.
Fellowship.
Environment adaptation.
Value of Work Team.
Innovation value.
Commitment value.
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The results of this survey gave a significant insight into the culture at the time. Diaz Cabrera
et al. (2008) noted the following:
•

•
•

•
•
•
•
•

Some of the interviewees highlighted that there was a lack of opportunity to put
forward suggestions and feed forward information (e.g., in relation to the planning of
checks), and believed that these feedback mechanisms could be improved. It was
noted that there was some degree of feedback (from other areas) through minutes,
meetings, etc.
The interviewees felt that participation in the change processes is not actively
encouraged within their company, but that the company is open to suggestions,
although some of the participants felt that these suggestions were not listened to.
There was some perceived status differences among some departments, for example
there was a perception that planning and commercial “appears to look down a bit on
people on the floor” and that base maintenance is seen as “the bad part of the
organisation” but these perceived differences do not appear to affect communication.
Overall, co-ordination systems across the company are perceived as working fairly
well. However improvements could be considered (e.g., fostering closer
communication between departments, implementing communication databases etc).
In general, people felt that they receive all they information they need for carrying out
their task, on time and with good quality.
Interviewees receive information about change initiatives through monthly
management meetings, through company newsletters, information sessions and notice
boards.
Although there is not a complete agreement among interviewees, in general, it was
felt that staff from the different departments are more or less aware of each other’s
areas of work.
In general, there is a perceived resistance to change, but it depends on how the change
itself is perceived. Changes are received with scepticism and suspicion, unless they
are clearly explained and perceived by staff as an improvement on their working
conditions or have a benefit for staff, and it do not imply more workload. It was felt
that changes are almost always imposed from the top of the company.

While the interviews were limited to management and thus not reflective of all the hangar
staff it still provided a large agenda of items to be addressed in the first communication
session on the new initiative. The initial Communication Session with all staff in the hangar
was made by the base maintenance manager. In this hour long session he outlined the
rationale and need for the change, he addressed some of issues raised by staff from the
organisational readiness to change interviews and he spent time listening to and addressing
any further issues that were raised. He introduced the two researchers from TCD who would
be on site for most of the initiative.
In this first hangar a team was established to look after the issues in relation to the
environment and re-designing the environment to better suit the needs of the aircraft
maintenance engineers (AMEs) who worked in the different zones of the aircraft. This work
will be reported on later. The researchers also worked intensively with the group of crew
managers (one or two from each zone depending on the size of the zone e.g. landing gear,
engine, cabin etc) in relation to process mapping and process improvement, discussed in the
next section. However it was agreed later in the project that one Hangar Improvement Team
(HIT) should be established consisting of the hangar manager, three crew managers
(representing avionic, sheet metal and mechanical trades), six AMEs and aircraft maintenance
assistant (AMA) (consisting of one Avionic, two sheet metal, two mechanical, one operative).
It was agreed that the team would meet once a week in a dedicated hour long meeting on
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process improvement activity. Each HIT would have an elected representative who would
meet with the elected representative from the other hangar HITs on a weekly basis. This was
to ensure learning across the organisation in relation to improvement, raising and resolving
problems etc.
Training commenced with all staff in the hangar. Firstly those directly involved (the crew
managers and the workplace environment team) participated in a workshop to map out the
check process and subsequently to develop a simple reporting form that would allow staff to
report on any thing that was blocking their task progress, this became known as a Blocker
Report (this will be discussed in the next section). This group were also trained in the
importance of team engagement and culture and workplace environment management. In
subsequent hangars this was the HIT team and then the crew managers. Finally all staff were
given an one-hour training and communication session on the initiative and the new reporting
form in particular and what would happen reports once raised.
A process for resolving blockers to task performance was developed around a meeting
schedule. This became known as the Blocker Resolution Process. As noted above in the
description of aircraft maintenance the system is extremely complex. A lot of co-ordination
work is facilitated by face-to-face contact with other AMEs, crew managers etc particularly at
the morning technical progress meeting which takes place between all crew managers, hangar
manager, support planner, materials co-ordinator and the commercial officer. At this meeting
things like times where power would be on / off the aircraft or hydraulics would be on / off
would be negotiated. It was felt important to build on what people already do within the
system. Thereby meetings (short and with very focused agendas) became central to the
initiative. The morning meeting was attended each day by the researchers and used as a
vehicle for encouraging reporting on the Blocker Report of issues that arose there. Staff were
given training in how to hold meetings, how to take minutes and action items and
standardised forms were developed for this. Finally meetings took place once a week at
hangar level (HIT), at base maintenance level (Improvement Team and Senior management),
at cross-departmental level (with representatives from support departments mentioned above
as part of the ‘external system’). The Blocker Resolution Process was designed to ensure that
staff at as local a level as possible to the blocker were able to resolve the blocker. Thus
blockers were initially discussed with one’s zonal team, if not resolved there it went to the
HIT for resolution, if not resolved there it went to the Improvement Team and finally to the
cross-departmental working group. All blockers were recorded in a specially developed
database for trending and statistical analysis purposes.
(2) Process Improvement (the technical subsystem)
The following steps were involved in this aspect of the initiative and will be discussed here:
●
●
●
●
●
●

STEP 1: Mapping the current ‘as is’ process using the OPM
STEP 2: Gathering & evaluating the blockers to current process
STEP 3: Resolving blockers & making improvements
STEP 4: Communicating the status of blocker reports to staff
STEP 5: Designing the new ‘to be’ process
STEP 6: Implementing the new process

As noted above it was deemed extremely important to have a thorough understanding of the
current situation in the company. This included a detailed understanding of the check process.
The first activity that commenced was process mapping of the check process. This was done
using a technique developed in the TATEM and HILAS EU Funded projects called
Operational Process Model (OPM). The use of this approach in this Improvement Programme
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is being written up in another format (Ward, Morrison, Gaynor & Nugent, 2009) so will only
be reported here in brief. What is important to note is that the OPM approach differs from
standard process modelling in (a) the scope of what is considered as critical elements and (b)
consequently, how the relations between these elements and their underlying mechanisms are
expressed. The OPM:
•
•
•

Stores and manages data, information and knowledge about the current system
(technical aspects, social-relational aspects and information flow)
Represents the system graphically in different ways (system level, process activity,
stakeholder relations, dependencies and critical path – see Figure 1), and based on
that data
Supports transformation of the operational process into future or alternative versions

Figure 1: Overview of OPM diagrams
Secondly a new report, as mentioned above, called a ‘Blocker Report’ was developed in the
organisation to gather data on anything that ‘blocked’ task performance. Again the use of the
blocker report in this Improvement Programme is being written up in another format (Ward,
Morrison, Gaynor & Nugent, 2009) so will only be reported here in brief. This report was
designed to be an element in routine monitoring of events that interfere with process
performance and pose risks to the overall outcome. Its structure is based on the conceptual
elements of the OPM. The actual data capture is as minimal as possible to reduce interference
with the operational work (the report is designed to take no more than 10 minutes to
complete), while at the same time providing a systematic entry for further evaluation, data
transformation and generation by a central analyst.
The blocker report captures data from the individual, at the point of origin. People who
perform the process are in the best position to report on it. It is a self-report and as such
subjective. However, the conceptual design of the report facilitates it being a building block
in a more objective picture of the status of the operational system:

52

(a) A structure that adopts standardisation by being linked to a model based reference
points (OPM)
(b) An overall data integration strategy that links subjective elements with other data
sources (factual as well as assessments) and other stakeholders perspectives to
achieve the best integrated picture of what is known about the system.
There were two main objectives that the data should support, managing individual blockers
and identifying system vulnerabilities with a view to managing them also. In the first piloting
of the initiative in the first hangar 141 blockers were raised across the 20 checks. Each one
was resolved, taking varying lengths of time. Examples of blockers raised include:
•
•
•
•
•
•
•

Faulty jack for MLG (Main landing gear)
Storage of parts on strip out of the cabin is a problem
No 110V power at forward cabin door
IT scanners missing from upstairs and keyboards locked out
Inventory of repetitive parts needed
Paperwork - access cards have no panel description
Overtime should be monitored to avoid fatigue issues

A Blocker Countermeasure Sheet was designed to be placed on a notice board in the hangar
giving all staff a weekly update on the status of each blocker.
(3) Improving the Workplace Environment (The internal environment)
The following steps were involved in this aspect of the initiative and will be discussed here:
●

STEP 1: Assess the needs of the hangar from a staff perspective and from a Lean 5
S’s perspective
● STEP 2: Create improvement plan based on assessment
● STEP 3: Implement the improvement plan and the Lean 5 S’s in the hangar
● STEP 4: Work with company Environment Manager in relation to waste disposal and
recycling
Interviews were carried out with staff members to ask them how the hangar environment
could be re-designed to better suit their needs taking into account the operational realities and
possible constraints involved including cost. The hangar had been empty prior to the first
aircraft arriving so it provided an opportune time to carry out any proposed improvements.
The Lean 5 S’s is a tool of Lean Engineering for managing the workplace environment. It
consists of SORTing out the current environment by eliminating any unnecessary items from
the workplace, SETing the environment through efficient and effective storage methods,
SHINE the environment by giving it a thorough clean, STANDARDISE the environment by
standardising best practice in the area, SUSTAIN improvement through defining a status quo
and standard work in the area. The Lean 5 S Audit was used to establish what needed to stay
in the hangar and what could be removed (the SORT phase). Following this stage a list of
items necessary for carrying out B checks on a 737 NG was obtained. This list included items
such as:
•
•
•
•
•
•
•

Wing Docking
Tail Docking
Storage racks
Nitrogen trolley
Fan blade rack
Fan blade cleaning rack
Drip Tray (Engines)
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Essential items needed were obtained and more efficient and effective storage methods were
designed by staff themselves and made. Examples of this are presented here in Figure 2 and
Figure 3.

Figure 2. Storage methods designed to address one blocker in relation to cabin parts

Figure 3. Shadow boards designed for storage and display of parts coming off the
aircraft
Work also took place with the Environment Manager in the company placing recycle facilities
throughout the hangar. Staff were encouraged to use these through developing posters
relevant to the area with the help of the HIT.
Staff were very pleased with this work. Some of the comments from them included:
“It is much easier to find what you need”
“It is great to know everything you need is there within easy reach”
“It is a much nicer place to work”
The customer was also very pleased with this work and noted the following:
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“The dedicated storage facilities for parts that come off the aircraft is very
impressive and shows that they really care for our aircraft”
As a result of this work there was improved efficiency from eliminating unnecessary waste in
the process for example:
•
•
•

Searching for equipment across the hangars
Borrowing parts from incoming aircraft
Time lost due to lack of serviceability of equipment

Slips / trips are still the highest cause of workplace accidents. As a result of this initiative
there was also the hope that there would be a reduction in personal accidents as the
•
•

Work environment was free of clutter and potential causes of trips
Work environment was cleaner and free from potential causes of slips

Quality
Prevent Errors
Productivity
Eliminate Wastes
Safety
Prevent Accidents
Equipment Reliability
Eliminate Maintenance Breakdown
Figure 4. The Benefits of Implementing Lean 5 S’s (taken from The Process Review and
Improvement Office of the DLSU Manila IT Centre)
(4) Relationships and interactions with other areas of the system (External environment)
Any blockers that could not be resolved locally inevitably involved other departments in the
company. The improvement initiative had been initially instigated by senior management in
the company and thus had the buy-in of senior management. The involvement of other areas
of the company in the blocker resolution process would similarly need ‘buy-in’ from those
areas. The initiative would need to be communicated well with those areas and their support
obtained. Initially however there was a sense that they felt it was not ‘their job to be fixing
problems in other areas’. This was hinted at in the organisational readiness to change survey
where there was a perception among base staff that other departments felt superior or thought
of base maintenance as being ‘down there’. It was a long slow process to get buy-in from
other areas and it was only when blockers were trended and there was ‘evidence’ that input
from other areas into the check process was actually causing a problem did action really
happen on resolving the problems. Also the goal of check progress visibility (as per Table 1)
was only met to a certain extent as it was not supported enough from other areas. The crew
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managers themselves had to divide out the work-pack per day of the check for their AMEs
and not all of them did this. At the morning technical meeting of crew managers they did
begin a process of estimating how far advanced they were with each task of the check project
plan and putting these scores on a notice board for all staff and the customer to see.
Some areas were also embarking on continuous improvement initiatives and in particular the
Planning and Commercial department had begun a review of the MPD process and
determining more realistic estimates of task performance. As part of this process a new selfreport was also developed whereby staff could feedback if they felt any part of the task card
was incorrect or needed changing. This report was called the ‘Task Card Amendment Form’.
In relation to self-reporting along with the Task Card Amendment Form there were already in
existence a number of self-reports that staff could make. Each of these reports focused on a
unique aspect of performance and safety (airworthiness and personal). Staff however felt that
there needed to be a simpler process for reporting and the actual report forms themselves
needed to be more readily available (all of the reports were paper based and sometimes it was
difficult to know where to locate the actual paper). Thus a process started to explore how selfreporting and the blocker resolution process could be supported electronically. This raised the
question as to how best to link with existing company systems and as per Sinclair (2007) how
to best use IT to support the individual and the company making business decisions.
In the company work was ongoing developing a new IT system to support the company
individual Performance Management Development System. This IT system was called ePass
and was being rolled out across the company in association with the PMDS. Each individual
had to use ePass to carry out their own individual appraisal and for managers they had to use
it to carry out their staff appraisals. This was assessed as the best vehicle to use for
developing electronic versions of the self-reports. There were some concerns in the company
over computer literacy. Staff had to use various Enterprise Resource Planning (ERP) systems
as part of their day-to-day jobs but beyond this engagement with other IT systems, for
example, the company intranet was limited to office based staff. Because each person had to
log-in to ePass to carry out their appraisal this was thought to be the best vehicle to make the
self-reports electronic. At the same time as a result of suggestions from staff the idea of an
Unique Report for staff emerged linking the following self-reports:
•
•
•
•
•

Blocker Report for reporting on any problem to do with Task/Check performance
Task Card Amendment Form for reporting on any suggested amendment to the Task
Card. This report went to the Planning and Commercial Department.
Quality Discrepancy Report for reporting on any issue that was seen to compromise
the quality of the aircraft or the work being carried out. This report went to the
Quality Assurance Department.
Accident / Dangerous Occurrence Report for reporting on any personal incident,
accident or near miss. This report went to the Safety and Security Department.
Forward Driver Report for making any suggestions for change or improvement that
would yield a financial return on investment for the company. This report went to
different allocated ‘Drivers’ in each department.

Work commenced on developing this Unique Report for staff. However in consultation with
each department over their form and how to do this it raised several issues around the
company in relation to the success of the existing forms. The QDR and Forward Driver in
particular were not being used by staff at all. The Task Card Amendment Form was not really
being taken up by staff. Also the data obtained from these reports was in some instances being
looked at in isolation. This activity raised larger questions in the organisation in terms of the
overall approach to both performance and safety management.
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Each department in the organisation appeared to operate on its own providing inputs to other
areas as per specifically designed ‘Service Level Agreements’. There did not appear to be an
overall structure for looking at Key Performance Indicators pre-check, during check and postcheck and on a company wide scale. As a result of this initiative a review commenced of data
outputs from different departments and a process has started to link financial indicators with
other Key Performance Indicators (KPIs), Safety Performance Indicators (SPIs) and Quality
Performance Indicators (QPIs) across the organisation (e.g. Turnaround Time, Cost, Quality /
Ergonomics/Human Factors / Safety Incidents, Workforce attendance, Overtime hours etc)
into a coherent framework such as that presented by the ‘Balanced Scorecard’ approach
(Kaplan & Norton, 1996). A process has also started to look at linking company KPIs / SPIs /
QPIs to individual level objectives through the company PMDS. Future work also needs to
happen linking individual Blocker Reports with check and company level KPIs. Similarly
check by check analysis linked to company level KPIs also needs to happen.
Results
The results of this initiative as an action research project are incorporated into the above
description of how the initiative developed and grew over the time frame of the project. The
results of the initiative in terms of meeting the objectives as laid out by management in
relation to the first hangar to be involved were the following:
•
•
•
•
•

20 aircraft were delivered ‘Early’ or ‘On-time’ (No ‘Lates’) to the customer.
There was improved aircraft availability for the operator by 136 hours (8.5 days) over
the course of the line of 20 aircraft.
The contract with the customer included Bonus / Penalty payment – the maintenance
provider ended up receiving a substantial Bonus payment.
There was great involvement of all hangar staff Hangar and increased morale.
The customer was very satisfied and complimented the programme.

Thus the main objectives as set at the initial stage of the process could be said to have been
met. However it is still hard to pin down whether or not these results are directly attributable
to the initiative. Taking 141 problems out of the system is sure to help in some way however
it was not easy to quantify the impact of or savings from these blockers being resolved. A lot
of the blockers were noted to be causing ‘frustration’ to staff over time spent sourcing
documentation, parts, tools etc but this time was not quantified. The check by check analysis
of blockers gathered and resolved would help this in the future. Also many blockers took a
long time to resolve and some staff became disheartened with the blocker reporting process. It
took a long time to obtain buy-in for the initiative from areas of the company outside of base
maintenance and thus the pre-check project goals were not really met (as per Table 1). The
focus tended to be the objectives set for the customer and meeting those, but often times as a
result of putting additional pressure on staff to deliver, and not necessarily dealing with the
blockers that staff were raising.
Discussion
Overall however the improvement initiative was deemed to have been successful and base
maintenance management were happy with the results. It contributed significantly to winning
a contract with the same customer the next year. The mix of the different levels of
intervention as per Hendrick and Kleiner (2002) and Sinclair’s (2007) frameworks were all
felt to be important aspects of designing the improvement system. The improvements taking
place at the workplace environment level helped to show staff that management were
committed and serious about the initiative and willing to invest in them and their working
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conditions. The work on mapping and modelling the current check process and identifying
blockers to task performance based on taking a systems perspective on the location, effect and
impact of those blockers led to new understandings of the nature of work performed on
checks. As noted in the introduction to aircraft maintenance thousands of tasks are performed
on checks and how exactly all of this is done is housed in the heads of AMEs around the
world. This work here helped to bring some of that to paper and allow organisations to begin
to build organisational memory in the OPM of both how that work is done and how the
problems in performing that work can be addressed (Ward, Morrison, Gaynor & Nugent,
2009).
The Improvement Team comprising of a mix of skills and backgrounds worked well for that
very reason. It forced people on the team to engage with each other and in areas where they
would not have had a lot of expertise before. There was a lot of ‘cross skilling’ of people on
the team in relation to, for example, workplace environment management and process
modelling of social relational aspects of task performance. The Hangar Improvement Teams
worked extremely well. Because of the zonal nature of the work AMEs might not interact that
much with people from outside their zone on the aircraft (the crew managers do all meet each
morning and co-ordinate daily activity). AMEs felt they learned a lot from the process and
from developing joint solutions for problems with their colleagues from different areas. There
was a real respect for each other and the suggestions that each individual made in relation to
resolving blockers. The quality of the suggestions for removing blockers was very high as
there was discussion and shared expertise on each one. Also they teams learned across the
hangars in the company and suggestions implemented in one hangar were brought to another.
There was a sense of ‘being all in it together’ to improve their working environment and their
work. A lot of the initial work was focused on improving the workplace environment and as
time progressed and more of these blockers were being resolved, the improvement work was
going deeper into the check process.
At the level of the cross-department improvement teams things proved more difficult.
Representatives from each area would attend the meeting usually in twos from their
department. The team membership shifted a lot depending on who was available that day to
attend the meetings. While most engaged well with the process some department
representatives felt it was a waste of their time to be sitting in a meeting discussing blockers
in relation to other areas. Thus meetings started off on a fortnightly basis but ended up
becoming monthly and finally on a very disjointed ad hoc basis depending on the nature of
the blocker to be resolved. Part of this problem lay on the door of the Improvement Team
who did not communicate the rationale behind the whole initiative well enough that each
person understood the importance for the company as a whole. But this also had to do with
the way the company was structured into individual business units each with their own
budget, targets and objectives to meet. As noted above work has commenced on attempting to
integrate company objectives into a strategic framework. The improvement initiative was
however centred around base maintenance and not enough time was spent working with other
departments bringing their objectives and needs into the process, supporting them in
understanding more the interrelatedness of their work and maybe even creating improvement
teams in each of the areas in a similar way to the HITs. The membership of the Improvement
Team could also have been opened up to include a representative from each area. It was
hoped the fortnightly meetings would achieve this but it did not. It took a long time even in
the Improvement Team to build up relationships among the team and similarly with the HITs
although it was quicker there as there was a stronger sense of being from one area.
Previous research suggests that when setting up initiatives like this time is needed away from
the operational realities of the organisation for trust to develop among people (Teague, 2004;
Ward, 2005). This time was given to the Improvement Team as there was a very obvious
acknowledgement that people on that team came from very different backgrounds and it was
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ok to ask questions of each other and about each others work. At an inter-departmental level
this did not happen. There was an underlying assumption that each area knew what the other
did and how they all fitted together in the organisation and worked together to fulfil the
overall goals of the organisation. However this was not the case. The researchers did not pick
up on this early enough in the initiative and did not act on it. This can be a downside of
participatory action research where as a participant one is caught up in the ‘action’ to the
detriment of the research and reflection. This made the overall effort more not less labour
intensive as more time was spent buying over people individually to help resolve different
blockers. The elements of an action research story should be an articulation of the context and
purpose of the action research project and the cycles of diagnosing, planning action, taking
action, evaluating action (Coghlan & Brannick, 2001). This cycle took place within each
component of the initiative as described above however on a larger scale there was not
enough ongoing forced reflection and evaluation of the initiative to lead to more insightful
diagnosing, planning and taking action. In an initiative of this scale where so much time and
energy is invested, along with the internal reviews and milestone evaluations that took place
within the company, there should be external evaluation by qualified experts. Perhaps there is
a role for Ergonomics Societies to provide for such a service. This also needs to focus on the
cost-effectiveness of implementing such initiatives (Stanton & Barber, 2003; Gallwey, 2004).
Out of this work however an embryonic model of designing improvement systems is
emerging. This ‘Ten Step Change Model’ has yet to be piloted and tested but consists of
asking ten sets of questions and thus could also function as a ‘readiness to change audit’. This
builds on the work of Hendrick and Kleiner (2002), Ward (2005), Sinclair (2007), the
TATEM and HILAS projects and needs further development in the future.
1. What is the need for change and where has it come from?
Where has the need for the change come from?
Has the need or the rationale for the change been communicated and understood by all
involved?
2. How does proposed change link with strategic objectives of your organisation?
What financial indicators are you using, what Key Performance Indicators are you
using in terms of Safety, Quality etc?
Do you have a balanced approach to your indicators as shown in figure below (Kaplan
& Norton, 1996)?
Do you take account of the needs of all stakeholders?
3. How does the proposed change link with other ‘improvement’ activity in your
organisation?
How are you linking with other explicit Continuous Improvement activity, e.g. Lean,
Six Sigma, etc?
How are you linking with other Improvement based activity in your company e.g.
H&S, Quality, SMS, etc?
4. Is your organisation ready for the change?
What are your current communication channels like?
What information is shared between whom?
Is there trust between staff, between staff and management, between management?
Does your organisation have processes in place to learn and to capture that learning
into Organisational Memory?
Is your organisational culture appropriate for change?
5. Are you and your staff ready for the change?
Have you been trained appropriately in the methodology used to implement the
change?
Have you chosen key people to run with and lead the change preferably in teams?
Do you and your staff have the competency to run with the change programme?
Have you a good organisational architecture to support the change?
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6. Is your it infrastructure ready for the change?
Are systems in place to capture the type
of data that you need to meet your strategic objectives?
Are systems in place to help you analyse the data and ensure that people receive the
right information at the right time?
7. Have you a good understanding of your organisational system and processes –
formal and informal?
In order to change we must know our current ‘AS IS’ situation.
Have you modelled your current processes?
Have you gathered formal and informal data?
8. Do you need incremental or radical change or a mix of both?
What type of change do you need to implement?
What is the drive behind the change?
Have you made a Business Case for each change?
What is the environment in which you are operating?
What are your competitors doing?
9. Are you working with all levels of your organisation?
OPERATIONAL
TACTICAL
STRATEGIC
Is each person actively engaged in the change?
Is each person and their ideas listened to?
Is each person involved in making their idea a reality?
10. Are you making the changes happen and are you making them even better
next time – improving continuously!
Are you making change happen?
Have you given enough support and resources to ensure that the changes happen?
Are you constantly evaluating what you are doing?
Is it making a difference?
Is it addressing the NEED that was there in the beginning?
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How is Muscle Fibre Conduction Velocity in the Upper Trapezius
affected by Work Rest Regime?
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University of Limerick, Casltetroy, Limerick
Abstract
Incidence of upper limb and shoulder/neck region musculoskeletal disorders are
still very high in industry. In accessing repetition effects on muscle fatigue, it
appears that current work/rest recovery models are not suitable for the
assessment of dynamic tasks. The purpose of this paper was to investigate
changes of the upper trapezius muscle activity under different work/rest regimes
(5sec work/10sec rest and 20sec work/ 40sec rest), at two levels of force (0 and
2kg) and for abduction and flexion posture movements. ANOVA indicated that
each main effect had a significant effect on the Conduction Velocity (CV) of the
muscle. The short 5sec/10sec regime resulted in less fatigue in the muscle,
indicating that shorter more frequent breaks are more efficient in terms of
recovery from muscle fatigue than longer duration less frequent breaks. With an
increase of cycle time CV decreased (p<0.01); the exertion of higher forces
resulted in higher CV (p<0.05), while abduction resulted in higher CV values
than flexion (p<0.01).
1. Introduction
In spite of ever increasing automation in today’s industry, hand intensive tasks still cause a lot
of musculoskeletal disorders (Moore and Wells, 2005). Work intensification because of
downsizing (lean manufacturing) and reduction of waste, is strongly correlated with
medically certified sick leave, including musculoskeletal disorders (Kivimäki et al., 2001).
The Health and Safety Executive in the UK (HSE, 2008) reported that 43% of all selfreported illnesses were caused or made worse by work out of which 40% were mainly
affecting the upper limbs or neck.
Repetition has been identified as an important risk factor for Musculo Skeletal Disorders
(MSD). The problem lies with the performance of the same motion over and over within a
given time period (Sanders et al., 2004). Different sources define limits for repetitive work in
different ways. According to Silverstein et al. (1986) a highly repetitive task would be one in
which cycle time is 30 seconds or less, or where sub-cycles occupy more than 50% of the
cycle time. Moore and Wells (1992) developed on this stating that repetitiveness consists of
several components: the amount of tissue movement, the number of repetitions, the cycle
time, and an estimate of ‘sameness/monotony’. But many researchers and case studies still
use the Silverstein 30 second cycle time criterion. Work cycles which are shorter than
0.17minutes (approximately 10 seconds) are considered to induce muscle fatigue (Kilbom,
1994).
Cycle time is divided into duty time (working time) and resting/recovery time (Konz, 1998).
Abu- Ali et al. (1996) described parameters of the work cycle as follows:
− Cycle time- the total time taken from the beginning to the end of a task.
− Frequency- the rate of repetition of a task.
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Exertion period- the time period required to perform the set of the fundamental
movements (the task).
Rest period- the time period between two successive exertion periods.
Duty cycle- the proportion of time spent on performing the fundamental movements
relative to the total time spent working and resting.
Rest-to-work ratio- the proportion of time spent resting relative to the time spent working.

One approach to studying repetition is to focus on work rest patterns. In overcoming problems
associated with repetition it is important to find the right balance between work and rest time
for a specific task in order to obtain maximum efficiency without exposing a worker to risk of
developing an MSD. Rest is believed to be more beneficial if it occurs before too much
fatigue is accumulated in a muscle (Konz, 1998). Therefore, shorter more frequent breaks
should relieve fatigue from a muscle more than longer less frequent break. For example, in a
ten minute break recovery time for minutes 6-10 is much less effective than minutes (Konz,
1998). Short breaks taken at the workstation, so-called ‘microbreaks’, have also been found to
reduce cost that is associated with an operator turning off the machine and travelling to the
rest area to take a break.
El ahrache and Imbeau (2009) compiled a number of rest allowance models that have been
published over the years and these are summarised in Table 1. Rest allowance models
developed by Rohmert (1973), and Byström and Fransson-Hall (1994) suggest that no fatigue
occurs in a muscle when the force exerted does not exceed 15% of a person’s Maximum
Voluntary Contraction (MVC). However, it has been shown in numerous studies (e.g.
Hagberg, 1981, El ahrache et al., 2006) that this is not the case. In fact, fatigue can occur in
the muscle well below 15% MVC. Using the results presented by Rohmert (1973) in the
design of short cycle tasks would predict unacceptable conditions (El ahrache et al., 2006).
Rohmert (1973) in his rest allowance models used heart rate as the measure of fatigue.
Byström and Kilbom (1990) say that selection of different parameters in the development of
recovery models will result in discrepancies. They suggested using local blood flow (BF),
EMG recording and subjective rating in the assessment of intermittent contractions.
Table 3: Summary of rest allowance (RA) models compiled by El ahrache and Imbeau (2009)
(RA= resting time ÷ holding time; MVC = maximum voluntary contraction; fMVC =
%MVC ÷ 100; MHT = maximum holding time; fMHT = holding time ÷ maximum holding
time).

There are many factors that need to be taken under consideration when determining
endurance times for the musculoskeletal system for different manual tasks. Upper limbs tend
to have much shorter endurance times than back/ hip muscles (El ahrache et al., 2006). Also,
local muscle fatigue creates more problems than whole body fatigue in relation to MSDs
(Shin and Kim, 2007), which is why different muscle groups should be evaluated separately
in terms of limits of exertion, endurance times and rest allowances.
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The majority of rest allowance models are based on findings derived from static contractions
and not from intermittent static contractions. Intermittent tasks are believed to have higher
endurance times than sustained isometric tasks. This paper studies upper trapezius muscle
fatigue in dynamic contractions for different work/rest regimes under different loads and
postures.
2. Method
2.1 Participants
Eight right handed participants took part in the experiment, six males and two females. The
mean age of the participants was 25.1 years (SD=2.0), mean height 1.81 meters (SD=6.1), and
mean body weight was 81kg (SD=8.4). None of the participants had reported any upper
limb/shoulder or neck musculoskeletal disorders in the past twelve months
2.2 Experimental design/procedure
The experiment consisted of eight combinations of three independent variables: Load (zero or
two kg), working time (5 seconds and 20 seconds) and posture (shoulder flexion or shoulder
abduction). This gave eight combinations in a full factorial design. An eight by eight Latin
Square was used to balance the orders across the participants. The duty time for each
treatment was the same i.e. 33%. The combinations performed are presented in Table 2
Table 4: Combinations of three independent factors of the experiment
Combination

Load lifted [kg]

1
2
3
4
5
6
7
8

0
0
0
0
2
2
2
2

Work/rest time
[seconds]
5/10
5/10
20/40
20/40
5/10
5/10
20/40
20/40

Posture
flexion
abduction
flexion
abduction
flexion
abduction
flexion
abduction

The experimental task was designed so as to simulate a repetitive light manual lifting task, as
might be performed in industry. Each participant was asked to perform a lift of zero (no load
in the hand) or two kilograms with their right arm from the table height to the eye level (that
is between 110° and 120° of both joints). The table height was set individually for each
participant to their elbow height, i.e. the vertical distance from the floor up to their elbow
when it is at 90° of flexion, with shoulder at 0° of flexion. Each combination was performed
for five minutes, after which a participant was told to rest for another five minutes, before
starting next combination. The timing of the exercises was controlled via an interface coded
in Labview.
2.3 Equipment
Surface EMG signal was detected with a linear adhesive array of eight electrodes, with 5 mm
inter-electrode distance and a 5mm × 1mm electrode cavity. Figure 1 illustrates one of the
electrodes used during the experiment.
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Figure 11: Linear array of electrodes used in the experiment (A- disposable adhesive foam;
B- semi- disposable linear array) and electrode placement on participant’s upper trapezius.
The contractions of the trapezius muscle were examined with a dry silver bar array electrode
(16 electrodes, 5 mm long, 5 mm inter- electrode distance) to find the muscle’s Innervation
Zone (IZ). This was identified at two extreme shoulder joint angles i.e. 0° and 120° of flexion
and the same for abduction of the shoulder. The IZ was determined by visual inspection of the
EMG signal on the computer (Shiraishi et al., 1995). Once the IZ was identified the skin was
cleaned with an alcohol swab. The adhesive array of the electrode was then placed between
the IZ and the distal region of the upper trapezius, along the line between the acromion and
C7. A reference electrode was put on participant’s right wrist to ground out noise. Each cavity
in the array was filled with conductive gel using an Eppendorf Research pipette. This was to
ensure good contact between the electrode and the skin underneath. EMG signal was
amplified with a 128- channel amplifier (LISiN Centro di Bioingegneria, Politecnico di
Torino, Italy). The signals were sampled at a rate of 2048 Hz, filtered using a bandwidth of
10 to 750 Hz), and then converted into digital samples using a 12-bit A/D converter
resolution.
2.4 Signal analysis
EMG signals were analysed off-line using algorithms described by Farina et al. (2004) to
determine the Conduction Velocity (CV). The calculations were performed from a minimum
of four channels at epochs of 1 second length. For each treatment combination the average
CV for the last repetition was calculated.
3. Results
The average values and standard deviations of CV for all the participants are shown in Error!
Reference source not found.Table 3. The relationships between the three factors (and
participant) and their effect on CV were investigated using Analysis of Variance. The results
of this analysis are shown in Table 4. All four factors were significant at p<0.05. As working
time was increased from 5 seconds to 20 seconds, the CV decreased. CV was also higher for 2
kg over zero. CV was higher for shoulder abduction than shoulder flexion for all
combinations of working time and load. None of the two-way interactions between the three
main factors (excluding participants) were found not to be statistically significant. This is
mirrored in the plot of the averages for the conditions in Figure 2 through Figure 14.
Significant two-way interactions were observed for participant with load (p<0.01) and posture
(p<0.001).
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Table 5: Average CV values and standard deviations (in brackets) for Load, Posture and Time
Load [kg]

Posture

0

flexion
abduction
flexion
abduction

2

Time [sec]
5
7.90 (1.60)
9.07 (0.89)
8.23 (1.16)
9.35 (1.79)

20
6.39 (1.31)
8.31 (1.81)
7.93 (1.75)
8.30 (1.86)

Table 6: Analysis of variance for conduction velocity data
Source
Time
Load
Posture
Participant
Time * Weight
Time * Posture
Time * Participant
Load * Posture
Load * Participant
Posture * Participant
Error
Total
*significant at p<0.05

SS

df

12.65
4.57
20.87
40.66
.87
1.563E-6
10.65
2.89
22.78
33.68
28.28
4454.58

MS
1
1
1
7
1
1
7
1
7
7
29
64

12.65
4.57
20.87
5.81
.87
1.563E-6
1.52
2.89
3.26
4.81
.98

F
Significance
12.97
.001*
4.69
.039*
21.40
.001*
5.96
.001*
.89
.353
.001
.999
1.56
.187
2.96
.096
3.34
.010*
4.93
.001*

12.00

0 kg
2 kg

10.00

CV [m/s]

8.00

6.00

4.00

2.00

0.00
5

Working Time [s]

20

Figure 12: CV values (+/- 1 SD) for Time and Load
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12.00

flexion
abduction

10.00

CV [m/s]

8.00

6.00

4.00

2.00

0.00
5

20
Working Time [s]

Figure 13: CV values (+/- 1 SD) for Time and posture

12.00
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abduction
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8.00
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4.00
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0.00
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Weight lifted [kg]

Figure 14: CV values (+/- 1 SD) for Load and Posture
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4. Discussion
The 2kg load resulted in higher CV values compared to zero, which initially appears incorrect.
Hogrel et al.(1998), Holetrmann et al. (2008) and Troiano et al. (2008) also reported a positive
relationship between force and CV. There is a proportional relationship between motor unit
recruitment and force. Hence, higher forces require the recruitment of more motor units which
in turn results in higher conduction velocity.
Posture adapted had a significant effect on CV, with values higher for abduction over flexion.
The upper trapezius muscle is said to achieve its greatest activity during abduction of the upperlimb, particularly in the lower two-thirds of the muscle (Basmajian and De Luca, 1985).
Although during the experiment the arrays of electrodes were placed on the upper two-thirds of
the muscle, the recordings of higher CVs for shoulder abduction may be associated with higher
activity of the muscle at this posture. The upper trapezius is reported to have more type II (fast
twitch) fibers in its superior parts (Lindman et al., 1990). Type II fibers have larger diameter
(larger cross sectional area) and are recruited when there is a need to generate higher forces
(Henneman, 1957). This may explain in addition to the extra force the higher CVs for 2 kg over
0 kg. Both significant two-way interactions included Participants and this illustrates the
individual differences in strength and physique, as the forces were absolute and not relative.
Byström et al. (1991) reported that intermittent contractions increased endurance times of
forearm muscles by more than 50% when compared to continuous isometric contraction. In the
present study CVs for the short cycle time conditions (5s work: 10 seconds rest) were higher
than the long cycles. The decrease in CV at different exertion times illustrates fatigue of the
muscle. As cycle time increased there was greater fatigue. Hagberg (1981) found that
intermittent isometric exercise resulted in longer endurance times when compared to isometric
exercise. However, at low levels of force (15-20%MVS) there was a rapid decrease of
endurance time for both continuous isometric and dynamic exercise. In contrary, for back
muscles it was found that fatigue during prolonged standing dynamic task was significantly
lower than for static standing task (Balasubramanian et al., 2009).
Mathiassen and Winkel (1996) found that increased break allowance during the working day
would not help in limiting acute fatigue in the upper trapezius muscle as much as shortening of
a working day would. Konz (1998) suggests that introducing rest breaks before acute fatigue
occurs in the muscle during the job can negate the need for reducing working hours per day for
high fatigue tasks.
Laursen et al. (1998) reported that an increase in speed and precision of some tasks was
followed by an increase in EMG activity in shoulder muscles. This suggests that shorter muscle
contractions engage more motor units, resulting in higher conduction velocities, which agrees
with the findings presented in this paper. This implies that more shorter cycle tasks will result in
less fatigue. But this increases the repetition which is contradictory to the guidance in the
literature. Hence, more studies are needed to investigate these specific effects at different work
rest regiemes and for a larger range of loads.
5. Conclusions
Load, posture and cycle time each had a significant effect on conduction velocity in the upper
trapezius. Higher forces recruited larger MUs and yielded higher conduction velocities.
The shorter cycle work regime comprising, 5 seconds work followed by ten seconds rest had
significantly higher conduction velocity i.e. lower fatigue than the 20 seconds work 40 second
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rest condition. These data suggest that shorter cycles will result in less fatigue than longer
conditions. But this is would increase repetition in a task, so more research is clearly needed to
investigate the phenomenon.
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Abstract
Worldwide, statistics demonstrate that construction is a high-risk industry for
occupational injury, illness, and fatalities when compared with other industries [1,2].
Anton et al., (2005) found that construction workers are more likely than any other
occupational group to suffer from musculoskeletal disorders (MSDs) and that
Blocklayers are the highest affected trade within this group [3]. Construction workers
have greater levels of MSD related absenteeism and early retirement than any other
occupational group [4]. As a result, significant loss is experienced by the individual, the
employer, and the economy [5].
On a daily basis, Blocklayers are exposed to physically demanding activities that have
been identified as significant MSD risk factors. These activities include manual handling
of loads, on a frequent and repetitive basis. Often they occur within a confined space
forcing the Blocklayer to adapt awkward postures involving frequent and repetitive
bending and twisting. The task demands associated with these task activities impose
stresses on the biomechanical and physiological systems of the human body. The risk of
MSD injury increases where the body’s limits are exceeded either due to a single
overexertion incidence, or due to cumulative loading over time.
This paper presents research carried out to evaluate the MSD risk associated with the
task elements of the blocklaying activity, specifically to the four body areas, back, neck,
wrist/hand, and the shoulder/arm.
Assessments were carried out on apprentice Blocklayers in a training centre to evaluate
MSD risk associated with lifting and non-lifting task elements of the blocklaying
activity when working on the ground and when working on scaffolding; and on qualified
Blocklayers on an active construction site to evaluate MSD risk associated with
handling loads of different weight, and working at different heights.
Subjects were photographed while carrying out a range of activities under their normal
working conditions. The analysis tool “Quick Exposure Check” (QEC) was used to
evaluate MSD risk for the aforementioned body areas [6]. Observational and worker
checklists were administered and MSD risk scores were calculated from the collected
data.
The results demonstrate that all body areas experience the greatest MSD risk during
lifting activities as opposed to non-lifting activities with the neck being the body area
most at risk.
When lifting blocks as opposed to positioning them MSD risk is highest for all body
areas, with the exception of the shoulder/arm. The risk decreases for all body areas when
mortarboards and blocks are elevated from the ground.
It is proposed that in order to reduce MSD risk, the requirement for manual handling
should be eliminated where possible in accordance with legislative requirements. Where
this is not possible, engineering and administrative controls should be implemented.
Mechanical aids will reduce the exposure to lifting and positioning blocks. Where this is
not possible, risk reduction would involve reducing the weight of blocks handled by
Blocklayers, and increasing heights of materials from the ground.
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