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Appendix 1

Issues and action points from Phase 1

A list of issues and suggested improvements were drawn up following the review of the
interview, focus group and research team data, these are displayed below. Some of
these points are inter-related. In addition the table indicates the ‘usability’ criteria the
issue pertains to [Attitude (A), Learnability (L), Flexibility (F) and Effectiveness (E)].

Layout A|L|F|E
1. Recording data at work site X X | X
- Single sheet (like RULA) is preferable X
- Space for jotting down additional comments X
- Clarify back movement: B1-B3 vs B4-B5 X X
2. ldeally intuitive use needs to be considered/enhanced but X
balanced by guide
Worker responses A|lL|F|E
3. Link in with ergonomics participatory approach X | X
- Brief reference in Guide with more detail in Appendix
4. Specific questions: improvement by asking why?/better format/more X
objective
- Work stress
- Pace
5. Clarification of weight handled question to relate to load borne by X | X
worker
6. Difficult for worker to stipulate weight of items handled X X
7. Difficult for worker to stipulate force level applied by the hand X X
8. Value of dynamometer measurements & workplace examples (e.g. X X | X
bag of sugar)
9. Difficult for worker to respond to vibration question X X | X
- Maybe give examples e.g. steering wheel vs pneumatic drill
10. Data gathering by practitioner alone to provide answers to the X
above questions would limit interaction with workers. The opportunity
for interaction with workers should not be confined solely to the QEC
format if additional points wish to be made by the workers
Other risk factors A|lL|F|E
11. Possibly included environmental concerns X| X
- E.g. temperature, space and layout
12. Important to ensure that any additional factors do not make it too X
long or complicated to apply
Scoring A|lL|F|E
13. Transparency necessary to propose and prioritise need for change X
- Interactions of risk factors should be apparent on scoring X X
sheet as opposed to alphanumeric codes
- Banding desirable to prioritise change: rationale should be X X | X
logical but may be localised to individual body areas
- PC calculations hide interactions and do not stimulate X | X X
consideration of how improvements may be achieved most
effectively: manual vs automated; transparency vs ‘ease of
use’ X
- Method: discussed electronic recording (not possible in
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some workplaces due to contamination/fire risk)
- Validity vs hypothetical scores for single factors and
interactions (ball park only)

Guide E
14. See point 20 X
- To evaluate/define potential work restrictions for workers
returning following injury
15. Back-end of tool X
- ldentify potential interventions
16. Supporting/stimulating the need for change X

- See point 16 & 33

- Presentation to management/workforce: link to participatory
approach (point3) to propose/prioritise need for change

- To assess the success of interventions: cost benefit potential

x

x

17. Limitations in existing guidance: need to read full report to
supplement this
- Case studies on how to use QEC, electronic, short video
clips
- Stick figure postures difficult to relate to actual workers
- How to assess crouching and kneeling
- Difference between motion and movement of the back
- More information on shoulder position
- Hand force examples needed
- Vibration - hand and/or whole body?
- Need to specify ‘worst case’ for all body parts
- More information on assessing manual handling/push/pull
tasks
- Interpretation of hand movement variability
- Initial discussions with management and workers to define
expectations and reduce anxieties (point 34)

>

XXX [X XX [ X [X[|X|X X

Training

18. Practise necessary to build confidence in correct application
- Link to Guide

19. Enhanced/advanced training
- Practice and feedback in small groups to formulate solutions

- Improvement of intra/inter reliability X
- Incorporation into ergonomics/MSD awareness courses: risk
assessment and manual handling
- Mandatory group training may restrict accessibility to the X
tool
QEC use E
20. Clarification of QEC’s function (exposure v risk assessment) X
- Evaluation of existing guide on using QEC X
- Redesign of introduction and provision of examples
21. Use within the context of the organisation’s H&S policy, business X
plan and labour relations situation
22. Link to national/European risk assessment requirements X
- Decide the place of QEC in risk assessment process, its
relationship to HSG60 etc
23. Establish priorities for improvements X
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- Explore banding, NIOSH lifting guidelines/approach,
Compliment to MHOR L23 checklist or in-house generic
checklists

24. Long term use of QEC data
- Link QEC scores to outcome measures (e.g. sickness
absence), Pain diaries, Health history, Reported
incidence/prevalence of MSD to establish risk assessment
guidance for specific organisations

25. Exposure assessment score charts kept on individual files to review
future development of MSD

26. Evaluate results for individuals on basis of illness and injury
records, but issues over confidentiality should be respected

27. Exposure assessment should be an on-going process as
- areference database/baseline
- abasis for informing the management of change
- abasis for development of a strategy for change, long term
use

QEC data gathering

28. Observation of one repetitive task: suggestion of 20/30 cycles
taking approx 10 mins. Re-observation may be necessary to confirm
judgements made

- Links to guidance points 14-17

29. Obscured views (and guidance on this)
- Workers clothing

30. Guidance necessary on static postures (B4/B5) vs manual handling
frequencies (B1-B3)
- E.g. QEC used for assessment of more static, repetitive tasks
performed at workstation whereas MHOR L23 used for less
structured manual handling tasks?

31. If in doubt opt for higher score exposure category — link to guide

32. Need to observe more than one worker and more than one shift, to
cover a representative sample of the workforce. Time required to do
this

33. Immediate feedback to workers — desirable for credibility and useful
for encouraging suggestions for improvements

Task analysis

34. Simple procedures for breaking down jobs. Guidance needed.

- OCRA breakdown into discrete components. If more than
one tasks is evident, then do more than one assessment

- Cornell checklist and two body charts/to identify priority
areas

- Discussions with workers (or use worker diaries) to establish
5 main tasks and durations of these

- Exposure for simple, evident tasks vs complete job/full shift

- Occasional tasks

- Repetitive vs variable tasks
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Appendix 2
Listing of QEC modifications throughout the study

The design and development of QEC involved the following phases that were carried out
between June 2002 — August 2003:

- Phase 1: Review of Use (interviews, focus group)
- Phase 2: Refining and Improving the tool

- Phase 3: Usability assessment

- Phase 4: Inter-user reliability

- Phase 5: Validation in the workplace

Modifications to the QEC form, scoring sheet and guide were made throughout the five
phases and are documented in the following sections.

Phase 1: Review of Use (interviews, focus group)

a) Initial listing of problems with QEC, based on research team thoughts

General

e Task description/delineation — how to prioritise and breakdown jobs into tasks
Range of factors considered

Borderline decisions

Possible guidelines for specific groups: manufacturing/service

Build up database of tasks to use as examples

Observation questions
e Other factors not incorporated into QEC
e Scoring categories were based on median scores (around 3 times per min or less)

Workers questions
e Are workers able to estimate weights? If yes, how?

e Are workers able to estimate forces?

¢ Whole body or hand vibration?

e Insufficient psychosocial questions?

o Difficulty keeping up/stressful — emotive questions?
Scoring

¢ Inclusion of all user questions in scoring?

Use of scoring systems

Validity of scoring system

Interpreting results from scoring system into action and change

Resolving conflict between improvements in one body area versus deterioration for
another

e Complexity of scoring system/interactions

e Scatter of scores

Training

e |Is more required?

e Understanding what QEC does (i.e. exposure vs risk assessment)
e Examples of where it is feasible to use QEC
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b) Following interviews and focus groups the following suggestions were made to
modify QEC

e Revise worker questions: 5 questions were highlighted as
requiring some change:

1.

What is the maximum weight handled in this task? Light (5kg or less), moderate
(6-10kg), heavy (11-20kg) very heavy (more than 20kg), Suggestions: Provide
everyday examples for these weights? Clarification of weight handled to relate to
load borne by worker as opposed to whole task or with equipment. Rewording:
What is the maximum weight handled in this task (i.e. weight of the box, loaded
pallet, drain cover etc) then a) if lifting by hand, what is the weight you lift? Or b)
If assisted lifting, tilting, pushing pulling (i.e. chain hoist, vacu-lift etc) what is the
maximum force you have to apply?

When performing this task (single or double handed), what is the maximum force
level exerted by one hand? Low (e.g. less than 1 kg), medium (e.g. 1-4 kg) high
(e.g. more than 4 kg). Suggestion: Provide everyday examples for these forces?
Do you experience any vibration at work? Low or no, medium, high,
Suggestions: Low or none = driving a car, high = using a hammer drill

Do you have difficulty keeping up with this work? Never, sometimes, often,
Suggestions: If often, please give details?

How stressful do you find this work — not at all, low, medium, high, Suggestions:
If medium or high, please give details in comment box?

e Revise observer assessment questions

Revise B4/B5

Clarify in guide and on assessment form the difference between B1-3 and B4-5
Ensure that people do not complete both questions

Suggestions Slight rewording and reformatting:

FOR MANUAL HANDLING ONLY (i.e. moving a load) What is the frequency of
back movement?

OTHER TASKS (i.e. holding something in a fixed position) Is the task performed
in static postures most of the time?

e Review scoring

Make transparent

Banding possible?

Ensure that people do not fill in a score for B1-3 and B4-5

Different ideas for presentation of interactions — interactions should be apparent
on the scoring sheet as opposed to alpha-numerical codes

e Revise format

On one page?

Provide space for notes and for the 2 worker questions where we may add
‘please give details’

Depending on final scoring system, possibly remove a, b, c etc

¢) Changes to psychosocial questions

Discussion with experts concerning two psychosocial questions to bring them up to date
with current research (e.g. The Bristol Stress and Health at Work Study):

Do you have difficulty keeping up with this work? Never, sometimes, often
Suggestions If often, please give details?
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- How stressful do you find this work? Not at all, low, medium, high.
- Suggestions: - If medium or high, please give details?

- Neither question is considered in the interactions scorings but are part of worker
score

- We do not particularly want to add additional questions to QEC

- We do not want the questions to be more obtuse for the worker

- Want them to be able to list problems if they have any

- The consensus from the QEC user interviews was that these are useful
questions; one person found it helpful to ask for more detail if the person said
they found the work stressful.

Phase 2: Refining and Improving the tool

The following changes were made to the QEC form based on the findings of Phase 1.

1 page layout for both observer and worker input
Portrait format: more suitable for a clipboard
Background details: boxed and more space
Column titles: observer and worker assessment
Central summary of observed exposures (recognising that the scoring system may
still change) using a colour scheme (red/amber/green)
- Need to think about position of letters
- May add in ‘before’ and ‘after’ columns in central scoring
- Amber/red positioning
Added scoring summary table at end of form
Space for additional comments at base of form
Format of examples moved closer throughout form
Would be useful to have black/white version as well as colour

Observer assessment

Highlighted back, shoulder etc headings

Revision of back movement (B1-B5): rewording and reformatting

Changed C to clarify position of shoulder/arm/hand when conducting task - this was
a concern and area for future research in the original report

Edit on D: ‘arm’ removed from brackets

Slight rearrangement of wording in E1-2

Worker assessment

Change to exposure categories labelling of questions: upper case exposure category
labelling
Rewording of H to clarify question re weight lifted by worker as opposed to with the
aid of equipment: ‘manually by you’
Rearrangement of wording in J: grammatically better
Rewording of K to ‘with one or both hands’: grammatically better
Box space for comments on last 4 worker questions: M, N, P, Q

- Should this include L as well?
Examples added to vibration and then removed as unsure if these are good
indicators of vibration levels
Have split the vibration question into two, relating to whole body and hand arm
vibration
Slight editing of wording in responses in N — removed ‘there is’
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Stress question (Q) updated in line with current terminology (i.e. Bristol study)

In questions (vibration and P, Q): changed job/work to task as the focus of all others
questions is the task - have changed back as epidemiological evidence is in relation
to whole job v task, should vibration questions refer to work/task.
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Phase 3: Usability assessment

a) Feedback on QEC from user trials

QEC assessment form layout

Assessment form is crowded - a lot of information on one page

Colour coding is useful

Closeness of the two sets of colour coding appears to imply a relationship between
individual worker and observer questions

Tick or X boxes — instructions needed on QEC form

One person did not seem to realise that F1-3 is about the wrist/hand. Are the
questions too close? Possibly separate out different body parts further or box in
some way

QEC Content

Definition of task needed at beginning

Job analysis, how to break the task down into a component or a significant
piece/segment/section/chunk to analyse. Would help to know the work process
Important how introduce what you are doing to the worker

Would like to see historical perspective of the job

What is the peak load for the task — how do you identify the worst point? Is it where
postures are worst for the task, realising that this could be a one off posture as
opposed to another posture, maybe less serious, but which is the worse case due to
the duration or frequency with which it is adopted? Currently the QEC guide asserts
that it is the magnitude of the posture as opposed to the duration or frequency.
Would like to be able to score right and left side of the body (like REBA)

What about the lower limbs — why are they not included?

Liked combination of observer and worker participation

Gloves made it difficult to assess the hand/wrist postures

People have different perception of angles

More suitable for non-repetitive v manual handling tasks

Decision reached on each question but some surprise from researchers re answers
for A1-3 on back flexion

Realised only had to answer 1 of 2 options (B1-3 or B4-5)

B1 and B2 — too much difference between categories

Comment re B1-3 — borderline decision about what type of task was being assessed
as the back was at the worst position when the bolts were picked up from the box.
One person assessed the task as a manual handling v static task

Posture questions ok to answer but movement questions (D and F) more difficult to
assess

Time: most got through physical factors within 10 mins. Needed that time to refer
back to guide. Would expect new users to do so

Scoring sheet layout

Poorly delineated — need more compartmentalisation

Poor position (on the wrong side) of grey boxes

Too busy

Need more space

Three boxes (GAR) not useful, do not add anything

Add up totals would be better wording for summary scoring box
Took a while to add up total response

C and J combined twice — this was confusing for one person
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On the interactions chart: one person put the scores in the wrong area, score 3
results in score 2 result area

Due to layout, one person thought it might be possible to miss items

Separate cross referencing on scoring chart for each interaction would make scoring
easier

Landscape layout may be better

Scoring sheet content

The order of the items in the scoring sheet is not necessarily relevant to checklist
Opposing set of axis/match worker assessment scoring to observer. But scoring
relates to physical factors not worker/observer interaction — need more explanation
of why comparison of what with what

Interaction chart would require more education and training

Better instructions to add up

Scoring summaries for each body part should be separate from the grid as the
presence of the axis makes this confusing

Guide

Example needed for scoring

Quite wordy

Becomes clearer when doing the assessment

Impact of presentation on guidance - quick reference guide (back p2, neck p3)
Excellent guidance re posture

Tabulated example needed for scoring

General
Terminology which form is which — need to be consistent when talking about the
check, the scoring sheet and the guide

b) Changes to QEC based on the above and general instructions to designers

Constraints

Same order of question presentation

Same wording of questions

Differentiate body areas

Preference for 1 sheet or landscape presentation (observer questions presented
over worker questions)

Area for additional comments

Funds available

Time span

Proximity of coding — gives impression there is a link between worker and observer
questions

Possibilities

Pictures (probably on a double sheet)

Colour not an issue at the moment

Vibration questions — maybe two

Work/job/task — decision about wording

Guide: add in stool for worker. Pictures need to be realistic
Cross referencing in guide

c) Changes to QEC following the first draft of the newly designhed QEC
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Page 1 (background data recording sheet)

Remove assessment sheet from title

Add introductory paragraph

Worker's name — have added an apostrophe and dropped the capital on name
Worker’s job title - have added an apostrophe

For more information on the Quick Exposure Check, contact: have added the,
removed s from checks and added a comma after check

Remove comma after Surrey

Larger font would be preferable for front page

Page 2 — observer and worker assessment

B1-3 or B4/5 - Need ‘or’ to be more prominent
Drop ‘position’ from E2

Small letter for ‘not at all’ on L1 and M1

Q — do not need colon after job

Space required at end of page

Page 3 — scoring

Title required: Exposure Scores

Back

Reorder position of back scores — replace score 2 with score 4

Back: score 4 and 5 OR score 6

Back sum of score not 1 to 6: but 1 to 5 or 1-3 plus 6

On scoring line: bring body part in line with total score e.g. total score for back at the
same level as scoring for other body parts

Other
Have made the typo changes on the sheet itself

Workers evaluation

Worker Evaluation, change to Worker’s Assessment on QEC form
First question should be driving, see sheet

Add letter after work evaluation questions e.g. Stress (Q)

Larger font, particularly for titles of each interaction box

d) Comments made about newly revised form at user trials

Assessment form

Possibly add extra info on front of form: Clock/id number, Hours of work: full/part time,
Actions/recommendations for change, Review date, Would be good to have the name
at the top of each form, One person thought the front cover would not be used

Liked that there was not too much on the form

Liked to see scoring sheet and assessment form alongside each other — remove
paperclip

B1-3 option — could be bolder, made bigger or indented

Perhaps some of the words on B could be capitalised to stress further the option
Question B5 — quantifying ‘most of the time’

L: what if the person drives for 2 hours, the categories are not right

Same for M

Question N (visual demand) lack of option; did not feel activity was high but
description of high (i.e. some fine details) was accurate description of activity
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Not sure whether to ask workers questions or do them themselves (need to read
guide better)

Shading did not immediately jump out, question asked re which is the highest
exposure category, by the time scoring, saw what was going on.

It is not always obvious which is the higher risk category (until you have done it once
or see the obvious pattern) for when on the cusp of two choices

Use of videos for training

Where there is great variety in the nature of the tasks within an activity, would need
to be assessed separately

Really liked one sheet

Needs to be more in guide re F, wanted to focus on the repeated posture not
repeated task

Did not notice ‘give details’ on N, P, Q

People steered off wording on sheet

Easy to use generally, not too many questions or tasks to complete

Liked tick boxes and not having to write too much

Transparent as to how its measures are calculated, enabling you to see where action
could be taken to reduce them

Following one route from assessment to scoring

Quick and easy, appears concise, single sheet, very handy

Cross checks variables (i.e. J and H), simple to use

Difficult to use in loud environment where verbal communication would be
problematic

Confined areas or multiple staff task areas: questioning staff member and
confidentiality

Large operations where it is difficult to see the task

Scoring
Possible to drift and make mistakes
2 mistakes made on scoring (n=1)
5 errors (n=1) — 2 of these due to mislabelling on the assessment form
Easy to follow
Exposure scores (B1-3), not clear that you miss this if completing B4/B5. Needed to
keep track on what | was scoring as tendency to confuse scores
Easy to make a mistake with the need to refer back all the time, ideally should be on
facing pages
Did not understand, | needed clarification, i.e. | did not have answers B1-3, it was
clear that | skip answering those scores
So do the scores highlight | should introduce and intervention, at what point?
Had to read ‘now do 4 and 5 or only 6’ twice
Might miss the workers assessment summary score due to the position
Missed out answering a question (ticked the table but forgot to put score in box),
good practice to put 0 in box
Need indication of what the scores mean. Although the neck was at serious risk in
the observed task, because it only incorporated two factors, the score was much
lower than the others — would a % score be better (i.e. 18 for the neck looks a lot
less than 46 for the back even through both are very serious). This is important if
this is to be used as a tool for management
Discussed computer scoring — the group did not want the impact of the interactions
to disappear
Workers assessment — could not follow where scores 1-4 were located, had to point
this out — thought they should be on left
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Think it would take some getting used to

Difficult to cross reference but would get easier on using a couple of times

| found the scoring sheet time consuming and had to concentrate more. It was
helped by the fact questions were numbered

Guide

Liked diagrams, arm positions were quite extreme, in the assembly task the arms
looked like they were between chest and waist height so was not sure what to
answer

Clear guide, did check back once about wrist position

Referred back once for definitions for back positions. Didn’t use the instructions for
scoring except when looking for an answer on B1-3 difficulty

Shading should be clarified at the start

Found the instructions confusing, requires clarification

Guide was concise although ‘assessment of back’ explanation section had to be re-
read a couple of times

Consulted guide for angles and interpretation but this could reduce with experience
Back postures need to be labelled A1-A3

Wrist postures need to be labelled E1-E2

Having a guide was good to relate scoring to degree of risk as it could be used as a
tool to persuade management to take some remedial action

Software would support the counting and results

Phase 4: Inter-user reliability

Front sheet

Changes to wording of QEC introduction

Add ‘Action required’ after time and date — this will require more space than currently
allocated.

The section allocated to contact information could be less.

Assessment sheet

Add Worker’s name and date at the top of this sheet

Observer’'s Assessment - Back

This is an error from the previous draft of the form. The questions under A should
read Al, A2, and A3.

The distinction between B1-3 and B4-5 could be further enhanced. We would
suggest that ‘either’ and ‘or’ are in capitals and that perhaps a grey line could be
placed between B1-3 and B4-5 to match the scoring sheet.

Worker’'s Assessment — L

Change L2 to More than 1 hour per day

Worker’'s Assessment — M

Change M2 to More than 1 hour per day

Worker's Assessment — N, P, Q

The asterix both beside the letter (i.e. N2*) and beside the text underneath the
question needs to be larger, many people missed this in the user trial.

Exposure Scores sheet

Add Worker’'s name and date at the top of this sheet
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Back

Instruction ‘now do 4 and 5 etc’ could stand out more

Worker’'s assessment on scoring sheet

Remove the heading worker’s assessment
Driving, Vibration, Work Pace and Stress should be given individual orange/white
headings like the Back etc

e The work question should be ‘Work Pace’

¢ No longer need for numbers 1-4 beside each individual score

e In this draft, the individual score boxes had disappeared, still want these
e Remove the total score for worker’'s assessment

Neck

This section could be moved down if more space is required to restructure above
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Phase 5: Validation in the workplace

Observer assessment

Back

A Select worst case situation in italics after the question in bold

B Add more caps: Select ONLY ONE of the two following task options

In order to emphasise the focus of the question, we need to make the actual
guestion stand out something like:

For lifting, pushing/pulling and carrying tasks (i.e. moving the load): Is the movement
of the back

For seated and standing stationary tasks: Does the back remain in a static position
(remove for) most of the time?

In addition, and this will effect the scoring sheet, we would like to change the order of
the questions so B4/B5 would become B1/B2 and B1-3 would come B3-5 — this
provided an opportunity to consider fully if the task was either done in a static
position or was a manual handling task prior to deciding on the frequency of back
movement

Shoulder/Arm

>
>
>

C Select worst case situation in italics after the question in bold
D Slight change of wording: Is the shoulder/arm movement (remove ‘repeated’)
For D1, D2, D3, make the words infrequent, frequent, very frequent

Wrist/Hand

>
>
>

E Select worst case situation in italics after the question in bold
E1 should read ‘...an almost straight wrist’
F Change the wording so it reads...’Are similar motions patterns repeated’

Neck

>

Remove ‘excessively’ from the question

Worker’'s Assessment

>
>
>

K remove from the question: ‘with one or both hands’

L1 and M1 should read Less than one hour per day or Never

And then something else that will effect the scoring sheet: we would like to move N
up the page before the vibration questions so the visual demand question becomes
L, the driving question becomes M and the tools question becomes N so the task
questions are followed by the questions that relate to the whole job

Exposure scores sheet

>

In general this was found much easier to use however a mistake that was commonly
made: adding the driving, vibration, workplace, stress and neck scores together to
form the neck score

Based on the changes of the assessment page, the following adjustments will be
necessary for the scoring sheet:

Back:

- Score 6 (relabelled to score 4) will need to be moved up and score 4 and 5
(relabelled 5 and 6) moved down

- Onscore 4, 5 and 6 the labelling on the score box will therefore need to change
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- Old score 4: B3, B4, B5 across the top

- Old score 5: B3, B4, B5 across the top

- Old score 6: B1, B2 across the top

- Also the words needs to change to Now do only 4 if static or 5 and 6

- The total scores at the bottom need to change to: Sum of scores 1 to 4 or scores
1to 3 plus 5 and 6.

Driving labels need to change to M1, M2, M3

Vibration labels need to change to N1, N2, N3

Neck

- Visual demand is now L so this needs to change in the box title and also the labelling for
N1, N2 to become L1, L2

YV VYV

And additional changes

First page
- first section: Change 'The Guidance' to 'The QEC Guide'
- second section: Action(s) required as opposed to Action required
- Copyright University of Surrey

QEC form

- Question B: Either/Or make more noticeable

- Question H: Remove 'what' at start of sentence

- Question K: Remove 'what' from middle of sentence
- Questions L, P, Q: make asterisk more noticeable

Scoring form

- Back: Now do only 4 if static OR 5 and 6 if manual handling - make as noticeable as
possible, many people still missed this in the trials

- Shoulder arm: Transpose height/duration Score 4 and frequency/weight Score 2 to make
the scoring easier to complete

- Wrist/hand: Transpose repeated motion/duration Score 4 and wrist posture/force Score 2
to make the scoring easier to complete

- Neck: as people totalled neck and driving, vibration, work pace and stress, we would like
to move neck to the top of the page .
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