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KEY MESSAGES
•

The V-MAC is a tool that extends the capability of HSE’s MAC tool to allow the
assessment of jobs where the load and/or frequency of lifting vary significantly.

•

Further development has been carried out to allow it to be used to assess the risks of
variable load/frequency manual handling for shift lengths of between four and 12 hours.

•

A draft website has been developed to support users of the V-MAC.

•

Several rounds of usability testing of the tool and website have been carried out with
inspectors of health and safety and with duty-holders and the tool and website have
been improved in the light of the feedback received.

•

Significant background knowledge is needed to use the V-MAC successfully.

•

The V-MAC should be seen as a targeted tool for use in defined complex
circumstances. It is a more complex assessment method than is needed for many
manual handling operations.

•

HSE may wish to update their advice to HSE and LA inspectors on the use of the MAC
in relation to HSE’s Enforcement Management Model to take account of the use of the
V-MAC in conjunction with the MAC.
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EXECUTIVE SUMMARY
Background
Risk assessment of manual handling operations where the load weight and frequency are very
variable is problematic because of the variability. For simplicity and ease of use, methods of
assessing manual handling tend to concentrate on single constant tasks.
A previous project (Pinder, 2011) developed a new tool called the Variable MAC (V-MAC) to
help assess such tasks.
The approach used in the V-MAC is based on an examination of the load-frequency distribution
of the objects that an individual handles over the course of a working shift. It is designed for
use in conjunction with the Manual handling Assessment Charts (MAC) (HSE and HSL, 2003),
so assumes familiarity with the MAC. Interpretation of risk is done using the traffic-light
approach of the MAC. The assumption made in the initial development of the V-MAC was that
shift durations would not exceed eight hours.
The V-MAC was implemented as a Microsoft Excel workbook. This was demonstrated to
Local Authority (LA) Principal Environmental Health Officers and trialled by a distribution
centre. Feedback was very positive.
The previous report (Pinder, 2011) recommended that the V-MAC should be subjected to
usability testing by inspectors of health and safety and duty-holders familiar with carrying out
risk assessments of manual handling.
Objectives
The objectives of the work described in this report were to:
•

Carry out further technical development of the V-MAC to allow it to be applied to shifts
of up to 12 hours duration and to low frequency handling;

•

Carry out testing to see if the V-MAC is useful to / fit for purpose for use by dutyholders;

•

Carry out testing the usability of the V-MAC with LA/HSE inspectors and duty-holders;

•

Prepare supporting material for the HSE website.

Main Findings
The V-MAC has been adapted to allow different shift lengths to be dealt with by scaling the
underlying hourly handling rates for the risk thresholds. This is done by permitting the user to
enter shift lengths of between four and twelve hours. The built-in allowances for rest breaks are
adjusted in line with the total shift duration.
A method of assessing low frequency variable handling was implemented that displayed the
lower part of the V-MAC chart at an enlarged scale. This was felt to be not particularly useful,
so was removed again.
Testing the usefulness of the V-MAC in a pilot intervention with duty-holders resulted in very
positive feedback and identified areas for improvement.
Three rounds of usability testing of the V-MAC and the draft web pages providing supporting
information were carried out. The first was with HSE Ergonomics and Human Factors
Specialist Inspectors. The second was with Environmental Health Officers. The third was with
duty-holders. The V-MAC and spreadsheet were updated at each stage in the light of the
feedback received.
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Key findings from the usability testing were that:
•

The V-MAC is only of use in specific circumstances so will not be of use to all dutyholders seeking to risk assess manual handling operations.

•

Use of the V-MAC demands a significant level of understanding. This may be gained
through training in its use or through the information provided in the draft web pages.

•

The V-MAC needs to be clearly understood to be an add-on to the MAC. As a result,
the report discusses the relationship between the V-MAC and HSE’s advice to
inspectors on using the results of a MAC assessment in the light of HSE’s Enforcement
Management Model (EMM). HSE may wish to issue updated guidance to take account
of the use by inspectors of the V-MAC in conjunction with the MAC tool.

•

Collection of data for entry to the V-MAC has the potential to be onerous where it is not
already held in a computer system.
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1.
1.1

INTRODUCTION

BACKGROUND

Manual handling when picking orders is common in warehouses but the weights handled and
rates of handling are typically very variable. This is also the case in other sectors, such as parcel
sorting, trailer loading/unloading and parts delivery in manufacturing. During an inspection of a
picking warehouse it was evident to the Local Authority (LA) Environmental Health Officer
(EHO) involved that the Manual handling Assessment Charts (MAC) were not suitable for
assessing such tasks because they assume that the load weight and frequency of handling are
both fixed. Following the visit, the Health and Safety Executive (HSE) funded a project under
the LA Science & Technology Initiative to develop a method of assessing the risk from variable
load / variable frequency manual handling operations (Pinder, 2011). The outcome of this
project was the development of the V-MAC (Variable MAC) for use by both HSE and LA
inspectors and duty-holders. A prototype Microsoft Excel workbook was developed to
implement the V-MAC in electronic form. This could be seen as a “proof of concept”.
1.2

OBJECTIVES

This report describes further development of the V-MAC. The specific objectives were to:
•

Carry out further technical development of the V-MAC to allow it to be applied to shifts
of up to 12 hours duration and to shifts with low overall frequency of handling, such as
under 200 lifts per shift;

•

Test whether duty-holders find the V-MAC useful in making decisions about changes in
handling practices in jobs where there is variability in load weights / frequencies;

•

Ensure that the V-MAC is usable by testing it with LA/HSE inspectors and duty-holders
who would wish to assess the manual handling risks posed to their employees when
carrying out variable weight/frequency manual handling;

•

Prepare supporting material to be hosted on the HSE website.

1.3

METHODOLOGY

The work described was distributed over three activities:
1.3.1

Technical development

Technical development of the V-MAC was requested to extend its scope to include shifts of up
to 12 hours duration and low frequency handling tasks.
Alongside this, web pages were prepared to provide guidance to users of the V-MAC.
1.3.2

Pilot intervention study using the V-MAC

A pilot intervention study was carried out to test the usefulness of the V-MAC to duty-holders
when deciding how to control risks in very variable manual handling.
1.3.3

Usability testing of the V-MAC

The objective of the usability trials was to ensure that the V-MAC is usable by:
•

Environmental Health Officers;

•

Health and Safety Executive Inspectors;

•

Duty-holders;
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when:
•

Assessing the manual handling risks posed to workers performing picking tasks;

•

Seeking to reduce the risks from manual handling.

Usability testing of the V-MAC consisted of the following stages:
1. Checking the clarity of language, usability and understanding of the V-MAC tool and draft
web pages with HSE Specialist Ergonomics and Human Factors Inspectors.
2. Briefed user trials of both the V-MAC and the draft web pages with EHOs.
3. Final usability testing with duty-holders to ensure fitness for purpose.
This was an incremental process where the results from each of the individual user trials were
used to inform subsequent V-MAC prototypes and revisions of the web pages.
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2.

TECHNICAL DEVELOPMENT OF THE V-MAC

2.1

INTRODUCTION TO THE V-MAC

2.1.1

Overview

The V-MAC assesses manual handling risk from variability in load weight and frequency by
examining the distribution of weights handled over a working shift plotted against coloured risk
bands (Figure 1 and Figure 2). It also plots summary statistics to allow the assessment of the
overall demands of the task. These consist of measures of central tendency of the distribution
(the arithmetic mean, the median and the mode) and measures of the dispersion of the
distribution (the 25th and 75th percentiles, which are the same as the 1st and 3rd quartiles).

Figure 1

Figure 2

The blank V-MAC output chart

Example data in the V-MAC output chart
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2.1.2

What the V-MAC does

The V-MAC allows the user to assess the risks from handling of variable weight loads. In
particular, it allows the user to:
•

Consider extreme individual loads that create increased risk due to their weight;

•

Consider the overall demands of the job over the working shift through examining the
where the middle of the distribution of loads is (using measures of central tendency) and
how spread out the distribution of loads is (the dispersion of the distribution);

•

Consider the metabolic cost of the job through physiologically based limits;

•

Take into account if the worker is required to carry loads for significant distances.

This approach means that there is no need to make a detailed assessment either of the working
patterns within a shift, or of the timing and duration of individual rest breaks.
2.1.3

Data entry to the V-MAC

The V-MAC is currently implemented as an MS Excel 2003 workbook. The workbook displays
an input tab (‘Instructions & Data Entry’), and two output tabs, which relate to different shift
durations (Figure 3).

Figure 3

V-MAC workbook tabs

The input tab (Figure 4) gives basic instructions for the user and has clickable links to the
associated web pages. It provides a data entry table consisting of 16 columns and 512 rows for
the weights of individual items. It is designed for each column to be used to enter the data for
an individual task (such as filling a roll cage) that the worker completes. Data can be entered
either by manual typing, using the Fill function within Excel, or by copying and pasting from an
external source, such as a Warehouse Management System.
Each column has a cell for the task name, description or code. It also has a cell to enter the
average carry distance for the task. This is used to take into effect the demands of carrying
loads in the assessment of the overall demands of the task (Pinder, 2011). Another cell in each
task column counts the numbers of item weights entered for the task.
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Figure 4

The input screen showing the top of the data entry table

The shift length can be between four and 12 hours. The different output tabs are provided for
durations between four and eight hours, and durations between eight and 12 hours in order to
accommodate scaling the output within MS Excel. The input tab also contains hyperlinks to
take the user to the correct output tab (Figure 5).
The shift length is entered by typing into a cell within the relevant output tab (Figure 6). The
time has to be entered in the hh:mm format.

Figure 5

Hyperlinks to the output tabs within the input tab
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Figure 6
2.1.4

Shift duration entry in the output tab for four to eight hour shifts

V-MAC output

Because there are two output tabs, the same data are plotted in both output tabs. (This can be
used to make comparisons between different shift lengths.) The weight distribution is plotted
using the pale blue/grey bars in the graphs with the height of each bar displayed above it (see
the example in Figure 7). This plotting is done by rounding item weights to the nearest
kilogram. This means that (for example) weights of 9.6, 10.0 and 10.4 kg would all be plotted
in the 10 kg bar on the weight distribution. The colour band associated with each bar is
determined by the colour behind the top of the bar. Thus, in Figure 7, the pink bar at 15 kg
(actually the 75th percentile bar) passes through the Green colour band and its top is in the
Amber colour band, so its colour band is Amber.

Figure 7
2.1.5

Example output graph for a 12 hour shift

Risk classification table

The colour bands used to indicate risk levels in the V-MAC have been derived (Pinder, 2011)
from the colour bands in the load weight/frequency chart for lifting tasks in the MAC tool (HSE
and HSL, 2003), which were in turn derived from data on the maximum acceptable weights of
load that individuals are willing to handle over an eight-hour working shift.
The definitions of the meanings of the colour bands in the V-MAC have been adapted from the
definitions in the MAC to apply specifically to variable handling. They are set out under the
headings of “What it means” and “Action to take” in Figure 8.
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numerical scores are identical to the scores for the load weight/frequency charts in the MAC, so
G=0, A=4, R=6 and P=10.
Table 1

Overall V-MAC score based on the worst case scenario

Worst case V-MAC summary bar

Overall colour band/score

Any bar in the Purple colour band

Purple/10

No bars in Purple, but at least one bar in Red

Red/6

No Purple or Red bars, but at least one Amber bar Amber/4
No Purple, Red or Amber bars

Green/0

Individual summary bars do not have scores because the scoring system only applies to the
MAC score sheet.
Figure 10 shows the MAC score sheet with the colour band/score from Figure 9 filled in for the
Load weight / frequency risk factor.

Figure 10 MAC score sheet for the example data in Figure 7 and Figure 9
2.2

BACKGROUND INFORMATION

2.2.1

MAWL based risk boundaries

The boundaries between colour bands in the MAC load weight/frequency chart (Monnington et
al., 2002) were defined by choosing Maximum Acceptable Weight of Lift (MAWL) values for
specific percentiles reported by Snook and Ciriello (1991). These are set out in Table 2 and are
represented by the sloping and vertical boundaries in Figure 1 and Figure 11.
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Table 2

2.2.2

MAWL Percentile boundaries for the MAC and V-MAC

Colour band boundary

Value

Purple/Red

90th percentile male

Red/Amber

50th percentile male

Amber/Green

50th percentile female

Physiologically based risk boundaries

There are horizontal boundaries in the V-MAC (i.e., at fixed handling rates) to indicate when
the physiological demands of performing the job over a whole shift become excessive (Pinder,
2011). They are indicated in Figure 11 as either a “Lower physiological limit” or an “Upper
physiological limit”. The colour band changes to the next worse band when the number of lifts
passes one of these limits.

Figure 11 The physiological boundaries in the V-MAC
For loads below 12 kg, the Green colour band changes to Amber at 6.0 lifts per minute (2520
lifts over an eight hour shift) and to Red at 6.7 lifts per minute (2800 lifts over an eight hour
shift). For loads between 12 kg and 20 kg, the Amber colour band changes to Red at 6.0 lifts
per minute and to Purple at 6.7 lifts per minute.
The psychophysical data used to define the boundaries of the Red colour band in the MAC are
for males of the 50th and 90th percentiles, and show that lifting at rates above 4.3 lifts per minute
(1800 lifts over an eight hour shift), exceeds the physiological criteria (Snook and Ciriello,
1991). Therefore in the V-MAC the physiological limit for the Red colour band was set at this
frequency, with the colour band above it being Purple.
The horizontal line of the physiological limit for the Red colour bands at 4.3 lifts per minute
meets the sloping line of the psychophysical boundary between the Amber and Red colour
bands at a weight of 22 kg. This means that for the weight of 21 kg there is a gap between the
20 kg maximum of the lower physiological limit for the Amber colour band and the 22 kg
minimum of the physiological limit of the Red colour zone. As a result, for the 21 kg weight,
the colour band can change directly from Amber to Purple. While it is not ideal that there is no
Red colour band between these colour bands at this weight, there is no obvious way of defining
one. Given that this is only the case at one weight, that there is uncertainty in the boundaries
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between colour bands and that both Red and Purple colour bands indicate the need for priority
to be given to action to reduce the demands of the job, this is not seen as a serious problem.
The upper limit was set at 6.7 lifts per minute (2800 lifts over an eight hour shift), because, for
weights below 20 kg, Snook and Ciriello (1991) indicate that lifting at that rate or above for
eight hours or more would exceed recommended limits on rate of oxygen consumption
(NIOSH, 1981).
2.3

APPLICATION OF THE V-MAC TO SHIFTS OF DIFFERENT
DURATIONS

The load-frequency charts in the MAC are based on psychophysical data from laboratory
studies reported by Snook and Ciriello (1991). These data are defined as applying to shifts
lasting eight hours. The assumption within the MAC is that the load weight/frequency charts
within it also apply to eight hour shifts, and unlike the 1991 NIOSH lifting equation (Waters et
al., 1994), it does not attempt to make allowances for shorter durations of lifting. Nor does it
deal with shifts of longer than eight hours duration. These assumptions were carried forward
into the initial development of the V-MAC.
Subsequent discussion with a duty-holder responsible for health and safety in a distribution
centre belonging to a supermarket chain revealed that their standard shift length was 9.25 hours.
This raised the issue of how the V-MAC should be modified to deal with shifts of different
lengths. Shifts can range in duration from part-time staff working four hours shifts to full-time
staff working standard 12 hour shifts. There can also be situations where workers do occasional
or regular overtime. Therefore the need was identified to allow the V-MAC to be applied to
shifts of up to 12 hours.
2.3.1

Relationship between shift duration and MAWL

A literature review by Pinder (1997) examined the relationship between load and frequency in
manual handling. This identified work by Mital (1983) that had looked at 12 hour shifts and
studies that looked at the use of short (up to 40 minutes long) adjustment periods in
psychophysical studies for eight hour shifts (Ciriello et al., 1990; Fernandez and Ayoub, 1987;
1988; Fernandez et al., 1991; Founooni-Fard and Mital, 1993a; 1993b; Karwowski and Yates,
1984; 1986; Mital et al., 1993; 1994; Snook and Irvine, 1968; Snook et al., 1970). The review
(Pinder, 1997) concluded that short adjustment periods were valid for frequencies of up to 6 lifts
per minute, but above that, the subjects tended to overestimate their capacity
2.3.2

Evidence of overestimation of full-shift MAWL based on short
adjustment periods

Mital (1983) sought to validate the psychophysical methodology by comparing MAWLs
selected after 25 minutes of lifting with MAWLs selected after eight and twelve hours of actual
lifting. He used five males and five females as subjects, who were part of a group of 37 males
and 37 females determining MAWLs in a larger study. He found that the MAWL decreased
with time and thus demonstrated that the MAWLs that his subjects selected after 25 minutes of
lifting did not represent the MAWLs that they could actually lift over eight or twelve hours.
On average, males actually lifted only 65% of the load they had estimated for eight hours, and
only 70% of the load they had estimated for 12 hours. During the adjustment period, the
females selected the same amount for eight and 12 hours. However, after eight hours of actual
lifting, they had reduced it to 84% of the original load. By the end of twelve hours they had
reduced the load to 77% of the estimate. The decreases in weight were non-linear and were best
fitted by cubic equations, which explained 96% of the variance for males and 99% of the
variance for females.
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In this study each of the ten subjects was tested at only one box size-frequency-height
combination randomly selected from 36 combinations of four frequencies (1, 4, 8 and 12
lifts/min), three box sizes (30.48, 45.72 and 60.96 cm in the sagittal plane) and three heights of
lift (floor to knuckle, knuckle to shoulder, and shoulder to reach). This means that that there is
no way of telling how much of the observed variability over the duration of the shift was due
solely to the effect of lifting frequency. The physiological demands of lifting at one lift per
minute and twelve lifts per minute are very different so would be expected to cause fatigue at
different rates, so it is possible that the rate of overestimation of MAWL would depend on the
frequency of lift.
Other papers by Mital (Mital, 1985; Mital et al., 1984) report the same study and he later used
students rather than industrial workers to repeat the study with another five males and five
females actually lifting for 8 and 12 hours (Mital, 1986). Because the same protocol was used
it would still not be possible to separate out the effects of the four different frequencies used.
Genaidy et al. (1990) used the duration multipliers reported by Mital (1983) to develop models
for predicting MAWL, with duration being one of seven factors in a multiple regression
equation.
Fernandez et al. (1991) tested 12 male subjects psychophysically at 2 lifts per minute and 8 lifts
per minute over eight hours. They found that at the end of eight hours the MAWL at two lifts
per minute was 87.8% of the MAWL previously selected in a 25 minute trial. At eight lifts per
minute, the MAWL after eight hours was 82.9% of the MAWL after 25 minutes. The average
for the two frequencies was 85.4%. They carried out this study in the light of the study by Mital
(1983), who had found a decrease to 65% of the initial value.
Marras et al. (2006) used electromyography (EMG) and the Lumbar Motion Monitor (LMM) to
examine the effect on spinal loading of lift duration while repetitively lifting over an 8-hour
work day. They found that spine loading is governed by a complex mixture of work-related
factors, particularly the worker’s experience. Duration of lifting was another factor that
influenced muscle recruitment profiles, with the spinal compression increasing over the first two
hours but then remaining effectively constant for the remaining six hours of the lifting period.
They also found that muscle coactivation increased later in the day and resulted in higher spinal
loads. There was also an increase in the sagittal moment after the first two hours of the day.
They suggested that this change in lifting technique may have been related to an increase in
muscle fatigue. They suggested that there should be further investigation of the implication of
the gradual spinal loading increase for more strenuous and more variable manual handling tasks.
They suggested that estimating spinal loading at the end of the day by extrapolating
measurements of loading from brief periods of lifting may not be accurate.
2.3.3

Methodological differences between studies

The key difference between the methodology developed at Liberty Mutual in the 1960s (Ciriello
et al., 1990; Snook and Irvine, 1968) and that later adopted at Texas Tech by Mital (1983),
Karwowski and Yates (1984; 1986) and Fernandez (Fernandez and Ayoub, 1987; 1988;
Fernandez et al., 1991) was that Liberty Mutual had subjects exerting on a series of tasks for 40
minute periods for a total of four hours for multiple sessions over a period of weeks, whereas
the others had the subject exerting for 25 minutes only for each condition. Also Liberty Mutual
had subjects perform each task twice, from both high and low starting weights whereas the
Texas Tech approach had each subject perform each condition once starting from either a low or
a high weight. Snook and Irvine (1968) had used a one hour adjustment period but stated that:
“It appears from the results of this experiment that, in further psychophysical studies of lifting
tasks, the duration of each task may be reduced from 1 hour to 40 minutes.” As a result, later
Liberty Mutual studies standardised on a 40 minute adjustment period for each task, split into
two 20 minute periods with one starting with a light weight and the other starting with a heavy
weight (Snook et al., 1970).
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2.3.4

Reported rates of decline of MAWL over a shift

Mital (1987a) gives rates of decline of MAWL of 3.4% and 2.6% per hour for male industrial
workers and students respectively. Fernandez et al. (1991) gives figures that equate to 2.2% per
hour for male students at 8 lifts per minute. At 2 lifts per minute it was 1.5%, giving an average
across frequencies of 1.9%. So the values obtained on experimental groups made up of male
students are reasonably comparable to those obtained from experienced industrial workers. For
females, Mital (1987a) reported rates of decline of 2.0% and 1.9% respectively for industrial
workers and students.
Because of these studies indicating that actual MAWL over a workshift was lower than the
estimated MAWL derived from a relatively short adjustment period, a further study (Ciriello et
al., 1990) was carried out at Liberty Mutual to investigate the issue. This had subjects carrying
out the same task over a four hour period and allowing them to continue to adjust the weight
throughout the period. Frequencies up to 4.3 lifts per minute were tested. They found that their
existing method of establishing MAWL from a 40 minute adjustment period was accurate for
frequencies of up to 4.3 lifts per minute and tasks carried out for four hours.
For frequencies up to 6 lifts per minute, Karwowski and Yates (1986) found no decline in
MAWLs lifted for a period of four hours after being selected during a 20 minute period as
acceptable for an eight hour shift. They did find decreases at frequencies of 8 and 12 lifts per
minute (Karwowski and Yates, 1984; 1986). They therefore argued that the psychophysical
method is not reliable for setting lifting guidelines above 6 lifts per minute.
2.4

USE OF RATES OF DECLINE IN MAWL IN THE DESIGN OF THE VMAC

2.4.1

Adjustment for shift length

The evidence discussed above was interpreted as indicating the possibility that the
psychophysical methodology overestimate MAWL, with this being most likely in studies with
short adjustment periods, for high frequency tasks and for shifts of longer than eight hours.
However, the evidence from the studies using the more rigorous Liberty Mutual methodology
did not show declines for low frequency tasks. In an attempt to balance these conflicting pieces
of evidence, it was felt that account should be taken of the evidence of overestimation for
durations of over eight hours, but that the weight given to it should be reduced by using smaller
rates of decline than had been reported. Therefore the initial method of dealing with different
shift durations was based on the following decisions:
•

For shifts up to eight hours, to continue to use the colour band boundaries in the MAC,
that were taken from the MAWL tables given by Snook and Ciriello (1991), as the basis
for the boundaries in the V-MAC.

•

For shift durations of over eight hours, to reduce the eight hour values of the colour
band boundaries by 1% per hour for both males and female workers. This was chosen
to be at most half of the figures of 3.4% and 2.0% per hour reported by Mital (1987b)
for male and female industrial workers respectively.

In order to implement these adjustments in the Microsoft Excel workbook, separate worksheets
(see Figure 12) were created to display graphs for shift durations of:
•

Up to 8 hours

•

Over 8 and up to 10 hours

•

Over 10 and up to 12 hours

This was a simplifying assumption that grouped durations over eight hours into two hour bands
to avoid the need to use actual shift durations. A similar assumption underlay the use of the
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eight hour duration to represent a standard working day, even though some workers might only
work seven or seven and a half hours per day.

Figure 12 Worksheet tabs showing the three shift duration ranges
What this meant in practice was that for durations between eight and ten hours, the duration was
treated as ten hours, so a 10% reduction was applied. For durations between 10 and 12 hours,
the duration was rounded up to 12 hours for the purpose of calculating the reduction, leading to
a 12% reduction. This process introduced step changes when the eight and ten hour durations
were exceeded. The figures for the three durations are set out in Table 3.
Table 3

Reductions in MAWL for extended shift lengths

Shift duration

Percentage reduction

Percentage of 8 hour MAWL

Up to 8 hours

0%

100%

Over 8 and up to 10 hours

10%

90%

Over 10 and up to 12 hours

12%

88%

The physiological boundaries were kept at rates of 6.0 and 6.7 lifts per minute, so the longer
shift lengths resulted in higher absolute values for these boundaries.
2.4.2

Breaks

The physiological cut offs in the initial version of the V-MAC were defined by calculating an
actual picking duration in minutes and multiplying by the physiological thresholds in lifts per
minute. The actual picking duration was calculated by subtracting a rest break allowance of one
hour. This is based on the approach taken for the NIOSH equation which assumes that workers
have “standard industrial rest allowances (e.g., morning, lunch, and afternoon rest breaks)”
(Waters et al., 1994). It was also assumed that for each extra 2 hours on the shift length, an
extra 15 minutes break time would be allowed. Because of the simplifying assumption
discussed above with shift length being put into three categories, this resulted in the allowances
and picking durations given in Table 4.
Table 4

2.4.3

Rest break allowances for the three shift durations

Shift duration

Rest breaks allowance Picking duration
(hh:mm)
(hh:mm)

Up to 8 hours

01:00

07:00

Over 8 and up to 10 hours

01:15

08:45

Over 10 and up to 12 hours

01:30

10:30

Interpolation of weights

The limitations of Microsoft Excel 2003 meant that the basic V-MAC output graph was
implemented as an area chart, with various areas overlapping to provide the correct colour
pattern. It would have been preferable to have used an X-Y scatterplot which would allow
straight lines to be drawn between the points plotted directly from the psychophysical data at the
frequencies reported by Snook and Ciriello (1991). However, because filled areas of colour
could not be generated with an X-Y scatterplot, the area chart option was used instead. This
required “lifts per shift” to be calculated by linear interpolation at 1 kg intervals. For eight hour
shifts the values used were taken directly from Snook and Ciriello (1991) and were already
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rounded to the nearest kilogram. The process of calculating values for 10 hour and 12 hour
shifts resulted in non-integer values at the fixed frequencies. For simplicity in the first version
of the multiple-shift V-MAC, these were rounded to the nearest kilogram.
2.4.4

Four hour shift lengths

The initial decision on how to handle different shift lengths allowed shifts longer than a
standard eight hours to be considered. However, some workers, such as some employed parttime, carry out manual handling tasks for shorter periods and it was realised that it would be
attractive to be able to assess these jobs. This led to a consideration of the evidence related to
shorter shift lengths, particularly four hour shifts.
As noted above, the study by Ciriello et al (1990) found that at rates up to 4.3 lifts per minute,
there was no difference between the load selected as acceptable after 40 minutes and the load
selected as acceptable after four hours.
Cheng and Lee (2003) and Lee and Cheng (2011) obtained MAWLs where the subjects were
instructed that the period they should select the MAWL for was four hours. Lee (2003) required
subjects to adjust the frequency of handling to determine “minimum acceptable handling time
intervals” for four hours of lifting. None of these studies compared their results to studies
where eight hour values were obtained.
Because of the lack of evidence relating four hour MAWLs to eight hour MAWLs, it was
decided at this stage not to attempt to apply the V-MAC to four hour shifts. However, the
changes discussed in Section 2.5 subsequently led to the current approach being adopted that
can be applied to shorter durations.
2.5

RECONSIDERATION OF ADJUSTMENTS FOR SHIFT LENGTH

2.5.1

Inconsistencies between shift lengths

It was noted during the testing with duty-holders and inspectors reported in Sections 5 and 6
that there were inconsistencies between the three duration output graphs at the colour
boundaries. This became even more apparent when changes were made to the Summary Table
so that it displayed colour codes automatically. It was realised that a particular bar (e.g., 75th
percentile) could be Amber in the eight hour chart, Red in the 10 hour graph and Amber in the
12 hour graph. This implies that a job that is acceptable over eight hours becomes unacceptable
if exactly the same lifts were carried out over 10 hours, without any other change in the job. In
such circumstances, spreading the same work over a longer period should increase the
acceptability, not make it worse, so it was clear that the way of dealing with longer shifts
needed to be modified.
Further investigation showed that removing the errors caused by rounding MAWLs for the
longer durations to the nearest kilogram did not eliminate the problem. Using the same graph to
plot the curves for lifts per minute for the three durations shows that the 90% and 88% curves,
as would be expected, are parallel to the eight hour (100%) curve. However, multiplying by the
different durations of lifting for the three shifts to plot “lifts per shift” reveals that the 88% and
90% curves cross each other several times. The reduction in MAWL that moves the boundaries
toward the lighter side of the graph can (inconsistently) be more than offset by the additional
number of lifts that can be performed due to the longer shift length.
It appears that the curves overlapped because of the small difference between the 90% and 88%
values. Increasing the difference between the 10 hour and 12 hour correction factors would
resolve this issue. This called into question the decision to use a 1% per hour reduction in
MAWL for shifts of over eight hours duration.
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2.5.2

Revised approach to shift duration

A re-examination of the evidence that selecting MAWL over a short period underestimates
MAWL over a shift in the light of the problems with overlapping curves led to the decision not
to adjust MAWLs for duration. This was because the evidence of the problem was weak, and
appeared in part at least, to be due to the differences in protocol between the Texas Tech studies
and the Liberty Mutual studies, with the Liberty Mutual studies using longer adjustment periods
and greater experience in subjects, meaning that their data should be more reliable. The later
experimental evidence (Ciriello et al., 1990; Karwowski and Yates, 1984; 1986; Karwowski et
al., 1986; Waters et al., 1993) indicated that the psychophysical approach was accurate up to 6
lifts per minute. Since the V-MAC graph includes a lower physiological limit at 6 lifts per
minute and a higher one at 6.7 lifts per minute, there is no need for further adjustment.
The decision to remove these adjustments allowed the V-MAC to be simplified by basing the
colour band boundaries on a single set of hourly rates of lifting. It therefore permitted actual
shift lengths to be used, rather than the duration bands used in the previous draft. This meant
that shift durations from four to 12 hours could be handled.
In this version of the V-MAC, the user is asked to enter the shift duration and the MAWL
colour band boundaries and the physiological limits are calculated for it, taking into account
allowances for rest breaks. These were estimated as “typical” values for the shift duration and
are set out in Table 5.
Table 5

Rest allowances for shift durations between four and 12 hours

Shift duration
(hh:mm)

Breaks (hh:mm)

Picking duration
(hh:mm)

04:00 – 06:29

00:20

03:40 – 06:09

06:30 – 07:29

00:30

06:00 – 06:59

07:30 – 07:59

00:45

06:45 – 07:14

08:00 – 08:59

01:00

07:00 – 07:59

09:00 – 09:59

01:10

07:50 – 08:49

10:00 – 11:29

01:15

08:45 – 10:14

11:30 – 12:00

01:30

10:00 – 10:30

2.6

OTHER DEVELOPMENTS WITHIN THE V-MAC

2.6.1

Overall risk and link to MAC score sheet

During the discussion with HSE Specialist Inspectors (Section 5) a request was made to link the
output of the V-MAC to the MAC score sheet by giving an overall score to summarise the
different colour bands in the summary table. This was done by adding an “Overall colour
band/score for MAC score sheet” to the Summary table (Figure 9).
2.6.2

Measures of dispersion

The usual statistical value of the spread of a distribution is the standard deviation. This is
difficult to define and has a complex formula. Early in the development of the V-MAC, in
order to help potential users who are not familiar with the concepts of standard deviation and
variance, it was decided to indicate spread by the use of quartiles (defined in Table 6), as being
more easily understood.
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Table 6
Quartile
st

1 quartile
nd

2 quartile
rd

3 quartile
th

4 quartile

Quartiles and equivalent percentiles

Percentile

Meaning

th

One quarter of values are less than or equal to this

th

One half of values are less than or equal to this

th

Three quarters of values are less than or equal to this

25 percentile
50 percentile – the median
75 percentile
th

100 percentile

All values are less than or equal to this

At this stage it was decided that because the aim was to help users to focus on the risky features
of the distribution, then the 75th percentile would be displayed, but not the 25th percentile, which
will always be towards or in the Green colour band.
The initial version of the V-MAC therefore used the 75th percentile to help show how much
spread there is in a distribution of handled loads. In presentations about it, it was described as
“the middle of the heavy end of the job”. It was clear from discussion with users that this was
the most difficult concept for them to grasp. Therefore it was later decided to add the 25th
percentile in order to help improve users’ understanding. This means that the summary bars on
the graph have some symmetry. The explanations in the draft web pages were also improved.
2.6.3

Carry adjustment

Queries were raised about the carry adjustment and whether it was necessary to use it. As a
result, the Frequently Asked Questions (FAQs) section of the web pages was revised to
emphasise that an assessment could be carried out without entering any carry distances, but that
if a job involves significant carrying, then an assessment taking account of it would give a better
indication of the overall demands of the job.
2.6.4

Low frequency handling graph

One of the aims of the project was to examine the question of how jobs with low overall
numbers of tasks could be assessed with the V-MAC. Where the overall number of tasks was
low it was difficult to pick out bars on the graph because of their small heights. Therefore, an
additional tab was introduced that that displayed the lower part of the Up to eight hours tab at
an enlarged scale.
During discussion with the Specialist Inspectors, a query was raised about whether the Low
frequency tab was of actual use. In response to this, a decision was made to remove that tab, but
that if other users requested such a feature, it would be reinstated. Subsequent testing has not
shown a demand for this tab so it has not been reinstated.
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3.

THE DRAFT V-MAC WEBSITE

After discussion between HSL and the HSE webteam it was agreed that the draft webpages
would be written to fit within the structure and style of HSE’s website, as part of the MAC tool
microsite on the HSE website. The text and images for the draft pages were written and
generated by HSL and then sent to the HSE web team who created the draft website on a
password protected test part of the HSE website. This allowed access to be given to volunteers
who were willing to test or review the site. The location meant that it was clear that the pages
were drafts and were liable to be revised in the light of the feedback that was received.
Figure 13 to Figure 16 are screen grabs of parts of the pages from the draft website. They are
included here to give an indication of the structure and content of the pages.

Figure 13 The V-MAC home page
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Figure 14 The V-MAC Before you begin page

Figure 15 The How to use the V-MAC page
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Figure 16 The V-MAC FAQs page
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4.
4.1

V-MAC PILOT INTERVENTION STUDY

OVERVIEW

The objective of the pilot intervention study was to test the usefulness of the V-MAC to dutyholders when they are deciding how to control risks in very variable manual handling. This was
achieved by using qualitative measures of perceptions, which would identify areas where
changes to the V-MAC would be useful.
The pilot intervention study consisted of the following key activities:
•

Recruitment of firms;

•

Training the firms in use of the V-MAC;

•

Provision of advice on interpretation of outputs and selection of changes;

•

Follow-up 1 month after implementation of changes;

•

Revision of V-MAC in the light of the findings.

4.2

METHODOLOGY

4.2.1

Recruitment of firms

The aim was to recruit six firms from the retail and motor industry sectors that:
•

Wished to make changes in the immediate future to specific jobs or tasks;

•

Had specific jobs with significant load variability and high perceived risk / high
reported MSD problems.

An information sheet (Annex 1.1) was prepared detailing the purpose of the work and
participation requirements. This was sent to contacts in Local Authorities, the Motor Industry
Ergonomics Group (MIEG), the Supermarket Safety Group (SSG), the British Retail
Consortium (BRC), the IOSH (Institution of Occupational Safety and Health) warehousing
forum, the IOSH Retail & Distribution Group and the Trade Unions Congress (TUC). Although
six organisations were recruited, unfortunately one did not actually take part in the study due to
a lack of time within that firm. Of the five remaining organisations, two were large retail
companies, two were car manufacturers, and one was a supplier to the printing industry.
4.2.2

Training of firms

A member of the research team visited each firm by in order to train their selected
representative(s) in the use of the V-MAC to assess variable handling jobs. This was so that
they would be able to input and interpret their own data using the tool.
The training consisted of a power point presentation (Annex 1.2) covering the following:
•

What to assess;

•

How to input data;

•

How to interpret the data;

•

Developing an action plan;

•

Advantages of the V-MAC;

•

Limitations of the V-MAC.
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The appointed person(s) was then asked to use the V-MAC, which was provided on CD-ROM,
to carry out assessments of jobs involving variable loads that they wanted to change.
4.2.3

Advice on interpretation of outputs and selection of changes

Following each company’s use of the V-MAC, a second visit was made to their site by a
member of the research team to review the assessments and to advise on any changes that they
wished to make in the light of the V-MAC assessments. Advice and support were also provided
by telephone/email as appropriate.
4.2.4

Follow up one month after implementation of changes

The plan was that, once changes had been implemented, a third visit would be made four weeks
later, to carry out a structured interview with the appointed person(s). It transpired that none of
the sites involved actually implemented changes, but the individuals concerned were still
willing to give feedback on their experiences of using the V-MAC. The interview probed
perceptions of the usefulness of the V-MAC in helping identify hazardous variable handling and
areas for change using questions under the following headings:
•

Planning to use the V-MAC;

•

The V-MAC in use;

•

The V-MAC and understanding manual handling issues;

•

Further development of the V-MAC.

The interviews were recorded and transcribed, for qualitative, thematic, analysis. The HSL
Work Psychologists who led the interviews also carried out the analysis of the transcripts.
4.3

FINDINGS OF THE STRUCTURED INTERVIEWS

The detailed findings from the structured interviews are given in Appendix 9.1. The Action
points taken from those findings were used to inform the next stage of development of the VMAC. These are given in the following summary boxes in Sections 4.3.1 to 4.3.3.
4.3.1

Action points - The V-MAC in use
•

The instructions for use could include more comprehensive background details
about why the V-MAC tool was developed and the advantages of using it. This
could enable a better understanding by users involved with a wider range of work
practices.

•

The ease of data entry into the spreadsheet could be improved if the active cell
automatically moved down following each value that is entered.

•

Potential users of the V-MAC will differ somewhat in their ability to interpret its
output, pointing to a need to:
•

Reconsider how the output is formatted (so as to accommodate as wide a range
of users as possible);

•

Consider ways to ensure potential users have the necessary skills, or can be
developed in this capacity, to have confidence in interpreting the current output
format;

•

Provide some additional training/tuition in how to interpret the output from the
V-MAC, in particular the summary bars.
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4.3.2

Action points - The V-MAC and understanding manual handling
issues
•

The assumptions that underpin the V-MAC need to be made more explicit in the
instructions to improve the users’ understanding of the V-MAC scope and
interpretation of the outputs. In particular, the instructions need to make the
following clear:
•

The output graphs are intended to flag up the potential risks for further
investigation, not to provide an absolute determination about the risks.

•

The outputs are only as accurate as the data that are inputted.

•

The V-MAC was designed to replace the MAC only with respect to assessing
load weight and frequency. This point was not clearly understood even though
it was explained in the training material provided.

•

The scope and limitations of the tool need to be clearly set out for businesses
considering using the tool. The time taken to prepare and conduct a V-MAC
assessment is also a factor that businesses need to be made aware of.

•

The instructions stating that the assessment should be conducted using only a
restricted but representative subset of individuals need to be made clearer.

•

The instructions could be improved to make it clear to users that they can
experiment with the data and use the graphical outputs to visualise how making
changes to the process can affect the risks.

4.3.3

Action points - Further development of the V-MAC
•

Guidance on how to identify the processes that have sufficient variability for VMAC assessment to be appropriate.

•

Example graphs to aid interpretation, particularly with respect to the summary bars.

•

More specificity in results to guide the assessor’s further investigations of the risk
and also to help the assessor when communicating the implications with senior
managers.

•

Flowcharts (as on the MAC tool), to guide people who are not ergonomists through
the process.

•

The facility to consider the worker’s age as a risk factor.

•

The instructions could be amended to improve the efficiency of the assessment by
conducting a ‘worst case scenario’ assessment, where appropriate.

•

Further research and development work to explore the feasibility of including other
risk factors.
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5.
5.1

USABILITY TRIAL WITH HSE SPECIALIST ERGONOMICS
AND HUMAN FACTORS INSPECTORS
METHODOLOGY

Four HSE Specialist Ergonomics and Human Factors Inspectors took part in the usability trial.
The usability trial consisted of two phases:
•

An individual evaluation of the V-MAC web pages and tool, and

•

A facilitated discussion of the key findings as a group.

5.1.1

Phase 1: Individual evaluation

Each participant was sent an email with links to the draft V-MAC web pages and supporting
documents in order to undertake an evaluation of the V-MAC tool and web pages prior to a
facilitated discussion to consider the key findings. Details are provided in Appendix 9.1.1.
Participants were provided with the opportunity to send back their completed V-MAC examples
to the research team and also to receive suggested solutions to the worked examples. This was
to allow both researchers and participants to identify any potential problems/issues with the
usability of the tool.
They were also asked to complete a usability questionnaire (Annex 2.6), which was made up of
two elements:
1. An open-ended usability questionnaire. This had been used previously to investigate
specific usability problems with the risk factors and to seek general improvements to the
format and working of the MAC (Lee and Ferreira, 2003) and ART (Ferreira et al., 2009).
The questionnaire has not been subjected to rigorous reliability or validity testing.
However, its previous use has shown it to be useful to collect qualitative information. It
asked respondents to give responses to statements about different aspects of the ease of use
of the V-MAC using 5-point scales ranging from 1 = Very difficult to 5 = Very easy.
2. A system usability scale (SUS) (Brooke, 1996). This is a simple ten item 5-point Likert
scale giving a global view of subjective assessment of usability. Values on the scales range
from 1 = Strongly disagree to 5 = Strongly agree. The SUS has been tested and evaluated
in industry and has been found to be reliable, robust and well correlated with other
subjective measures of usability (Brooke, 1996). The SUS was used to measure the overall
usability of the V-MAC. As with the ART project (Ferreira et al., 2009), some terms within
the SUS statements were adapted for this project by making statements refer explicitly to
the V-MAC. Therefore, the terms “the system” and “this system” were replaced with “the
V-MAC”, “functions” was replaced with “steps” and, finally, “users” was replaced with
“Inspectors”.
The purpose of collating questionnaire results prior to the facilitated discussion was to enable
the researchers to identify key issues to be considered during a facilitated group discussion.
5.1.2

Phase 2: Facilitated discussion

The facilitated discussion took place at HSL and lasted approximately 3.5 hours. Its purpose
was for the Specialist Inspectors to consider as a group how they found using the V-MAC tool
and website (e.g., clarity of language, usability, fit-for-purpose). It was made clear to the
participants that based upon their feedback, the V-MAC tool and website would be reviewed
and amended with their suggestions for improvement.
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Written consent (form in Annex 2.2) for the research team to audio record the meeting was
obtained prior to the discussion. This was to ensure that an accurate record of the discussion
was available.
The structure of the discussion was centred on a presentation that highlighted the common
themes of potential difficulty that were established from the feedback in phase 1. These
common themes were collated under the following headings:
•

When to use MAC or V-MAC?

•

How do you collect the data?

•

Understanding the tabs

•

Interpreting the graph and summary information

•

How would you use V-MAC in relation to MAC?

The discussion was then structured according to the following themes:

5.2

•

Inputting data

•

Interpreting data

•

Usability of website

•

Key aspects you would want to change with the tool/website.
FINDINGS FROM HSE SPECIALIST INSPECTOR TRIALS

The detailed comments made during the trial with the HSE Specialist Inspectors are given in
Table 14 to Table 19 in Appendix 9.3.1. These tables identify whether the suggested change
would affect the V-MAC workbook or the webpages and give details of the changes
implemented in response to the comments.
The usability questionnaire was completed by half of the participants (2) and although a small
sample, the results do appear to reflect the participants’ comments in Table 14 to Table 19 in
Appendix 9.3.1. The detailed results from the analysis of the usability questionnaire responses
are given in Appendix 9.3.2.
Once the draft website pages had been amended they were sent to the HSE web team so that an
up to date version was made available on the test bed site for the subsequent usability trial with
EHOs (Section 6).
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6.

USABILITY TRIAL WITH ENVIRONMENTAL HEALTH
OFFICERS

6.1

METHODOLOGY

6.1.1

Recruitment

It was originally hoped to carry out usability testing with both general HSE inspectors in the
Field Operations Division and with Local Authority Environmental Health Officers. The
demands on HSE inspectors at the time meant that none were available to participate in a
usability trial. Recruitment therefore was restricted to EHOs.
A Call for volunteers (see Annex 2.1) was sent to Local Authorities in the Merseyside area by
the Local Authority Unit in HSE to ask for participation in a usability trial of the V-MAC to
take place on 25 April 2012 at the HSE office in Bootle. Six EHOs agreed to take part in the
trial, but only four were able to take part on the day.
Prior to the usability trial, each participant was sent an email (details in Appendix 9.1.2) asking
them to spend up to 30 minutes undertaking a brief evaluation of the V-MAC tool and web
pages. This was to allow the participants to familiarise themselves with the content and layout
of the V-MAC tool and web pages before the usability trial meeting.
6.1.2

Structure of the meeting

The meeting consisted of:
•

A presentation of the V-MAC tool and web pages (Annex 2.7).

•

A 30 minute period for the participants to experiment with the tool and accompanying
web pages.

•

A facilitated discussion centred on a presentation regarding key issues (Annex 2.8)

•

The completion of a usability questionnaire (Annex 2.9).

The first presentation outlined when to use the tool (who/what to assess), how to use the tool
(inputting and interpreting data and calculating carry distance) and the advantages and
limitations of the tool.
Two worked examples were provided with mock data in order for the participants to experiment
with inputting and interpreting the data. If they so wished they could also experiment with their
own data.
The purpose of the facilitated discussion was to consider as a group how participants found
using the V-MAC tool and website. It was made clear to the participants that based upon their
feedback, the V-MAC tool and website would be reviewed and amended with their suggestions
for improvement. Written consent (Annex 2.2) for the research team to audio record the
discussion was taken at the start of the discussion. This was to ensure that an accurate record of
the discussion was available.
The discussion was structured round the themes that arose in the discussions with Specialist
Inspectors. Details are in Appendix 9.1.2. After the facilitated discussion, each participant
completed a usability questionnaire (Annex 2.9). This was modified from the one used with the
Specialist Inspectors that is discussed in Section 5.1.
6.2

FINDINGS FROM THE EHO TRIALS

In the same way that the findings from the trial with the HSE Specialist Inspectors were
reported, the detailed suggestions from the EHOs on ways of improving the clarity of language,
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usability and understanding of the V-MAC tool and website are given in Table 20 to Table 25
and Appendix 9.4.1. These summarise the comments from both the facilitated discussion and
the usability questionnaire. The tables identify whether the suggested change would affect the
V-MAC workbook or the webpages and give details of the changes implemented. They loosely
follow the key themes/structure of the facilitated discussion.
The usability questionnaire was completed by all four participants and the responses reflect the
participants’ comments in Table 20 to Table 25. The detailed results are given in Appendix
9.4.2.

26

7.
7.1

USABILITY TRIAL WITH DUTY-HOLDERS

PURPOSE OF THIS TRIAL

This phase of the project set out to gain further feedback from the duty-holders that had
participated in the pilot intervention study reported in Section 3. The aim was to allow them to
test the latest version of the workbook, and to look at the webpages, which had only been
written after the pilot intervention study.
7.2

METHODOLOGY

7.2.1

Recruitment

The key individuals from the five firms that had taken part in the pilot intervention were
contacted and asked to indicate willingness to participate in a usability trial. It was found that
one person was about to leave the employer, so would not be available to take part. In August
2012 individuals from the remaining four firms were sent emails inviting them to take part in
this phase of the study and explaining changes from the version they had previously seen. The
common text of the emails, omitting personalised parts, is reproduced in Annex 2.10.
The email requested feedback through a structured interview, intended to last about 1.5 hours,
and completion of a brief usability questionnaire.
7.2.2

Follow-up interviews

The intention when the duty-holders were invited to participate in a usability trial was to obtain
feedback from them after approximately a month, i.e. in late September 2012. This was
possible with two firms, but one was unable to participate and other commitments in the fourth
firm meant that feedback could not be obtained from them until November 2012. Therefore
feedback at this stage was obtained from three of the four firms invited to take part. The
feedback was obtained in face to face meetings at two sites and over the phone with the third
organisation. The discussions were recorded in order to provide a record against which the
interviewer’s notes could be checked.
The interviewees were sent the usability questionnaire (Annex 2.12), by email before the
interview. Minor changes had been made to the version questionnaire used with EHOs (Section
6 and Annex 2.9).
A PowerPoint presentation (Annex 2.13) was used as a structured topic guide to guide the
discussions and provide consistency of approach. For the interview carried out over the phone,
the interviewee was asked to have the presentation open in front of them. The presentation was
based on the one used with EHOs but had been updated to reflect the most recent version of the
V-MAC.
After the discussion the interviewee was asked to complete the usability questionnaire. Two
individuals interviewed by phone returned it by email.
7.3

COMMENTS FROM DUTY-HOLDERS

The testers’ responses from the three organisations that took part in this usability trial are
detailed by question in Table 26 to Table 31 in Appendix 9.5. Summary boxes below give the
key action points identified.
7.4

SUMMARY BOXES, INCLUDING ACTION POINTS

Sections 7.4.1 to 7.4.6 use summary boxes to list the significant points identified from the
discussions with duty-holders. Action points from these and the HSL responses/actions are
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listed in Table 7 (Inputting data), Table 8 (Requested changes to the V-MAC) and Table 9
(Requested changes to the website).
7.4.1

Getting started with the V-MAC
•

It was clear when testers would use the MAC, or need to use the V-MAC.

•

It was clear that this tool should be used in conjunction with the MAC, although it is
possible that users who consider themselves to be familiar with the tool may not
remember the connections between the MAC and the V-MAC if they have not
refreshed their memory of the usage instructions for a period of time.

•

It was clear what data to collect and users understood the tabs.

7.4.2

Inputting data to the V-MAC spreadsheet
•

The introduction and steps to follow were considered to be sufficient and written in
plain English.

•

Users found it easy to enter the data, either manually or by copying and pasting.

•

Carry distance cell parameters could be changed so the user is prompted to insert a
number >2.

•

Testers found it problem-free and simple to select the right shift duration tab.
However it was also suggested that an on screen button as well as the existing
hyperlinks and tabs could help to make it even more obvious.

Table 7

Action points from duty-holders regarding inputting data

Comments from duty-holders

Thing to
change

Response and details of change

Carry distance cell parameters could be
changed so the user is prompted to insert a
number >2.

Work book

Carry distances < 2m are ignored in the
carry factor, so entering them doesn’t
matter. In fact, the user has to be able to
enter a distance of 0 m (the default) without
getting an error message.

Testers found it problem-free and simple to
select the right shift duration tab. However
it was also suggested that an on screen
button could help to make it even more
obvious.

Work book

The merged cells with the hyperlinks are
now separate and have more distinct
borders so are a little more button-like.
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7.4.3

Interpreting data using the graph and summary box
•

The testers responded positively about their ability to understand the graph,
especially since an explanatory guide is included in this version.

•

Testers readily understood the risk classification table and the Red, Amber, Green
system was thought to aid familiarity and fit well with other risk assessment
concepts.

•

The graph and risk classification table could be used to test ‘what if’ scenarios e.g.,
how risk would be affected by carrying out lifts by one or two people or changing
the load/frequency mix of a task.

•

Testers generally thought people could easily understand the results in relation to
MAC and this is helped by the website instructions and the consistency of terms
between the tools.

7.4.4

What aspects of the V-MAC tool did testers want to change?
•

Testers did not single out any particular aspects of the V-MAC tool that they would
want to change in order to enhance the usability and understanding of the tool.

•

Testers commented that people understand the V-MAC tool, it fits with existing risk
assessment practices used in industry and the introduction clearly sets out how to
use it properly.

•

Testers were generally satisfied with respect to understanding when the V-MAC
should be used and how to interpret results and did not identify specific changes.

•

A highly simplified overview version of the graphical outputs was desired by
specific testers for the purpose of sharing/presenting assessments in management
meetings.

Table 8

Action points from duty-holders regarding changes to the V-MAC

Comments from duty-holders

Thing to
change

Testers from one firm requested a highly
Workbook
simplified overview version of the graphical
outputs for the purpose of sharing /
presenting assessments in management
meetings
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Response and details of change
This is beyond the scope of this project.
Managers may not be interested in the
detail of assessment outcomes, but may
rather be seeking information on whether or
not assessments have identified problems
and how difficult/expensive any necessary
changes will be.

7.4.5

Usability of the V-MAC website
•

Testers had very favourable first impressions of the website. They felt it was
logical, consistent and easy to follow.

•

Testers had no issues with the layout or ease of navigation and could easily find
information.

•

The introduction made it clear for these testers when and how to use the V-MAC or
MAC and it provided sufficient information about how to use the V-MAC results.

7.4.6

What key aspects of the V-MAC website did testers want to change?
•

The testers did not put forward any major suggested changes to enhance navigation
and finding relevant information. One minor suggested enhancement was to include
a visual tool selection table on the home page (under pushing and pulling) which
would show the relative criteria for selecting ART, MAC or V-MAC.

•

Testers were highly satisfied regarding users’ ability to understand and follow the
website content.

•

One suggestion for further improvement was to align the tools used by different
types of people to ensure consistency of approach for all users and stakeholders,
such as inspectors and operators.

Table 9

Action points from duty-holders regarding the V-MAC website

Comments from duty-holders

Thing to
change

Response and details of change

Include a visual tool selection table on the
home page (under pushing and pulling)
which would show the relative criteria for
selecting ART, MAC or V-MAC.

HSE MSD
web pages

We hope that the HSE web team will add
appropriate text, images and links to the
existing MSD pages on the HSE website
when the V-MAC pages go live

Align the tools used by different types of
people to ensure consistency of approach
for all users and stakeholders, such as
inspectors and operators.

Not clear

Changes to the various MSD risk
assessment tools that HSE has developed
are outside the scope of this project.

7.5

INVITATION TO COMMENT SENT TO OTHER DUTY-HOLDERS

In order to permit other duty-holders to comment on the V-MAC tool and webpages, emails
were sent in mid-October to contacts in charge of the Motor Industry Ergonomics Group and the
IOSH Warehouse forum. The emails gave a brief outline of the history of the development of
the V-MAC and invited them and their members to access the draft web pages and the tool so
that they had opportunity to comment on it before it went to HSE for approval for publication
on the main HSE website. The email asked for comments in an approximately four week period
and stated an intention to remove the web pages from the HSE testbed at the end of that period,
prior to making final revisions.
7.5.1

Responses received

Only a single response was received from a member of the Motor Industry Ergonomics Group.
This commented on a number of issues:
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•

The lack of information on the relationship of the V-MAC to the risk filter in Appendix
3 of L23, HSE’s guidance document on the 1992 MHOR (as amended) (HSE, 2004).

•

The lack of linkage of the worked examples provided to the guidance on risk
assessment in L23 / the risk filter in Appendix 3 of L23 (HSE, 2004).

•

The implications of the total daily loads that the figures provided in the worked
examples represent.

•

The lack of a facility in the V-MAC data entry spreadsheet to enter an item weight and a
frequency for that item.

•

The fact that the colour band boundaries in the V-MAC are based on psychophysical
research that goes back to the 1980s/1990s. The question was raised of whether this
research is still valid. Also, the question was raised of its applicability to an ageing
workforce.

It should be noted that the worked examples provided (see Annex 2.11) were artificial examples
constructed solely to help users of the V-MAC become familiar with its use.
The relationships between the V-MAC and the MAC and the L23 guidance and risk filter are
discussed in Sections 8.2 and 8.3 respectively. The issue of total daily loads is discussed in
Section 8.4.3
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8.
8.1

DISCUSSION

RELATIONSHIP OF THE V-MAC AND OC 313/4

HSE has published advice for HSE and LA inspectors on the use of the MAC tool in relation to
enforcement of the Manual Handling Operations Regulations 1992 (as amended) (HSE, 2004).
This advice is set out in OC 313/4 Manual Handling Assessment Charts, (MAC), and EMM.
This is available on the HSE website at http://www.hse.gov.uk/foi/internalops/ocs/300399/313_4.htm. Table 1 of OC 313/4 sets out the “MAC chart results, likelihood and
consequence of health effect, risk gap and IEE”. The ‘IEE’ is the ‘Initial Enforcement
Expectation’ that Inspectors use to guide their decision-making process.
The V-MAC was designed so that it uses exactly the same colour bands as the MAC to
categorise manual handling risk. The MAWL-based boundaries in the V-MAC were created by
scaling the boundaries in the load weight/frequency graph for lifting operations in the MAC.
The overall V-MAC colour band is equivalent to the load weight / frequency factor of the MAC.
The MAC still needs to be used to assess the other factors when assessing a particular task. The
combined output from the V-MAC and the MAC can then be compared to the information
provided in OC 313/4. However as yet there is no specific advice on using V-MAC for
enforcement. HSE may wish to consider providing such advice in an update or supplement to
OC 313/4.
8.2

RELATIONSHIP OF THE V-MAC TO THE MAC

The V-MAC was designed for use with the MAC, as a replacement for the load weight /
frequency charts for lifting and carrying. It is therefore explicitly assumed that the user is
familiar with the MAC. All the training material and the guidance on the draft web pages make
this clear and that the V-MAC should not be used by itself.
8.3

RELATIONSHIP OF THE V-MAC TO THE L23 RISK FILTER AND
GUIDANCE

One duty-holder that had seen draft versions of the V-MAC raised queries (see Section 7.5)
about how its use relates to the requirements of the Manual Handling Operations Regulations
1992 (as amended) (MHOR) (HSE, 2004). The following points are relevant:
•

The legal requirement is that a risk assessment must be suitable and sufficient.
Specifically, Schedule 1 of the MHOR sets out the risk factors that must be considered
in an assessment.

•

This requirement gives flexibility to duty-holders.

•

HSE publishes guidance to help duty-holders carry out suitable and sufficient risk
assessments. In the case of manual handling, the guidance is published in L23 (HSE,
2004) alongside the actual Manual Handling Operations Regulations. Using the
checklist in Appendix 4 of L23 will help duty-holders ensure that assessments are
suitable and sufficient, but they have the freedom to use other approaches to help them
meet the same goal.

•

The MAC was initially designed to help inspectors of health and safety look for key
manual handling risk factors in workplaces. It has also proved popular with dutyholders, but its use does not constitute a full risk assessment.

•

Because the V-MAC was designed to integrate with the MAC by replacing just the load
weight/frequency chart in the MAC, it should be seen as having the same relationship
with the MHOR and the associated guidance as the MAC does. In other words, it can
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help a duty-holder carry out a risk assessment, but its use by itself would not be a
sufficient risk assessment because it only considers the risk factors of load weight,
frequency and carry distance.
8.4

ASPECTS OF THE V-MAC THAT USERS REPORTED DIFFICULTIES
WITH

It is notable that most of the users that reported difficulties were involved in production oriented
activities rather than warehousing activities. The V-MAC was developed in response to a
request for help from LA inspectors who had found when inspecting warehouses that the loads
being handled manually were extremely variable. The initial focus was therefore on
warehousing and order picking tasks. It was at a later stage that a duty-holder suggested that it
would also be an aid in assessing production tasks where loads vary.
8.4.1

Data collection

Because the V-MAC is intended to help assess daily load on a worker it can be labour intensive
to obtain the weight of each load handled by the workers being assessed. The instructions for
use have always taken account of this by recommending that, where possible, data should be
extracted from a computerised Warehouse Management System (WMS). In many warehouses
these are used to inform the worker which items need to be picked and therefore link picking to
stock control. Where the computer system also holds item or pack weights it should then be
feasible to export the weights of the items picked by an individual so that they can be pasted
into the V-MAC. However, if the necessary data are not available from a WMS then a
combination of manual scanning or recording of item ID codes and/or manual recording or
weighing of item weights may be necessary. Table 10 gives an indication of possible data
collection methods that could be employed and ranks them by the effort involved in their use.
Table 10 Ease of data collection for the V-MAC
Item identification

Weight
identification
Computer
system contains
weight data for
each item ID

Automatic scanning Manual scanning2
of item ID code1
of item ID1 from
RFID chip or
barcode

Manual entry of
Manual recording
item ID code to
of item ID code or
computer terminal3 description4

Ideal – minimal
effort

Increasing effort

Approximation
or estimation of
item weights6
Manual entry of
weights marked
on items
Manual
weighing of
each item

Increasing effort

Automatic
weighing of
each item5

Very labour
intensive if the
number of items
handled is large.

1 ID codes would typically be SKU codes in a warehouse or production environment or unique barcodes in a parcel
distribution system
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2 This often occurs during order picking to confirm an item has been picked.
3 This can often be easily replaced by scanning an ID code.
4 This will be necessary where picking or stock control is not fully computerised.
5 This often occurs in parcel distribution systems.
6 This may be convenient, especially if items fall into distinct weight bands. An example would be a packing
operation where the individual items are of similar weights and the pack weights are approximately the multiple of
the average item weight and the number of item.

It is likely in many workplaces that neither the management nor the workers themselves have a
record or detailed understanding of exactly what an individual handles during a shift. In
production environments it is likely that an item is handled several times during an operation,
but it will often be assumed that it is handled only once. In production environments the ease of
data collection will depend on the complexity of the job a worker carries out. The following
gives an indication of the range of complexity of possible jobs:
•

Repetitive job with simple manual handling – a job where only a few manual handling
operations happen within each cycle and the item weights are fixed. Data collection for
such tasks is likely to be straightforward.

•

Repetitive job with complex manual handling – a job where many manual handling
operations happen within each cycle and/or the item weights vary from cycle to cycle.
Data collection for such tasks is more difficult due to the complex nature of the task
cycle.

•

Job without a fixed cycle and variable manual handling – the tasks that a worker carries
out vary widely (such as maintenance tasks) and the manual handling required changes
from day to day. Such tasks will always be challenging to assess with any method of
risk assessment.

8.4.2

Carry distance adjustment

Some users of the V-MAC struggled with the concept of the carry adjustment. It was felt that it
was worth retaining but the web pages were revised to ensure that they emphasise that the carry
factor may not be relevant in an assessment and can be omitted if desired.
8.4.3

Cumulative daily loads

Some testers of the V-MAC felt that some of the cumulative daily loads that the V-MAC
classifies as Green were actually excessive. These were individuals familiar with the 10,000 kg
maximum daily load in ISO11228-1 (International Standards Organisation, 2003). The lack of
support for this figure in the cited sources was explored in the previous project report (Pinder,
2011). The evidence is that psychophysical maximum acceptable loads increase with frequency
(Boocock et al., 1998; Pinder, 1997; Pinder and Boocock, 2012) and therefore the daily
maximum acceptable cumulative load increases with frequency.
8.5

NECESSITY OF BACKGROUND INFORMATION / TRAINING

It became apparent during the testing that the difficulties some users of the V-MAC reported
were due to lack of understanding of how it is intended to be used. During the initial pilot
intervention trial an individual was asked to use the V-MAC by colleagues in his organisation
that had been taken through the training material by HSL. The training he received was
therefore second-hand and in a feedback discussion with him it became clear that this was the
cause of some of his difficulties.
During the later usability testing it became apparent that individuals in one organisation had
failed to appreciate that the V-MAC was designed in integrate with the MAC tool. This was
despite them having seen several presentations that made the link explicit. As the practice in
that organisation was to follow the guidance on risk assessment in L23 without using the MAC,
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they failed to understand that the use of the V-MAC with the MAC would have allowed them to
consider the other risk factors that they mentioned.
It is therefore apparent that users of the V-MAC need significant background understanding
before they can use it successfully. Two methods of helping users gain this understanding have
been used during this project: Face to face training using PowerPoint presentations; and through
the web pages supporting the V-MAC. These web pages have been written specifically to
provide the information necessary for them to gain this understanding.
8.6

DISSEMINATION OF THE V-MAC

Since the V-MAC was designed to help assess complex situations where load weights and
frequencies of handling vary significantly, its use will not be necessary in many circumstances
and therefore many duty-holders will not need to be familiar with it. However, it is being made
available to help inspectors of health and safety and duty-holders assess and control risk in
situations where its use is appropriate. There will need to be a strategy for drawing the attention
of these groups to the existence of the V-MAC. Current trends in technology suggest that
electronic communication will play a key role in this. Existing methods, such as contact with
industry and trade bodies, will continue to be effective when used appropriately.
A major route by which the MAC tool was disseminated was through a large number of
presentations to industry bodies, particularly through events for duty-holders that HSE
sponsored. The experience gained during this project was that presentations of the V-MAC
were well received and understood. It may therefore be desirable to supplement the provision of
the guidance on the V-MAC on the HSE website with audio-visual presentations to duty-holders
in sectors that have significant amounts of variable handling. Warehousing and related sectors
would be the prime examples here.
Attempts to disseminate the V-MAC across the whole of the manufacturing sector would not be
appropriate. A strategy of bringing it to the attention of health and safety managers / advisors in
the manufacturing sector and allowing them to opt in to finding out more would avoid
unnecessary contacts with duty-holders who do not have a need for it.
Another group that should be interested in using the V-MAC would be Occupational Safety and
Health (OSH) consultants involved in helping duty-holders assess and control manual handling
risks.
8.7

CONCLUSIONS

This project has built on the previous project (Pinder, 2011) to carry out further testing and
development of the V-MAC to enhance its ability to aid the assessment of jobs where the load
and/or frequency of lifting vary significantly. In particular, it can now be used to assess the
risks of variable load/frequency manual handling for shift lengths of between four and 12 hours.
Also, a draft website has been developed to support users of the V-MAC.
The results of several rounds of usability testing of the tool and website carried out with
inspectors of health and safety and with duty-holders have been used to improve both the VMAC and the web pages.
The V-MAC should be seen as a targeted tool for use in defined complex circumstances. It is a
more complex assessment method than is needed for many manual handling operations. In
relation to this, it should be borne in mind that significant background knowledge is needed to
use the V-MAC successfully.
The V-MAC was designed to be used in conjunction with the MAC tool. HSE has previously
issued guidance on the use of the MAC tool as an aid to inspectors of health and safety when
making enforcement decisions. They may wish to issue updated guidance to take account of the
V-MAC.
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9.

APPENDICES

9.1

APPENDIX: ADDITIONAL DETAILS OF THE METHODOLOGY OF THE
USABILITY TESTING

9.1.1

HSE Specialist Ergonomics and Human Factors Inspectors

The email sent to the Specialist Inspectors contained:
•

Explanatory text to introduce the V-MAC and the purpose of trial.

•

A link to the draft V-MAC web pages on the testbed part of the HSE website, and a
username and password to allow access.

•

The then current draft of the V-MAC Microsoft Excel spreadsheet.

•

A Microsoft Word document with instructions and information for three worked
examples to test with the V-MAC tool (Annex 2.4).

•

A Microsoft Excel spreadsheet containing data for the first worked example.

•

A Microsoft Word document with suggested headings (Table 11) to help participants
organise their comments as they evaluated the draft V-MAC web pages ready for
discussion in Phase 2.

•

A Microsoft Word document containing a usability questionnaire (Annex 2.6).

Table 11 Feedback headings given to Specialist Inspectors evaluating the V-MAC
Question and prompt
1

USING THE WEBSITE
Please insert any notes here regarding how you found using the website e.g., navigation, order of
material provided, general comments etc.

2

INPUTTING DATA
Please insert any notes here regarding your comments on inputting the data e.g., selecting and
inserting the relevant data.

3

INTERPRETING THE DATA
Please insert any notes here regarding your interpretation of the data e.g., summary bars and
table.

4

ADDITIONAL COMMENTS

9.1.2

Environmental Health Officers

The introductory email sent to the EHOs contained:
•

A link to the draft V-MAC web pages on the testbed part of the HSE website, along
with the user name and password needed to access the pages.

•

The V-MAC spreadsheet.

•

Suggestions for headings (using the website, inputting and interpreting data) to structure
any immediate comments/difficulties/suggestions etc.

•

Information on the structure and content of the 2 hour meeting.
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•

Excel spreadsheets containing data for two worked examples and accompanying Word
documents with instructions and information for the worked examples for use at the
usability trial.

The themes discussed with the EHOs were:
•

When to use MAC or V-MAC?

•

How what/data to collect

•

Understanding the tabs

•

Inputting data

•

Interpreting the graph and summary information

•

Using V-MAC in relation to MAC

•

Usability of the website

•

Key aspects you would want to change with the tool/website.

9.2

APPENDIX: DETAILED FINDINGS FROM THE STRUCTURED
INTERVIEWS WITH DUTY-HOLDERS

9.2.1

Planning to use the V-MAC

The responses to these initial questions were relatively straightforward and so have been
summarised by pilot site in Table 12 and Table 13.
The responses showed that on the whole the assessors found it easy to select variable manual
handling (VMH) tasks to assess in the V-MAC pilot. At some sites the V-MAC was discussed
with staff, but at others it was felt that a discussion was not necessary, and that this would avoid
disrupting staff. The V-MAC received a positive reception from managers and those staff who
were aware of the assessment. At one site, the assessor was careful to explain it to the staff
representative for ergonomics as there was a perception that staff had found the MAC tool to be
a little confusing at first. The necessary preparations included obtaining data on the items that
would be picked and their weights and also finding out the carrying distances for some tasks.
Where the weights were not held on computer records, the assessors obtain the weights either
by weighing the items or by asking a colleague to provide the information.
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Table 12 Planning to use the V-MAC – overview of participants’ responses
Pilot
site

Q1 Which tasks did you use the V-MAC on?

1

•

2

•
•

3

•
•

4

•
•
•

Selected highest risk areas of distribution
and merchandising i.e., variable manual
handing (VMH) and larger items.
Variable shifts: average 4 hours
VMH of printing plates - very thin and of
variable dimensions from A5 up to billboard
size.
11 to 12 hour shifts
Order pickers on the vehicle production line
Order pickers drive carts along the
production line. At a particular workstation,
boxes/parts are unloaded from the cart to the
fixtures and empty boxes are loaded back
onto the cart. Unloading/loading the cart
involves walking between one and two
metres between the cart and the fixture.
8 hour shifts
Warehouse order picking of construction
materials of different sizes for retail DIY
stores.
8 hour shifts

Q2 How was the V-MAC assessment
explained to staff and management?
•

It was not explained to staff
participants, to avoid disruption.

•

It was explained as an adaptation of the
MAC to make it deal with variable
loads.

•

A pre-meeting was held with
management and some discussions
conducted with staff to explain what
the V-MAC was.

•

It was not explained to the staff, only
to managers. The assessor did not
think staff had enough knowledge
about manual handling for an
explanation to be warranted.
The assessor made senior managers
aware of the potential implications
(e.g., for shift length) before using the
V-MAC.
It was explained by the assessor to her
manager and to two to three people
who were chosen by the ergonomics
representative.

•

5

•

•

VMH on vehicle production line.
Areas with the most manual handling were
chosen, such as when parts (doors and
panels) are added to the vehicle shell.
10-12 hour shifts
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•

Table 13 Planning to use the V-MAC – overview of participants’ responses
Pilot
site

Q2a What were the reactions from staff
and management?
•

1

•
•

2

•

3

•

4

•

5

•
•

9.2.2
Q4

Q3 What preparations were required for testing
the V-MAC?
•

Staff are used to being observed, so
they don't tend to react to it.
Caused no disruption to operating
staff.
Senior management were supportive
of purpose; they would not object as
long as customer service was not
disrupted.
Staff were easily able to pick it up
and understand it because of the
simplicity of the colour coding.
Staff and senior management were
fine with it.

•

•
•
•

Led to discussions about shift lengths •
and general manual handling issues
with the general manager.
•
The V-MAC was explained to the
ergonomics representatives to avoid
any confusion.
Staff at this worksite had found the
MAC tool a little confusing at first,
so the assessor assumed that this
would also be the case with the VMAC

Preparation was easier for some operations
than for others; it involved collating data via
a simple transfer of product information
(weights) from one database to another.
Assessment requires some direct observation
of tasks (e.g., to calculate carrying distances)
but it was clear from the outset that it would
require an investment of time.
Finding out what different loads were being
manually loaded into packaging machines.
Needed to take into account the carrying
distances.
The assessor had to find out the weights of
components being picked for every type of
box. He had to weigh eight or nine different
parts since the weights weren't recorded on
the system.
No preparations were required.

The assessor looked up most of the part
weights on the computer system but for about
10 parts she first needed to obtain the part
number from a colleague.

The V-MAC in use
How well did you understand the ideas behind the V-MAC?

•

Most users reported that the concepts underpinning the V-MAC were easy to
understand.

•

The V-MAC is seen as a natural progression from the MAC tool.

•

One participant reported that they “only partially” understood what the V-MAC was
trying to achieve, and had to seek advice from a colleague who had experience of using
the MAC tool.

Overall, respondent feedback suggested that the V-MAC was not seen as challenging to use.
Familiarity with using the MAC tool appeared to provide a solid foundation to help new VMAC users understand the underpinning concepts, and hence get up to speed more quickly.
The learning curve for users without prior experience of the MAC tool may, therefore, be
steeper.
Q5

What did you think of the instructions for using the V-MAC?
•

Opinions expressed about the instructions for using the V-MAC were generally
positive, i.e., that they are clearly stated and understood.
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•

The introductory presentation and CD (containing the presentation slides) were also
well received.

•

There were, however, some criticisms:
o

One company reported that the instructions were sufficient to do the trial but
they had some additional questions that would help them drill down to the finer
details of how to use the V-MAC.

o

Another assessor said the instructions lacked an explanation of the overall
purpose of the V-MAC in terms of what it was expected to achieve, e.g., the
aims were clear to the assessor but may not be understood by a shop floor
warehouse worker.

Feedback concerning the V-MAC instructions was positive enough to suggest that, in its current
format, they will be adequate for new users. Additionally, the feedback from Question 5
suggested that familiarity with the MAC tool will help new V-MAC users. Users may,
however, have differing requirements that will be influenced by factors such as company
working practices and cultures. This suggests that the V-MAC instructions should be more
comprehensive and include information about why the V-MAC was developed, the advantages
of using it, etc.
Q6
Did you experience any problems when using the V-MAC? (E.g., when
entering data)
There was mixed feedback about the ease of use of the V-MAC.
•

Most respondents reported that the V-MAC is straightforward to use, with the exception
of special circumstances, e.g., working out how to use the V-MAC to assess a two-man
pick1.

•

Some respondents reported facing challenges/issues in using the V-MAC. However,
these challenges/issues appear to be linked to organisational context rather than to the
usability of the V-MAC. Nonetheless, users may see these as potential barriers. These
contextual challenges/issues included:
o

Using the V-MAC on supermarket checkouts;

o

Accurately capturing the number of lifts per shift and linking individual lifts to
the company database of product weights;

o

Differentiating between lifts and pushing/pulling operations;

o

Difficulties getting hold of the weights data;

o

Difficulty assessing low risk operations involving ‘half-lifts’. These were
described as occurring in a warehouse picking for home shopping deliveries
and involve pickers half lifting totes from the wheeled trolleys they are
transported on to varying degrees depending on how full the tote was. These
half lifts could not be measured; therefore they could not be included in the
assessment. However, the very light weight lifts presented a very low risk.

o

Assessors needing an improved understanding of the variability of manual
handling situations.

Responses to Question 6 suggest that users may experience two types of problems when using
the V-MAC:

1

Where an item is lifted and carried by two people, rather than one, in order to reduce the load for an individual
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•

Technical problems that arise during data entry, e.g., the active cell on the spreadsheet
did not automatically move down to the next data entry cell once a value has been
entered.

•

Problems that are outside of the scope of the V-MAC design, such as capturing the data
for input to the V-MAC, or inadequate knowledge and skill levels of staff designated to
use the V-MAC.

Q7

How useful did you find the output supplied by the V-MAC?

There was mixed feedback about the output supplied by the V-MAC. Several companies
commented on the effectiveness of the graphical/visual output of the V-MAC e.g.
•

That it was perceived as easy and quick to use;

•

That it is thought provoking;

•

The usefulness of the colours in the graphs;

•

It helped to visualise manual handling processes.

However, certain problems and issues with the V-MAC output were also reported, including:
•

Uncertainty over the meaning of the summary bars;

•

Uncertainty over how to interpret the graphs;

•

Confusion over the meaning of statistical percentiles.

The positive feedback about the coloured graph output of the V-MAC, which is based on the
MAC, suggests that this is the right way to present the output from the V-MAC. However, the
comments regarding specific technicalities of the V-MAC output (e.g., the summary bars and
percentiles, and how to interpret these features) warn against making assumptions about the
knowledge levels of potential users. Users may, therefore, benefit from experiencing some
training/tuition in how to interpret the output from the V-MAC.
Q8

In your opinion, what are the V-MAC’s main strengths and weaknesses?

Perceived strengths include:
•

"It is great; I think it does exactly what it says on the tin."

•

Simple, easy and quick to use;

•

The instructions for use are clear;

•

Offers a different perspective on manual handling;

•

Provides information on total weights lifted on a shift;

•

The interactive nature of the V-MAC is useful for identifying solutions to problems;

•

It works well as a “targeted tool”;

•

Provides reassurance that risks are low or under control.

Perceived weaknesses included:
•

The graphical output is too detailed and requires interpretation;

•

The V-MAC does not accommodate age as a risk factor;

•

Some risk factors are out of the intended scope of the V-MAC e.g., pushing and pulling
tasks;

•

Completing the V-MAC is labour intensive for the assessor.
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Consideration of the perceived strengths suggests that the tool is on target to achieve its
intended goals. Users reported nothing that would prompt a questioning of the tool’s
fundamental usability. Of the perceived weaknesses, only the issue of output interpretation is
flagged up as being of immediate concern. Feedback indicates that potential users of the VMAC will differ somewhat in their ability to interpret its output, pointing to a need either:
•

To reconsider how the output is formatted (so as to accommodate as wide a range of
users as possible) or

•

To consider ways to ensure potential users have the necessary skills, or can be
developed in this capacity, to have confidence in interpreting the current output format.

9.2.3
Q9

The V-MAC and understanding manual handling issues
How did the V-MAC help you understand the risks better?

The assessors’ feedback in response to this topic revolved around two main themes:
•

Q9a How the V-MAC results helped the assessors to understand the risks better.

•

Q9b Problems experienced with interpreting the V-MAC results.

Q9a How the V-MAC results helped the assessors to understand the risks
better
The feedback received from the testers demonstrated that the V-MAC provided the assessors
with a visualisation of the risk areas.
The V-MAC results were used to:
•

Alert the assessor to processes that present the highest levels of risk (the risk bars on the
graph in the Amber and Red bands), e.g.:
o

Providing evidence of the risk areas for use in discussion with management;

o

Prompting further investigation/action by the assessor (see below).

•

Alert the assessor to processes that carry a low level of risk but that would be pushed
into higher risk bands if one factor was changed, e.g., by making shifts longer in busy
periods.

•

Confirm what the assessor already knew or suspected about the risks being adequately
controlled, which was seen as a reassurance where the risks were low.

Where the V-MAC showed medium to high levels of risk, the assessors were prompted to
conduct further investigation of the task to consider what factors contributed to the highlighted
result and how to address these. The factors that were considered included:
•

Walking/carrying distance;

•

Total number of lifts in a shift;

•

What the heaviest items were that were handled;

•

Combining several low weight loads into one lift;

•

Lifting a heavy load between two people;

•

Shift length.

Some but not all of the assessors made use of the V-MAC to experiment with the data to find
out what changes would bring the risk down to low levels, by altering the load data and looking
to see how this affected the risk bars on the graph.
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Q9b

Problems experienced with interpreting the V-MAC results

The testers experienced some problems with interpretation of the graphs, including:
•

There was a degree of uncertainty about how to interpret borderline Green/Amber
results in terms of what sort of action was warranted in response to a borderline result.

•

One assessor did not appreciate that any of the graphs could be viewed to represent one
data set (i.e., that the low frequency graph is just an enlarged view of the base of the
eight hours shift graph, and uses the same risk classifications).

•

Some of the assessors found that the individuals they were assessing carried out some
two-person team lifting. This possibility had not been considered in the development of
the V-MAC. The assessors either divided the total weight in half or used a 2/3
multiplier to allow for variation in the weight between team members.

•

Where the V-MAC showed lifts involving horizontal reach or height issues to be low
risk, when in fact the assessor had evidence that those lifts had been associated with
musculoskeletal problems for workers at that work site.

At one pilot site, whilst the V-MAC was viewed overall as a positive step forward, some
respondents expressed concern and a degree of frustration that it does not assess all the possible
manual handling risk factors, i.e., they wished for the V-MAC to take into account more risk
factors; akin to the NIOSH equation (Waters et al., 1994) that includes hand position at the start
and end of the lift and the quality of grip.
The implications of these responses are that the V-MAC output graphs gave the assessors an
improved understanding of the risks. However, some problems were described that highlighted
where the instructions about interpretation were not clear enough and could be improved. This
feedback revealed three misunderstandings regarding the V-MAC:
•

The output graphs are intended to flag up the potential risks for further investigation,
not to provide an absolute determination about the risks.

•

The outputs are only as accurate as the data that are inputted.

•

The V-MAC was designed to replace the MAC only with respect to assessing load
weight and frequency. It was not designed to replace it with respect to issues regarding
the horizontal distance of the hands from the low back or the vertical bands that the lift
occurs within. This point was not clearly understood by some testers even though it
was explained in the training material provided. These assumptions need to be made
explicit to improve the users’ understanding of the V-MAC’s scope and interpretation.

Also, the instructions could be improved to make it clear to users that they can experiment with
the data and use the graphical outputs to visualise how making changes to the process can affect
the risks.
Q10 How useful was the V-MAC for helping you to prioritise where
improvements to the task(s) were needed?
Q11 What changes to the task(s) have you implemented, or considered
implementing?
Q12.

What was the outcome of any changes that were made?

The V-MAC testers all reported that they had not made any changes to processes based on the
output of the tests for this pilot. However, using the V-MAC had raised questions that would be
taken forward regarding factors such as the workload balance, the quantity of lifts in a shift and
how many two-person lifts were carried out. So it was possible that the assessment could lead
to changes at a later point in time.
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Q13. Would you recommend using a tool such as the V-MAC for analysing
similar tasks?
•

The testers at the five firms all expressed similarly positive viewpoints about the VMAC saying that it was effective, straightforward to use and provided a potentially very
useful data set.

•

Testers said that they would consider using the V-MAC again to conduct certain tasks
such as periodic VMH risk assessment or if significant changes were made to the
process such as introducing new products.

•

One of the test sites noted that the process of conducting the assessment across several
operations, members of staff and shifts, was labour intensive for the assessor.

One of the firms chose to use the V-MAC on their supermarket checkout operation, in addition
to other operations, although this was an unplanned addition to the agreed testing arrangements.
In doing this they had found it difficult to use because they needed to enter the weights of a
large number of products. They noted that many items were not lifted but simply slid across the
scanner. At the feedback meeting they were advised that the V-MAC was not appropriate for
this operation because it was not intended to cover handling while seated, and because the
weights of individual items were often less than 1 kg. This misunderstanding led HSL to stress
that the V-MAC is not appropriate for all operations and users need to be aware of its scope and
limitations in order to use it on the correct operations.
The implications revealed by this feedback are that the scope and limitations of the tool need to
be set out clearly for businesses considering using the tool. The instructions stating that the
assessment should be conducted using only a restricted but representative subset of individuals
need to be made clearer.
9.2.4

Further development of the V-MAC

Q14 Having used the V-MAC in its current state of development, what changes
would you make to improve it?
Many of the potential improvements to the V-MAC that were desired by the respondents have
already been summarised under the previous question headings. There were a few additional
desirable improvements that the testers suggested in response to this final question:
•

Guidance on how to identify the amount of variability in a process that would make a
V-MAC assessment appropriate.

•

Example graphs would have been helpful.

•

More specificity: a more yes/no result in terms of “What’s that telling me? What do we
need to focus on?” This would help the assessor when communicating the bottom line
implications of the assessment to senior managers.

•

Flowcharts as on the MAC tool, to guide people who are not ergonomists through the
process.

•

The facility to consider the worker’s age as a risk factor.

To improve the efficiency of the assessment at one test site, the assessor conducted a ‘worst
case scenario’ assessment in which the heaviest possible weight was entered for all lifts in the
production operation. As the output showed the worst case was low risk, it was concluded that
any lifts of lower weights were also low risk.
A final outcome was that one worksite indicated that they would like to do further research and
development work with HSL on the V-MAC with the aim of producing a tool that would do the
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job of the MAC and the V-MAC combined. Such a tool would incorporate a broader range of
risk factors, such as horizontal reach and vertical lift.
9.3

APPENDIX: FINDINGS FROM HSE SPECIALIST INSPECTOR TRIALS

9.3.1

Summary tables

As discussed in 5.2, Table 14 to Table 19 provide a summary of all the changes captured in both
the questionnaire notes and the facilitated discussion that participants highlighted as needed to
improve the clarity of language, usability and understanding of the V-MAC tool and website.
The tables also include responses and changes made by the research team. The tables loosely
follow the key themes/structure of the facilitated discussion.
Table 14

Specialist Inspector feedback on When to use MAC or V-MAC?

Comments (from Inspectors and
researchers)

Thing to
change

Response and details of change

Need to introduce V-MAC as an extension Web pages/ Re worded to make instructions clearer on
to MAC when this is required because of Instructions front page.
the tasks being evaluated. It is not MAC tab
or V-MAC but MAC or MAC + V-MAC.
Needs to be made clearer when you should Web pages/ Made instructions clearer.
use MAC or V-MAC for the load weight Instructions
frequency risk factor. This information
tab
needs to be at the start of the web pages
not buried several pages in.
Needs to be made clearer that MAC does Web pages
in fact deal with some variety and that the
V-MAC deals with loads where there is
substantial variety. This is probably what
is implied when the difference between the
smallest and largest load is 2 kg however
this seems like a rather small difference,
but needs to be made clearer.

MAC ignores any variation. This is OK if the
amount is small - hence the 2 kg figure.
Reworded.

Needs information regarding how you
score the V-MAC when using the MAC
(e.g., what score/colour do you enter into
the MAC assessment)?

Decided to take the worst case from the
summary box. Discussion of the relationship
with the existing HSE Operational Circular
(OC 313/4) is in Section 8.

Web pages/
Tool/
Operational
circular
(OC)

It currently seems too complicated; would Web pages
be useful to have a list of examples of
when you would and wouldn’t use VMAC.
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Examples added to the web pages.

Table 15

Specialist Inspector feedback on How do you collect the data?

Comments (from Inspectors and
researchers)

Thing to
change

Response and details of change

If the load weights are not available
from a computerised system then it
would be too onerous for duty-holders
and inspectors to get the data.

Web pages

It is certainly too onerous for Inspectors. The
Inspector should show the duty-holder how to
use the V-MAC and then arrange to revisit to
review any assessments. The amount of effort
a duty-holder is expected to invest will depend
on the perceived risk, i.e., the assessment must
be suitable and sufficient. This is something
worth exploring further with Inspectors.
Added to FAQs.

Even a computerised system won’t tell Web pages
you if several lighter loads have been
picked up in one go. Perhaps this needs
to be specified in the tool limitations, as
you are unlikely to ever have this
information.

This kind of information can only be obtained
by watching or asking the workforce. It is
likely to occur when loads are light and/or
small. Not taking account of this occurs will
lead to the total number of lifts being too high.
Added to FAQs.

Information on carry distance is likely to Web pages
be too difficult to enter into V-MAC. It
was suggested that we try a version
without carry distance so this would be
irrelevant so the Specialists could
evaluate it.

Simple to hide the carry distance input line and
summary bar in the workbook, but not
advisable.
Carry distance is easy to ENTER into the VMAC. It could be difficult to obtain.
Added statement to FAQ that carry distance is
not needed.

If carry distance is to be used then it
needs some further explanation about
how it is calculated.

Web pages/ Added to FAQs.
Instructions
tab

The carry distance will depend on an
individual’s behaviour (e.g., how they
use their trolleys/trucks, where they
position them in relation to the loads
they are picking, etc.). This may not
therefore be representative of the entire
working population.

Web pages

The general thinking is that while the
physiological demands of carrying are
recognised it may be too complicated to
include within the tool.

Web pages/ It's an additional factor that applies in some
Instructions circumstances. Duty-holders may choose to
tab
ignore it when carrying out the initial
assessment. We should make it clear when it's
worth including carry distance.
Added to FAQ.

Wording on the loads needs to be made
much clearer (e.g., when all individual
weights are more than 2.5kg).

Web pages/ Changed "How to use the V-MAC tool"
Instructions instructions.
tab

Clearer instructions regarding how to
split tasks into the columns on the
spreadsheet. Need to consider how the
instructions are worded and if this needs
to be included in a 'worked example'.

Web pages/ Changed "How to use the V-MAC tool"
Instructions instructions and the Instructions and data entry
tab/ Worked tab.
examples
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There will be variability in the loads handled
between individuals doing the same job. This
is the same kind of issue. The recommendation
is to assess about three people per job to get a
handle on the variability between individuals.
There is no need to assess all individuals, as
this would be very time consuming.
Added statement to "How to use the V-MAC"
page. This tells users to treat workers doing
very different kinds of picking as performing
different jobs.

Table 16

Specialist Inspector feedback on Using the spreadsheet

Comments (from Inspectors and
researchers)

Thing to
change

Response and details of change made

Using the tool is dependent on your
knowledge of how to use Excel. This
may be helped by having a better
example on the web pages or going
through a step-by-step guide (This was
originally intended for the ‘worked
example’).

Worked
examples

The workbook is locked to try to prevent the
user doing things wrong.
The most recent version includes new worked
examples, of increasing complexity.

Magnifiers need to be more prominent
so the examples can easily be seen.
Need to discuss with web team when
changes completed.

Web pages

Issue not resolved.

Some people had problems using the
Nothing
down arrow keys when using the
spreadsheet which made it very difficult
to use. This also happened when they
saved it to their personal drive so was
not just an issue when it is opened in
Explorer. Needs to be looked at to see if
it is a programming issue.

This was to do with the way the workbook had
been password protected and had already been
corrected by the time of the meeting.

How to enter the carry distance and what Webpages / Let's include it in the step-by-step worked
figure to use needs to be clearer.
worked
examples.
examples
Added to FAQ.
No one realised that you could change
Instructions Done in v.0.3.
the ‘Tasks’ headings; maybe it would be tab
better to call these cells ‘Task Name’?
Worked example needs to be simplified Worked
and the instructions made clearer if this examples
is to be used on the website. It would be
good to have a 'real-world' example.
Need to make changes to the example
given to inspectors to simplify it. Delete
the production task, as this is an
example for ART.
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Agreed that the worked examples needed
improving. A range of worked examples, are
needed, including picking (simple) and
production (inevitably complex).

Table 17

Specialist Inspector feedback on Interpreting the data: Tabs

Comments (from Inspectors and
researchers)

Thing to
change

Shift tabs wording needs to be clearer.
Work book
E.g., up to 8 hours, 8-10 hours, and 1012 hours. Which would you chose if
you did a 10-hour shift? This may need
changing to something like 8 up to 10
hours, and 10-12 hours, or something
similar? Consider relabeling or duration
multiplier function where the hours
worked are entered into the spreadsheet.

Response and details of change
There's a difference between shift length and
hours worked. "8 hours or less", "Over 8 hours
and up to 10 hours" and "Over 10 hours and up
to 12 hours" is what is meant.
Tab names changed in v0.3.
As discussed in Section 2.5.2, the final version
has moved to working from the actual shift
length, with an allowance for breaks.

Is it possibly too confusing with the
three different tabs? Would it be
possible to have some kind of duration
multiplier (like for ART)?

Calculations At this stage, multipliers were used to calculate
/graphs
the correction factors for the longer shifts.
As discussed in Section 2.5.2, the final version
has moved to working from the actual shift
length, with an allowance for breaks.

The wording regarding the inclusion of
breaks needs to be made clearer.

Web pages

Is it possible that people work longer
Web pages/
than 12 hours, what would happen in
FAQ
these situations? While there is evidence Section
that longer shifts lead to accidents is
there any evidence that lifting is a
problem? This may need further
explanation.
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Reworded.
There is no known evidence about
psychophysical capabilities of shift durations of
over 12 hours, so these would need a separate
detailed risk assessment. The same applies to
the MAC for lifting more than once every five
seconds.
Added to "What you need to know" page.

Table 18

Specialist Inspector feedback on Interpreting the data: Graphs and
summary box

Comments (from Inspectors and
researchers)

Thing to
change

Response and details of change

Could this be simplified to show the
Web pages/
minimum weight handled, the maximum Worked
weight handled and the average weight examples
handled, whilst still showing the
distribution of individual loads? Most
people are likely to understand what the
‘average’ is.

The problem is that the distributions will rarely
be normal so the mean, median and mode are
unlikely to be the same. Minimum weight is
not of interest.
Specific guidance on how to interpret each
summary bar added to web pages.

Could it be possible to provide one
Nothing
overall risk estimate based on the mean,
median, mode, etc?

The “Overall colour band/score” has been
added to the summary box. This is based on
the “Worst case scenario”, i.e., the worst colour
band in the summary box.

If you saw lots of purples or reds you
wouldn’t necessarily know which to
tackle first (e.g., mean, median, mode,
etc.) Need to consider how it can be
simplified.

Web pages/ As with the MAC, tackle the purples, then the
Worked
reds. Start with individual loads, and then look
examples
at the overall demands.
Re-worded on web pages.

Mean, median, mode, etc., need further
explanation, particularly in regard to
which one do you look at? E.g., to put
into the MAC assessment.

Web pages/ Re-worded on web pages.
Worked
examples

Would be easier to compare the data
Nothing
from the different shifts if the frequency
scale on all the graphs was the same.
Suggest making the scale the same for
all graphs/tabs.

In the most recent version, the user enters the
actual shift length, and there are only two tabs:
4-8 hours and 8-12 hours.
Comparing data across shift lengths is only
relevant when assessing the effect of shift
duration.

May need to look at the graph where the Duration
Agreed. As discussed in Section 2.5, this was
risk increases for a longer shift.
adjustments resolved for the most recent version.
In the summary box it is unclear why the Web pages/ Added explanation to FAQ section of web
75th percentile ‘lifts per shift’ are half of Worked
pages. Added 25th percentile to Calculations
the total lifts.
examples
page and to graphs.
There were general questions about what Web pages/
the graph actually gives people, some
Worked
people might just look straight at the
examples
summary box to look at the risk levels
and therefore not look in too much detail
at the graphs. More explanation
required?

Users need to engage with the instructions
before downloading the tool.
Inserted "Before you begin" section above the
"Download" link.

There is a concern that inspectors may
panic if they see lots of purples (e.g.,
may consider Prosecution Notices).
Could it therefore be possible to have
some kind of explanation as to what the
individual results mean (above and
beyond what is already there)?

The boundaries are deliberately the same as the
MAC. HSE will want to satisfy itself of the
risks associated with the different V-MAC
colour bands before issuing guidance to
inspectors on using the V-MAC in
enforcement. A supplement to OC 313/4 may
help. See Section 8 for discussion of the
relationship between the V-MAC and the OC.

HSE may
wish to
update
OC313/4

The information may be useful for duty- Web pages
holders to organise work (e.g., so one
person isn’t always lifting the heavy
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Yes
Added to "Benefits of using the V-MAC" page.

Comments (from Inspectors and
Thing to
researchers)
change
items and so the heavier lifting tasks can
be distributed across the workforce).
Can it be used for this? Does this need
stating anywhere?
Some kind of guide as to why the risks
are high would be useful. Could there
be two summaries: Information on the
risk from the loads handled, and
information on the frequency of
handling.

Response and details of change

Web pages/ This will be dealt with by following the
Worked
approach of looking at individual weights then
examples
summary bars.
Reworded the "How to use the V-MAC pages.”

There needs to be a general consistency Web pages/ Have sought to be consistent in language.
of language. Probably needs looking at, Worked
once changes have been made.
examples/
Workbook
‘Column height’ if it is still to be
included needs to be relabelled to
something like ‘total number of lifts’.

Output
graphs

Needs greater explanation regarding the
carry distance if this risk factor is going
to be included.

Web pages/ Agreed.
Worked
Added to FAQs etc.
examples

Table 19

Agreed, except that 75th percentile is only half
the total number of lifts.
Changed to "Bar height."

Specialist Inspector feedback on Usability of the website

Comments (from Inspectors and
researchers)

Thing to
change

Response and details of change

The order of the web pages seems to be
back-to-front.

Web pages

Reordered material.

Maybe the What you need to know
Web pages/ Web pages have had a major rewrite.
section needs changing to something
Worked
like: You’ve decided to use the V-MAC examples
to do an assessment; this is how you do
it… (Then have a better walked through
example).
Maybe need to have some kind of
Web pages
introductory note to say something along
the lines of, ‘Before you download the
tool make sure you read this first….’
This could help to aid understanding of
the tool and how it is used.

The explanatory text needs to be highly visible.
Added a “Before you begin” page and link
before the "Download the V-MAC" link.

The graphs/images need to be made
larger on the website.

The web page format is determined by the HSE
house style and appears to be designed for a
display with a width of 1024 pixels. The two
sidebars use 45% of that width.
Enlarged the images to take up the same width
as the text. Images have been updated to
reflect the most recent version of the
workbook.

Web pages

The graphs and charts need to be clearly Web pages
labelled.

Agreed.

Sort out typos on the web pages.

Spell checked.

Web pages
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9.3.2

Usability questionnaire

This section summarises the responses of the Specialist Inspectors to the usability questionnaire.
None of the questions regarding the topic of Inputting data scored very highly (Figure 17). The
greatest mean score was 3.5 (average/easy) for Copying data into the worksheet. However,
Manually inputting the data into the worksheet was scored as “very difficult/difficult” (mean
score 1.5) as was the participants’ Understanding of the worked example. These two lowly
scored questions help to identify areas where improvements to the V-MAC tool are required by
HSE Specialist Inspectors and are reflected in the comments from all participants in Table 16.
Inputting Data

Mean Score (Very Difficult to Very Easy)

5
4.5
Selecting the relevant
information to enter into the
worksheet?

4

Copying data into the
worksheet?

3.5

Manually inputting the data into
the worksheet?

3

Working out the carry
distance(s)?

2.5

Understanding the worked
example?

2
1.5
1

Figure 17 Mean results from the usability questionnaire regarding Inputting Data
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For Interpreting the data (Figure 18), the highest mean scores were 3 with participants scoring
interpreting the summary bars (e.g., mean, mode, 75th percentile) as difficult (mean score of 2).
Interpreting the summary table and results of the worked example were also considered
difficult/average (mean score of 2.5). These low scores are echoed in Table 17 and Table 18
where some confusion about the summary bars/table/graphs and worked example was apparent.
Interpreting the Data

Mean Score (Very Difficult to Very Easy)

5
Interpreting the information about
the individual loads?

4.5
4

Interpreting the summary bars
e.g. mean, median, mode and
75th percentile?

3.5

Interpreting the summary table?

3
Understanding the further
information provided regarding
the summary bars?

2.5

Interpreting the results of the
worked example?

2
1.5
1

Figure 18 Mean results from the usability questionnaire regarding Interpreting the
Data
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With regard to Website usability (Figure 19), the background information section on the website
was considered easy/very easy to understand. Understanding the section how to use the V-MAC
tool was rated lowest (mean score 3) however still not assessed as difficult. Navigating through
the website was scored between average/easy and comments from the facilitated discussion
indicate that this element needed to be enhanced (Table 19).
Website Usability
5

Mean Score (Very Difficult to Very Easy)

4.5
How easy was it to navigate the
website?

4

3.5

How easy was it to understand
the section “How to use the VMAC tool”?

3

How easy was it to understand
the section “What you need to
know”?
How easy was it to understand
the section “Benefits of using the
V-MAC tool”?

2.5

How easy was it to understand
the section “Background
Information”?

2

1.5

1

Figure 19 Mean results from the usability questionnaire regarding Website usability
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The results from the SUS are in Figure 20. Positively, they highlighted that the language used
to explain the V-MAC was easy to understand. Additionally, they thought it was easy to
understand how to use V-MAC and that they did not need to learn a lot of things before they
could get going with V-MAC. This last point could reflect the vast experience of the Specialist
Inspectors in the topic of manual handling as a whole and consequently their subsequent
thoughts that most inspectors/duty-holders would not learn to use the V-MAC quickly. It was
also thought cumbersome and difficult to use and as such many of the comments in the
Summary tables reflect these issues.

System Usability Scale
5

I found the V-MAC unnecessarily
complex
I thought the V-MAC was easy to
use

Mean Score (Strongly disagree to Strongly agree)

4.5

I think that I would need
additional information to be able
to use the V-MAC
I found the various steps in the
V-MAC were well explained

4

3.5
I found it difficult to understand
how to use the V-MAC

3

I would imagine that most
inspectors/duty holders would
learn to use the V-MAC quickly
I found the V-MAC very
cumbersome to use

2.5

I felt very confident using the VMAC

2

I needed to learn a lot of things
before I could get going with the
V-MAC
I found the language used to
explain the V-MAC easy to
understand

1.5

1

Figure 20 Mean results from the System Usability Scale (SUS)
Overall, the usability questionnaire established that inputting and interpreting the data was
subjectively thought more difficult than understanding the website and this is reflected in the
summary tables.
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9.4

APPENDIX: FINDINGS FROM THE EHO TRIALS

9.4.1

Summary tables of responses from the EHOs

In similar manner to the reporting of the findings from the trial with the HSE Specialist
Inspectors the detailed suggestions on ways to improve the clarity of language, usability and
understanding of the V-MAC tool and website made during this trial are given in Table 20 to
Table 25. These summarise the comments from both the facilitated discussion and the usability
questionnaire. The tables identify whether the suggested change would affect the V-MAC
workbook or the webpages and give details of the changes implemented. The tables loosely
follow the key themes/structure of the facilitated discussion.
Table 20

Summary of EHO feedback on When to use MAC or V-MAC?

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

Users have assumed V stands for Variable - Nothing
check whether clear on website/tool.

Already made explicit on website and in the
tool.

It was not clear that users would have to use Workbook
the MAC tool after using V-MAC. There
was nothing to prompt the user to input their
results from V-MAC into MAC. Within the
tool itself could there be wording to prompt
such as “this is what you got, you now need
to take this and put it into MAC” or a pop
up/visual cue to remind the user to put their
score into MAC. Could there be a link to an
electronic copy of the MAC scoresheet
when you click on the V-MAC overall
score? Could there be an image of that part
of the MAC score sheet filled in with words
to the effect of “continue through the rest of
your assessment”.

Hyperlink to the electronic version of the
MAC score sheet on the HSE website
added to the Overall colour band/score for
MAC score sheet cell in the Summary table.
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Table 21

Summary of EHO feedback on How do you collect the data?

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

There was a problem with the examples on
the website – they are too small when
printed off. Could there be a print option?

Web pages

The images on the web pages have been
updated and made larger. The “Worked
examples” are downloadable Microsoft
Word and Excel files so should print as
normal.

Carry distance needs to be explained further Web pages
on the website to effectively say ‘look at the
work area’ perhaps with a
photograph/image to exemplify this point.
Emphasise that it does not involve adding
up ALL carrying tasks; rather it is the
average estimated distance looking at a
workers shortest and longest carry distance.

Included in definitions on Before you begin
page.

Unless someone clicks onto the link “full
RA” in How to use V-MAC or similarly
where it says if the shift is longer than 12
hours carry out a full manual handling risk
assessment, some businesses may be
unaware that this means refer to HSE
guidance on the Manual Handling Regs.
L23. Users may not be familiar with this
terminology on the website and may be
confused whether they should be doing a
full risk assessment and MAC etc. There
needs to be more clarity by what is meant
by a full risk assessment as they may miss
the hyperlink.

Added explicit references to “the HSE
guidance on the Manual Handling
Operations Regulations” before the
hyperlink.

Web pages

More worked examples were suggested that Worked
range in complexity - consider another 2?
examples

There are now four worked examples, of
increasing complexity.

Example 2 is very hard/complex (perhaps
this should be the last example). It may
need to be highlighted that it is a complex
example with more explanation (such as
background information) so that the user is
able to identify with the task.

Added a description of the level of
difficulty of each of the four worked
examples.

Worked
examples
and web
pages

An advantage of the MAC tool was that the Web pages
website provides video as a worked
example. It provides more clarity. This
would similarly be beneficial to dutyholders using the V-MAC tool. Perhaps we
could use video examples from duty-holders
we are already in contact with?

The MAC video clips are believed to have
come from footage already held by HSE.
The possibility of using video from dutyholders would require IP issues to be
addressed and approval from HSE. It has
not been pursued.

In order for users to go directly to the most
appropriate example to them - Provide a
title to each worked example e.g.,
Supermarket/Warehouse (rather than being
called Worked example 1 etc.).

Worked
examples

Because the examples increase in difficulty
it would be better for users to work through
them in sequence.
Added a brief description of what each
example is.

Confusion of what to do if there are only 1
or 2 people doing the manual handling
activity as it states that the V-MAC
assessment should be carried out on 3 or

Web pages

Added statement to web pages saying, “You
shouldn’t need to assess all the workers
individually, unless only one or two do the
job.”
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more people. Suggest adding the text: If
you have less than 3 people carrying out the
variable manual handling activity, assess
all.
How long does the V-MAC assessment stay Web pages
live? How frequently would a duty-holder
need to re-visit this aspect of the task? Some
of the smaller warehouses may change their
goods week-to-week or even day-to-day.
This needs to be addressed. Consider
saying that you need to take a proportional
view on this. If the loads are likely to be
typical (regardless of product) then an
annual review would probably be sufficient.
Re-emphasise the point that you do not want
to be assessing one off jobs but those that
happen regularly. If duty-holders were
making a major change to their warehouse
picking practices then it would be
appropriate for them to do another
assessment. Suggest adding in the caveat
“review after 12 months or if part of your
process changes” and also words to suggest
that they need to go back and re-assess any
changes that they do make. This would then
follow standard Risk Assessment processes.
Consequently more detail in the action plan
is needed. For example noting: Hazards
identified by...control measures...action
plan going forward...who by...when by.

This hinges on what constitutes a “suitable
and sufficient” risk assessment.
Added “Assessing a job that someone does
for only a day or so probably isn’t
proportionate to the risk, unless you have
reason to think that it is very demanding.”
to the “Don’t use the V-MAC when”
section.
Added a section on “Reviewing V-MAC
assessments” to the Before you begin page.
Added a comment on assessing regular
manual handling to the “When can using
the V-MAC help you?” section.
Added more detail to the “Developing your
action plan” section.

Large companies will have the expertise to Web pages
take V-MAC forward but it will be the
smaller companies who may not have a
computerised warehouse system. Some
companies for cultural reasons do not use IT
and this would make using the V-MAC too
complicated/impossible. Suggest saying
smaller companies will need to think about
the loads. It may be easier for Inspectors to
carry out the assessment or guide them
through the process. It is worth noting that
a company’s RA has to be suitable and
sufficient. It may be that using V-MAC
with this level of detail is not appropriate.
If there is evidence of operators handing
variable loads of significant weights it
might be worth calculating this on a paper
version.

A firm without a computerised WMS may
struggle to obtain the data necessary to use
the V-MAC. Added comment to the
Limitations section of the “Advantages and
limitations of using the V-MAC” page.
Inspectors will need to make a judgement
as to whether a job is complex enough to
warrant use of the V-MAC when obtaining
the data will be difficult.
Weights could be plotted on a paper version
of the V-MAC but this would be more
labour intensive than using the Excel
workbook.

Definitions need to be provided with
Web pages
examples: What is a load? What is carry
distance? What is a lift? (Includes up and
down motion). A suggestion was made of
using an example with a lollop (moving a
load to one place within close proximity
would verify a lift but not a carry distance).

Key definitions have been added to the
Before you begin page

57

Table 22

Summary of EHO feedback on Using the spreadsheet

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

Using the tool is dependent on your
knowledge of how to use Excel – this may
be an issue with small businesses. Big
companies are unlikely to have a problem.
The V-MAC assumes that you are familiar
with Excel (e.g., entering ten as number
not a word) - Do we need to state our basic
assumptions or can we add more
instructions for the novice user?

Web pages

Added a statement that users need to be
able to read Excel 2003 files.

It is unclear whether there may be a
problem entering (for example) 10 as 10 or
that 10.0 needed to be added into the cells
of the spreadsheet. Perhaps this is worth
investigating to check that there is no
problem.

Workbook
/ web
pages

Weights need to be entered in kg, so there
is a risk that users will try to enter weights
in Imperial units. A format was created in
Excel to display “kg” after the number in
each cell. Pasting numbers into the cells
removes this formatting so it is best
removed. Statement added to web pages
about item weights needing to be in kg.
An additional prompt has been added,
telling the user of the need to use kg.

It needs to be made clearer that different
load weights can be entered into the same
column in the spreadsheet (i.e., to
represent a pallet of varying loads). The
example on the website only shows the
same weights in each column. Two users
were unsure what they were meant to do.
Provide an example on the website with
different loads per column and make it
clearer.

Worked
examples

Worked example 1 is of mixed loads for a
warehousing job.

Could not easily read hyperlink of
INTRODUCTION and The steps to follow
on the blue background – as a consequence
it may not be identified as a hyperlink.
Change colour.

Workbook

The options for the colour scheme are
limited by the colours available in Excel
2003. However, the colour scheme has
been changed and gives better contrast
between text and background.

Add in a hyperlink/text box/pop up/hover
over to provide more information
(including definitions as discussed earlier)
on each aspect of the spreadsheet.
Essentially, it needs to be an “idiot”
version that if you click on anything it will
tell you what to do. Check we have
extra/additional information for all key
words/instructions. For example, Number
of lifts in each task: Provide additional
information to say, “this will automatically
be calculated” and an explanation of why
you can’t add any data in this column.
Average carry distance per lift: “Ignore
any distance of less than 2m” may be
worth adding as people may miss this in
The steps to follow. Consider adding how
to calculate average carry distance

Workbook

Hyperlinks have been added and the “Data
validation” option has been used to
provide pop up messages on the cells
(Task description, Carry distance, and
Number of lifts) at the top of each column.
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Thing to
change

Response and details of change

It was commented that it felt like the
example went from the question to the
answer with no working out in between.
Need a more thorough step by step guide
on the website for the examples with
explicit arrows (as in usability
presentation) of exactly what each step is
and what it shows e.g., “this task has 15
activities” “this activity has an average
carry distance of 3m”

Worked
examples

A new set of four worked examples has
been created, with the output Summary
tables included.

It was suggested that the tabs could be
colour coded and more instruction
provided to navigate through the
spreadsheet. For those who do not use
Excel a lot, it was anticipated that they
may use the yellow box to the side.
However, this was not thought explicit
enough for the more novice user. Perhaps
it could say, “press this button to show the
spreadsheet of an 8 hour shift length.”
Provide more navigational cues/colour
code tabs to aid novice user.

Workbook

The tabs have been colour coded, as have
the cells with hyperlinks to them. A
message has been put in a cell on the left
of the Data entry worksheet saying, “Click
your shift length to go to the correct
output window”.

The spreadsheet does not appear to have
the functionality of “back”. Can this
function be put onto the spreadsheet to
stop a user having to toggle between the
tabs at the bottom of the spreadsheet? It
was suggested a hyperlink could be put in
with words such as “go back to the Input
tab” positioned near the summary table.

Workbook

There is no obvious place in the output
tabs to put the suggested “Go back to
input tab” hyperlink. This will be
considered again if further revisions are
made to the workbook.

Comments (from EHOs and researchers)
including a definition.

Table 23

Summary of EHO feedback on Interpreting the data

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

Some struggled to see how the shift tabs
made much difference when looking at the
data. In some instances, selecting the
different tabs did not appear to make a
difference to the outcome. In others, it
appeared to be a contradiction for example
the same data went from Amber (in an 8hr
shift) to Green (in an 8-10 hrs shift) and
back to Amber (10-12 hr shift). This
needs to be resolved. Do we need 3
different graphs if operators are doing less
than 2500 activities? Most companies
would not be getting anywhere near that
level of activities in a shift. How many
places do you actually get above that?
Answer was probably not that many.
Size/scale of graph is different in each tab

Workbook

This issue has now been resolved (Section
2.5). The user now enters the actual shift
duration. There are now two output tabs,
one for shifts from 4-8 hours and one for
shifts from 8-12 hours
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Thing to
change

Response and details of change

In relation to overtime/shift length and
consequently the results of the data within
different tabs, it was suggested that there
needs to be wording to suggest that there
needs to be consideration for other factors
for example workers in a chilled
environment who need to take into account
the effects of using PPE.

Web pages

There is a need to add a comment to the
limitations webpage saying that the VMAC does not take account of effects of
hot or cold environments

It was felt that understanding the summary
bars would be dependent on your level of
maths. It was acknowledged that
definitions were on the website however
this would involve swapping between the
tool and website. Although the hyperlink
“what it is”, is present, it was not easily
identified. Perhaps more information
could be provided on each of the titles in
the table (as discussed before – pop
up/hover over).

Workbook

The V-MAC is aimed at enforcing officers
and safety advisors/managers in larger
organisations where complex manual
handling takes place. It cannot be used
successfully without either training or
reference to the website.
Mean, mode and median are included in
the Foundation level of the GCSE syllabus
so all 16 year olds should have been
taught them. Quartiles and percentiles are
included in the Higher level of the GCSE,
so will be less widely understood.
At the moment, pop-ups have not been
added to the Summary table, as there is
already the “What it is” hyperlink.

It was suggested that there needs to be a
“what next?” so that the results can be
explicitly understood in relation to MAC
and how these would be used with the
MAC score sheet. It needs to be identified
to the user that their RA has not finished
(as discussed previously with a link to the
MAC score sheet or pop up of the score
sheet as an aide memoire).

Workbook

As discussed above, a hyperlink has been
added to take the user to the MAC score
sheet on the HSE website.

There was confusion that carry distance
was automatically calculated as this was
shown in the summary table for a task
where the user input no carry distance.
This is not the case (same height as mean)
so therefore needs to be made clear that
this is what has happened.

Web pages

Text added to the explanation of the carry
factor under Using the summary bars to
look at the overall demands of the job.

Comments (from EHOs and researchers)
so can’t really see the effects of shift
length on the data but that is what you
would want to see. Perhaps an example
needs to be provided to show where data is
affected by shift length and boundaries
change. The 8 hours or less tab was
considered useful for example in chilled
environments where most workers would
not be working over eight hours.
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Table 24

Summary of EHO feedback on Usability of the website

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

Could easily find information looking for.
However it was commented that using the
search engine on the HSE website rarely
brought up exactly what they were after.
Suggested that a hyper link to the V-MAC
tool be put on any page to do with manual
handling/MSDs on the rest of the HSE
website to make it easier to find.

Wider HSE
website

We hope that the public version will be part
of the MAC microsite and linked to from
other parts of the HSE website. This will
need to be agreed with the webteam.

There was a blank box where a flow
diagram was missing.

Web pages

This has now been added using a diagram
shown in the first presentation.

Sort out typos on the web pages – this can
be checked as we reword the text for web
pages.

Web pages

Checked for typos before sending revised
pages to the webteam.

Table 25

Summary of EHO feedback on Other Issues

Comments (from EHOs and researchers)

Thing to
change

Response and details of change

There was suggestion of a training course to NA
accompany the website (as there is for
ART/MAC) - something to think about?

Happy to take this forward if HSE support
the idea.

V-MAC would not be suitable for assessing Web pages
the risks in white goods deliveries where
loads are often not known - would it be
worth commenting on this in the “When not
to use” section for example?

Item on not being able to obtain weight data
added to the FAQs.
Using the V-MAC to assess deliveries may
not be appropriate when the total number of
items handled per day is low.
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9.4.2

EHO responses on the usability questionnaire

As noted in Section 6.2, the usability questionnaire was completed by all four participants and
the responses reflect the participants’ comments in Table 20 to Table 25 above.
The detailed results of the assessments of “Inputting data” are shown in Figure 21. Manually
inputting the data and copying the data was scored as easy (and above). Although
understanding the worked example had a mean score of 3.25, it was commented upon by one
participant that this was apart from example 2. This comment is reflected in Table 21.
Selecting the relevant information to enter into the worksheet was scored lowest with an
average score of 3 which has been reflected by a comment in Table 21.
Inputting Data

Mean Score (Very Difficult to Very Easy)

5
Selecting the relevant
information to enter into the
worksheet?

4.5
4

Copying data into the
worksheet?

3.5
Manually inputting the data into
the worksheet?

3
2.5

Working out the carry
distance(s)?

2
Understanding the worked
example?

1.5
1

Figure 21 Mean results from the usability questionnaire regarding Inputting Data
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In relation to Interpreting the data (Figure 22) the highest mean score was 4 (easy) for
interpreting the summary table. All other components were scored as 3 or above although it
was noted that a participant commented that Example 2 was an exception to the results.
Interpreting the Data
5
How easy was it to interpret the
information about the individual
loads?

Mean Score (Very Difficult to Very Easy)

4.5

4

Interpreting the summary bars
e.g. mean, median, mode,
25th and 75th percentile?

3.5
How easy was it to interpret the
summary table?

3

2.5

How easy was it to understand
the further information provided
regarding the summary bars
and what they mean?

2

Interpreting the results of the
worked examples?

1.5

1

Figure 22 Mean results from the usability questionnaire regarding Interpreting the
Data
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In relation to the website usability (Figure 23), a number of sections were considered as easy or
above including navigation and understanding the sections When to use V-MAC, Before you
begin, Background info and FAQs.
Understanding the section How easy was it to understand the worked example was rated lowest
(mean score 3) with reference once again to Worked example 2. This has been a common
theme throughout the usability questionnaire and comments from the day itself as evidenced in
Table 21.
Website Usability
5

How easy was it to navigate the
website?

Mean Score (Very Difficult to Very Easy)

4.5

How easy was it to understand
the section “When can using
the V-MAC help you”?

4

How easy was it to understand
the section “Before you begin”?

3.5

How easy was it to understand
the section “How to use the VMAC”?

3

How easy was it to understand
the section “Worked
examples”?

2.5

How easy was it to understand
the section “The benefits of
using the V-MAC”?

2

How easy was it to understand
the section “Background
Information”?

1.5

How easy was it to understand
the section “V-MAC FAQ's”?

1

Figure 23 Mean results from the usability questionnaire regarding the theme Website
Usability
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The SUS highlights (Figure 24) that overall the EHOs were positive regarding the V-MAC tool
and website. The one feature, which was highlighted by the SUS as a limitation, was I think
that I would need additional information to be able to use the V-MAC. This particular point was
inferred in their comments throughout the usability trial as reflected in the Summary tables.
System Usability Scale
I found the V-MAC
unnecessarily complex

5

I thought the V-MAC was easy
to use

Mean Score (Strongly Disagree to Strongly Agree)

4.5

I think that I would need
additional information to be able
to use the V-MAC
I found the various steps in the
V-MAC were well explained

4

3.5

I thought there was too much
inconcistency in the V-MAC

3

I would imagine that most
inspectors/duty holders would
learn to use the V-MAC quickly
I found the V-MAC very
cumbersome to use

2.5

I felt very confident using the VMAC

2

I needed to learn a lot of things
before I could get going with the
V-MAC
I found the language used to
explain the V-MAC easy to
understand

1.5

1

Figure 24 Mean results from the SUS
Overall, the usability questionnaire indicates that inputting and interpreting the data was
subjectively thought more difficult than understanding the website and this is reflected in their
comments throughout the trial as verified in the summary tables.
In comparison to the scores on the usability questionnaire obtained from the Specialist
Inspectors (Section 5.2) there is a noticeable improvement in the mean scores for each section
given by the EHOs. This could be attributed to the changes made to the V-MAC tool and
website to address the Specialists’ comments.
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9.5

APPENDIX: DETAILED COMMENTS FROM DUTY-HOLDERS

As discussed in Section 7.3, the testers’ responses from the three organisations that took part in
this usability trial are detailed by question in Table 26 to Table 31.
Table 26 Duty-holders’ responses to Getting started with the V-MAC
Q1 Was it clear when you
Q2 Was it clear that this tool should be Q3 Was it clear what data to
would use the MAC, or need used in conjunction with MAC?
collect and did you understand
to use the V-MAC?
the tabs?
•
•

•

Yes
Followed the link to
the HSE website and it
seemed fairly
straightforward.
Yes, it’s a natural
progression from the
previous development
of the MAC and ART
tools, to tackle
different lifting risk
challenges.

•

•

There is no ambiguity. MAC tool
fitted the testers’ general workload
really well but they said that every
now and then customer orders
dictate that the work involves
more variable lifting
(size/frequency) and requires a
different assessment tool. This is
when they would use the V-MAC.
One tester realised this only
towards the end of the trial they
conducted. This tester was
familiar with the tool and
consequently did not fully read the
preliminary instructions.
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•
•
•

•

Simple to make that
decision
Yes
Yes, one tester stated
they remembered how
to use V-MAC from
the previous trial
version and it hadn’t
changed much since
then.
Simple and similar to
MAC

Table 27 Duty-holders’ responses to Inputting data using the V-MAC spreadsheet
Q4 Were the introduction and steps to follow
sufficient?

Q5 How easy did you find it to enter the data,
either manually or copy and paste?

•
•
•
•

No problem
Yes, pretty easy
Fine
Plain English used

•
•

•
•
•

Easy
Easy to enter a mix of carry distances.
Tester who had tested the previous version of
V-MAC needed to refresh her memory about
carry distances because, although there is an
instruction on row 2 of the data entry
spreadsheet, she didn’t think it was entirely
clear on row 6 whether the user should enter
items being carried less than 2 m distance.
She noticed that no error message was
displayed if a user entered carry distances of
less than 2 m in row 6.

•
•

Easy. Used copy and paste.
Easy using manual entry or copy and paste,
one tester found it easy to lift and drop the
previous shift’s data into the spreadsheet.
• Keeping it similar to the MAC helps to make
it easy for experienced users.
• Fairly simple, nice and clear. Used surrogate
data to represent the task.
• One tester assumed 16 columns, 512 rows
would be enough but couldn’t speak for other
users.
Q6 How easy did you find it to enter the data such Q7 How easy did you find it to select the right shift
as the carrying distance?
duration tab?

•

•
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No problem
Simple and it’s good that you can toggle
between the two shifts to see what effect a
different shift length would have.
Tester said they would prefer a more
obvious on-screen button, like you would
find on a website, in addition to the
hyperlink and spreadsheet tabs.
Tester said that after a few clicks they
noticed that the shift length hyperlinks on
the data entry tab took them to exactly the
same place as clicking on the shift length
tab. This wasn’t a problem for them.

Table 28 Duty-holders’ responses to Interpreting data using the graph and summary
box
Q8 How did you find understanding the graph (weights of
individual loads/height of summary bars and summary
table)?

Q9 How did you find understanding the
risk classification table?

•
•

No problem
• Fine
Simple and very clear one tester found it shows up the
• Colour coding works well, have
areas you need to look at and those that are considered
historically used Red, Amber,
ok.
Green for other risk assessment
systems.
• It allowed one tester to experiment; where one task
showed up as higher risk, changing the mix of loads and • Using a Red, Amber, Green
frequencies on the spreadsheet enabled the tester to
system on the classification table
helped tester to feel familiar with
demonstrate how to reorganise the task to lower the risk.
the system.
• Graphs – brilliant
•
Tester
used the spreadsheet to run
• Summary table clear
‘what
if’
scenarios and test the
• Tester felt that understanding the summary bars
level
of
risk
for a 32 kg load being
required the user to recall their maths and statistics
lifted by one compared with two
knowledge to remember exactly what each statistical
operatives. The tester had only
descriptive term means. It was felt that different users
experienced purple classifications
may have different educational backgrounds (e.g., may
(very high level of risk) when
not have done GCSE statistics or may have done it
testing scenarios in this way.
many years ago). They were pleased that an
explanatory guide had been added for this purpose.
• Tester said they would like a simplified results view
that shows solely the processes that the user should
respond to, i.e., a list of “focus points” that can be
shared with management. They would like to see an
overall colour coded symbol to show the results of
each process e.g., green circle (good condition), amber
triangle (not good but no action) or red cross (action
required).
Q10 How did you find understanding the results in relation to MAC and how these would be used with
the MAC score sheet?
•
•
•

•
•

Very easy to relay to people.
The guidance summary makes V-MAC easy to relay to people who already understand manual
handling assessments. Because people understand MAC they can also see how V-MAC works.
Can see where the various categories cross over because both V-MAC and MAC assessments use
the same terms. Using consistent terms takes away any cause for confusion. E.g., carry distance,
load weight and carry frequency are consistent. User had not looked at this in detail but
recommended all terms are checked for consistency between MAC and V-MAC score sheets.
The website tells you how V-MAC differs from the MAC tool and what it should be used for.
Tester did not understand the results in relation to MAC and thought that V-MAC and MAC
were separate assessment systems. The tester did not notice they should compare V-MAC with
MAC and did not feel it was made clear what was expected in relation to use of MAC. They said
they would not expect to carry out both V-MAC and MAC in over a hundred different locations.
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Table 29 Duty-holders’ responses to What aspects of the V-MAC tool would you want
to change?
Q11 What aspects of the V-MAC tool
would you want to change to enhance the
usability and understanding of the tool?
•

•

Q12 What aspects of the V-MAC tool would you want to
change to understand when it should be used and how
the results are interpreted?
•
•

None. One tester said people
understand it and it fits in with
existing risk assessment practices
that are used in the workplace (i.e.
Red equals stop).
The simpler it is the better and it
does clearly set out in the
introduction in a straightforward
way how to use it.

•

Tester thought no improvements were warranted.
Tester stated that it would be very useful to them
if additional factors could be included in the
results, such as reach and height. They
acknowledged that they had expressed this need in
the previous user trial and hence HSL were doing
research and development work in this respect.
Tester found the graphs difficult to use in order to
share findings with others (e.g., senior managers).
They described the graph view as being “messy”
and they would like the option of being able to
select a highly simplified overview that focusses
solely on the problem or the issue.

Table 30 Duty-holders’ responses to Usability of the V-MAC website
Q13 What were your first impressions Q14 How did you find the layout and
of the website?
navigation?

•

Clear, aligns with the rest of
HSE’s website well
Quite easy to follow
Great. Logical sequence. User
knows what they are doing
straight away.
Easy to use and logical.

•
•
•
•

Yes
It sets out in the introduction
piece how V-MAC differs from
the MAC tool and what it should
be used for.
Sensible flow and logical
sequence. It is set out in the
introduction and at other relevant
points when and how to use the
V-MAC.

•
•

Ok
No issues at all with the website
•
Easy to use and logical.
•
Under the links on the side it’s
under MSD (pushing and pulling)
which is where you would expect
•
to find it.
• Tester asked if the MAC page will
point the user to the V-MAC tool
because this would be a good
opportunity to flag up when VMAC should be used.
• Tester would be interested to know
where the Further information
dead link would lead to in the live
version.
Q16 Was it clear when and how to use Q17 Was there sufficient information
provided about the tool in order to use it
the V-MAC?
and interpret the results?
•
•

•

Yes
No issues at all with the website.

69

Q15 Could you
easily find the
information you
were looking for?
•
•
•

Yes
No issues at all
with the
website.
Easy to use and
logical.

Table 31 Duty-holders’ responses to What key aspects of the V-MAC website would
you want to change?
Q18 What would you like to change to enhance navigation
and finding the relevant information?
•
•
•

None
No, it ties in, as you would, expect with the rest of
HSE’s website layout.
On looking at the tool selection flow chart
information, one tester suggested that it could perhaps
be made clearer up front (e.g., on the home page
under pushing and pulling) that those doing variable
manual handling need to look at the V-MAC. The
tester suggested that a table on the home page could
help the user decide which tool they should use of the
ART, MAC and V-MAC and from there they could
follow the relevant hyperlinks. It was suggested this
could be represented visually in a table that showed
tools down the left side and column headings <2.5 kg,
>2.5 kg; they thought this would help to make it clear
(rather than implied) for users, for example, what tool
is applicable when all items do not weigh less than
2.5 kg and the task is not mostly upper limb.
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Q19 To improve understanding of the
content?
•
•

•

None
Tester recommended it should be
in the same location as the MAC
tool - they expected it would be
but wanted to highlight that this is
important for logic and
understanding.
Tester thought it would be useful
for all types of users (e.g.,
inspectors, operators, etc.) to use
like-for-like assessment tools.
They thought it would aid
communication and
understanding to have the same
standardised concepts running
through different users’ tools.
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11. ABBREVIATIONS
EHO

Environmental Health Officer

EMG

Electromyography

EMM

Enforcement Management Model – HSE’s approach to making decisions
on enforcement of health and safety law.

FAQs

Frequently Asked Question

IEE

Initial Enforcement Expectation

L23

HSE publication reference number for the HSE guidance on the Manual
Handling Operations Regulations (as amended) (HSE, 2004)

LA

Local Authority

LMM

Lumbar Motion Monitor

MAC

Manual handling Assessment Charts

MAWL

Maximum Acceptable Weight of Lift

MHOR

Manual Handling Operations Regulations 1992 (as amended)

MSD

Musculoskeletal Disorder

OC

Operational Circular – an HSE document setting out HSE’s approach to
enforcement relating to a particular issue of health and safety.

V-MAC

Variable MAC

VMH

Variable manual handling

WMS

Warehouse Management System
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ANNEX 1 – SUPPORTING MATERIAL FOR THE PILOT
INTERVENTION STUDY
INFORMATION LETTER FOR THE PILOT INTERVENTION

1
1

September 2010

Harpur Hill, Buxton
Derbyshire, SK17 9JN
Telephone: +44 (0)1298 218000
Facsimile: +44 (0)1298 218590

Information on the V-MAC pilot intervention study
Background to this work
Risk assessment of manual handling tasks is difficult when either the load or the
frequency of handling vary. The MAC (Manual handling Assessment Chart) tool assumes
that the load and frequency are constant. The Health & Safety Laboratory (HSL) has
recently developed the V-MAC (Variable MAC) tool to address this gap. The Health &
Safety Executive (HSE) is funding further development of the V-MAC by HSL
ergonomists.
What is the purpose of this work?
We (HSL) are looking at how useful the V-MAC is to duty holders when assessing the
risks in manual handling tasks where the load and/or frequency vary. To achieve this,
we are looking to recruit six firms to take part in a pilot intervention study. We will instruct
them in how to use the V-MAC, and then ask them to use the V-MAC as a manual
handling assessment tool for selected variable load handling tasks. The information we
gain from this work will be crucial in further development of the V-MAC and will assist us
to ensure the V-MAC is useable and fit for purpose.
What will participation involve for my organisation?
The research team would like to visit you on site. During the first visit, we will train your
staff in how to use the V-MAC to assess variable handling tasks. The appointed
person/s will then be expected to use the V-MAC to carry out assessments of tasks you
want to make changes to. We will make a second visit to review the assessments and to
advise on suitable changes. Once you have implemented the changes we will make a
third visit four weeks later to interview the appointed person/s about how they found
using the V-MAC.
Who is the work being carried out for?
This work is being funded by the Health and Safety Executive. The plan is that once the
work has been completed the, V-MAC will be made available on HSE’s website so that
duty holders can use it to help them carry out risk assessments on variable handling
tasks. Ultimately it will therefore benefit those individuals performing these tasks.
Who is carrying out the work?
HSL is a scientific laboratory which is part of HSE. We therefore always inform local
factory inspectors and Environmental Health Officers before visiting premises they have
powers to inspect. They may choose to accompany us on any visit. However, the
purpose of our visit is to develop a better method of assessing variable manual handling.
Please be assured that HSL ergonomists are not inspectors, and will not be inspecting
your premises.
Who will be involved in the study?
We will need your organisation to agree to take part in the project. It is likely that the
most suitable persons to undertake V-MAC training would be the ones who currently risk
assess manual handling tasks. They will need to agree to take part in the project.
An agency of the Health and Safety Executive

Investor In People
ISO9001 Approved
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September 2010

The management team will need to support the project to enable changes to the variable
load manual-handling tasks to be implemented. The employees performing the variable
load manual handling tasks will also be involved as the way their tasks are performed
may also change. We would also like support from staff safety representatives.
What happens if you agree to take part?
We will arrange a time to visit you in November that is convenient to you. On this initial
visit, the appointed person/s will be trained in using the V-MAC. After this visit, the
appointed persons/s will use the V-MAC to assess selected variable load manual
handling tasks. Once they have done this, we will make a second visit to review the
assessments and to advise on any changes that you wish to make in the light of the VMAC assessments.
One month after you have implemented the changes we will make a third visit to carry
out a structured interview with the V-MAC users. This will use qualitative measures of
perceptions of the usefulness of the V-MAC in helping identify hazardous variable
handling and helping identify areas for change. The interview will be recorded and
transcribed, for thematic analysis.
Participation is entirely voluntary and either the firm or any individual can withdraw from
the study at any time without giving a reason.
Will the information be treated in confidence?
We will write an HSE Research Report which will be published at the end of the project.
This and any other publication or presentations we produce will not refer to individuals or
companies by name. Instead, we will present our findings in a manner that summarises
or averages the information. We may want to use photographs of processes or
individuals in publications or presentations. If we do so, we will do our best to make sure
that they cannot be recognised, but it is possible somebody may recognise them. We will
only use photographs or video material in this way with consent of the individual
concerned, and with the consent of the site where the pictures were taken. We fully
understand if you do not want pictures to be used in this way. HSL abides by the
requirements of the Data Protection Act and information will be held securely.
Will there be any risk associated with this work?
There is a possibility that the changes you implement may have unforeseen risks to the
health or safety of your employees.
What are the benefits of taking part?
The information gained may result in the improved health of workers who perform
variable manual handling tasks, and improve the efficiency of assessing these tasks.
How can you help?
If your organisation would like to take part in this project, please contact me and I will be
willing to answer any questions you may have about this work. You can contact me by
email, phone or post.

Melanie Dalby

Health & Safety Laboratory, Harpur Hill, Buxton, Derbyshire, SK17 9JN
Direct Tel:
01298 21 8608
Email:
Melanie.dalby@hsl.gov.uk
An agency of the Health and Safety Executive

Investor In People
ISO9001 Approved
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POWERPOINT SLIDES FOR PILOT INTERVENTION TRAINING

4
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The V-MAC: a method of assessing very variable
manual handling
Melanie Dalby
HSL Ergonomist
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MAC as it stands: load weight/frequency

5

MAC as it stands: load weight/frequency

MAC as it stands: load weight/frequency

6

MAC load weight/frequency limitations
• Assumes the same load is
handled all day – not always
the case
• Does not apply to order picking
/ variable load handling tasks
• HSL tasked with making this
aspect of MAC applicable to
variable load handling

The V-MAC
• V-MAC is an add on to the load weight/frequency
aspect of MAC as a spreadsheet
• Shows;
– The loads (kg) handled
– The number of times a load is handled
– Summary statistics to show the distribution of the
load
• Working copy of V-MAC created by HSL
• All other aspects of MAC remain the same

7

V-MAC What’s changed
• Graph rotated
• Changed to “lifts per shift”
• Load/frequency data appear
automatically

V-MAC What’s changed
• After inputting data into
spreadsheet the number of
lifts for each weight handled
is presented

8

V-MAC What’s changed
• After inputting data into
spreadsheet the number of
lifts for each weight handled
is presented

Using V-MAC

1 What to assess? (for this trial)
•
•
•
•
•
•

Workers who are “picking” full time – do not
perform many other activities
Workers who handle items of variable weight
Avoid agency workers – want full time
experienced operators
Select representative workers – will be looking
at what an individual handled over a shift
Looking at number of “picks”/lifts over a shift
Select 3 people per job

9

Using V-MAC

2 Obtain data on line/task
•
•

•

Duration of shift including breaks (8hrs, 10 hrs,
12 hrs etc.)
Item weights the individual handled over a shift
(get from computerised system wherever
possible)
Pick representative workers & capture their
handling activity (again, use data from
computerised system where possible)

Using V-MAC

3
•
•
•
•

Input data into V-MAC spreadsheet
Spreadsheet contains input fields
Use these input fields to enter the weights
handled by the individual over the shift
Can be done manually or copied from PC source
16 columns
•
•

Up to you how you use it
Can enter the data for the entire shift on one column, or
data per pallet or per order etc.

10
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Using V-MAC

4
•

Interpret your V-MAC load
weight/frequency data

Look at the data for correct shift length – choose
correct tab in the worksheet

Using V-MAC

4
•

Interpret your V-MAC load
weight/frequency data

Each bar on the appropriate bar shows how many
lifts over that shift

12

Using V-MAC

4
•
•

Interpret your V-MAC load
weight/frequency data

Want as many in the green as possible (like MAC)
Start at the end (>50kg/purple) and work your way
back towards green to work out the max load

Using V-MAC

4

Interpret your V-MAC load
weight/frequency data

13

Using V-MAC

5
•

Interpret your V-MAC load
weight/frequency data with stats

After addressing individual loads, address summary
statistics

Using V-MAC

6
•

Adjust for carrying distance

Where loads are carried, enter the distance in the
spreadsheet, you then get the carry adjustment

14

Using V-MAC

6

Adjust for carrying distance

Using V-MAC

7

Develop action plan

15

The steps just covered…
1.
2.
3.
4.
5.
6.
7.

Decide what / who to assess
Obtain data on task / line / individual
Input data into V-MAC spreadsheet
Interpret data on individual loads
Interpret summary data
Adjust for carrying (anything <2m is not a carry)
Develop action plan where applicable

V-MAC Advantages
•
•
•
•
•
•
•

Simple to collect data – only item weights
Assesses lifting over the whole day
Copes with handling in bursts
No need to measure non-handling tasks
Includes allowance for normal breaks
Can be used for different shift lengths
Fits with the MAC
– Based on same data
– Same colour bands

16

Limitations
• Does not take into account:
– Walking distance / time
– Push/pull tasks (pump trucks, roll cages etc)

V-MAC - Demo
• Warehouse Order picking task
• Shift length 8.5 hours (inc. breaks)
• Already established MAC load weight frequency
does not work for this task
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1.3

QUESTION SET FOR THE PILOT INTERVENTION FOLLOW-UP
INTERVIEWS

18
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V-MAC pilot intervention interview question set
Thank you for making time to give feedback about your experience of using the V-MAC
Questions designed to tap into your experience of using the tool and compare with other people
who have used it for the pilot study
Your answers will be used to write up the testing process and make improvements
•

No right or wrong answers

• Common threads will be drawn out of the overall interviews and no comments will be
attributed to individual contributors in the written report. If direct comments are quoted, we
will take care to do it in such a way that the original person/organisation cannot be identified
from the quote.
•

Recording will be transcribed to provide a memory aid for me.

• The data will be stored securely in keeping with the Data Protection Act. If you have any
objections to this discussion being recorded please tell me now.
I’ll keep an eye on the watch because we intend for this to take an hour, so please forgive me if I
move the discussion along to make sure we cover all the questions. If you have technical
questions or points you would like to expand on more thoroughly this can be noted and covered
in a more general discussion at the end of the interview.
Is that ok? If you’re ready to start I’ll begin….

19
19

Planning to use the V-MAC
1. Which tasks did you use the V-MAC on?
Probe: Why did you select these tasks? How easy was it to identify these tasks?
2. How was the V-MAC testing explained to staff?
Probe: What were the reactions from staff and senior management?
3. What preparations were required for testing the V-MAC?
The V-MAC in use
4. How well did you understand the ideas behind the V-MAC?
5. What did you think of the instructions for using the V-MAC?
6. Did you experience any problems when using the V-MAC? (e.g., when entering data)
7. How useful did you find the output supplied by the V-MAC?
Probe: Why and how was it useful?
8. In your opinion, what are the V-MAC's main strengths and weaknesses?
The V-MAC and understanding manual handling issues
9. How did the V-MAC help you understand the risks better?
Probe: If it didn’t, why?
10. How useful was the V-MAC for helping you to prioritise where improvements to the task(s)
were needed?
Probe: i.e., did it point you to which tasks needed attention?
11. What changes to the task(s) have you implemented, or considered implementing?
Probe: How was the information provided by the V-MAC used (in this
implementation)?
Probe:

How easy was it to implement the identified changes?

12. What was the outcome of any changes that were made?
Probe: Have the changes reduced the manual handling exposure of employees?
Probe:

Are the changes still in place?

Probe:

Were the changes worthwhile?

13. Would you recommend using a tool such as the V-MAC for analysing similar tasks?
The further development of the V-MAC
14. Having used the V-MAC in its current state of development, what changes would you make
to improve it?

20
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2.
2.1

ANNEX 2 – SUPPORTING MATERIAL FOR THE USABILITY
TESTING
INFORMATION SHEET FOR USABILITY TESTING

21
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Health and Safety Laboratory
Harpur Hill, Buxton
SK17 9JN
Telephone: 01298 218000
Facsmile: 01298 218471

PARTICIPATION IN A USABILITY TRIAL FOR THE VARIABLE MANUAL
HANDLING ASSESSMENT CHART (V-MAC)
Information document
Who is conducting this usability trial?
The Health and Safety Executive (HSE) commissioned Health and Safety
Laboratory (HSL) Ergonomists to undertake this research.
What is the purpose of this usability trial?
Manual handling when picking orders is common in warehouses but the
weights handled and rates of handling are typically very variable. During a
Backs visit to a picking warehouse it was evident to the LA inspector involved
that HSE’s Manual handling Assessment Charts (MAC) were not suitable for
assessing such tasks. Following the visit, HSE/LAU funded a project under
the LA Science & Technology Initiative to develop a method of assessing the
risk from variable load / variable frequency manual handling operations. This
research is now complete and has led to the development of the V-MAC
(Variable MAC) for use by both inspectors and duty holders. A prototype
Excel workbook and accompanying website pages have been developed to
implement the V-MAC. In its current form the V-MAC is a ‘proof of concept’ in
that we believe it works but have identified areas for further development.
We invite you to assist us in evaluating the effectiveness and usability of the
VMAC tool and web pages.
What does the research involve if I agree to take part?
1. Firstly, we will send you a link and password to the VMAC tool and web
pages on the HSE website. It is hoped that you may start to familiarise
yourself with these but do not wish for it to take longer than 30 minutes of your
time. If you have any immediate comments, for example understanding what
VMAC is, the usability of the tool etc, we would like you to note them down
and bring them to the usability trial.
2. The HSL team will then meet you at your local area office (to be arranged)
where it is estimated that your participation in the usability trial should take no
longer than 2 hours.
3. During this trial, we will present the VMAC tool with a worked example.
Time would then be set-aside for you to explore the website and use the tool
with some “mock” data. We would then facilitate a discussion within the group

www.hsl.gov.uk
An Agency of the Health and Safety Executive
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to ascertain any problems/issues that you may have had. For example,
navigating through the website, selecting and inserting data, interpreting data
and clarity of language. Finally, we would then require you to fill out a usability
questionnaire on the VMAC tool.
If you are happy for us to do so, we would like to audio record the discussion
so that we have an accurate record.
Do I have to take part?
Taking part in this research is entirely voluntary. If you do decide to take part
you will be given a consent form to sign agreeing that HSL will hold the
information you provide for research purposes only. You may withdraw from
the research at any time without giving a reason.
Will the information I provide be treated in confidence?
If you choose to take part in this usability trial, we ask that you complete a
consent form. Under no circumstances will personally identifiable information
be reported. The information that you provide will be used to make positive
amendments to the VMAC tool. Information you share with us will be held at
HSL on a secure network and will be only used by researchers involved in the
project for the purposes of this research.
If you would be willing to participate in the usability trial and want to know
more please contact:
Amy Jones
01298 218359, amy.jones@hsl.gov.uk
Thank you for taking the time to consider this request

www.hsl.gov.uk
An Agency of the Health and Safety Executive
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2.2

CONSENT FORM FOR USABILITY TESTING
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V-MAC
Consent form for Discussion
I understand that participation is voluntary and that I may withdraw at any time, without
giving any reason for doing so.
(Write initial here)…………………………

I understand that the discussion will only be audio recorded if I am happy for it to be made.
(Write initial here)…………………………

I understand that any recordings will only be used for the purposes of this research, and will
not be stored beyond the duration of this research.
(Write initial here)…………………………

I understand the reason for this research and agree to participate.
(Write initial here)…………………………

Your name……….…………………………………………………………………………
Date…………………………………………………………………………………………
Signature……………………………………………………………………………………

Name of Researcher…………………………………………………………………………
Date…………………………………………………………………………………………
Signature……………………………………………………………………………………
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2.3

INSTRUCTIONS ON USABILITY TESTING SENT TO THE SPECIALIST
INSPECTORS

26
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INSTRUCTIONS FOR USABILITY TESTING OF
THE VARIABLE MANUAL HANDLING
ASSESSMENT CHART (V-MAC)
The aim of this trial is to assess the usability of the V-MAC website and tool.
As a guide we anticipate that this will take you approximately 3 hours.
1. Look through the Web pages focusing on the clarity of the language. This will
aid your understanding of the information provided.
2. We have attached a document (“Notes pages_usability trial”) with suggested
headings to help you organise your thoughts as you proceed through the Web
pages and tool. However this is a guide only, please feel free to add to or
amend as appropriate.
3. Once you have familiarised yourself with the Web pages, we have provided a
worked example for you to try using the V-MAC tool.
 The ‘Word’ document “VMAC_worked example” outlines the
instructions and information for three tasks.
 The ‘Excel’ document “VMAC_Data for worked example” has all the
data that you need to enter into your spreadsheet.
4. Save your completed worked example and email to Leanne
(leanne.hunter@hsl.gov.uk) and we will send you a suggested solution. This
will allow you to compare your results and for us to identify any potential
problems/issues with the usability of the tool.
5. Complete the questionnaire and email it together with your notes pages to
Leanne by close of play 12th September 2011.

27

2.4

INSTRUCTIONS FOR THE WORKED EXAMPLES SENT TO THE
SPECIALIST INSPECTORS

28
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WORKED EXAMPLE
Instructions
Identify the weights lifted and the number of times the worker lifts each weight over
his shift (which has been divided into 3 tasks). Open the V-MAC spreadsheet and
enter all the data.
Data for the goods inwards task (Task 1) are provided in the “VMAC_Data for worked
example” spreadsheet.

Scenario
A worker is employed to work from 08:00 to 16:00. During that time he has a 30minute meal break and two 15-minute breaks. The work is self-paced and he can
take toilet breaks as needed. He undertakes three separate tasks:
•

Unloading a trailer

•

Production work

•

Palletising loads for despatch

Task 1: Goods inward – unloading of a loose loaded trailer
•

Item weights are randomly distributed between 5 and 30 kg.

•

The total number of items handled is 490.

•

Weight data from the stock control system is available in the attached Excel
file “VMAC_Data for worked example”.

•

The carry distances for some of the data are more than 5 metres.

29

Task 2: Production work
•

The worker produces 72 sub-assemblies at this workstation.

•

Each full crate has to be lifted onto the workstation so the worker can select
the individual parts to make the sub-assembly. The empty crate must then be
lifted off the workbench. Empty crates weigh 0.5 kg.

•

In each cycle he places a jig weighing 2.5 kg onto the workstation then adds
two identical components weighing 3 kg each, and four identical components
weighing 0.5 kg each.

•

He then has to lift the assembly, which now weighs 10.5 kg, and turns it over
before adding the final component weighing 4.2 kg.

•

He then pushes it into a press that completes the sub assembly. He pulls the
previous assembly from the press, removes the jig from it, carries out a
quality check and pushes it along the roller track to the other workstation.

Component
weight

Components Number of
subper subassemblies
assembly

Items
used

No of
items
per
crate

Full
crate
weight*

Crates
used

Part A

3.0 kg

2

72

144

8

24.5 kg

18

Part B

0.5 kg

4

72

288

48

24.5 kg

6

Part C

4.2 kg

1

72

72

5

21.5 kg

14

* This includes 0.5 kg weight for the empty crate.
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Task 3: Palletising loads for despatch
•

Cased products arrive in the despatch area on trolleys from other production
areas.

•

The worker palletises a total of 268 cases.

•

Three empty pallets weighing 25 kg have to be carried 7 meters into position.
Case weight

No of cases per
pallet

Pallets filled

Product 1

20.0 kg

92

1

Product 2

26.3 kg

80

1

Product 3

22.3 kg

96

1
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2.5

POWERPOINT PRESENTATION GIVEN TO THE SPECIALIST
INSPECTORS

32
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The Variable MAC Tool (V-MAC)
Amy Jones & Leanne Hunter
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Usability Testing

•

The purpose of today is to discuss how you
found using the V-MAC tool and website (e.g.
clarity of language, usability, fit-for-purpose)

•

Based on your feedback we will review the tool
and website and any suggestions to improve
them will be discussed with the technical lead

An Agency of the Health and Safety Executive
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Plan for this session

•

Firstly we will go through the common themes
and issues you had when trialling the tool

•

Then we will go through your comments
regarding the usability of the website and the
clarity of language

An Agency of the Health and Safety Executive

Common Themes

•

When to use MAC or V-MAC?

•

How do you collect the data?

•

Understanding the tabs

– From the info provided is it clear when/why you would
use MAC or need to use V-MAC
– What weights to include? E.g. point 6 ‘when to use VMAC’, where weights should be >2.5kg
– Load/frequency
– Carry distance
– Shift length and breaks

An Agency of the Health and Safety Executive
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Common Themes

•

Interpreting the graph and summary information

•

How would you use V-MAC in relation to MAC?

– What do the bars mean, and which should be used to
make the assessment?
– What does ‘column height’ mean in the summary box?
– Risk level increases for a longer shift duration?
– Was it clear that this tool should be used in
conjunction with MAC?
– Understanding the results in relation to MAC and how
these would be used with the MAC score sheet?

An Agency of the Health and Safety Executive

Inputting data

•

How did you find the spreadsheet to use?
– Were the ‘introduction’ and ‘steps to follow’ sufficient?

An Agency of the Health and Safety Executive
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Inputting data

•

How did you find the spreadsheet to use?
– Were the ‘introduction’ and ‘steps to follow’ sufficient?
– Entering the data (manually, and copy & paste)

An Agency of the Health and Safety Executive

Inputting data

•

How did you find the spreadsheet to use?
– Were the ‘introduction’ and ‘steps to follow’ sufficient?
– Entering the data (manually, and copy & paste)
– Carry distance

An Agency of the Health and Safety Executive
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Interpreting the data

•

How did you find the graph and summary box to
interpret the data?
– Selecting the tab to use? (3 shift durations)

An Agency of the Health and Safety Executive

Interpreting the data

•

How did you find the graph and summary box to
interpret the data?
– Selecting the tab to use? (3 shift durations)
– Understanding the graph? (bars)

An Agency of the Health and Safety Executive
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Interpreting the data

•

How did you find the graph and summary box to
interpret the data?
– Selecting the tab to use? (3 shift durations)
– Understanding the graph? (bars)
– Understanding the summary table? (column height)

An Agency of the Health and Safety Executive

Interpreting the data

•

How did you find the graph and summary box to
interpret the data?
–
–
–
–
–

Selecting the tab to use? (3 shift durations)
Understanding the graph? (bars)
Understanding the summary table? (column height)
Understanding the risk classification table?
Understanding the results in relation to MAC and how
these would be used with the MAC score sheet?

An Agency of the Health and Safety Executive
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Summary: V-MAC Tool

•

What key aspects would you want to change with
the tool?
– To enhance the usability and understanding of the
tool?
– To understand when it should be used and how the
results are interpreted?

An Agency of the Health and Safety Executive

Usability of the website

•

What were your first impressions?

An Agency of the Health and Safety Executive
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Usability of the website
• Did you like the layout
and navigation through
the website?
• Could you easily find
the information you
were looking for?
• Was it clear when and
how to use the VMAC?
• Was there sufficient
information provided
about the tool in order
to use it and interpret
the results?
An Agency of the Health and Safety Executive

Summary: Website

•

What key aspects would you want to change with
the website?
– To enhance navigating the website and finding the
relevant information?
– Understanding the content

An Agency of the Health and Safety Executive
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Anything else…

Any other comments?

An Agency of the Health and Safety Executive
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2.6

USABILITY QUESTIONNAIRE FOR COMPLETION BY THE SPECIALIST
INSPECTORS

42
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Variable manual handling assessment chart
(V-MAC) tool
Usability Questionnaire
Please answer the following questions to assist HSL in evaluating the clarity of language and
usability of the V-MAC. Please provide as much information as possible.
Many thanks for your assistance in completing this questionnaire.

43

SYSTEM USABILITY SCALE (SUS)
Please indicate to what extent you disagree or agree with the following statements by ticking
the relevant box from 1-5.

1

2

3

4

5

6

7

8

9

10

Strongly
Disagree

I found the V-MAC unnecessarily complex

1

Strongly
Agree
2

3

4

Strongly
Disagree

I thought the V-MAC was easy to use

1

Strongly
Agree
2

3

4

Strongly
Disagree

I think that I would need additional information
to be able to use the V-MAC

1

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1
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5
Strongly
Agree

2

3

4

Strongly
Disagree

I found the language used to explain the VMAC easy to understand

5
Strongly
Agree

Strongly
Disagree

I needed to learn a lot of things before I could
get going with the V-MAC

5
Strongly
Agree

Strongly
Disagree

I felt very confident using the V-MAC

5
Strongly
Agree

Strongly
Disagree

I found the V-MAC very cumbersome to use

5
Strongly
Agree

Strongly
Disagree

I would imagine that most inspectors/duty
holders would learn to use the V-MAC quickly

5
Strongly
Agree

Strongly
Disagree

I found it difficult to understand how to use the
V-MAC

5
Strongly
Agree

Strongly
Disagree

I found the various steps in the V-MAC were
well explained

5

5
Strongly
Agree

2

3

4

5

V-MAC USABILITY
How easy was it to use the website? (Please circle the most appropriate number on the rating scale below)

USABILITY OF WEBSITE

Rating
Very
Difficult

1. How easy was it to navigate the
website?

1 ---- 2 ---- 3 ---- 4 ---- 5

2. How easy was it to understand the
section “How to use the V-MAC tool”?

1 ---- 2 ---- 3 ---- 4 ---- 5

3. How easy was it to understand the
section “What you need to know”?

1 ---- 2 ---- 3 ---- 4 ---- 5

4. How easy was it to understand the
section “Benefits of using the V-MAC
tool”?
5. How easy was it to understand the
section “Background Information”?

If 1 or 2, please describe why it was difficult:

Very
Easy

1 ---- 2 ---- 3 ---- 4 ---- 5

1 ---- 2 ---- 3 ---- 4 ---- 5
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V-MAC USABILITY Continued
How easy was it to complete the information in the worksheet? (Please circle the most appropriate number on the rating scale below)

INPUTTING DATA

Very
Difficult

Rating

If 1 or 2, please describe why it was difficult:

Very
Easy

1. Selecting the relevant information
to enter into the worksheet?

1 ---- 2 ---- 3 ---- 4 ---- 5

2.Copying data into the worksheet?

1 ---- 2 ---- 3 ---- 4 ---- 5

3. Manually inputting the data into the
worksheet?

1 ---- 2 ---- 3 ---- 4 ---- 5

4. Working out the carry distance(s)?

1 ---- 2 ---- 3 ---- 4 ---- 5

5. Understanding the worked
example?

1 ---- 2 ---- 3 ---- 4 ---- 5
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V-MAC USABILITY Continued
How easy was it to interpret the summary data? (Please circle the most appropriate number on the rating scale below)

INTERPRETING THE DATA

Very
Difficult

Rating

If 1 or 2, please describe why it was difficult:

Very
Easy

1. Interpreting the information about
the individual loads?

1 ---- 2 ---- 3 ---- 4 ---- 5

2. Interpreting the summary bars e.g.
mean, median, mode and 75th
percentile?

1 ---- 2 ---- 3 ---- 4 ---- 5

3. Interpreting the summary table?

1 ---- 2 ---- 3 ---- 4 ---- 5

4. Understanding the further
information provided regarding the
summary bars?

1 ---- 2 ---- 3 ---- 4 ---- 5

5. Interpreting the results of the
worked example?

1 ---- 2 ---- 3 ---- 4 ---- 5
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Please describe any sections of the V-MAC that could be improved with additional
written instruction. Be as specific as possible. Please use the space provided below.

What do you like or not like about the V-MAC? (You may continue writing on the next
page, if you wish)
Liked

Disliked

Many thanks again for completing this questionnaire!
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2.7

POWERPOINT PRESENTATION FOR V-MAC TRAINING OF EHOS

49
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The V-MAC: a method of assessing very variable
manual handling
Andrew Pinder and Amy Jones
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MAC as it stands: load weight/frequency

50

MAC load weight/frequency limitations
• Assumes the same load is
handled all day – not always
the case
• LA inspectors identified that it
does not apply to order picking
/ variable load handling tasks
• HSL addressed this issue

The V-MAC
• The V-MAC is a spreadsheet add-on to the MAC
that helps you assess variable load
weight/frequency handling
• It shows:
– The loads (kg) handled
– The number of times a load is handled
– Summary statistics to show the distribution of the
load
• HSL has created draft web pages to go with the VMAC spreadsheet – They are currently on the HSE
testbed web pages
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V-MAC: What’s changed?
• The graph has been turned round
• “Lifts per hour” has changed to
“lifts per shift”

V-MAC: The basics

3000

2500

Lifts per shift

2000

1500

1000

500

0
0

5

10

15

20

25

30

35

40

Load (kg)

Use the V-MAC to assess
the load weight/frequency
risk
Then carry on with the MAC
for the other risk factors
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50

V-MAC: The basics
• Input weight data into the spreadsheet
• Pick the correct shift length
• The number of lifts for each weight appears automatically

V-MAC: The basics
• The numbers of lifts for each weight appear
automatically
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V-MAC: What’s the same?
• Colour bands
• All the other factors in the MAC

Using V-MAC

1 What to assess?
•
•
•
•
•
•

Pick regular jobs, not one-offs
Workers that “pick” full time – do not perform
many other activities
Workers who handle items of variable weight
Select representative workers – will be looking
at what an individual handled over a shift
Select 3 people per job
Experienced operators - avoid agency workers
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Using V-MAC

2 Obtain data on tasks/the whole job
•
•

Duration of shift including breaks (8hrs, 10 hrs,
12 hrs etc.)
Item weights the individual handled over a shift
(get them from a computerised system
wherever possible)

Using V-MAC

3
•
•
•
•

Input data into V-MAC spreadsheet
The spreadsheet contains input fields
Use these input fields to enter the weights
handled by the individual over the shift
Can be done manually or copied from PC source
16 columns available
•
•

Up to you how you use it
Can enter the data for the entire shift on one column, or
data per pallet or per order etc.
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Using V-MAC
All the following should apply to the job:
– Involves lifting and/or carrying for a substantial
part of the shift (e.g. more than 2 hours)
– Has variable load weights
– Is carried out regularly (e.g. once a week or
more)
– The handling is a single person operation
– Involves individual weights of more than 2.5 kg
– The difference between the smallest and largest
weight is 2 kg or more

When to use V-MAC or MAC or ART?
•

•

All items
weigh less
than 2.5 kg

•

Use ART
•

The task is
mostly
upper-limb

•

Use ART
•

All items
weigh about
the same

•

The heaviest item is
at least 2 kg heavier
than the lightest

•

Use V-MAC + MAC

Use MAC
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V-MAC: Data entry

V-MAC: Data entry
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Using V-MAC

4
•

Interpret your V-MAC load
weight/frequency data

Look at the data for correct shift length – choose the
correct tab in the worksheet

Using V-MAC

4
•

Interpret your V-MAC load
weight/frequency data

The number above each bar shows how many lifts of
that weight over the shift
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Using V-MAC

4
•

Interpret your V-MAC load
weight/frequency data

The number above each bar shows how many lifts of
that weight over the shift

Using V-MAC

4
•
•
•

Interpret your V-MAC load
weight/frequency data

Want as many in the green as possible (like MAC)
Start at the heavy end (>50 kg/purple) and work your
way back towards green
Find the heaviest load
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Using V-MAC

4

Interpret your V-MAC load
weight/frequency data

Using V-MAC

5
•

Interpret your V-MAC load
weight/frequency data

After looking at individual loads, look at the summary
statistics
Averages

Spread
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Using V-MAC

6
•
•
•

Adjust for carrying distance

Where loads are carried, enter the distance for each
task in the spreadsheet
The output now shows the carry adjustment
Anything < 2 m doesn’t count as a carry

Using V-MAC

6

Adjust for carrying distance
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Using V-MAC

7 Consider overall colour band

Using V-MAC

8 Enter overall risk into the MAC score
sheet + complete other factors
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Using V-MAC

9 Consider the risk gap / develop your
action plan

The steps just covered…
1.
2.
3.
4.
5.
6.
7.
8.
9.

Decide what / who to assess
Obtain data on task / line / individual
Input data into V-MAC spreadsheet
Interpret data on individual loads
Interpret summary data
Adjust for carrying
Consider overall colour band
Complete other MAC risk factors
Consider the risk gap and develop your action plan
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V-MAC Advantages / limitations
•
•
•
•
•
•
•

Simple to collect data – only item weights
Assesses lifting over the whole day
Copes with handling in bursts
No need to measure non-handling tasks
Includes allowance for normal breaks
Can be used for different shift lengths
Fits with the MAC
– Based on same data
– Same colour bands
• Does not take into account:
– Walking distance / time
– Push/pull tasks (pump trucks, roll cages etc)

V-MAC – Worked examples
• Scenarios:
– You decide to complete manual handling risk
assessments for two tasks:
• Unloading trailers/containers
• Palletising loads for despatch

– You begin to use the MAC and realise that the
loads handled are variable
– You download the V-MAC tool to use alongside the
MAC
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V-MAC – Worked example 1
• Scenario:
– A worker is employed to work in Goods Inwards
from 08:00 to 16:00
– During that time he has a 30-minute meal break
and two 15-minute breaks
– The work is self-paced
– He unloads trailers onto a conveyor
– He also plans and manages the deliveries

V-MAC – Worked example 1
–
–
–
–
–
–
–

7 vehicles are unloaded during the day
Every item is a cardboard box without handles
Every item is put onto a conveyor
No carrying is involved
The total number of items handled is 1616
Item weights range between 5 and 30 kg
Item weights from the warehouse management
system are available in an Excel file
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V-MAC – Worked example 1

V-MAC – Worked example 1
Open the data source (e.g. Excel document)
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V-MAC – Worked example 1
Select and copy the relevant data into the V-MAC spreadsheet
No carrying is involved so leave the carry distances as 0.0 m

V-MAC – Worked example 1 output
•

Choose the “Shift 8 hours or less output tab
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V-MAC – Worked example 1 output

V-MAC – Worked example 1 output
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V-MAC – Worked example 1 score sheet

V-MAC – Worked example 2
Palletising Loads
Use the Excel file we have given you and follow
the same process as for Task 1
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2.8

POWERPOINT PRESENTATION FOR FEEDBACK DISCUSSION
SESSION WITH EHOS
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V-MAC feedback
Amy Jones & Andrew Pinder
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Usability Testing

Consent to audio record this discussion?

An Agency of the Health and Safety Executive
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Usability Testing

•

We want to discuss how you found using the VMAC tool and website (e.g. clarity of language,
usability, fit-for-purpose)

•

Based on your feedback we will review and
improve the tool and website

An Agency of the Health and Safety Executive

Getting started

•

When to use MAC, V-MAC or ART?

•

How/what data to collect?

•

Understanding the tabs

– From the info provided is it clear when/why you would
use MAC or need to use V-MAC?
– Was it clear that this tool should be used in
conjunction with MAC?
– Load/frequency
– Carry distance
– Shift length and breaks

An Agency of the Health and Safety Executive
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Inputting data

•

How easy did you find the spreadsheet to use?
- Were the “INTRODUCTION” and “The steps to follow”
sufficient?

An Agency of the Health and Safety Executive

Inputting data

•

How easy did you find the spreadsheet to use?
– Entering the data (manually, and copy & paste)

An Agency of the Health and Safety Executive
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Inputting data

•

How easy did you find the spreadsheet to use?
– Carry distance

An Agency of the Health and Safety Executive

Interpreting the data
• How did you find the graph and summary box to
interpret the data?

– Selecting the tab to use? (3 shift durations)
– Understanding the graph? (weights of individual
loads/height of summary bars?)
– Understanding the summary table? (Which is used to
make the assessment? Mean load+carry?)

An Agency of the Health and Safety Executive
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Interpreting the data
• How did you find the graph and summary box to
interpret the data?

– Understanding the risk classification table?
– Understanding the results in relation to MAC and how
these would be used with the MAC score sheet?

An Agency of the Health and Safety Executive

Summary: V-MAC Tool

•

What key aspects would you want to change with
the tool?
– To enhance the usability and understanding of the
tool?
– To understand when it should be used and how the
results are interpreted?

An Agency of the Health and Safety Executive
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Usability of the website

•

What were your first impressions?

An Agency of the Health and Safety Executive

Usability of the website
• Did you like the layout
and navigation through
the website?
• Could you easily find
the information you
were looking for?
• Was it clear when and
how to use the VMAC?
• Was there sufficient
information provided
about the tool in order
to use it and interpret
the results?
An Agency of the Health and Safety Executive
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Harpur Hill, Buxton
Derbyshire, SK17 9JN
Telephone: +44 (0)1298 218000

April 2012

VARIABLE MANUAL HANDLING ASSESSMENT CHART
(V-MAC) TOOL
USABILITY QUESTIONNAIRE
Please answer the following questions to assist us in evaluating the effectiveness and
usability of the V-MAC. The information that you provide will help ensure that the manual
handling of variable loads can be assessed with accuracy, ease and confidence.
Please provide as much information as possible.
Many thanks for your assistance in completing this questionnaire.

An agency of the Health and Safety Executive

Investor In People
ISO9001 Approved
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2.9

USABILITY QUESTIONNAIRE FOR COMPLETION BY THE EHOS
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Harpur Hill, Buxton
Derbyshire, SK17 9JN
Telephone: +44 (0)1298 218000

April 2012

VARIABLE MANUAL HANDLING ASSESSMENT CHART
(V-MAC) TOOL
USABILITY QUESTIONNAIRE
Please answer the following questions to assist us in evaluating the effectiveness and
usability of the V-MAC. The information that you provide will help ensure that the manual
handling of variable loads can be assessed with accuracy, ease and confidence.
Please provide as much information as possible.
Many thanks for your assistance in completing this questionnaire.

An agency of the Health and Safety Executive

Investor In People
ISO9001 Approved

79

BACKGROUND INFORMATION
1. Today’s date

2. Who is your employer?

□ HSE

□ A Local Authority □ Other (please specify) ____________

3. What is your current role in health and safety? (Tick most appropriate)

□ Inspector
□ Occupational health inspector
□ Health and safety awareness officer
□ Other (please specify) ___________________________________________________
4. How much experience do you have in your current role?

□ Less than 2 years □ 2 – 5 years

□ 6 – 10 years □ Over 10 years

5. What previous training or briefings have you received on the topic of
musculoskeletal disorders? (Tick all that apply)

□ MAC tool
□ MSD course for inspectors (3 day)
□ Better Backs campaign briefing
□ Display screen equipment training
□ Other(s) (please specify) ___________________________________________
______________________________________________________________

6. Have you used a previous version of the V-MAC before today? (Tick all that apply)

□ Yes, used the V-MAC to assess tasks in the field
□ Yes, used the V-MAC to assess tasks on video
□ No, not used the V-MAC before today
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SYSTEM USABILITY SCALE (SUS)
Please use the tick boxes to indicate how much you disagree or agree with the following
statements
Strongly Disagree

Strongly
Agree

7. I found the V-MAC unnecessarily complex
1

2

3

4

Strongly Disagree

Strongly
Agree

8. I thought the V-MAC was easy to use
1

9. I think that I would need additional
information to be able to use the V-MAC
10. I found the various steps in the V-MAC were
well explained
11. I thought there was too much inconsistency
in the V-MAC

2

3

4

Strongly Disagree
1

2

2

3

4

2

12. I would imagine that most inspectors/ duty Strongly Disagree
holders would learn to use the V-MAC
quickly
1
2

3

4

3

4

3

4

3

4

Strongly Disagree

15. I needed to learn a lot of things before I
could get going with the V-MAC
16. I found the language used to explain the VMAC easy to understand
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2

2

3

4

2

5

Strongly
Agree
3

4

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

14. I felt very confident using the V-MAC
1

5

Strongly
Agree

13. I found the V-MAC very cumbersome to use
2

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

5

Strongly
Agree
3

4

5

V-MAC USABILITY - HOW EASY WAS IT TO USE THE WEBSITE?
(Please circle the most appropriate answer)
Navigating the website

17. How easy was it to
navigate through the
website?

Rating
Very
Difficult

Very
Easy

1 --- 2 --- 3 --- 4 --- 5

18. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “When can
using the V-MAC help
you?”
19. How easy was it to
understand the
section “Before you
begin”?

1 --- 2 --- 3 --- 4 --- 5

20. How easy was it to
understand the
section “How to use
the V-MAC”?

1 --- 2 --- 3 --- 4 --- 5

21. How easy was it to
understand the
section “Worked
examples”?

1 --- 2 --- 3 --- 4 --- 5

22. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “The benefits
of using the V-MAC”?
23. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “Background
information”?
24. How easy was it to
understand the
section “V-MAC
FAQs”?

1 --- 2 --- 3 --- 4 --- 5
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If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - HOW EASY WAS IT TO COMPLETE THE
INFORMATION IN THE WORKED EXAMPLES? (Please circle the
most appropriate answer)
Inputting data

Rating
Very
Difficult

Very
Easy

25. Selecting the relevant
1 --- 2 --- 3 --- 4 --- 5
information to enter
into the worksheet?

26. Copying data into the 1 --- 2 --- 3 --- 4 --- 5
worksheet?

27. Manually inputting
the data into the
worksheet?

1 --- 2 --- 3 --- 4 --- 5

28. Working out the carry 1 --- 2 --- 3 --- 4 --- 5
distance(s)?

29. Understanding the
worked examples?

1 --- 2 --- 3 --- 4 --- 5

83

If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - HOW EASY WAS IT TO INTERPRET THE
OUTPUT? (Please circle the most appropriate number)
Interpreting the outputs

Rating
Very
Difficult

Very
Easy

30. How easy was it to
interpret the
1 --- 2 --- 3 --- 4 --- 5
information about the
individual loads?
31. How easy was it to
interpret the summary
1 --- 2 --- 3 --- 4 --- 5
bars e.g., mean,
th
median, mode, 25
and 75th percentile?
32. How easy was it to
interpret the summary 1 --- 2 --- 3 --- 4 --- 5
table?
33. How easy was it to
understand the
further information
1 --- 2 --- 3 --- 4 --- 5
provided regarding
the summary bars
and what they mean?
34. How easy was it to
interpret the results
of the worked
examples?

1 --- 2 --- 3 --- 4 --- 5
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If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - GENERAL
35. Would you use the V-MAC for investigating the manual handling of variable loads
in the workplaces you visit? (Please circle the most appropriate answer)
Never
Seldom
Occasionally
Often
Almost Always
36. Are there any tasks of manual handling variable loads that you have come across
where you feel that the V-MAC is not suitable for assessing the risks? If so, please
describe the situation.

37. To what extent do you feel that the use of the V-MAC improves your confidence
when assessing the manual handling of variable loads? (Please circle the most
appropriate answer)
Does Not Improve
Slightly Improves
Improves
Greatly Improves
38. To what extent do you feel that the use of the V-MAC improves your understanding
of the manual handling of variable loads? (Please circle the most appropriate
answer)
Does Not Improve
Slightly Improves
Improves
Greatly Improves
39. To what extent do you feel that the use of the V-MAC helps to identify what action
to take to reduce the risks from manually handling variable loads? (Please circle
the most appropriate answer)
Does Not Help
Slightly Helps
Helps
Greatly Helps
40. Please describe any sections of the V-MAC that could be improved with additional
written instructions. Be as specific as possible.

41. What do you like or not like about the V-MAC?

Many thanks again for completing this questionnaire!
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2.10

CONTENT OF EMAILS SENT TO DUTY-HOLDERS INVITING THEM TO
TEST THE USABILITY OF THE V-MAC

The emails were personalised to each recipient and gave details of the URL of the V-MAC test
pages on the HSE website, along with login details. The core of the emails was identical and set
out the changes since the recipient took part in the pilot intervention trial. The text of this part
of the emails is given below:
Since you saw a previous version of the V-MAC, we have developed the web pages and had
feedback on them and the workbook from various groups within HSE and Local Authorities.
The latest version has benefitted from all the feedback we have received.
Major changes to the workbook
Shift duration
I have taken a different approach to dealing with variations in shift length. Instead of three tabs
for <8 hours, 8-10 hours and 10-12 hours, there are now only two tabs for different durations.
One is for 4 to 8 hours; the other is for 8 - 12 hours. You can now enter the actual shift duration
in the correct tab and the graph boundaries will be adjusted accordingly. I have gone for this
approach to remove inconsistencies in the previous approach. Hopefully you will also find it
easier to use. One thing that you should be aware of is that you need to enter the shift length in
the hh:mm format. So if you type "7" or "7.0" you will get an error message. If you type "07:00"
or "7:00" or even "7:" the number will be accepted.
Low frequency tab
I have removed this tab as some feedback we received suggested that it might not be of real
use. This is something that I am willing to reconsider.
Hyperlinks
I've added hyperlinks to take you to appropriate parts of the HSE website.
I have also added hyperlinks as an option for moving from the data entry tab to the output tabs.
Summary table
This now has extra information in it, including the maximum load and the 25th percentile load.
For each summary bar it also gives the colour band.
Overall colour band and link to MAC score sheet
To emphasise that the V-MAC should be used alongside the MAC, the summary table now
gives an overall colour band / score that should be entered into the MAC score sheet for the
load/weight frequency factor. There is also a hyperlink to take you to the on-line interactive
MAC scoresheet.
Colour scheme
The colour scheme is now different, which should improve readability.
Glitches
There are a few glitches that I have spotted on the test site that I won't be able to resolve until a
particular member of the webteam returns from leave next week.
Locked hyperlinks
The version of the workbook on the website has a few hyperlinks in it that don't work. I spotted
and corrected this but the corrected version can't be uploaded until next Wednesday night. In
the interim, I will forward the correct version of the workbook in a separate email.
Hyperlinks in the workbook when it is open in a browser window
If you open the workbook in a browser window and click on one of the hyperlinks to the HSE
website you may find that the browser wants to close the workbook. For the moment you
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should use the attached workbook. Once the workbook on the website has been updated, it will
be better to use a downloaded copy of the V-MAC workbook rather than open it within a
browser window. In other words, at the File Download box, choose the Save option, rather than
the Open option. This will save a copy of the workbook to your computer that you can then
open in Excel.
Worked examples
I have created a number of Worked Examples to help new users. These won't go on to the
website until Wednesday night so I will forward them in the email with the blank workbook.
They consist of instructions and data for each example. I suggest that you email me when you
have attempted the examples and I will then email you the solutions.
Follow-up interview
As with the previous testing that you did for us, we would like to obtain your feedback through a
structured interview and brief usability questionnaire. We would like to do this in the second
half of September. Please suggest dates and times when it would be convenient for two of us
to pay you a visit. We expect that the interview should take about 1.5 hours of your time.
Immediate problems / other questions / feedback
If you have any immediate problems with accessing or using the webpages or workbook please
email or phone me. Please feel free to send me any other questions or feedback that you have.
Thank you for your previous input which has been extremely valuable to us
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2.11

WORKED EXAMPLES SENT TO DUTY-HOLDERS
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V-MAC WORKED EXAMPLE 1
Scenario
A worker is employed to work from 08:00 to 16:00 in the goods inward area of a
factory. He is responsible for unloading trailers onto a conveyor. During periods
between the arrival of vehicles he is not involved in manual handling and is responsible
for managing future deliveries.
•

Each item handled is a cardboard box without handles.

•

Some items arrive on pallets; some are loose loaded. Every item must be put onto the
conveyor.

•

Barcodes on each item are scanned automatically as they pass along the conveyor. This
tells the warehouse management system (WMS) the contents, weight and size of the
item.

•

Item weights range between 5 and 30 kg.

•

The total number of items handled is 1616.

•

No carrying is involved in the task.

Instructions
Identify the weights lifted and the number of times the worker lifts each weight over his
shift. Open the V-MAC spreadsheet and enter all the data.
•

Open the V-MAC workbook and enter each weight the number of times the worker lifts
it over his shift.

•

For each task, decide if you need to enter a carry distance.

•

Choose the correct shift length tab and make sure the correct shift length is entered.

•

Identify the risky aspects of load and frequency for this job:

•

o

Look at the risks from individual loads;

o

Look at the overall risk using the various measure of the average;

o

Look at the spread of the loads;

o

Consider the overall colour band / score for the MAC score sheet.

Suggest questions to ask about possible changes to reduce the risks.

Data for this worked example are provided in the “V-MAC_Data for worked example 1.xls” spreadsheet.
See the next page for the solution.
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Solution
The shift length is 8 hours.

The maximum load of 30 kg is in the Amber zone, but only 22 items weigh this much.
There is a long tail of loads in the amber zone. This means that the mean and 75th
percentile values are also in the Amber zone.
No carrying occurs, so the “Mean load + carry factor” bar is the same height as the
Mean load bar.
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Because the maximum load is Amber, the overall colour band is Amber.
Questions to ask would be:
•

What determines how heavy the heavy items are?

•

Would it be possible to handle loads mechanically?

•

Would it be possible to reduce the weights of items that have to be handled manually?

•

Would it be possible to reduce the exposure of the worker by introducing job rotation?
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V-MAC WORKED EXAMPLE 2
Scenario
A worker is employed to work from 08:00 to 16:00 in a production area of a factory.
•

He processes 420 assemblies in the working day at an average of one every minute for
the seven hours he is actively working.

•

Parts from an assembly process arrive by conveyor to a buffer area. The worker lifts an
assembly weighing 14.7 kg from the buffer area at his side to his workbench. He
removes a jig weighing 2.5 kg and drops it down a chute. He then carries out a visual
inspection and quality test and places the assembly on a conveyor next to him that takes
it to the next workstation.

This table lists all the manual handling operations that the worker carries out. For each
one it says whether it can be assessed with the V-MAC and lists the weight and the
number of times it is handled.
Task Task
no

Assess Number Number of Item
with V- of lifts
items lifted weight
MAC
per cycle at once

Weight Number of
handled lifts in shift
per lift (420 cycles)

1

Lift assembly + jig

Yes

1

1

14.7 kg 14.7 kg

420

2

Remove jig

Yes

1

1

2.5 kg

420

3

Lift assembly

Yes

1

1

12.2 kg 12.2 kg

2.5 kg

420

Instructions
•

Open the V-MAC workbook and enter each weight the number of times the worker lifts
it over his shift.

•

For each task, decide if you need to enter a carry distance.

•

Choose the correct shift length tab and make sure the correct shift length is entered.

•

Identify the risky aspects of load and frequency for this job:

•

o

Look at the risks from individual loads;

o

Look at the overall risk using the various measure of the average;

o

Look at the spread of the loads;

o

Consider the overall colour band / score for the MAC score sheet.

Suggest questions to ask about possible changes to reduce the risks.

Data for this worked example are provided in the “V-MAC_Data for worked example 2.xls” spreadsheet.
See the next page for the solution.
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Solution
The shift length is 8 hours.

There are two bars on the graph for the mode. This is because the numbers of lifts at
these weights are the same. The summary table gives the bigger value.
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The maximum load is Amber. Both the mode and the 75th percentile are the same as the
maximum load. The value for the mode has been rounded to the nearest 1 kg up so
appears bigger.
No carrying occurs, so the “Mean load + carry factor” bar is the same height as the
Mean load bar.
The overall colour band is Amber. This is because the maximum load is Amber.
Questions to ask would be:


Can the worker slide the assembly and jig from the buffer area instead of doing a
lift?



Can the weight of the jig be reduced?
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V-MAC WORKED EXAMPLE 3
Scenario
Another worker is employed to work from 08:00 to 16:00 at a workstation adjacent to
the individual in Example 2.
•

The worker produces 210 assemblies in the working day at an average of one every
minute for the seven hours he is actively working.

•

Jigs and parts are supplied to him on flow racks that he can reach standing at the work
station.

•

In each cycle he places a jig weighing 2.5 kg onto the workstation then adds two
identical components (Part A) each weighing 3 kg. He then adds two identical
components (Part B) weighing 1 kg each. He picks up both of these at once so handles
2 kg.

•

He then has to lift the assembly, which now weighs 10.5 kg, and turns it over before
adding the final component (Part C) weighing 4.2 kg.

•

He then pushes it into a press that completes the assembly and then automatically feeds
it onto a conveyor that sends it to the worker in Example 2.

This table lists all the manual handling operations the worker carries out. For each one
it says whether it can be assessed with the V-MAC and lists the weight and number of
times it is lifted.
Task Task
no

Assess Number Number of Item
with V- of lifts
items lifted weight
MAC
per cycle at once

Weight Number of
handled lifts in shift
per lift (210 cycles)

1

Position jig

Yes

1

1

2.5 kg

2.5 kg

210

2

Add Part A

Yes

2

1

3.0 kg

3.0 kg

420

3

Add Part B

Yes

2

2

1.0 kg

2.0 kg

210

4

Lift/turn assembly

Yes

1

1

10.5 kg 10.5

210

5

Add Part C

Yes

1

1

4.2 kg

4.2

210

6

Push assembly into
press

No

N/A

N/A

N/A

N/A

N/A

Instructions
•

Open the V-MAC workbook and enter each weight the number of times the worker lifts
it over his shift.

•

For each task, decide if you need to enter a carry distance.

•

Choose the correct shift length tab and make sure the correct shift length is entered.

•

Identify the risky aspects of load and frequency for this job:
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•

o

Look at the risks from individual loads;

o

Look at the overall risk using the various measure of the average;

o

Look at the spread of the loads;

o

Consider the overall colour band / score for the MAC score sheet.

Suggest questions to ask about possible changes to reduce the risks.

Data for this worked example are provided in the “V-MAC_Data for worked example 3.xls” spreadsheet.
See the next page for the solution.
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Solution
The shift length is 8 hours.

No carrying occurs, so the “Mean load + carry factor” bar is the same height as the
Mean load bar.
All factors are Green, so the load/frequency aspect of this job is low risk.
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V-MAC WORKED EXAMPLE 4
Scenario
The company where worked examples 1, 2 and 3 occur is thinking of changing its
working practices.
It wants to increase production so is considering increasing the workforce and
changing to 12 hour shifts.
One proposal is to have workers spend four hours on each of the three tasks in each
shift. They use the V-MAC to look at the overall effect by assuming:
•

The worker handles the loads from the first three vehicles in Example 1. This means
that he handles 701 items in four hours. This is somewhat less than half (43%) of the
total, but the items delivered change from day to day, so this assumption is
reasonable.

•

He produces 210 of the assemblies in Example 2 in the next four hours.

•

He produces 105 of the assemblies in Example 3 in the final four hours.

Instructions
•

Open the V-MAC workbook and enter each weight the number of times the worker
lifts it over his shift.

•

For each task, decide if you need to enter a carry distance.

•

Choose the correct shift length tab and make sure the correct shift length is entered.

•

Identify the risky aspects of load and frequency for this job:

•

o

Look at the risks from individual loads;

o

Look at the overall risk using the various measure of the average;

o

Look at the spread of the loads;

o

Consider the overall colour band / score for the MAC score sheet.

Suggest questions to ask about possible changes to reduce the risks.

Data for this worked example are provided in the “V-MAC_Data for worked example 4.xls” spreadsheet.
See the next page for the solution.
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Solution
The shift length is now 12 hours, so this is entered on the 8-12 hours tab.

As with Example 1, the maximum load is Amber because items weigh up to 30.0 kg.
The mean load has decreased from 13.8 kg (Amber) in Example 1 to 9.9 kg (Green).
This means that over the whole shift, the job is less demanding than Example 1. More
lifts are carried out (1971 instead of 1616), but over a longer period.
The 75th percentile is Amber but has decreased from 17.5 kg in Example 1 to 14.7 kg,
which reflects the fact that there are fewer of the heavier loads being handled.
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No carrying occurs, so the “Mean load + carry factor” bar is the same height as the
Mean load bar.
Because the maximum load is Amber, the overall colour band is Amber.
The suggested job rotation scheme distributes the manual handling effort more evenly
across workers performing the three jobs.

100

2.12

USABILITY QUESTIONNAIRE SENT TO DUTY-HOLDERS
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Harpur Hill, Buxton
Derbyshire, SK17 9JN
Telephone: +44 (0)1298 218000

September 2012

VARIABLE MANUAL HANDLING ASSESSMENT CHART
(V-MAC) TOOL
USABILITY QUESTIONNAIRE
Please answer the following questions to assist us in evaluating the effectiveness and
usability of the V-MAC. The information that you provide will help ensure that the manual
handling of variable loads can be assessed with accuracy, ease and confidence.
Please provide as much information as possible.
Many thanks for your assistance in completing this questionnaire.

An agency of the Health and Safety Executive

Investor In People
ISO9001 Approved
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BACKGROUND INFORMATION
1. Today’s date

2. Who is your employer?

□ HSE

□ A Local Authority □ Other (please specify) ____________

3. What is your current role in health and safety? (Tick most appropriate)

□ Inspector of health and safety
□ Safety advisor
□ Safety manager
□ Other (please specify) ___________________________________________________
4. How much experience do you have in your current role?

□ Less than 2 years □ 2 – 5 years

□ 6 – 10 years □ Over 10 years

5. What previous training or briefings have you received on the topic of
musculoskeletal disorders? (Tick all that apply)

□ MAC tool
□ HSL courses on MSDs or ergonomics
□ ART tool
□ Better Backs campaign briefing
□ Display screen equipment training
□ Other(s) (please specify) ___________________________________________
______________________________________________________________

6. Have you used a previous version of the V-MAC before today? (Tick all that apply)

□ Yes, used the V-MAC to assess tasks in the field
□ Yes, used the V-MAC to assess tasks on video
□ No, not used the V-MAC before today
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SYSTEM USABILITY SCALE (SUS)
Please use the tick boxes to indicate how much you disagree or agree with the following
statements
Strongly Disagree

Strongly
Agree

7. I found the V-MAC unnecessarily complex
1

2

3

4

Strongly Disagree

Strongly
Agree

8. I thought the V-MAC was easy to use
1

9. I think that I would need additional
information to be able to use the V-MAC
10. I found the various steps in the V-MAC were
well explained
11. I thought there was too much inconsistency
in the V-MAC

2

3

4

Strongly Disagree
1

2

2

3

4

2

12. I would imagine that most inspectors / duty Strongly Disagree
holders would learn to use the V-MAC
quickly
1
2

3

4

3

4

3

4

3

4

Strongly Disagree

15. I needed to learn a lot of things before I
could get going with the V-MAC
16. I found the language used to explain the VMAC easy to understand
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2

2

3

4

2

5

Strongly
Agree
3

4

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

14. I felt very confident using the V-MAC
1

5

Strongly
Agree

13. I found the V-MAC very cumbersome to use
2

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

Strongly
Agree

Strongly Disagree
1

5

5

Strongly
Agree
3

4

5

V-MAC USABILITY - HOW EASY WAS IT TO USE THE WEBSITE?
(Please circle the most appropriate answer)
Navigating the website

17. How easy was it to
navigate through the
website?

Rating
Very
Difficult

Very
Easy

1 --- 2 --- 3 --- 4 --- 5

18. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “When can
using the V-MAC help
you?”
19. How easy was it to
understand the
section “Before you
begin”?

1 --- 2 --- 3 --- 4 --- 5

20. How easy was it to
understand the
section “How to use
the V-MAC”?

1 --- 2 --- 3 --- 4 --- 5

21. How easy was it to
understand the
section “Worked
examples”?

1 --- 2 --- 3 --- 4 --- 5

22. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “The benefits
of using the V-MAC”?
23. How easy was it to
understand the
1 --- 2 --- 3 --- 4 --- 5
section “Background
information”?
24. How easy was it to
understand the
section “V-MAC
FAQs”?

1 --- 2 --- 3 --- 4 --- 5
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If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - HOW EASY WAS IT TO COMPLETE THE
INFORMATION IN THE WORKED EXAMPLES? (Please circle the
most appropriate answer)
Inputting data

Rating
Very
Difficult

Very
Easy

25. Selecting the relevant
1 --- 2 --- 3 --- 4 --- 5
information to enter
into the worksheet?

26. Copying data into the 1 --- 2 --- 3 --- 4 --- 5
worksheet?

27. Manually inputting
the data into the
worksheet?

1 --- 2 --- 3 --- 4 --- 5

28. Working out the carry 1 --- 2 --- 3 --- 4 --- 5
distance(s)?

29. Understanding the
worked examples?

1 --- 2 --- 3 --- 4 --- 5
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If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - HOW EASY WAS IT TO INTERPRET THE
OUTPUT? (Please circle the most appropriate number)
Interpreting the outputs

Rating
Very
Difficult

Very
Easy

30. How easy was it to
interpret the
1 --- 2 --- 3 --- 4 --- 5
information about the
individual loads?
31. How easy was it to
interpret the summary
1 --- 2 --- 3 --- 4 --- 5
bars e.g., mean,
th
median, mode, 25
and 75th percentile?
32. How easy was it to
interpret the summary 1 --- 2 --- 3 --- 4 --- 5
table?
33. How easy was it to
understand the
further information
1 --- 2 --- 3 --- 4 --- 5
provided regarding
the summary bars
and what they mean?
34. How easy was it to
interpret the results
of the worked
examples?

1 --- 2 --- 3 --- 4 --- 5
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If 1 or 2, please describe why it
was difficult:

V-MAC USABILITY - GENERAL
35. Would you use the V-MAC for investigating the manual handling of variable loads
in the workplaces you visit? (Please circle the most appropriate answer)
Never
Seldom
Occasionally
Often
Almost Always
36. Are there any tasks of manual handling variable loads that you have come across
where you feel that the V-MAC is not suitable for assessing the risks? If so, please
describe the situation.

37. To what extent do you feel that the use of the V-MAC improves your confidence
when assessing the manual handling of variable loads? (Please circle the most
appropriate answer)
Does Not Improve
Slightly Improves
Improves
Greatly Improves
38. To what extent do you feel that the use of the V-MAC improves your understanding
of the manual handling of variable loads? (Please circle the most appropriate
answer)
Does Not Improve
Slightly Improves
Improves
Greatly Improves
39. To what extent do you feel that the use of the V-MAC helps to identify what action
to take to reduce the risks from manually handling variable loads? (Please circle
the most appropriate answer)
Does Not Help
Slightly Helps
Helps
Greatly Helps
40. Please describe any sections of the V-MAC that could be improved with additional
written instructions. Be as specific as possible.

41. What do you like or not like about the V-MAC?

Many thanks again for completing this questionnaire!
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POWERPOINT PRESENTATION FOR USABILITY FEEDBACK
DISCUSSION WITH DUTY-HOLDERS
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V-MAC feedback
Jo Bowen & Andrew Pinder

www.hsl.gov.uk
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Usability Testing

Consent to audio record this discussion?

An Agency of the Health and Safety Executive
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Usability Testing

•

We want to discuss how you found using the VMAC tool and website (e.g. clarity of language,
usability, fit-for-purpose)

•

Based on your feedback we will review and
improve the tool and website

An Agency of the Health and Safety Executive

Getting started

•

When to use MAC, V-MAC or ART?

•

How/what data to collect?

•

Understanding the tabs

– From the info provided is it clear when/why you would
use MAC or need to use V-MAC?
– Was it clear that this tool should be used in
conjunction with MAC?
– Load/frequency
– Carry distance
– Shift length and breaks

An Agency of the Health and Safety Executive
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Inputting data

•

How easy did you find the spreadsheet to use?
– Were the “INTRODUCTION” and “The steps to follow”
sufficient?

An Agency of the Health and Safety Executive

Inputting data

•

How easy did you find the spreadsheet to use?
– Entering the data (manually, and copy & paste)

An Agency of the Health and Safety Executive
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Inputting data

•

How easy did you find the spreadsheet to use?
– Carry distance?

An Agency of the Health and Safety Executive

Inputting data

•

How easy did you find the spreadsheet to use?
– Selecting the duration tab to use?

– Entering the actual shift duration?

An Agency of the Health and Safety Executive

113

Interpreting the data
• How did you find using the graph and summary
box to interpret the data?

– Understanding the graph? (weights of individual
loads/height of summary bars?)
– Understanding the summary table?

An Agency of the Health and Safety Executive

Interpreting the data
• How did you find using the graph and summary
box to interpret the data?

– Understanding the risk classification table?

An Agency of the Health and Safety Executive
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Interpreting the data
• How did you find using the graph and summary
box to interpret the data?

– Understanding the results in relation to MAC and how
these would be used with the MAC score sheet?

An Agency of the Health and Safety Executive

Summary: V-MAC Tool

•

What aspects of the tool would you want to
change?
– To enhance the usability and understanding of the
tool?
– To understand when it should be used and how the
results are interpreted?

An Agency of the Health and Safety Executive
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Usability of the website

•

What were your first impressions?

An Agency of the Health and Safety Executive

Usability of the website
• Did you like the layout
and navigation through
the website?
• Could you easily find
the information you
were looking for?
• Was it clear when and
how to use the VMAC?
• Was there sufficient
information provided
about the tool in order
to use it and interpret
the results?
An Agency of the Health and Safety Executive
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Summary: Website

•

What key aspects would you want to change with
the website?
– To enhance navigating the website and finding the
relevant information?
– Understanding the content

An Agency of the Health and Safety Executive

Anything else…

Any other comments?
Thank you

An Agency of the Health and Safety Executive
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Further development of the Variable MAC
(VMAC) tool
Manual handling of loads in picking warehouses (be it heavy
goods/light goods or varied) is a common operation that
involves lifting tasks of variable frequency and load. HSE’s
Manual handling Assessment Charts (MAC) are not suitable for
assessing such tasks because they assume that the load and
frequency of handling box fixed. A separate tool the ‘Variable
Mac’ (VMAC) has recently been developed to address this
issue. However the V-MAC tool required further development
to enable it to be applied to longer shifts and low frequency
picking tasks.
The report describes further development of the V-MAC,
results of a pilot intervention study with duty-holders and
usability testing of the tool with HSE inspectors and
duty-holders
The V-MAC is a tool that extends the capability of HSE’s
MAC tool to allow the assessment of jobs where the load
and/or frequency of lifting vary significantly. V-MAC has now
been adapted to allow different shift lengths to be dealt with
by scaling the underlying hourly handling rates for the risk
thresholds. The user can now enter shift lengths of between
four and twelve hours. The built-in allowances for rest breaks
are adjusted in line with the total shift duration.
This report and the work it describes were funded by the
Health and Safety Executive (HSE). Its contents, including
any opinions and/or conclusions expressed, are those of the
authors alone and do not necessarily reflect HSE policy.
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