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Society is ageing, and with this 
ageing comes a natural decline in 
strength, dexterity, and cognition 
along with a higher probability of 
developing some form of chronic 
illness. This decline in capability 
can lead to significant issues in 
undertaking common activities of 
daily living such as bathing, cooking, 
and eating.

Accessibility of packaged food is 
a common issue for many older 
people leading to frustration at the 
very least, and possible malnutrition 
and hospital admission at worst.  
Whilst most previous studies have 
tended to look at decline in strength 
as the prevailing issue, many 
common packaging items such as 
crisps, biscuits, meat and cheese, 
for example, require a substantial 
amount of dexterity and finger 
manipulation to access successfully 
and are often described by 
consumers as ‘fiddly’. 

However, there has been little work 
to understand what makes a pack 
‘fiddly’ and how different packaging 
is perceived by consumers and 
the dextrous demands different 
packaging places on those 
consumers.

In this study, ten subjects were 
examined using a 10-camera 
optoelectronic motion capture 
system opening three common 
packaging types and their 
dexterity measured using a Perdue 
Pegboard.

The results showed that finger 
correlations vary widely across the 
differing pack formats with the crisps 
having the lowest finger movement 
correlation and the jar having the 
highest. Speed and jerk metrics 
were also seen to vary across the 
various pack formats. However, 
finger correlations were seen to be 
more relevant to perceived dexterity 
of pack opening than finger speeds 
and jerk motions. 

The implications for the design 
of packaging are such that tabs 
and other handling areas should 
be designed to encourage highly 
correlated finger movements. This 
finding along with other elements of 
this research has been incorporated 
in the new ISO standard BS ISO 
22015, Packaging Accessible 
Design. Handling and Manipulation 
and the design of new easy open 
drinks cuplets.

Above: Improved easy open orange juice cuplet.
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Above: Analysis of Finger Motion Coordination during Packaging 
Interactions. Packaging Technology and Science.

Official link to external article online: http://shura.shu.ac.uk/15730/

http://shura.shu.ac.uk/15730/
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Much of the work undertaken by 
researchers on the inability of older 
people to access food packaging, 
has concentrated on understanding 
issues around strength, with some 
work on semantics  and visual acuity 
(cognition). Much less work has 
looked at the ability to manipulate 
packing or the dexterity needed to 
access the contents. It is likely that 
there is less work in this field since 
defining dexterity is complicated 
and measuring is not necessarily 
straightforward. Researchers and 
healthcare professionals use many 
ways to measure dexterity from 
standard ‘pick-up’ tests to dedicated 
hand assessment protocols.  One 
of the most common, with a large 
amount measured data, is the 
‘Perdue Pegboard’ test developed 
by American researchers following 
World War 2, and is widely used in 
the field of rehabilitation
Measuring hand movements is 
complex but can be achieved using 
a range of techniques  such as 
goniometers and optical methods 
such as video photogrammetry 
or motion tracking using infra-
red cameras. Hence, this work 
describes part of a quantitative 
study that aimed to analyse motion 
coordination patterns across digits 
2–5 (index to little finger) during 
interactions with three of the most 
common types of packaging: plastic 
bottles, jars and crisps packets, and 
comparing those interactions with a 
common measure of dexterity, the 
Perdue Pegboard. Ten subjects (six 
male participants and four female 

The research process utilised a mixed methods approach utilizing semi-structured interviews, observation, 
measuring dexterity using the Perdue Pegboard and A 10-camera optoelectronic motion capture system.

participants) were examined whilst 
reaching forward to grasp and open a 
300 ml plastic bottle and a 500 g jar. 
and 25g crisp packet A 10-camera 
optoelectronic motion capture 
system measured trajectories of 25 
miniature reflective markers placed 
on the dorsal surface landmarks 
of the hand. Joint angular profiles 
for 12 involved flexion–extension 
movements were derived from the 
measured coordinates of surface 
markers. If we talk about finger 
movements, we can say where 
fingers move together in a similar 
pattern as highly correlated, where 
the fingers move in separate patterns 
as lowly correlated. The results 
showed that finger correlations vary 
widely across the differing pack 
formats with the crisps having the 
lowest finger movement correlation 
and the jar having the highest. Speed 
and jerk metrics of the fingers (i.e. 
how fast they move and the rate of 
change of that movement) were also 
seen to vary across the various pack 
formats. However, finger correlations 
were seen to be more relevant to 
perceived dexterity of pack opening 
than finger speeds and jerk motions.  
This has implications for pack design 
in that  high dextrous demand is 
determined by finger correlation, 
not say speed and therefore packs 
should be designed that promote 
smooth and highly correlated finger 
movements to reduce issues around 
dexterity and inability to access the 
contents.

Above: Participant using the Perdue Pegboard to measure their dexterity.
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The acquisition technique consisted of the placement of 25 reflective 
markers (diameter 4mm) on different anatomical hand landmarks. 

From the index to little fingers, five markers were placed as follows: first 
marker on the metacarpal base, second marker on the knuckle, third on 
the proximal interphalangeal (PIP) joint, fourth on the distal interphalangeal 
(DIP) joint and, finally, the fifth marker on the nail. 

For the thumb, first marker was placed on the metacarpal base, second 
marker on the MCP joint, fourth on the IP joint and the fifth marker on the 
nail. One marker was placed on the wrist, aligned with the middle finger, on 
the wrist dorsum.

A ten-camera Vicon T-160 opto-electronic motion capture system (Oxford 
Metrics Ltd., UK) recorded the reflective marker movements at a sampling 
frequency of 120 Hz, and produced the time-varying marker coordinates 
in a three-dimensional laboratory coordinate system (X–Y–Z) established 
through calibration. The experimental set-up used for the analysis is shown 
in below.

Above: Motion capture system used in analysis. Infra-red cameras track 
reflective markers attached to the hand and wrist.

Above: Position of reflective markers on wrist and hand during 
participant test opening a bottle. 
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Correlation plots were developed  through bespoke software in 
MATLAB. The plots show that the degree of finger correlation, 
i.e. fingers moving together in a coordinated way, is highest for 
the jar (58.9%, with a standard deviation of 10.6%) than the bottle 
(54.7%, with a standard deviation of 11.5%) compared to the 
Perdue pegboard (48.3%, with a standard deviation of 11.0%) with 
the crisp opening event having the lowest finger correlation (43.1%, 
with a standard deviation of 11.5%). 

Plots of speed and jerk smoothness metrics for the Purdue 
pegboard, bottle, jar and crisp packet were produced and 
examined. The larger the number, the smoother the task hence 
the jar and the crisps were seen to be smoother than the bottle. 
For the jerk analysis the larger (more negative) the jerk metric the 
less smooth the task is. Here again, the bottle was seen to be less 
smooth than the jar or crisps packet opening. 

Below: Typical Speed and Jerk plot for one participant opening a 
jar.

Above: Finger correlation plot of jar opening for one subject. 
Yellow represents high finger correlation.

Above: Correlation plot of jar opening for one subject. Yellow 
represents high finger correlation.
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All the of the 10 users were asked to open the packaging 
and perform the Purdue Pegboard Test and asked to rate the 
interactions on a scale of 1 to 5 on their perception of the strength 
and dexterity. Participants were provided with a definition of 
strength and dexterity before undertaking the test. A score of 1 
represented that the perception of the dexterity needed was low 
and a score of 5 rated that the perception of the dexterity needed 
was high. They were  also asked to rate the manipulative task 
based on their perception of the strength needed to perform the 
task. A score of 1 represented that the perception the strength 
needed was low and a score of 5 rated that the perception of the 
strength needed was high.

Subsequently the finger correlations, speed and jerk were 
compared to both percived and measured dexterity. typically 
a highly correlated spherical grip and so we would expect this 
packaging type to have the highest measured finger correlation.
The work showed that perceived dexterity of the packaging 
accessibility task is related to finger correlation and not finger 
speed.

Above: Participant opening a bottle and rating the percived dexterity.
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The research was disseminated in the new ISO standard, ISO22015 : 2019, where it was referenced as part of the 
design recommendations the handling and manipulation of easier to open packaging.

Above: ISO 22015: 2019, Packaging - Accessible Design – Manipulation 
and Handling

Above: Paragraph referencing output in ISO 
22015: 2019.

“It can be that the number of tasks and the complexity of those tasks 
can vary between package types. Yoxall et al., has shown that the time to 
perform a task and the perceived ease with which a task can be acheived, 
significantly affects a participant’s satisfaction with using the product and 
the scope for error.
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