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The calculation sheet used to assess the ergonomic risk is shown in Figure 10.
[image: ]
[bookmark: _Ref163736970]Figure 10. Calculation sheet for the evaluation of the recommended weight limit and the Lifting Index (Colombini and Occhipinti 2020). 

[bookmark: _Ref163737132]11.2	Questionnaire for the Perceived Effort assessment
The perceived effort assessment relies on the questionnaire in Table 1. The Borg exertion rating scale is based on five verbal anchors (1-low, 2-normal, 3-moderate, 4-high, and 5-very high.
[bookmark: _Ref163736584]Table 1. Questionnaire used in phase-3 to record the perceived effort from workers, and the execution time per each working cycle (repetition).
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[bookmark: _Ref163737036]11.3	Questionnaire used for the Qualitative assessment 
The following list defines the constructs of the qualitative assessment:
1. Assistance: physical assistance is delivered by the exoskeleton. Subjective perceptions are those connected with perceived effort reduction, freedom of movement and expectations on the level and timing of physical assistance.
1. Comfort: physical comfort considering perceived pressure, friction, and thermal comfort (e.g. sweating or cold).
1. Stability: how well the exoskeleton conforms to the body. This category is separated from comfort to underline its importance as feedback to the designers. 
1. Usability: measurements of user perceptions on how intuitive the exoskeleton is to operate and easy to wear. 
1. Acceptance: level of satisfaction and positivity with respect to use of the device. This more general construct measures the sum of the exoskeleton's perceived relevance to the working task and its usefulness.
[bookmark: _Ref138675779][bookmark: _Ref138780095]Table 2. List of categories of the questionnaire. Each line reports the questions, and the code represented in Fig. 8.
	ASSISTANCE
	A1
	I feel less fatigue while using the exoskeleton

	
	A2
	I feel less strain on my back muscles

	
	A3
	I feel that the exoskeleton follows my movements

	
	A4
	I don’t feel my trunk movements are constrained

	
	A5
	I don’t feel my legs movements are constrained

	
	A6
	I feel the assistance level fits my needs.

	COMFORT
	C1
	I feel that the exoskeleton's weight is fine

	
	C2
	I feel that the exoskeleton's weight distribution suits me well

	
	C3
	I feel that the harness is too tight

	
	C4
	I don't feel pressure on my chest

	
	C5
	I don't feel pressure on my waist

	
	C6
	I don't feel pressure on my thighs

	
	C7
	I feel that thermal dissipation is adequate

	
	C8
	I don't feel more than usual sweating on my back 

	
	C9
	I don't feel more than usual sweating on my thighs 

	STABILITY
	S1
	I feel the exoskeleton securely attaches to my body

	
	S2
	I feel the belt is securely attached to my waist

	
	S3
	I feel the leg wraps are securely attached to my thighs

	USABILITY
	U1
	The harness is easy and intuitive to don 

	
	U2
	The harness is easy to regulate and open to doff

	
	U3
	I feel confident wearing the exoskeleton on my own

	
	U4
	The exoskeleton is easy to turn on and off

	
	U5
	The exoskeleton is easy and intuitive to operate

	ACCEPTANCE
	AC1
	The exoskeleton meets my expectations

	
	AC2
	I think that the exoskeleton is suited for my tasks

	
	AC3
	I don't feel hindered by the exoskeleton during my tasks

	
	AC4
	I would use the exoskeleton on a regular basis if it was available on the market

	
	AC5
	I feel that the exoskeleton is robust and suited for my work environment

	
	AC6
	I think that I would use the exoskeleton the whole working day

	
	AC7
	I think that I would use the exoskeleton for all my working tasks

	
	AC8
	Please, give a total score to the exoskeleton' s performance
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Calculation sheet for recommended weight limit and lifting index

Men Women
i cP
WEIght 20-45 years 25 20 25
constant
20<&45> years 20 15
(k) v x X
Initial height from the ground i :
ALTEZZA (cm) 0 10 20 30 40 50 60 70 75 80
FATTORE 078 | 0.81 | 0.84 | 0.87 | 0.90 | 0.93 | 0.96 | 0.99 | 1.00 | 0.99 0.84 o
L ALTEZZA (cm) 90 | 100 [ 110 [ 120 | 130 | 140 [ 150 | 160 | 175 | >175 :
FATTORE 0.96 | 0.93 | 0.90 | 0.87 | 0.84 | 0.81 | 0.78 | 0.75 | 0.70 | 0.00
X X
Vertical travel
DISLOCAZIONE (cm) | <25 | 40 55 70 85 | 100 | 170 |
FATTORE 1.00 | 093 | 090 | 0.88 | 0.87 | 0.87 | 0.85 | 0.86 T
A DISLOCAZIONE (cm) | 116 | 130 | 145 | 160 | 175 | >175 .
FATTORE 0.86_| 0.86 | 0.85 | 0.85 | 085 | 0
X X
Distance of body weight (from hands to center of ankles)
DISTANZA (cm) <26 | 28 30 32 34 36 38 40 42 44
T FATTORE 1.00 | 0.89 [ 0.83 | 078 | 0.74 | 0.69 | 0.66 | 0.63 | 0.60 | 0.57 0.83 M
60 DISTANZA (cm) 46 48 50 52 54 56 58 60 63 | >63
FATTORE 054 | 052 | 050 | 048 | 046 | 045 | 043 | 0.42 | 0.40 | 0.00
X X
Trunk torsion (degrees)
Dislocazioneangolare | 0 | 15 | 30 | 45 | 60 | 75 [ 90 [ 105 | 135° [ >135° | 1 AM
FATTORE | 1.00 | 0.95 [ 090 | 0.86 | 0.81 | 0.76 | 0.71 | 0.66 | 0.57 | 0.00 |
X X

Load grasp quality

[ GIUDIZIO [ BUONO | INTERMEDIO [ SCARSO |
[ FATTORE | 1.00 [ 0.95 [ 0.90 |
X X
Lifting frequency (actions/minute)
FREQUENZA DURATA DEL LAVORO (CONTINUO) 0 45 FM
AZIONIMIN. <8ORE <20RE <10RA
(LUNGA) (MEDIA) (BREVE)
<01 100 100 1.00
<=0,110<02 085 0.95 1.00
02 085 095 1.00
05 081 0.92 0.97
1 075 088 094
2 0565 084 091
3 055 079 0.88
4 0.45 072 0.84
5 035 0.60 0.80
6 027 050 075
7 022 042 070
8 0.18 035 0.60
9 0.00 0.30 052
10 0.00 026 045
1 0.00 0.00 0.41
12 0.00 0.00 037
13 0.00 0.00 0.00
14 0.00 0.00 0.00
15 0.00 0.00 0.00
>15 0.00 0.00 0.00
MOLTIPLICATOR! PER AREE INF A 75 CM
Weight lifted
(kg) 20 Kg. Recommended weight limit ‘ | S.77 Kg.
Weight lifted Lifting Index
Recommended Weight





