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Abstract 

Numerous studies have used subjective perceptual methods to provide information 

about differences in backpack design. Several new designs of student backpack have 

been introduced to the world market, one of which is a popular single-strap backpack 

(SSB). This study compared a SSB with a conventional double-strap backpack (DSB) 

using subjective perceptual methods which included category ratio scale ratings of 

perceived regional comfort, undifferentiated rate of perceived exertion and subjective 

responses to written questions using either a 100 mm visual analogue scale or a free-

format written response that inquired about practicality, comfort, adjustability, positive 

and negative feedbacks, and overall subjective preference in a simulated field trial 

(walking around a representative ‘field-route’ for 20 minutes at a self-selected pace). 

The DSB was significantly superior to the SSB in terms of overall preference (13 

participants selected DSB, 1 for SSB), practicality, comfort, balance and ease of 

walking. DSB was also associated with less discomfort at the back of the neck, less 

perceived pressure on the shoulders and a lower rating of perceived exertion.  It is 

concluded that subjective perceptual methods are effective in distinguishing between 

single and double strap backpacks and that a DSB is superior to a SSB for student load 

carriage. © CybErg’2002. All rights reserved. 
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1. Introduction 

 

Most studies of load carriage have concentrated on the physiological and 

biomechanical penalties (Haisman 1988, Knapik et al 1996, Legg 1992, Myles and 

Saunders 1979) and have shown that when the load is centrally carried on the trunk, 

there is little difference in the oxygen cost and heart rate associated with different 

modes of load carriage. Some studies have used subjective perceptual methods to 

compare load carriage systems (Legg 1985, Legg and Mahanty 1985, 1986, Legg et al 

1997 and 2002, Goslin and Rorke 1986, Patton et al. 1990, Holewijn and Lotens 1992). 

There are, however, very few studies that have investigated the subjective perceptual 

effects of carrying a load using variants of a single mode or of different designs of 

backpack. 

Winsman and Goldman (1976), Patton et al. (1990), and Kirk and Schneider (1992) 

all reported that perceptual responses did not distinguish between load carriage modes. 

Winsman and Goldman (1976) used undifferentiated ratings of perceived exertion (RPE 

after Borg 1970), while Patton et al. (1990) used RPE’s for the upper and lower body. 

Kirk and Schneider (1992) used RPE’s to distinguish between sensations in the chest, 

shoulders and legs. In contrast, Legg and Mahanty (1985) reported significantly lower 

values for RPE when a load was carried using a combined front/back pack or a truncal 

jacket system than when the same load weight was carried in a backpack. However, 

they found no significant difference in RPE between a backpack with or without a 

frame.  

Legg and Mahanty (1985) also used two other subjective perceptual methods to try 

and distinguish between modes of load carriage. These were (1) a 100 mm visual 

analogue scale (VAS) of perceived discomfort, and (2) a modified Corlett and Bishop 

(1976) regional discomfort scale. The latter was a score determined as the sum of 

separate scores for all the areas of discomfort reported by each participant using a VAS 

for each of the twelve body regions. These perceptual subjective methods also failed to 

distinguish significantly between backpacks with or without a frame. However, short 

questionnaires that were administered immediately after carrying the load by each mode 

and enquiring about load stability, ease of donning and doffing and preferred load 

carriage system seemed to provide a means of distinguishing between the different 

  



modes of load carriage, even to the extent that their participants reported preferring the 

backpack with an external frame over the same backpack with no frame. In response to 

free-format written questions about ease of donning and doffing, their participants 

indicated that the backpack with the external frame was the easiest load carriage system 

to don and doff.  

These studies suggest that for load carriage systems or backpacks of identical weight 

and similar design and weight distribution, questionnaire techniques such as the 

subjective assessment of comfort (complaints associated with, for example, strap 

pinching, local pressure or discomfort of bone and muscle, etc.) or subjective preference 

and some biomechanical factors (e.g. muscle elctromyographic activity, joint angle 

changes, etc.) will be more sensitive, useful and appropriate for comparing load carriage 

systems – especially when the differences between systems are small. 

In the last few years, there has been concern about musculoskeletal discomfort and 

increasing low back pain amongst school students throughout the western world 

(Negrini et al. 1999, Grimmer and Williams, 2000, Whittfield et al. 2001 and 2002), but 

very little about university students. One of the contributory factors is the weight of 

books, computers and associated paraphernalia that students carry. A topic that has 

attracted somewhat less attention is the effect of the mode of load carriage used by 

students on musculoskeletal discomfort. This is surprising because over recent years, 

there has been a large increase in the variety and types of commercial backpacks 

available for use by students.  

Most student backpacks are of a conventional style i.e. with two shoulder straps and 

a waist belt. However, a common and very recent popular design of backpack for 

student use, is one that has a single strap across the shoulder and chest. There have been 

no studies that have examined the usefulness of subjective perceptual methods for 

comparing two different student backpacks of different styles of strapping (double-strap 

or single-strap). The present study therefore examined if subjective perceptual methods 

would be useful in comparing between single and double strap student backpacks in a 

simulated field trial. A second study, reported separately (Legg and Cruz 2002), 

examined the influence of backpack straps on pulmonary function. 

  



 

2. Methods 

Fourteen participants (7 male, 7 female) voluntarily participated in the experiment. 

Their mean (SD) physical characteristics were: age 32.5 (9.7) years, stature 163.3 (11.6) 

cm and weight 64.2 (13.1) kg. According to a balanced randomized presentation of 

experimental conditions, each participant completed a simulated field trial, after which 

their subjective perceptual responses to using two different backpacks were collected.  

A single and a double strap backpack were used in the study. The single strap 

backpack (SSB) was a Unistrap Body Backpack NSP 770 (SSB) (Rockfield, China) 

(Figure 1). It had a 5 cm wide single strap worn diagonally across the shoulder and the 

chest and was secured by Velcro. It had a flap cover over a zippered opening and was 

blue in color with yellow highlights. The double strap backpack (DBS) was a LiteAlp 

DayPack Standard Size (MacPack Wilderness Equipment Company Ltd, New Zealand) 

(Figure 2). It had two 4cm wide padded shoulder straps. It had an outer zippered pocket 

and was dark bluish green in color. Neither backpack had an internal or external frame. 

Each backpack was filled with books to obtain a total backpack weight of 6 kg.  

 

                   
 
Figure 1       Figure 2  
The single strap backpack (SSB)     The double strap backpack (DSB) 
 

 

  



In the simulated field trial, the participants walked for 20 minutes around a 

representative ‘field route’ (inside a university building) at a self-selected pace 

(equivalent to moderately hard work). The ‘field route’ was 111 meters long and 

consisted of obstacles such as upward (21 steps) and downward (21 steps) stair 

climbing, door opening by pulling and pushing (1 each) and turnings in between 

hallways The obstacles were included in order to simulate walking within university 

buildings. Participants were instructed to adjust the backpack to achieve ‘comfort fit’ 

before the start of each walk. Experimental walks for each participant were undertaken 

on the same day, with a 15-minute rest between conditions. The participants wore light, 

comfortable clothing suitable for the indoor environment. The ambient temperature was 

17-20oC. 

Simple written questionnaires were administered immediately after the experimental 

walk with each backpack. Each participant was requested to mark their ratings for each 

backpack on a 100 mm visual analogue scale with left and right extremes marked as 

‘very uncomfortable’ and ‘very comfortable’, respectively, for sensations of muscular 

strain (for shoulders, back, upper legs and lower legs), pressure (for shoulder and for 

waist), for balance and ease of gait. They were also required to give free-format written 

responses to written questions about positive and negative features of each backpack. 

The actual questions were ‘what did you like best about this backpack?’ and ‘what did 

you like least about this backpack?’. Participants were requested to state the reasons for 

their answers. The participants were also asked to state which backpack they preferred 

overall. 

The perceived regional discomfort for each participant while carrying each backpack 

was assessed during the last 5 minutes of each walk for each of 24 body regions (12 

front and 12 back) using a regional body diagram (Corlett and Bishop 1976) and a 

category ratio scale (CRS) rating method (Noble et al. 1982). In practice and to reduce 

the time taken to collect the data, participants were required to sequentially provide 

CRS rating for each body region in the order described above. The rating of perceived 

exertion (RPE) (after Borg 1970) for each participant was taken during the last 30 

seconds and immediately after each experimental walk. The participants were required 

to rate their perception of their level of exertion on a scale from 6 to 20 (lightest to 

hardest exertion) accompanied with word descriptors like ‘very very light’, ‘very light’, 

  



‘fairly light’, ‘somewhat hard’, ‘hard’, ‘very hard’ and ‘very very hard’ at various points 

of the scale.  

Chi-square tests were used to identify significant differences between frequency data. 

The visual analogue scales used for the post-walk questionnaires were analyzed by 

paired samples t-tests. Statistically significant differences were accepted at the 0.05 

level of probability (p<0.05). 

 

3. Results 

 

DSB was associated with significantly less discomfort for pressure on the shoulders 

(p<0.01), balance (p<0.05) and ease of gait (p<0.05) (Table 1). No significant 

differences were found for the level of discomfort for muscular strain on the back, upper 

legs and lower legs, and pressure on waist. 

DSB was considered to have the following positive features: balance, ease of 

carrying and gait, stability, size, pressure of straps, strap design and comfort. Its 

negative features were: difficult adjustability of straps, color, heat (ie thermal sensation) 

and pressure produced on the back and shoulder areas, size, and thin shoulder straps. 

SSB was considered to have the following positive features: loose fit, less restriction of 

arms, color, size, strap comfort and ease of use. It had the following negative features: 

color, difficulty of donning, instability, uncomfortable pressure on right shoulder, chest 

and neck and heat produced under the strap.  

Overall, 13 participants preferred DSB while only 1 participant preferred the SSB. 

The reasons stated for preferring DSB were the following: comfort, ease of use, equal 

load distribution, ease of handling, balance, stability, style, no or little restriction of 

movement, no or little strain and fatigue, fit, size and practicality. The reasons stated for 

preferring the SSB included size, convenience and previous experience of use. 

Perceived regional discomfort in the posterior neck area for the DSB (1.2 sd 1.3) was 

significantly lower (p<0.05) than for the SSB (2.4 sd 2.9). No significant differences 

were found in any of the other body regions. The DSB RPE (10.7 sd 1.9) was 

significantly lower during the last 30 seconds of walking than the SSB RPE (13.1 sd 

3.2) (p<0.001).  

 

 

  



Table 1.  
Mean (SD) data (and frequencies) for visual analogue scale ratings for muscular strain, pressure, balance 
and ease of gait in a simulated field trial comparing a single strap (SSB) and a double strap student 
backpack (DSB) (n=14). 
 

VAS ratings  
SSB DSB 

Post-walk questionnaire ¤ 
Muscular strain 

Shoulders 34.8 (30.6) 54.0 (22.5) 
Back 49.7 (26.5) 56.7 (25.1) 
Upper legs 65.0 (20.2) 58.4 (25.3) 
Lower legs 53.6 (23.0) 53.0 (23.1) 

Pressure 
Shoulders 19.6 (23.2)     47.2 (22.5)** 
Waist 52.4 (26.9) 54.8 (24.9) 

Balance 37.6 (30.1)  72.3 (23.6)* 
Ease of gait 49.6 (27.1) 72.4 (26.5)* 
Positive features Loose fit, less restriction of 

arms, color, size, strap comfort 
and ease of use 

Balance, ease of carrying and 
gait, stability, size, pressure of 

straps, strap design and comfort 
Negative features Color, difficulty of donning, 

instability, uncomfortable 
pressure on right shoulder, chest 
and neck, heat produced under 

the strap, chest compression 

Difficult adjustability of straps, 
color, heat and pressure 

produced at back and shoulder, 
size, thin straps 

Overall preference + 1 13* 
¤Visual Analogue Scale of 100 mm with ‘very uncomfortable’ = 0 and ‘very comfortable’=100. +Number 
of participants. *Statistically significant difference p<0.05. **Statistically significant difference p<0.01. 
 

4.  Discussion 

The main findings of the present study are that the DSB was generally significantly 

superior to the SSB in terms of overall preference (13 participants selected DSB, 1 for 

SSB), practicality, comfort, balance and ease of walking, with less discomfort at the 

back of the neck and pressure on the shoulders and a lower rating of perceived exertion 

The subjective perceptual methods used in this study were able to distinguish 

between the two student backpacks. This contrasts with the results of Legg et al. (1997) 

where the CRS ratings were not effective in identifying subjective perceptual 

differences between backpacks. This difference was expected as the backpacks that 

were compared in their study were both double-strap backpacks and had equal loads but 

only had slight differences in design features. The backpacks compared in this study 

have obvious differences of design (i.e. style of backpack strapping), though both had 

equal loads. This suggests that CRS ratings can be more effective under these 

circumstances, as there was more difference in the features of the backpacks being 

compared. Visual analogue scales and free-format questionnaires effectively 

  



distinguished between the two backpacks and are therefore very useful, as was also 

reported in the other studies, in identifying subtle differences between backpacks. 

In the present study, ratings of perceived exertion also distinguished between the two 

backpacks. Although Legg et al. (1997) reasoned that the CRS should be preferred over 

the RPE because of its association with anaerobic metabolic processes related more 

closely with localized muscular discomfort when carrying heavy loads, RPE scores 

were also used in this study to identify general levels of fatigue which are more closely 

associated with aerobic, dynamic and whole body exercise. It has already been shown 

(Legg and Cruz 2002) that carrying loads as low as 6 kg and the style of backpack 

strapping causes a mild restrictive type of ventilatory change in lung function.  

CRS scores at the posterior neck area were significantly lower in the DSB as 

compared to SSB. Holewijn and Lotens (1992) pointed out that a frameless backpack 

produced higher electromyographic activity in the trapezius muscle than does a 

backpack with frame and hip belt. Since both of the backpacks in the present study were 

frameless, but had obvious differences in terms of style of strapping, it is possible that 

electromyographic investigation may reveal objectively determined differences in the 

level of fatigue generated around the shoulder area, including the trapezius muscle. 

Differences in laterality of effect were also apparent in the present study since 

unsolicited comments from the participants indicated a unilateral (particularly the right 

side) discomfort associated with the SSB.  

Significant differences between SSB and DSB were obtained for the level of 

discomfort due to pressure over the shoulders. This finding is particularly important 

because pressure caused by backpacks has often been reported as the cause of injuries 

such as rucksack palsy and low back pain. (Bessen et al. 1987). 

Load carriage and placement of the load can have profound effects on stability, 

posture and gait of the participants (Kinoshita, 1985). Since each of the backpacks in the 

present study required a different manner of donning and carriage style, it is not 

surprising that subjective participant perceptions of balance and ease of gait were 

affected. Unsolicited comments form participants included complaints that the SSB 

tended to slide to the front, suggesting that its more lateral orientation to the trunk, 

especially during turning and leaning, was a real and practical problem for the user.  

 

5. Conclusions 

  



The subjective perceptual methods used in this study effectively distinguished 

between a single and a double strap backpack.  A double strap student backpack was 

generally superior to a single strap backpack in terms of overall preference, practicality, 

comfort, balance, ease of walking, with less discomfort at the back of the neck and 

pressure on the shoulders and a lower rating of perceived exertion. It is concluded that a 

double strap backpack is generally superior to a single strap backpack for student 

load carriage. 
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