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Abstract 
 
It is essential that design of bed clothes in healthcare and other industries e.g. hospitality are suitable for the 
personnel when they perform bedding tasks. The bed clothes are important not just for patients’ experience of 
healthcare service, but also for serving as tools for nurses satisfaction and performance in the bed making task. 
Ergonomics and work load of the nurses are directly affected from design and development of product 
characteristics (material, weight etc.) and related tasks to make the bedding. Still, there is a question of  how bed 
making can be improved considering  from aspects related to work (e.g. time), ergonomics and emotional 
satisfaction for nursing personnel.   
  
This study focuses on affective and ergonomic effects of making patient beds for nursing personnel, by using an 
Affective (Kansei) Engineering approach comparing a new bedding system with the conventional bedding. In 
principle, the main objective is to understand the nurses´ perceptions towards the bed making task with the new 
product compared with conventional bed clothes (conventional bedding material), based on affective, 
ergonomics and discomfort criteria.  
 
Fourteen female nurses (N=14) employed at the heart intensive care unit of a hospital in western Sweden 
participated in the study. Qualitative and quantitative methods were employed to investigate the bedding 
systems. All participants performed three trials with the new and the conventional bedding in randomized order. 
Affective evaluation included measurement of subjective responses with Kansei words (expressing feelings), 
measurement of overall experiences and comparison between the two bedding systems. Productivity related 
measurements included task descriptions and measurement of work cycle times. Measurements of physical load 
included calculation of static compression forces for the postures of forward bending and hand elevation above 
shoulders, related time durations and frequencies and as well as discomfort evaluations. 
 
In order to examine participants’ affective responses paired samples t- test  was employed. Correlation analysis 
was applied to test associations between Kansei words. Independent sample t-test was used to analyze the 
bedding time durations. Paired samples t- tests were performed to compare the new and the conventional system 
regarding compression forces in forward bending, hand elevation above shoulders, frequencies and time 
durations for the two postures and to evaluate overall experiences.Wilcoxon signed rank test was performed to 
investigate participants’ perceived levels of discomfort for different body parts. For statistical analysis of data 
SPSS 15.0 (SPSS, 2006) and Minitab 15.0 were used. For the analysis of physical loads, the University of 
Michigan's 3D Static Strength Prediction Program (3DSSPP) (6.0.2) was used to compute static compression 
forces on lower back for forward bending on the chosen each test condition.  
 
Study conclusions are as follows: Affective preferences were significantly positive towards the new bedding. For 
the new bedding system, Kansei word “quality” was positively correlated to “nice to touch”. For the 
conventional bedding system, “quality” was positively correlated to “comfort”  and “soft”. The time analysis 
showed that significantly less time was needed to make a patient bed with the new bedding system. Results have 
shown significantly decreased workloads with the new bedding system. One person is able to do the new 
bedding with fewer tasks. The new bedding required higher compression forces on the lower back compared to 
conventional bedding. However, all compression forces were below the limits according to the NIOSH 
guidelines. Frequency and time durations of forward bending are decreased with the new bedding compared to 
the conventional bedding. Moreover, hand elevation above shoulders is not needed with the new bedding system 
while it is necessary with the conventional bedding. The discomfort evalutions indicate that the new bedding 
gave significantly less neck and shoulder discomfort. The participants´ overall preferences were found 
significantly positive for the new bedding system. Further overall comparisons on the same scale confirmed that 
the new bedding system is preferred compared to the conventional bedding system. To conclude, the current 
study showed that the new bedding product was found more functional and aesthetically appealing and satisfying 
as well ergonomically designed compared with conventional bedding by the nursing personnel.  
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1. Introduction 
 
The hospital bed clothes are important not just for patients’ experience of healthcare service, but also 
for serving as tools for nurses satisfaction and performance in the bed making task. Ergonomics and 
work load of the nurses are directly affected from design and development of product characteristics 
(material, weight etc.) of these clothes. The bed and the materials used for patient bedding influence 
the well being of nursing personnel and have an impact of their satisfaction with the physical milieu 
(Petzäll et al., 2001). The same study  revealed that nurses were less satisfied with the mattress, pillow 
and blanket than the bed linen by (Petzäll et al., 2001). 
 
Although the literature has been dominated by studies of physical risk factors such as patient handling, 
nursing activities such as bed making have not been given the same emphasis. The bed making task 
requires repetitive movements, bending and twisting around the bed. Preliminary investigations 
revealed that approximately 20 loaded forward flexion movements are required to make a bed 
(Milburn and Barrett, 1999). This includes movements necessary to  remove and apply bedding as 
well as actions to lift the mattress so that the bed material can be tucked in.  
 
A new study on occupational health problems (Milburn, 2005) describes that, bed making is 
characterised by extreme forward flexed working postures; heavy, non-rigid loads; confined working 
spaces; and high repetition lifting over intense work periods. Petzäll et al., (2001) also found a 
significant relationship between dissatisfaction  with the working posture and height of the personnel 
for bed making. 
 
Still, there is a question of  how bed making can be improved considering  nursing personnel’s 
satisfaction from aspects related to work (e.g. time), ergonomics and emotional satisfaction.  It is 
essential that for design of bedding materials in healthcare and other industries, e.g. hospitality, 
physical, psychological and psycho physiological needs of personnel are holistically considered.  
 
Since the 1970ies an engineering methodology, Kansei (Affective) Engineering (Nagamachi, 1995) 
has increasingly been applied in product development to fulfil customers’ and users’ emotional needs 
and preferences. “Kansei” is referred to emotions in Japanese as, “an individual's psychological 
feeling and image resulting from a series of information processes from a certain artefact, 
environment, or situation” (Nagamachi, 1999). The methodology aims at translating human 
psychological processes, such as feelings and emotions, into appropriate product design elements, to 
provide ergonomic design solutions.  
 
Although considerable efforts have been devoted to applying Kansei Engineering in product design, 
no studies have been found concerning bed making activities or systems. This study will focus on 
affective and ergonomic effects of bed making on nursing personnel by an Affective Engineering 
approach in a comparison between conventional and a new bedding system.  
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1.1 Aim 
 

The overall aim is to evaluate ergonomics and the quality of two bedding systems including a new 
bedding system.  
 
In principle, the main objective is to understand  nursing personnel’s perceptions towards  the bed 
making task with the new product and as alternative with the conventional  bed clothes (conventional 
bedding material) from affective,  ergonomics and subjective discomfort perspectives point of view.  
 
There are  several research questions presented below to be answered  in this manner: 
 

1. Are there any differences for affective preferences between the new and the conventional 
bedding systems? 

2. How are the affective preferences associated with the new and the conventional bedding 
systems? 

3. Are there statistically differences for time and task related productivity aspects between the 
new and the conventional bedding systems? 

4. Do static compression forces differ on the lower back (L5/S1 joint) differ for the new and 
conventional bedding systems? 

5. Are there statistical differences between lower back bending time durations, bending 
frequencies and bending angles of participants between the two bedding systems?  

6. Are there statistical differences between time durations, frequencies for elevation of hands 
over shoulder level between the two bedding systems?  

7. Do discomfort perceptions differ between the new and conventional bedding systems? 
8. Do overall experiences differ between the new and conventional bedding systems? 

1.2 Delimitations 
 

This study has been designed to investigate the physiological and psychological influences of bedding 
clothes on nursing personnel. Bedding clothes mainly have two users. These are the nurses and the 
patients. One important limitation is that due to considering nurses’ other daily activities the 
discomfort and different aspects of quality perceptions can vary limit the influence of that factor. In 
order to avoid that factor this study was conducted in the morning shift of a working day.   
 
The effects of thermal and subjective quality of the bedding systems for patients have not been tested 
during this study. Technical properties of the products also can not be tested since it is a prototype. 
Further, the economical influences of property changes due to washing and drying processes have not 
been included in the study. 

 

 

 
 
 

2 
 



 
 

2. Theoretical Background 

2.1 Musculoskeletal disorders 
 
Musculoskeletal disorders result from a mismatch between demands of the working task and the 
capacity of the working person to meet those demands, generally when the former exceeds the latter 
and the person is placed in a situation of overload (Pheasant and Haslegrave, 2006). Such disorders 
may occur as discrete events or over a period of time as a result of cumulative overuse or a 
combination of both leading to overexertion injuries. 

Recently the National Research Council (1999) outlined a broad conceptual framework, indicating the 
roles that various work and other factors may play in the development of musculoskeletal disorders. 
This framework serves as a useful tool to examine the diverse literature associated with 
musculoskeletal disorders, reflecting the role that various factors can play in this development - work 
procedures, equipment and environment; organisational factors; physical and psychological factors of 
individuals; nonwork- related activities; organisational factors; and social factors. Its overall structure 
suggests the physiological pathways by which musculoskeletal disorders and thus low back disorders 
can occur or, conversely, can be avoided.  
 
From a prospective longitudinal study, Bongers et al. (2002) mentioned the following 
recommendations to avoid work related musculoskeletal orders: 
 

 Reduction of physical load at work to help reduce the number of low back problems and 
absence from work. Attention should be on reduction of high workload and repetitive. 

 Lifting of 25 kg or more has to be avoided, especially when lifting more than 15 
times per day.  

 Work situations with trunk bending have to be avoided (especially when bending 60° or 
more). 

 Work situations with trunk rotation during more than 10% of the work time have to be 
avoided. 
 

While repetitive movements are one of the factors for physical disorders in muscles; awkward postures 
including non-neutral trunk postures (related to bending and twisting) are other factors that bedmakers 
face at work. Bending is defined as flexion of the trunk, usually in the forward or lateral direction 
(Bernard et al., 1997). Twisting refers to trunk rotation or torsion. Results are consistent in showing 
positive correlation between low-back disorders and work-related awkward postures association 
(Bernard et al., 1997; Hoogendoorn et al., 1999).  
 
In ergonomics a holistic, participatory and integrated approach is needed to study the work related 
muscoloskeletal problems in a workplace to produce effective results (Op De Beeck and Hermans, 
2000).  The following items are examined with the designed study:  
 

• Objective measurement of the workload: physiological and behavioural reactions of the 
exposed worker (physical and biomechanical aspects). 

• Subjective experience of workload: by the use of questionnaires and interview techniques the 
practical knowledge of the worker can be collected.  
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The combined use of objective and subjective data can better indicate the risks in the work system (Op 
De Beeck and Hermans, 2000). 

2.1.1 Musculoskeletal disorders of nursing personnel 
In order to investigate the state of the art the studies about bedding articles and  how nurses are 
psychological and physically affected from patient bedding is searched within several databases 
(MEDLINE, Science Direct, Science Citation Index, Scopus) with several keywords (e.g. patient 
bedding, daily activities for nurses, bed making, bedding materials etc.) for all years. The numbers of 
relevant studies were limited. In relation to the patient mainly the effects of mattresses and pillows 
were gained attention in the scientific research (Boggatz et al., 2003). 

House-based personal care workers and assistant nurses/hospital ward assistants are occupational 
groups with a high risk of musculoskeletal accidents (Nordin, and Bengtsson, 2001). Nursing 
personnel are especially at  high risk for workrelated musculoskeletal disorders (WRMSDs) due to the 
physically demanding nature of their work in general and the environment in which it is conducted 
(Gillen et al., 2007). The personnel and employer costs associated with workrelated injuries are 
remarkable for healthcare (Gillen et al., 2007).  
 
A study by Lagerström (1995) amoung female nursing personnel showed that in the present hospital 
setting, individual factors together with “physical and psychosocial” work factors were related to 
symptoms in the neck, low back, and hands; “individual factors and psychosocial” work factors were 
related to symptoms in the shoulders; while only “individual” factors were related to symptoms in the 
knees.Especially back and neck/shoulder pain are the most common WRMSDs have been analyzed 
among nursing personnel (Engels et al., 1994; Josephson et al., 1997; Engkvist et al., 2000) Nursing 
always involves working in awkward positions, prolonged standing and lifting loads (Estryn-Behar et 
al., 1990).  
In healthcare,  different types of hospital bedding are applied and most of the time nursing personnel 
are educated for that in the  nursing schools.Bedmaking task is mostly done by female staff and 
requires repetitive movements, bending and twisting around the bed. A report on Occupational 
accidents and work-related disease (2005) by Swedish National  Institute for Working Life show that 
roughly seven out of every ten assistant nurses, nursing assistants and nursing auxiliaries find their 
work physically heavy and strenuous. Seven out of ten agree, partly or wholly, that their work 
involves strenuous work postures.  
 
Hospital nurses spend 20% of their working time in awkward postures defined by OVAKO Working 
Posture analysis system (Karhu et al., 1977) measured by Engels et al., (1994). Nurses regard not only 
patient transfer but also work in awkward postures and frequent bedding is stressful (Engels et al., 
1996).  
 
A recent study by Freitag et al., (2007) reports that there are a few studies in the literature in which 
spinal stress during nursing work has been investigated by recording body postures.Their work on 
quantitative measurement of stressful trunk postures of nursing personnel identify that sagittal 
inclinations of  >60o were most often evoked by the tasks bed making (22%), clearing up/ cleaning 
(16%) and basic care (16%). The present study shows that 38% of trunk inclinations were caused by 
the tasks at the patients’ beds (bed making and basic care). 
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2.2 Analyzing postures and musculoskeletal loading  
 
Photographs or videos are used to record the posture even though the data are retrieved from the 
recorded images (Wilson and Corlett,  1995). Besides recording postures, it is important to have data 
on task activities and the loads moved etc.  
 
Static postures: According to standard DIN EN 1005-1 (2002), postures are designated as static 
postures if they are held for longer than 4 s, at a constant or slightly changing force. Therefore, all 
trunk movements outside the neutral range are examined to establish whether they last for longer than 
4 s. The frequency is then determined (Freitag et al., 2007). 
 
Frequency of movement: DIN EN 1005-4 (2005) defines a body movement as being frequent if it is 
performed twice or more per minute for an extended period. The movement frequency is used as an 
additional condition for the  evaluation of postures which do not correspond to the medically neutral 
position, but which cannot in principle be regarded as representing a major risk. One example is a 
sagittal inclination between 20 o  and 60 o, which, according to the standard, lies in a conditionally 
acceptable angle range (Freitag et al., 2007). This means that this posture is regarded as being 
acceptable if it is assumed on average less than twice per minute during a working shift.  
 
In order to evaluate posture and static work key components are (Wilson and Corlett,  1995). 

• The angular relationship between body parts 
• The distribution of the masses of the body parts 
• The forces exerted on the environment during posture 
• The length of the time that the posture is held 
• The effects on the person maintaining the posture 

 
Methods for direct measurement of the effort involved in holding a posture are summarized below 
(Wilson and Corlett,  1995): 
 

• Estimation techniques (biomechanics and estimates from maximum voluntary contraction 
(MVC) 

• Measures of muscular activity (EMG signal measures) 
• Measures of the resultant effects (e.g. spinal shrinkage (Eklund and Corlett, 1984)) 
• Subjective measures (e.g. discomfort ratings) 
• A range of observation methods 

 
In order to asses if a task or a design of product is feasible a common way is to compare the forces on 
spine or on other parts of the body (shoulders with recommended limits discussed by Wilson and 
Corlett (1995). However, Wilson and Corlett (1995) suggest that other complementary methods such 
as direct observation,  discomfort charts and for repetitive jobs,  physiological assesment methods are 
need to be combined with biomechanical methods.  
 
To make a postural analysis the related forces for the type of required work can be calculated on a 
static posture in the sagittal plane  if there is no twisting or lateral bending. 3D models can also used 
where there is much lateral bending and twisting (Wilson and Corlett,  1995). In dynamic situations 
accelerations cause extra forces therefore these forces also need to be considered.  
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Direct Observation Methods 
 
Observational methods are summarized in Table 1 help to gain some  information about the type of the 
task activity and the body parts and the angular information. In 1970’s the methods developed for 
posture observation methods depend on manual recording. In the mid 1980’ s computer programs 
were developed to tabulate trunk and shoulder postures (Keyserling, 1986). Amoung the manual 
recording methods, posture targetting method does not incorporate time recording. One limitation of 
these methods is that it is not clear how external force requirements interact with the frequency or 
duration of postural requirements identified by these methods and to what extent the situation is 
hazardous. 
 
Table 1. Observational body posture analysis methods. 
 
Observational 
methods 

Description 

Posture targetting 
(Corlett et al., 1979) 

A worker is observed at random times of the day and job postures, angular  and the 
activity (hold, pull, push etc.) information about related body parts is noted. The 
analyst can identify the most frequent and potentially stressful job postures for a more 
detailed biomechanical analysis (Chaffin et al., 2006) 

OWAS 
(Karhu et al., 1977) 

OWAS (The Ovaco Working Posture Analysis System) is a method for identifying and 
evalauting unsuitable postures. This method consists of two parts: the first is an 
observation technique for the evaluation and recording of working postures with 
number coding. The second  part is used to record the percentage of time in a given 
posture. 

RULA 
(Mc Atamney and 
Corlett, 1993) 

This method is quite similar to OWAS and inludes more detailed and rapid assesment 
of upper limb disorders (ULD). It also works with number coding of body parts and 
activities and assessing the right the angular position of the body like  in the OWAS 
procedure. 
Armstrong et al. (1982) later developed a procedure which also demonstrates  
frequently repeated or maintained  adverse postures and forces to assess upper limb 
disorders.  

Keyserling (1986) A personal computer  is used where trunk and shoulder postures are evaluated based on 
three times recording of a job. Frequencies of postural changes and the duration of time 
that a person is in specific posture is also recorded. It allows to distinguish between a 
variety of postures in a repetable manner. There is a classification system for extreme 
postures. 

Foreman et al. 
(1989) 

The observer uses two letter mnemonics as postural inputs to the computer. The 
computer then outputs simple statistic descriptors about the job. 

 

2.2.1 Lifting limits for lower back 
Professional nurses have an elevated  risk of developing musculoskeletal diseases in particular  in the 
back (Ando et al., 2000; Hoffman et al., 2002). Occupational risk factors for lower back are (Chaffin 
et al.,  2006): 
 

• Heavy work: lifting, pulling, pushing, sudden maximal force exertion, bending, twisting 
• Stopped working posture 
• Prolonged sedentary work 
• Lack of task diversity 
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• Unaccustomed physical activity 
• Vibration and impact forces 
• Psychosocial factors 

 
A risk factor for low back pain is the horizontal distance between the load and low back (Worksafe 
Australia, 1990). Although low back pain is most frequent according to several studies repetitive 
manual exertions of wrists and hand cause cumulative trauma to many workers (for references see 
Chaffin et al. 2006).  
 
There are 2D and 3D models (Schultz et al., 1983,  Nussbaum and Chaffin, 1996) various static 
models (Morris et al., 1961; Anderson et al., 1986) and dynamic ( El- Bassoussi, 1974; de Looze et al., 
1994) models  to demonstrate the external loads and postures on lumbar spine.  
 
Recommondations  are given in Table 2 for lower back loads due to external loads and postures 
National Institute for Occupational Safety and Health (NIOSH) recommends(1994) that the lifting 
limit is maximally 23 kg  and this corresponds to  L5/S1 compression forces of 3400 N. Lifts above 
these limits are considered as hazardous for some workers regardless of gender and age and (Chaffin 
et al., 2006). According to the German Dortmund recommendation this threshold value should be 
2300N for men and 1800N for women over 40 years. 
 
Table 2. Recommended limits for compression forces  on the lumbar spine. 
 
Institutes Limits 
NIOSH recommendation (1994) compression forces 3400 N 
Dortmund recommendation  
(Jager et al., 2001 in Chaffin et al., 2006). 

over 50 years men: compression forces 2300 N,  
over 40 years women  : 1800 N 

 
Earlier studies  to estimate spinal loads in bed making (Milburn and Barrett ,1999) indicate that certain 
components of overall bedmaking task produced L5/S1 compression forces that were in excess of 
NIOSH safe lifting limits. Considering this outcome from the study in order to examine compression 
forces at the L5/S1 joint two criteria back compression design limit (BCDL=3427N) and the back 
compression upper Limit (BCUL=6365N) proposed by NIOSH (1981) were used.  
 
In biomechanical calculations in order to represent human variability due to body weight and stature 
95 th percentile body weight and statures are used in order to avoid errors to give safety suggestions 
(Wilson and Corlett, 1995). 

2.2.2 Lifting limits for shoulders 

 
Postural risk factors of the shoulders received the most attention in the literature. If an object is held at 
the outer range of reach for upper extremity, it can create high load moments on the shoulder resulting 
in rapid musle fatigue and associated cumulative trauma to the shoulder tissue (Chaffin et al., 2006). 
Here, not the weight of the object but the joint moments caused by the weight  of the bed segment that 
account for the tissue stresses (Chaffin et al., 2006). Basically, with or without a hand load even 
moderate arm elevation contibute to the blood flow impairment and any elevation of the arm above the 
shoulder greatly increases the stress in the tendon-ligament-capsular tissues (Chaffin et al, 2006).  
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In average the compression forces from one shoulder while applying conventional bedding is found as 
764 N. Short duty cycles (less than 20 seconds of work and 40 seconds of rest ) with low hand loads 
(less than 0.4 kg) and with arms below shoulder level are acceptable provided that this work activity is 
not maintained for long periods of time(Chaffin et al, 2006). 

2.4 Evaluation of discomfort 
 
Judgements of discomfort can be made with Borg scales (1998). The participants point out where they 
feel discomfort in a  body map using the Borg scale Ratings of Perceived Exertion (RPE), and are then 
asked to rate the intensity of discomfort on a five, seven or  ten degree scale for those body parts.  

2.5 Affective evaluation of products 
 
In this study Affective (Kansei) engineering is proposed as a methodology to assess affective 
perceptions of nursing personnel for bedding activity itself and for the bedding clothes.  If we assume 
that a set of words represent Kansei feelings towards affective qualities of a product, these may help in 
suggesting emotional needs for the bedding clothes. 
 
 “Kansei” feelings can be captured in several ways, according to Nagamachi (2001): 

• People’s behaviours and actions 
• Words (spoken) 
• Facial and body expressions  
• Physiological responses (e.g. heart rate, body temperature)  

 
To differentiate among affective (core) qualities of a product, Semantic differential scales are 
commonly used in Kansei Engineering. Affective qualities of objects or things might be represented in 
word meanings and three dimensions were characterized with three dimensions: evaluation, activity 
and potency according to Osgood’s (1957) semantic differential work. Estimating psychological 
responses of participants by Semantic differential scales (SD) provide a mean to define quality feeling 
better and to improve an existing product. Thus an advantage of using SD scales is that with an 
individual scale a unique aspect of the quality feeling unrelated to other questionnaire items may be 
examined. The steps of applying “Kansei” Engineering are presented in Figure 1 and the potential 
methods to be employed in each step are described below.  
 

1. Measure the emotional and behavioural states when one experiences and interacts with the 
product by his/her senses. 

2. Validate data quality. 
3. Analyze human judgements. 
4. Synthesize and model human judgements to show Kansei interactions.  
5. Validation of modelling/results. 

 
 
 
 
 
 
Figure 1. Basic application steps of Kansei Engineering.

1.Measure 
emotional and 
behavioural 
states

3.Analyze 
human 
judgements 

4.Synthesize 2.Validate 
measurements  

5. Validate 
Results 
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2.5.1 Methods used in Affective (Kansei) Engineering 
 
In order to measure preferences for products, questionnaires are used in the first step. These 
questionnaires can be structured and semi structured including Semantic Differentials scales (Osgood, 
1957) commonly used in Kansei Engineering.  Focus groups and brainstorming for instance are used 
as qualitative methods to collect descriptive sensorial words for the samples of products (Shibata, 
2006). QFD (Mazur, 1992) and Kano analysis (Axelsson et al., 2001) have also been integrated to 
understand customer’s emotional needs in this step. 
 
Validation of data quality and data analysis emerges as important to signify the purpose of Kansei 
Engineering. Validation is a process in which the designed scales and questionnaire are tested for 
reliability and validity. Significant discussions of reliability statistics for measuring questionnaire 
precision, as well as the statistical framework for using satisfaction questionnaires can be found in 
(Spector, 1992). 
 
The methods used to analyze human judgements in the third step employ both qualitative and 
quantitative methods. Quantitative methods range from statistical methods to knowledge information 
engineering methods (heuristics) and physiological measurement methods (e.g. EMG, EEG), while 
qualitative methods are used to generate ideas and verbal expressions about products.  Psychometric 
evaluation is proposed by Nagai (2002) and it is emphasized that analysis of verbal information is 
important in the near future. Context analysis and text mining are also useful tools suggested by the 
author. 
 
Individual and group multi-criteria decision-making methodologies such as Analytic Hierarchy 
Process (AHP) technique have also been used to find the most important and the least important 
factors to emotionally design products in the data evaluation phase (Kanda, 2005).  
 
Statistical Methods often used to synthesize in the fourth step are multivariate statistical methods e.g. 
PCA (Principal Component Analysis), Cluster Analysis (Tominaga, 2002) and ANOVA (Pagidas; 
Oliveira et al. 2004). 
 
In order to correlate human judgements, Kansei tables (see section 4.6) are produced by e.g Multiple 
Regression Analysis and other statistical methods to summarize the data and to provide the 
information of which design factors that contribute most to each of the feelings and in this way allow 
establishing the optimum combination to achieve a given emotion (Ikeda et al., 2004; Pagidas et al., 
2004; Kawahashi et al., 2006). 
 
Heuristics are other types of techniques used to evaluate consumer preferences or behaviours for 
products, like Artificial Neural Networks (ANN) (Nishino, 1994; Ishihara, 1998), Genetic Algorithms 
(Tominaga, 2002), Fuzzy Logic (Tominaga, 2002). 
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3. Methods 

3.1 Participants 
 
Fourteen female nurses (N=14) were participated in the quantitative study. Only seven of them 
participated in the qualitative study. Participation was voluntary. All the participants were employed at 
the heart intensive care unit of a hospital in western Sweden and had 18 years experience on average 
(Table 3). The mean age was 42 (± SD 9.74). The mean weight and height of the participants were 72 
(± SD 11.40) kg and 166 (±SD 4.16) cm respectively. At the time of study, the participants were in 
good physical health and had no low back pain or other physical impairments. In Appendix 1 
demographic characteristics of participants are given. 
 

Table 3. Descriptive statistics on demographic characteristics of participants. 
 

 Age Height(cm) Weight(kg) Experience(year) 
Mean 42 166 72 18 

SD 9.74 4.16 11.40 9.21
 

3.2 Bedding clothes of concern 
 
The conventional  bedding system consists of a throw (made of cotton), a sheet and a cover in which 
the throw put as a whole depending on the seasonal changes.  
 
The new bedding product EESIBED stand for ”Estetik Ergonomisk Svensk Innovation, 
(www.eesibed.se, 2007)  is a throw made from fleece fabric. Down face of the throw is sewed with 
cotton cloth and the front upper face. There exist sewed patterns dividing the this new bedding product 
equally into three parts to make the upfolding easier in length.   
 
Figure 2 and 3 show the patient bed with the conventional and the new bedding system. 
 

 
Figure 2. Conventional bedding product.   Figure 3. New bedding product 
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Technical details about the bed making materials used for the study are given in Table 4. 
 
Table 4. Technical characteristics of the bed making material.  

 

 

 

3.3 Qualitative 
measurements  

Bedding 
clothes 

Technical Details Length 
(cm)

Width 
(cm)

Weight
(gram)

Conventional Throw                    1.80 1.38 1620
Sheet 2.57 1.44 910
Total weight - - 2530

New Throw                    2.00 1.40 1400

 
A qualitative study was planned first to investigate how to approach the bedding systems and their 
effects on nurses` tasks before the main experimental study. This study had another purpose to 
understand nurses’ first experiences about the the new bedding system. For both bedding clothes the 
following qualitative measures included:  
 

1. Advantages/disadvantages related to ergonomics 
2. Advantages/disadvantages related to product properties 
3. Advantages/disadvantages related to  bed making tasks 

3.4 Quantitative measurements 
 
The quantitative study was conducted after three months of experience with the new bedding and the 
qualitative study. The following measurements were obtained from the objective and subjective 
assessments of the bedding systems:  
 
Affective evaluation of the two bedding systems included: 

1. Measurement of subjective responses with Kansei (feeling representative) words  
2. Measurement of overall experiences  
3. Overall comparison between the two bedding systems 
 

Productivity related measurements included:  
 

1. Task descriptions for both bedding systems 
2. Measurement of work cycle times for the two bedding systems 

 
Ergonomics related measurements included: 

1. Measurement of forward trunk bending and arms elevation above shoulders  
2. Calculation of compression forces on the lumbar spine for forward  bending  
3. Measurement of mean forward flexion in frequencies, time durations 
4. Measurement of hand elevation above the shoulder  in time durations  
5. Perceived discomfort evaluation 
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3.5 Questionnaires  
 
Qualitative questionnaires (Appendix 2-3) for the conventional/new bedding systems have involved 
the questions given below: 
 

1. Is it difficult when you make a bed alone or do you need two persons to make it? 
2. What are the problems you have when you use the conventional/new bedding systems? 
3. Do you have any suggestions for bedding systems to be designed in a better way? 

 
Quantitative evaluation questionnaire  

 
Subjective assesments of the new and conventional bedding and related bedding activities were 
measured in three stages.The first part of the questionnaire (Appendix 4-5) consisted of 7 degree SD 
scales (end points were named with “not at all” and “very much” based on Likert scale labelling).  
 
For this part, a set of 10 Kansei (feeling representative) words were chosen. A focus group reduction 
was made of the words that were collected from the pilot qualitative study from literature and other 
resources where the product was presented for the first time to the participants. The original set of 
feeling adjectives were in Swedish. In Table 5 English translations are given for the Kansei words.  
 
Table 5. The final set of  descriptive adjectives.  
 

Assessment Kansei variables  words 
Perception of physical 
characteristics of 
bedding clothes 

stability stable  
weight perception light 
aesthetics nice to touch 
tactile  soft 

 Perception of  bedding 
activities with the 
products 

time  quick 
comfort comfortable 
complexity simple 
usability usable 
easiness easy to work with 
quality feeling quality  

 
Based on the 10 words given above, 10 semantic differentials using 7 degree scales were constructed. 
Figure 4 shows an example of an SD scale used for the study. The participants rated ("scored") each 
word by placing a mark ("X") in boxes between the two bounded ends for each pair; from 1 to 7 (the 
"1" boundary denoting inactive/negative/undesirable by “not at all”, the "7" boundary denoting 
active/positive/desirable by “very much”.  
 
 

Not at 
 all 

 
                             Stable 

Very 
much 

1 2 3 4 5 6 7
� � � � � � �

 
 Figure  4. An example of 7 point SD scales used in the study. 
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Overall evaluation 
 
Following that in the second stage, the participants were asked to evaluate their overall experiences 
from each bedding system using a 7 degree Likert scales where the end points were defined from 
negative to positive.  
 
The last evaluation was a comparison of the two bedding systems on the same 7 degree Likert scales 
where the end points were defined from negative to positive. 
 
Discomfort evaluation questionnaire 
 
After completing three trials with each bedding system, participants were asked to show 
pain/discomfort on a body map  using Borg scale (1998) from “nothing at all” (1) to “very very hard” 
(10). The questionnaire for discomfort evaluations were given in Appendix 6. 
 
Last part of the quesitonnaire was related to obtain demographic information (age, weight, height and 
year of experience) about the participants. The questionnaires for affective evaluations were given in 
Appendices. 

3.6 Procedures 
 

The qualitative study was performed in two separate sessions for the two bedding clothes. The 
qualitative study on conventional bedding was performed in the morning shift. In the morning shift the 
participant’s were interviewed on their experiences on conventional bedding and asked to fill in the 
questionnaire. The new bedding product was first introduced to the participants at the afternoon 
session. Following that he participants were asked to apply the product on a patient bed. Last, the 
participants filled in the qualitative questionnaire. 
 
For the quantitative study, the participants were divided into groups of two people for conventional 
bedding. The quantitative study was performed in three stages. Each participant was video recorded at 
the workplace for about 20 minutes. The new bedding was performed individually and the 
conventional bedding was performed by a group of two people during the study.  
 
During the quantitative study two video cameras were used to record the nurses bedding activities. 
One of the cameras was placed right in front of the bed approximately 2 meters from the subject with 
the optical axis of the lens perpendicular to the plane of motion being recorded. The other camera is 
placed three meters away right to the left side of the patient bed. The height of the patient bed was 80 
cm. 
 
After completing three trials for each bedding system, the participants were asked to make discomfort 
evaluations on the discomfort questionnaire (Borg,1998). Thereafter the participants were asked to rate 
the intensity of discomfort on a ten degree scale for the body parts they felt pain/discomfort.  In the  
last part, the affective assessment questionnaires were filled out by using paper based questionnaires. 
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3.7 Data Analysis 

3.7.1 Qualitative measurements 
 
To evaluate the qualitative questionnaires after reviewing the answers provided by the nursing 
personnel, recurring patterns which pull together the data were noted for both bedding systems (Miles 
and Huberman, 1994) and data summary tables were constructed.  

3.7.2 Technical measurements 
 
The bedding activities  for each bedding were analzyed from the video recordings and discomfort 
ratings. For defining the bed making task analysis procedures Kirwan & Ainsworth (1992) was 
followed. Bedding activities were divided into critical steps.  
 
Bedding with the new and the conventional system require different types of body movements. 
Forward flexion and rotation of the trunk are the main bed making movements for the new bedding, 
while forward flexion , elevation of hands above shoulders, neck, elbow and wrist movements are the 
main movements for the conventional bedding.  
 
All participants performed three trials with the new and the conventional bedding in randomized 
order.The trunk angle and the related body parts were determined according to the observation from 
the video recordings and the discomfort scales and the static postures and frequency of movements 
were defined (see Section 2).The time study was based on the video data measured by the difference 
between  start and end position of each bedding. 
 
For the new and conventional bedding systems, forward bending and hands elevation above shoulders 
were investigated. At 3DSSPP, the lumbar disc compression force at L5/S1 disc level was calculated 
as the sum of Erector Spinae / Rectus Abdominus (either one active per posture), abdominal force, 
upper body weight above L5/S1 level, and hand load (for a detailed discussion see Chapter 6 in 
Chaffin, et al.,  2006). There are three methods by which postures can be entered into 3DSSPP: the 
body segment angle method, the posture prediction method, and the direct manipulation method. 
These three methods were used in combination to simulate the bedding tasks.  
 
Each participant’s weight and height, trunk flexion angles, lower arm, upper arm horizontal and 
vertical angles, hand loads. Besides the personal characteristics, height (80cm) and distance of the bed 
to the camera and the camera angle degrees were entered to the software for each evaluation. 
 
From the defined bed making tasks above for the conventional and new bedding respectively two 
static postures were chosen for biomechanical analysis: 
 

• Hold upper side of the mattress and fix the conventional bedding clothes under the sides of the 
mattress.  

 
• Hold with both hands from top and lay the new bedding product flat on the upper and down 

side of the patient bed.  
 

• Hold hands above the shoulders. 
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From the three trials performed, second trial of the participants were chosen for further analysis.The 
frequencies and time durations for the selected postures were defined as the average of trials. 

3.7.3 Statistical measurements 
 
To handle qualitative data systematically a summary table is constructed presented in Table 5 in the 
following section (Miles and Huberman, 1994).  
 
Paired and independent t- tests, correlation analysis, wilcoxon signed rank test and univariate statistics 
were used to evaluate the quantitative data. Univariate statistics were used to examine the means and 
standard deviations of the responses for Kansei (feeling) words as well as to check for possible outliers 
or entry errors. Two tailed significance levels (p<.05) were considered for the statistical 
interpretations.  
 
Paired samples t-test (Norusis, 2004) was performed to examine if participants’ affective responses for 
bedding with the new and the conventional system differ. In order to compare affective preferences 
obtained for each bedding type, the null hypothesis was defined as the two populations for the two 
bedding types have the same mean ratings.  
 
In order to test associations between Kansei words correlation analysis was applied based on 
Spearman’s rank correlation coefficient rho values (Siegel, 1965) . 
 
A test for equality of variances (Levene test) (p<.05) was applied to the time data. Following that an 
independent sample t-test was applied to test the null hypothesis assuming that average time durations 
are the same for the new and conventional bedding. 
 
Wilxocon signed rank test was performed to investigate whether the participants’ perceived subjective 
levels of discomfort differ after bedding with the new and the conventional products.  
 
A paired samples t- test was performed to see if compression forces on the lower back, related 
frequencies and times for each activity differ between with the new and the conventional system. 
 
Overall experience about the bedding  systems were examined by applying paired samples t-test.   

3.7.4 Softwares  
 
For statistical analysis of data SPSS 15.0 (SPSS, 2006) and Minitab 15.0 were used. For ergonomic 
analysis The University of Michigan's 3D Static Strength Prediction Program (3DSSPP) (Version 
6.0.2) was used to compute static compression forces for each test condition Figure 5 below gives a 
represantation of the evaluated  body postures in two bedding systems. 
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Forward bending in the conventional bedding system Simulation of the related activity in 3DSSPP 
 

 
 

 
Forward bending in the new bedding system 

 
Simulation of the related activity in 3DSSPP 

 

Elevation of hands above shoulders in conventional 
bedding system 

Simulation of the related activity in 3DSSPP 
 

Figure 5. Representation of compared body postures in 3DSSPP(6.0.2). 
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4. Results 

4.1 Qualitative analysis results for the two bedding systems 
 
The problems with the conventional bedding are in general related to ergonomics, time and work 
tasks. First of all this conventional type of bedding requires extra movements. All the participants have 
stated that two persons were needed to make the conventional bedding. The throw used for bedding 
causes additional load on the shoulders. It was perceived as difficult for an inexperienced person. 
Table 6 shows the summary of participants` experiences with the new and conventional bedding. 
 
The study participants stated that it takes time for a new nurse to learn how to make the conventional 
bedding. Some participants stated that if they do conventional bedding alone, it can decrease the social 
interaction. This criterion raised another dimension of discussion for this study.   
 
Since the conventional bedding system has been used for many years, it was perceived as old. Too 
much washed conventional bedding material gives a lower quality impression. Further, the cover was 
not perceived stable on the bed.   
 
Following an introduction, the participants described their first experiences with the new bedding. 
Especially, it was perceived easy to make the new bedding alone. There is no need of two persons to 
make the bed since the throw is not placed into a cover as in conventional bedding. 
 
The participants perceived less body exertion with the new bedding when they tried it individually. 
The participants did not specify an answer for which moment was the most problematic for them with 
the new bedding.  One of the participants has stated that if a patient would like to have the throw under 
the bed it may require two persons to make bedding. Another participant  has stated that she needs to 
stretch her body more with the new bedding. 
 
The participants stated that they could make beds alone with the new bedding. The participants have 
perceived it easy to stand by one side of the bed while bedding. The participants commented that it 
required more movements to approach all sides of the bed while making the conventional bedding.  
 
Summer and winter quality types of the new product were also asked by the participants. It was 
suggested that pillow cases could also be designed with matching colors and cloth of the product. One 
of the advantages of the product has seen by the participants was that it could be used in daytime 
treatment of the patients. 
 
It was also suggested that the participants would prefer the new product with a cover made of cotton. 
The reason is that a cotton cover would be more fresh and sterile. 
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Table 6. Clustered summary table: Experiences, problems and suggestions for the conventional and 
new bedding systems. 

 

Bedding 
systems 

Ergonomic Time Work activity 
 

Suggestions 

Conventional 
bedding 

Throw creates 
problem with 
shoulder 
 
It requires extra 
movements 

It takes more time to do 
bedding 
 
It takes more time with 
an  inexperienced 
person 

Conventional bedding  
is difficult  
 
You have to find the 
right way to do 
bedding 
 
It requires two 
persons to do bedding 
 
The blanket is loose 
 
The system they use 
with blanket and 
sheet together doesn’t 
stay steady on the 
patient 

All in one piece 
 
 
Two kinds of bedding 
systems are needed: 
winter and summer 
 
Easier  and quicker in 
order to spend more 
time with patients 

New bedding Simpler moment 
 
Don't have to 
bend several 
times both up 
and down and 
sideways 
 
You have to  
stretch a bit more 

Goes fast when you are 
alone 
 
You have more time for 
other things 

Easy to do new 
bedding 
 
Easy, blanket throw 
and sheet are in one 
piece 
 
Fast and needs only 
one person 
 
Simple  when you are 
alone 
Saves laundry 
 

Need to be two people 
for other processes 
when you make the bed 
(e.g. putting under 
sheet) 
You can make the bed 
alone when there is lack 
of staff  
 

4.2 Affective preferences  
Table 7 and 8 presents the descriptive statistics for the 10 words in the final dataset. No outliers were 
found on the raw data. Based on examination of standard deviations and corresponding means not all 
the rating scores would reflect a normal distribution. To investigate normality, skewness and kurtosis 
statistics were run; feeling of “heavy” was the only variable whose skewness and curtosis were not 
within the normal distribution range for the conventional bedding. The mean scores of responses for 
the Kansei words “easy to work” were not normally distributed with respect to skewness. The standart 
deviations were higher in the conventional product evaluations while new product evaluations were 
more consistent. 
 
 



 
 

User satisfaction increases with the scores on the 7 point SD scales. The mean evaluation scores for 
conventional bedding were in the mid range. Measures of central tendencies (mean values) of Kansei 
word evaluations for conventional bedding are ranging between 1.93 and 4.14 as the smallest and 
largest values. The new bedding system has received the lowest mean score (mean 1.93± SD 1.07) for 
the Kansei word “heavy” while the conventional  bedding received a higher score (mean 4.79± SD 
1.12) .  
 
Table 7.   Descriptive statistics for Kansei words from the conventional bedding system evaluation. 
 
Conventional 
bedding 

 Descriptive 
Statistics  Stable Heavy Easy Usability Comfort Quick 

Nice to 
touch Soft 

Easy to 
work Quality

 

Minimum 3 3 2 2 2 1 1 3 1 2 
Maximum 5 7 6 6 7 6 6 6 6 6 
Mean 3.86 4.79 3.21 4.14 4 2.86 3.29 4.14 2.64 4.14 
Std. 
Deviation 0.77 1.12 1.19 1.17 1.57 1.61 1.54 1.23 1.65 1.23 
Skewness 0.26 0.11 0.81 0.02 0.56 1.04 0.62 0.55 1.28 0.26 

Kurtosis -1.12 0.01 0.64 -0.44 -0.77 0.26 -0.45 
-
1.34 0.83 -0.52 

 
 
The descriptive statistics for the Kansei word “usability” show that the responses were not normally 
distributed with respect to skewness. The mean scores of responses for the Kansei words “quick”, “nice to 
touch”, “soft” and “easy to work” were not normally distributed with respect to skewness and kurtosis. For 
all these variables lognormal transformations were applied based on the distribution identification test in 
SPSS (SPSS, 2006). 
 
Looking at the mean scores, the new bedding has got high rating scores above the mid range 4 . Especially 
new bedding has got high ratings for being “easy”, “nice to touch”, “easy to work” and soft as well “usable”, 
“comfort” and “quick”. 
 
Table 8.  Descriptive statistics for Kansei words  from the new bedding system evaluation. 
 

New 
bedding 

 
Descriptive 
Statistics  Stable Heavy Easy Usability Comfort Quick 

Nice to 
touch Soft 

Easy to 
work Quality 

 

Minimum 3 1 4 4 4 2 3 4 4 5 

Maximum 7 5 7 7 7 7 7 7 7 7 

Mean 5 1.93 6.21 6.07 6.07 6.07 6.21 6.21 6.21 5.93 
Std. 
Deviation 

1.18 1.07 0.97 1 0.92 1.38 1.05 0.8 0.8 
9 

0.83 

Skewness -0.33 1.91 -1.07 -1.25 -0.86 -2.17 -2.35 -1.48 -1.24 0.14 

Kurtosis -0.39 4.89 0.37 1.18 0.45 5.56 7.1 3.85 1.66 -1.51 

 

 
 
 

19 
 



 
 

4.2.1 Affective preferences for the two bedding systems 

 
According to paired sample t-test results given in Table 9, the obtained p-values are below the 
threshold, and we can reject the null hypothesis that both products are rated the same according to  
paired samples t- test results (p<0.05).  
 
It can be concluded that there are statistically significant differences between the participants’ 
evaluations of the new and the conventional bedding systems. The new bedding system is rated 
positively higher for the representative Kansei words.  
 
Table 9.  Paired samples t- test results. 
 

 
 
Kansei words 

Paired Differences t df Sig. 
(2-

tailed) 
Mean Std. 

Deviation 
Std. 
Error 
Mean 

95%  
Confidence 
Interval of the 
Difference 
Upper 

 

Lower 
Pair 1 Conv._stable  –  

New_stable 
-1.143 1.657 0.443 -2.100 -0.186 -2.580 13 0.023 

Pair 2 Conv._heavy  –  New 
_light 

-2.857 1.657 0.443 -3.814 -1.900 -6.450 13 0.000 

Pair 3 Conv _easy –  New 
_easy 

-3.000 1.881 0.503 -4.086 -1.914 -5.967 13 0.000 

Pair 4 Conv _usable –   
New _usable 

-1.929 1.685 0.450 -2.902 -0.955 -4.281 13 0.001 

Pair 5 Conv _comfort –   
New _comfortable 

-2.071 2.018 0.539 -3.236 -0.906 -3.841 13 0.002 

Pair 6 Conv _quick –   
New _quick 

-3.214 2.665 0.712 -4.753 -1.675 -4.512 13 0.001 

Pair 7 Conv _nice to touch –  
New _nice to touch 

-2.929 2.129 0.569 -4.158 -1.699 -5.147 13 0.000 

Pair 8 Conv _soft –  New _soft -2.071 1.639 0.438 -3.018 -1.125 -4.728 13 0.000 
Pair 9 Conv _easy to work –  

New _easy to work 
-3.571 1.989 0.532 -4.720 -2.423 -6.719 13 0.000 

Pair 10 Conv _quality –   
New _quality 

-1.786 1.626 0.434 -2.724 -0.847 -4.110 13 0.001 
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The comparison of  responses by confidence interval plots in Figure 6, shows the differences between 
the two bedding clothes based on Kansei words.The new bedding system was more “nice to touch”, 
“soft”, “comfortable”, “high quality”, “easy to use”, “quick”  and “usable” compared to the 
conventional bedding system.  
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Figure 6. Interval plot comparing Kansei words for the new and the conventional bedding. *The 
vertical lines show 95% confidence interval of means.(upper limit , mean, lower limit) 

4.2.2 Correlations of the affective preferences for the two bedding systems 
 
Full list of correlations are presented in Table 10 for the new bedding system. The following 
correlations were found highly significant (**p<.01). If the correlation is positive, the two Kansei 
words have a positive relationship (as one increases, the other also increases). If the correlation is 
negative, the two variables have a negative relationship (as one increases, the other decreases). 
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Table 10. Kansei word correlations for the new bedding system. 
 
Spearman's rho  
Correlation 
Coefficient Stable Heavy Easy Usable Comfort Quick 

Nice to 
touch Soft 

Easy 
to 

work Quality 
 Stable  1.000          

Heavy  -.624(*) 1.000         
Easy  .595(*) -.548(*) 1.000        
Usable  .630(*) -.618(*) .819(**) 1.000       
Comfo
rt 

 
0.522 -.617(*) 0.464 0.498 1.000      

Quick  0.500 -0.376 .844(**) .646(*) 0.310 1.000     
Nice 
to 
touch 

 
0.354 -0.433 .675(*) .655(*) 0.171 .675*) 1.000    

Soft  0.511 -0.510 .775(**) .737(**) 0.226 .581(*) .891(**) 1.000   
Easy 
to 
work 

 
.540(*) -.542(*) .859(**) .830(**) 0.233 .688(**) .668(**) .756(**) 1.000  

Qualit
y 

 
0.076 -0.115 0.433 .544(*) -0.106 .558(*) .805(**) .659(*) 0.532 1.000 

           

In Figure 7, significant correlations (**p< 0.01, two tailed) among all 10 Kansei words are presented 
for the new bedding product; and the resulting patterns afforded good initial insight into associations 
among the Kansei words. According to that for the new product, Kansei word “quality” was positively 
correlated to “nice to touch” “Nice to touch” was positively related with “soft”.  
 
On the other hand “soft” was  positively related to “simple”, “easy to work and “usable” as bedding 
activities. Same type of reasoning  is applied to derive resulting information for the bedding. The 
perception of  “Soft” positively increases  the participants’ associations on bedding activity as “easy”, 
“easy to work”, “quick” and “usable”.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Product related correlations easy to 
work 

easy 

quick 

nice to 
touch 

softquality  

Bed making activity related 
correlations 

usable 
 
Figure 7. Representation of strong Kansei word correlations for the new bedding system.***  Only 
correlations that are significant on the 0.01 level are shown (2-tailed). 
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A full list of correlations is presented for the conventional bedding system in Table 11.  
 
Table 11. Kansei word correlations for the conventional bedding system. 
 
Spearman's rho  
Correlation 
Coefficient Stable Heavy Easy Usable Comfort Quick 

Nice to 
touch Soft 

Easy to 
work Quality

 Stable  1.000          
Heavy  .123 1.000         
Easy  .300 -.199 1.000        
Usability  .055 -.098 .605(*) 1.000       
Comfort  .399 .333 .100 -.004 1.000      
Quick  .665(**) -.106 .513 .181 .458 1.000     
Nice to 
touch 

 
.534(*) .203 .254 .088 .481 .603(*) 1.000    

Soft  .555(*) .142 .092 -.159 .751(**) .629(*) .673(**) 1.000   
Easy to 
work 

 
.336 -.447 .698(**) .249 .071 .670(**) .468 .168 1.000  

Quality  .500 .346 .226 .137 .901(**) .580(**) .568(**) .881(**) .065 1.000 

 
 
In Figure 8, correlations among significant feelings are graphically shown. For the conventional 
bedding system, “quality” was positively correlated to “comfort”  and “soft”. “Soft” was moderately 
related to “comfort”. Those correlations show if “comfort” and “soft” perception of conventional 
bedding clothes is improved quality of this bedding system increase. “Comfort” dimension also has a 
strong correlation to “nice to touch” . 
 
Considering bed making activities  “Easy to work” was moderately related to “quick” and “easy”. 
“Quick” was moderately related with “stable”.The Kansei word “stable” gave a strong positive 
correlation to “quick” where “quick” was related to “easy to work” with and “easy”.  
 
 
 
 
 
 
 
 
  
 
 
  
 
 
  

Product related 
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Bed making activity related correlations 

quality 
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nice to touch 

stable easy to 
work 

quick easy 

 
 
Figure  8. Representation of strong Kansei word correlations for the conventional bedding system.  
**  Only correlations that are significant on the 0.01 level are shown (2-tailed). 

23 
 



 
 

4.3 Productivity  related results 

4.3.1 Task analysis  
 
The tasks required to make the two bedding systems and the required time durations from the video 
recordings are defined in Table 12: 
 
Table 12. Related tasks for the two bedding systems and required time. 
 

Steps Conventional bedding 

Required time 
for each of 
two persons 
approx. (sec.) 

New bedding 

Required 
time 
by one person 
approx. (sec.) 

1 Put hands inside the blanket cover 
and grasp the two corners furthest 
from the opening.  
 

8-9 Put the new bedding with the 
center fold along the middle 
of the bed 

1-2  

2 Wear it like a huge glove, carefully 
take hold of the top corners of the 
duvet. In this position the lower arms 
are kept at elbow level 
 

3-4 Line up the first layer on top 
to the upper side of the 
patient bed  

2-3 

3 Lift both the cover and the duvet and 
give the whole lot a little shake 

8-10 Line up the second layer to 
the bottom side of the patient 
bed 

2-3 

4 Hold hands in the air and continue 
shaking 

4-5 Hold with both hands from 
top and lay it flat to the upper 
side of the patient bed and the 
second layer to the bottom 
side of the patient bed 

5-6 

5 Hold upper side of the bed and fix 
the cover on the side of the mattress 
nearest 

5-6   

6 Walk along the bed and repeat these 
steps for all cover corners that need 
to be tucked in. 

5-6   

 
 
It requires four steps to make the patient bed with the new bedding as shown in Figure 9 while 
conventional bedding requires 6 steps by two persons.  

 
 
Figure 9. Application steps for the new bedding. 
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4.3.2 Time differences between the two bedding systems 

 
The independent sample t-test results show that there are significant time differences between the two 
bedding systems. The average time for the new bedding is significantly shorter than for the 
conventional bedding (p<.05) (see Appendix 7). The mean time to make the new bedding by one 
person was 14.97 seconds, (± SD 3.4), while the conventional bedding required 77.33 seconds, (± SD 
14.8) for the two persons in total (added time).  
 
The two time duration data populations were found to have equal variances (p= 0.000) for new and 
conventional bedding. A test for equality of variances (Levene test) was applied to the time data, 
which found that the variances were slightly different from each other.  
 
Figure 10 shows the confidence interval representations for the two types of beddings with bedding 
time for 14 participants. 
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Figure 10. Confidence interval plot of bedding time for the two bedding systems. *The vertical lines 
show 95% confidence interval of means (upper limit , mean, lower limit). 
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4.4 Physical loads 

4.4.1. Static compression forces on L5/S1 disc for forward bending 

 
Figure 11 shows the compression forces (N) on L5/S1 disc considering the forward bending tasks for 
the two bedding systems.The two participants stand on each side of the bed when they are making the 
conventional bedding. Therefore, the results are divided according to which side (left/right) of the bed 
and compared with the related task for the new bedding system.   
 
Compression forces were calculated for the posture in which maximal forward bending took place. 
The average compression forces for the  participants were 2274 N (±SD 164N) for the conventional 
bedding system and 2585N, ( ± SD 365.5N) for the new bedding system. Significant differences were 
found between the two bedding systems (t = -4.27, p<.05) for the required compression forces. New 
bedding requires higher compression forces compared to conventional bedding. However, in all cases, 
the calculated compression force values were below the limits considering lower back within the 
NIOSH model (3400 N). In Appendix 8, the results of paired samples t- test results for forward 
bending are presented. 
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Figure  11. Confidence interval plot of compression forces on L5/S1 joint for the bedding systems. 
*The vertical lines show 95% confidence interval of means (upper limit , mean, lower limit). 
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4.4.2 Time durations and frequencies for forward bending  
 
Below in Figure 12 and 13, time and frequencies for forward bending are shown for the new bedding 
and conventional bedding.  
 
According to the DIN EN 1005-1 (2002) standart for static postures, average times of forward bending 
for both bedding is more than 4 sec. Forward bending is a static posture found in both bedding 
systems. 
 
Average time of forward bending for new bedding was 6.07 seconds (± SD 1.4). Conventional 
bedding required on average 8.9 seconds (± SD 2.4) of forward bending for the participants (see Table 
14). Paired t-test results showed that new bedding required significantly less time in forward bending 
(t = 4.68, p<.05) compared to conventional bedding (see Appendices 9-10). 
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Figure  12. Confidence interval plot for time durations for forward bending. *The vertical lines show 
95% confidence interval of means (upper limit , mean, lower limit). 
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The frequency is then determined. On average, 2.7 (± SD 0.4) times of forward/lateral bending was 
required in order to apply new bedding on a patient bed. On average, 5.2 (± SD1.8) times of 
forward/lateral bending was required in order to apply conventional bedding on a patient bed. Paired t-
test results showed that new bedding required significantly less frequent forward bending (t = 4.68, 
p<.05) .  
 

DIN EN 1005-4 (2005) defines a body movement as being frequent if it is performed twice or more 
per minute for an extended period. However  conventional bedding (77.33 seconds, ± SD 14.8)  
exceeded the above standart requiring more frequent forward bending per minute compare to the new 
bedding that requires 14.97 seconds, (± SD 3.4).    
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Figure  13. Confidence interval plot of frequencies for forward bending. *The vertical lines show 95% 
confidence interval of means (upper limit , mean, lower limit). 
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4.4.4 Time durations for elevation of hands above shoulders 
 
Depending on which side of the bed the participants stand, nurses need to elevate their left or right 
hands asymetrically to hold and shake the conventional bedding material. Conventional bedding 
requred that hands were kept above shoulders on average 5.59 seconds, (± SD 1.39), while new 
bedding required no time. According to paired t-test results, conventional bedding required 
significantly more time (t=-14.9, p<.05) (Appendix 12).This posture is a static posture for 
conventional bedding based on the  DIN EN 1005-1 (2002) standard.  5.59 seconds, (± SD 1.39) >4 
sec. 
 
Figure 14 shows the confidence interval plot for average time when the participants were in the 
maximum exertion position, holding the cover and the throw together with hands above the shoulders.  
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Figure  14. Confidence interval plot of average time with hands above shoulders. *The vertical lines 
show 95% confidence interval of means (upper limit , mean, lower limit). 
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4.5 Discomfort evaluation of the two bedding systems 
 
The levels of discomfort for the new bedding system was perceived significantly less than for the 
conventional bedding considering neck (.038)  and shoulders (.020) . According to Wilxocon signed 
rank test, the null hypothesis was rejected that the discomfort assesments were the same (p<.05) 
(Table 13).  
 
In terms of perceived discomfort  for elbows, low back, upper back and wrists, there  were no 
statistically significant differences found between the two types of bedding. For conventional bedding 
participants felt exertion in the neck, shoulders, lower back and elbows. For the new bedding, 
participants mostly perceived exertion in the lower back. 
  
Table 13.Wilcoxon signed rank test results for discomfort. 
 
Conventional bedding – 
New bedding elbows neck lower back shoulders upper back 
Z -1.529(a) -2.070(a) -.205(b) -2.326(a) .000(b) 
Asymp. Sig. (2-tailed) .126 .038 .838 .020 1.000 
 
a  Based on negative ranks. 
b  The sum of negative ranks equals the sum of positive ranks. 
 
Confidence interval plot of perceived muscular discomfort rated by the participants are shown in 
Figure 15. 
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Figure 15. Confidence interval plot of discomfort levels for comparison of the two bedding systems. 
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4.6 Overall experiences for the two bedding systems 
 
 The participant’s overall experiences (13/14 participants) were significantly more positive (mean 5.9, 
± SD 0.48) for the new bedding system compared to the conventional bedding system (mean 3.43 , ± 
SD 0.75), as shown in Figure 16.  
 
Paired sample’s t-test showed that there were significant (t=10.03, p<.05) differences between 
participants´ preferences (see Appendix 13).   
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Figure  16. Confidence interval plot of overall preferences. *The vertical lines show %95 confidence 
interval of means.(upper limit , mean, lower limit) 
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4.6.1 Overall comparison of  the bedding systems 
 
Based on the comparison of the experiences for the new bedding system compared with the 
conventional bedding system on the same scale, a histogram of the responses is presented below in 
Figure 17. The new bedding system was perceived positive compared to the conventional bedding 
system. All the participants` responses laid on the positive side of the scale. 
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Figure 17. Overall comparison of the new bedding system versus the conventional.  
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4.7 Summary of results 
 
The study showed significant differences between the bedding activities examined and the new and 
conventional bedding clothes. The results are summarized in Table 14.  
 
Table  14. Summary of findings. 
 
Main Characteristics Conventional bedding New bedding 
Number of persons 
needed 

Two persons 
Comment: One person bedding was 
not preferred by the participants for 
this type of bedding 

Requires fewer persons 
 

Affective preferences - Positively significant (p<0.05)
 

Time - Requires less time 
Positively significant (p<0.05) 

Physical loads Shoulders, neck, low and upper 
back and elbows are affected. 
 
Requires more time and more 
frequent  forward bending . 
 

Low back and upper back are 
affected. 
 

Perceived discomfort  - Improvement on discomfort level 
for neck and shoulders. (p<0.05) 

Overall preferences  - Positively significant (p<0.05) 
(13 out of 14 participants) 

Comparison of products  All the participants rated higher on 
the positive side of the scale.  
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5.Discussion  
 
The study procedure in which trunk and shoulder postures were evaluated was based on three 
recordings of each bedding activity. Frequencies of postural changes and the duration of time a  nurse 
spent in specific postures were also measured. This way of making the data collection allowed to 
distinguish between a variety of postures in a repetable manner although the number of subjects were 
restricted due to organizational and financial limitations. 
 
On the other hand there can be inaccuracies for the input data obtained from e.g. variation in geometry 
of low back and angles of discs in the low back (Tracy, 1989). The observations were imprecise in 
some cases due to large angular intervals. The application of observation methods for assessing 
physical exposure depends on their reliability and validity. The internal validity of the observation 
methods, i.e. the ability to measure what is intended has been estimated with reference to opto-
electronic systems and inclinometers (Kilbom, 1994).  
 
Lifting weights also have an effect on shoulders, low back and elbows which are considered by the use 
of the biomechanical evaluation program (3DSSPP). To give concrete suggestions for activities with 
bedding clothes further dynamic posture evaluations are needed. While holding an object with one 
hand in conventional bedding the peak hand forces and combining the values obtained with the 
measured torso postures is necessary (Chaffin et al, 2006).  
 
Considering the discomfort perceptions, experiments demonstrated that the discomfort levels grow 
continuously related to the time (Corlett and Bishop, 1976). Repetitiveness of bedding, time and 
physical workplace conditions are the factors that influence the participant’s body discomfort. In the 
current study comparison of discomfort was made by each person after bedding alone with the new 
product but on the other hand the conventional bedding was performed in pairs and this may have 
direct effect on discomfort perceptions for the body loads for the conventional bedding. 
 
A number of biases can affect the rating scales results used in this study (see Spector, 1991). One of 
the worst of these can be the halo effect where the respondent has already decided that one of the 
products is the best and another is the leniency where respondents are unwilling to be critical and 
adjusts his/her ratings to demonstrate those clearly (Wilson and Corlett, 1995). 
 
There can be other situational factors that may affect the study results. These are, work load of the 
participants during the day the study was conducted, the number of participants who were willing to 
participate in the study and another is the non response bias that some of the participants do not want 
to be interviewed, to answer the questions in the questionnaire or participate in the ratings of 
discomfort,. 
 
This study was designed in order to get a holistic view that includes ergonomics, affective and 
productivity evaluation of a new bedding product compared to conventional bedding. However 
thermal insulation of the product and the physical and psychological needs of the patients need to be 
evaluated. 
 
Milburn et al., (2005) argues that with the conventional bed making such as the bed linens, improved 
lifting postures and/or changed rate at which the lift is performed needs to be considered.  
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According to a recent study in acute ward of a hospital in the south of Sweden, a large majority of 
nurses were dissatisfied (59/74) with the blankets and pillows. Nurses experienced the blankets not 
warm enough and also wanted blankets made from a thicker, warmer and less electrostatic material 
(Petzall et al., 2001). Similar problems were expressed also by the patients in studies by Ehnfors & 
Söderström (1995) and Petzall (1998) according to Petzall et al. (2001). Larsson and Berg (1991) 
studied the effects of linen in hospital bed on patient’s well being. When the nurses evaluated the bed 
matenal from the patients'  point of view, linen was viewed more favourably than cotton and 
cotton/polyester on all items except the protective sheet (Larsson and Berg ,1991). When the nurses 
evaluated the bed matenal from the point of view of their own working conditions, the cotton material 
received more favourable scores (Larsson and Berg ,1991). 
 
Suggestions on the design and bedding task of the new bedding product 
 
Design improvement suggestions for the new bedding product in general are: 
 

• Summer and winter quality designs are needed for the product. 
 

• The determination of right size (length and width) of the product is also important for patient 
needs. 
 

• Right folding style provided by the washing plant is also an important issue when positioning 
the product on the patient bed. 
 

• Instead of standing in one position and bending forward to apply the new bedding material on 
the patient bed, the person may move to the right and left sides of the bed to make this task 
easier. 
 

• According to the qualitative study, one of the advantages of the new product seen by the 
participants is that the new product can be used in daytime treatment of the patients. It has also 
been suggested that participants would prefer the product covered in cotton clothing rather 
than covering just down part of the new product. This issue was discussed further with the 
participants and they stated that this would be perceived by them as more fresh and sterile. 

 
Last of all design improvement suggestions for the a bedding product in general are: 
 

• Two kinds of upper bedding clothes, for winter and summer, preferably in one piece. 
 
• A product that is practically designed to be put on the bed in order to help both in-experienced 

and senior nursing personnel.  
 

• A product that can be positioned with less workload and time.  
 

• There were more critical moments for conventional bedding that need to be considered for 
future product developments. These were holding the patient bed from the sides and putting 
the cover-throw combination under the bed, and shaking the bedding material while holding 
the arms above shoulder level.  
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6. Conclusion 
 

It is essential that design of bedding materials in healthcare and other industries e.g. hospitality are 
suitable for the personnel when they perform their bedding tasks. Developing such products requires 
considering aesthetical, ergonomically and functional design aspects. Such products may also help 
reducing salary costs. 
 
The current study investigated how participants experienced the conventional bedding system and an 
alternative new bedding product and related bedding activities. In general significant differences 
between bedding with the two products and related bedding tasks were found. These differences in 
general were significantly positive for the new bedding system compared to the conventional bedding 
system.  
 
According to the Kansei (feeling) evaluation performed , affective preferences were significantly more 
positive towards the new bedding product. The  new product (EESIBED) was perceived better 
regarding Kansei words: usable, nice to touch, soft, comfort, quality, not heavy, easy to use and quick. 
  
Different associations emerged for the bedding clothes based on emotional experiences. For the new 
bedding product “quality” was positively correlated to “nice to touch”.  On the other hand “Nice to 
touch” was positively related with “soft”. “ Soft” was  positively related to “simple”, “easy to work 
and “usable” as bedding activities.  
 
For the conventional bedding system, “quality” was positively correlated to “comfort”  and “soft”. 
Correlations indicate if comfort and softness of the conventional bedding clothes are  improved 
“quality” perception of this bedding system will also increase. Further the Kansei word “stable” for 
conventional bedding gave a strong positive correlation to “quick” where “quick” was related to “easy 
to work” and “easy”.  
 
The time analysis showed that significantly less time was needed to make a patient bed with the new 
bedding system. Results have shown significantly decreased workloads with the new bedding system. 
One person is able to do the new bedding with fewer tasks.  
 
The new bedding required higher compression forces on the lower back compared to conventional 
bedding. However, all compression forces were below the limits according to the NIOSH guidelines. 
Forward bending in conventional bedding system violate the standart DIN EN 1005-1 (2000) by 
requiring more frequent forward bending per minute. The frequency of forward bending and time 
durations were decreased with the new bedding compared to the conventional bedding. The new 
bedding did not require hand elevation above shoulders while for conventional bedding this was a 
static posture.  
 
The discomfort evaluations showed that the new bedding gave significantly less neck and shoulder 
discomfort.  
 
The participants´ overall preferences were found significantly more positive for the new bedding 
system. The overall comparisons on the same scale also confirmed that the new bedding product and 
the related bedding system is preferred compared to the conventional bedding system. 
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The weaknesses with conventional bedding were in general related to ergonomics, material quality and 
productivity. This bedding system requires additional tasks compared to the new bedding system. 
Considering the recommendations for exertions of shoulders, conventional bedding violates the  
recommendation of avoiding the hands above shoulder level; and the difference is significant 
compared to the new bedding system.  
 
To conclude, the current study showed that the new bedding product was found more functional and 
aesthetically appealing and satisfying as well ergonomically designed compared with conventional 
bedding by the nursing personnel. In this context, the new bedding product can provide ergonomically, 
emotional and economical benefits for both the user of the product and the work provider. 
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Appendix 1. Demographic information on participants 
 

Participants 
Age Length (cm) Weight(kg)

Experience 
(year)

1 33 166 66 7
2 37 167 75 15
3 58 165 59 37
4 35 174 66 17
5 47 165 100 26
6 25 162 54 5
7 43 165 83 16
8 46 166 75 22
9 51 161 80 17

10 53 163 70 20
11 51 171 67 31
12 30 175 70 7
13 34 167 64 11
14 43 166 75 22

Mean 42 166 72 18
Standart 
deviation 9.7 4.1 11.4 9.2  
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Appendix 2. Qualitative questionnaire for the conventional bedding system 
 

 
PERSONAL UTVÄRDERINGSBLANKETT 
KONVENTIONELLA-BÄDDNINGSSYTEM 

 
 

1. Hur många år har ni bäddat sängar (yrkesmässigt)? 
........................................................................................................................................... 
........................................................................................................................................... 

2. Hur många sängar bäddar ni uppskattningsvis per vecka? 
........................................................................................................................................... 
........................................................................................................................................... 

3. Brukar ni bädda ensam eller med två personer? 
........................................................................................................................................... 
 

4. Vad är problemen när man bäddar sängen på det konventionella bäddsystemet? 
........................................................................................................................................... 
....................................................................................................................................... 
......................................................................................................................................... 
........................................................................................................................................... 

5. Har ni några förslag om hur bäddningen kan underlättas/ förbättras? 
............................................................................................................................................. 
............................................................................................................................................. 
........................................................................................................................................... 
............................................................................................................................................. 

 
 
Demografisk Information (frivillig) 
Kön:   �  Man 

�  Kvinna 
Hur gammal är ni? 
Yrke:  

 
 
TACK FÖR DIN HJÄLP! 
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Appendix 3. Qualitative questionnaire for the new bedding system 
 

 
PERSONAL UTVÄRDERINGSBLANKETT 

EESIBED-BÄDDNINGSSYTEM 
 

1. Upplever ni att det är enklare att bädda med nya bäddningsprodukten? Vilka arbetsmoment är 
specifikt enklare? 
.......................................................................................................................................................
.......................................................................................................................................................
....................................................................................................................................................... 

2. Om ni upplever bäddningen som mer komplicerad, vilka moment är mest problematisk? 
.......................................................................................................................................................
....................................................................................................................................................... 

3. Går det bra att bädda ensam? Vilka för- och nackdelar ser ni med att bädda ensam  
eller med två personer? 
.......................................................................................................................................................
....................................................................................................................................................... 

4. Tycker ni att nya bäddningsprodukten har rätt mått ? Bör den bli bredare/ smalare eller längre/ 
kortare? 
.......................................................................................................................................................
....................................................................................................................................................... 

 
5. Har ni några förbättringsförslag för nya bäddningsprodukten? 

.......................................................................................................................................................

....................................................................................................................................................... 
 

 
TACK FÖR DIN HJÄLP! 
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Appendix 4 . Quantitative questionnaire for the new bedding system 
 

PERSONALUTVÄRDERINGSBLANKETT 
EESIBED 

 
1. Var vänlig och bedöm det nya bäddsystemet med de nedanstående värdeorden: 

 
Inte Alls STABIL Mycket 

                                        1 2 3 4 5 6 7 
 � � � � � � �  
         
 TUNGT
 � � � � � � � 

 
 

 ENKEL  
 � � � � � � �  
         
 ANVÄNDBAR
 � � � � � � � 

 
 

 KOMFORTABEL  
                                       � � � � � � � 

 
 SNABB  
 � � � � � � �  
         
 SKÖN ATT RÖRA
 � � � � � � � 

 
 

 MJUK  
                                       � � � � � � � 

 
 LÄTTARBETAT  
 � � � � � � �  
         
 KVALITETSKÄNSLA
 � � � � � � � 

 
 

 
2. Hur upplever ni det nya bäddsystemet generellt? 
 

Negativt        Positivt 
�   �    �    �    �    � �  

 
3. Hur upplever ni det nya bäddsystemet jämfort med det konventionella bäddsystemet? 

 
 Negativt      Positivt  
         
 � � � � � � �  
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Appendix 5 . Quantitative questionnaire for the conventional bedding 
system 
 

PERSONAL UTVÄRDERINGSBLANKETT 
KONVENTIONELL BÄDDNING 

 
1. Var vänlig och bedöm det konventionella bäddningssystemet enligt de nedanstående 

värdeorden: 
 
 

Inte Alls STABIL Mycket 
                                        1 2 3 4 5 6 7 
 � � � � � � �  
         
 TUNGT
 � � � � � � � 

 
 

 ENKEL  
 � � � � � � �  
         
 ANVÄNDBAR
 � � � � � � � 

 
 

 KOMFORTABEL  
                                       � � � � � � � 

 
 SNABB  
 � � � � � � �  
         
 SKÖN ATT RÖRA
 � � � � � � � 

 
 

 MJUK  
                                        � � � � � � � 

 
 LÄTTARBETAT  
 � � � � � � �  
         
 KVALITETSKÄNSLA
 � � � � � � � 

 
 

6. Hur upplever ni den konventionella bäddningen generellt? 
 

 Negativt      Positivt  
 � � � � � � �  

 
Demografisk Information (frivillig) 
 
Kön:   �  Man 
            �  Kvinna 

 
Hur gammal är ni? 
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Yrke: 
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Appendix 6. Questionnaire for discomfort evaluation 
 
 

 

 
 10 degree  Borg Scale 

0  Nothing at all 
0.5  Extremely weak 
1   Very light 
2   Fairly light 
3   Moderate 
4  Some what hard 
5    Hard 
6,  7  Very hard  
8,  9 , 10  Very, very hard  

 
 
 
 
 
  
 
 
 
 

Body part      
Degree      
 

Ålder (år) Kön (M/K) Kroppsvikt (kg) Kroppslängd (cm) 
    

 
 
 



 
 

Appendix 7.  Independent samples t test results for time differences. 
 
  
 
VAR00001 

Levene's Test 
for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df Sig. 
(2-

tailed)

Mean 
Difference

Std. Error 
Difference 

95% 
Confidence 

Interval of the 
Difference

Upper Lower
Equal 
variances 
assumed 

38.624 0.000 -
26.049 

61 0.000 -62.357 2.394 -
67.144 

-
57.570

Equal 
variances 
not 
assumed 

   -
19.016 

21.115 0.000 -62.357 3.279 -
69.174 

-
55.540

 

  

Appendix 8. Paired sample t test results for compression forces of forward 
bending. 
 
                             N    Mean  StDev  SE Mean
Conventional bedding                 14  2274.0  157.7     42.1
New bedding                               14  2632.0  330.1     88.2
Difference                                   14  -358.0  313.8     83.9
95% CI for mean difference: (-539.2; -176.8)
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.27  P-Value = 0.001

 

 

Appendix  9. Paired sample t test results for time durations of forward 
bending 
 
                  N   Mean  StDev  SE Mean
Conventional bedding              14  8.929  2.433    0.650
New bedding                           14  6.071  1.439    0.385
Difference     14  2.857  2.282    0.610
95% CI for mean difference: (1.539; 4.175)
T-Test of mean difference = 0 (vs not = 0): T-Value = 4.68  P-Value = 0.000
 

 

 
 

48 
 



 
 

49 
 

Appendix 10. Paired sample t test results for frequencies of forward 
bending  
 
 
                 N    Mean  StDev  SE Mean
New bedding                               14   2.714  0.469    0.125
Conventional bedding                 14   5.286  1.816    0.485
Difference       14  -2.571  1.828    0.488
95% CI for mean difference: (-3.627; -1.516)
T-Test of mean difference = 0 (vs not = 0): T-Value = -5.26  P-Value = 0.000
 

Appendix 11. Paired sample t test results for time durations of elevating 
hands above shoulders 
 
                       N    Mean  StDev  SE Mean
New bedding                                   14   0.000  0.000    0.000
Conventional bedding                     14   5.571  1.399    0.374
Difference                                        14  -5.571  1.399    0.374
95% CI for mean difference: (-6.379; -4.764)
T-Test of mean difference = 0 (vs not = 0): T-Value = -14.91  P-Value = 0.000

Appendix 12. Paired sample t test results for overall comparison of 
conventional bedding  and new bedding 
  

                  N   Mean  StDev  SE Mean
New bedding                               14  5.908  0.489    0.155
Conventional bedding                 14  3.431  0.758    0.240
Difference       14  2.477  0.781    0.247
95% CI for mean difference: (1.918; 3.036)
T-Test of mean difference = 0 (vs not = 0): T-Value = 10.03  P-Value = 0.000
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