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Falls in older people are very common and its incidence increases with age. In the 

community, the proportion of people who sustain at least one fall varies from 28% to 

35% annually among those aged 65 years. The purpose of this study was to examine the 

effects of a home based-exercise training programme on physical performance, 

functional capacity and incidence of falls among elderly community dwellers and to test 

the mediation effect of self-efficacy on the relationship between physical performance 

and functional capacity and fall. 

Bandura’s self-efficacy theory and the Transtheoretical Model (TTM) of exercise 

behaviour were theoretical framework of the study. Based on self-efficacy theory, 

exercise improves physical performance and functional capacity. In addition, 

transtheoretical model of exercise behaviour explained subjects’ changing behaviour and 

staying on attained behaviour for at least 6 consecutive months. 

This is a randomized control trial, with 317 subjects in control (n=157) and experimental 

(n=160) groups. Statistical analyses such as frequency, mean, standards deviation, t-Test 

and other compare means analyses were conducted. In addition, this study explored the 

best model fit for fall reduction due to exercise training. 

According the findings of this study, six months home-based Otago exercise training 

programme improves physical performance and functional capacity, which in turn can 

reduce the incidence of fall and repeated falls. Participants in experimental group, 

showed significant decline in frequency of falls (p value> .00). Other finding of this 

study indicated that the relationship between physical performance and functional 

capacity with declined falls incidence is mostly due to self-efficacy gained through 

exercise training (CFI=1, RMSEA= .00). In other words, the findings of this study 

showed that self-efficacy can play a role between the relationships of physical 

functioning and falls reduction among elderly people. This study highlighted the role of 

self-efficacy as a mediator between the relationship of physical functioning and fall 

reduction among elderly people. 
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Jatuh merupakan perkara lazim dalam kalangan warga tua dan kekerapan jatuh 

meningkat dengan umur. Dalam sesebuah komuniti, perkadaran orang yang terjatuh 

sekurang-kurangnya sekali berbeza-beza daripada 28% hingga 35% setiap tahun bagi 

mereka yang berumur 65 tahun. Tujuan kajian ini adalah untuk memeriksa kesan 

program latihan senaman di rumah terhadap prestasi fizikal, keupayaan fungsi dan 

kekerapan jatuh dalam kalangan komuniti warga tua dan untuk menguji kesan 

pengantaraan efikasi kendiri terhadap hubungan antara prestasi fizikal dan keupayaan 

fungsi dan jatuh. Teori efikasi kendiri Bandura dan Model Transteori (TTM) bagi tingkah 

laku senaman merupakan rangka kerja teori bagi kajian ini. Berdasarkan teori efikasi 

kendiri, senaman menambah baik prestasi fizikal dan keupayaan fungsian. Selain itu, 

Model Transteori tingkah laku senaman menjelaskan perubahan tingkah laku dan 

pengekalan tingkah laku yang diperoleh bagi subjek sekurang-kurangnya 6 bulan 

berturut-turut. 

Kajian ini merupakan kajian rawak kawalan, dengan 317 subjek yang berada kumpulan 

kawalan (n=157) dan kumpulan eksperimen (n=160). Analisis statistik seperti kekerapan, 

min, sisihan piawai, ujian-t dan analisis perbandingan min yang lain telah dilaksanakan. 

Di samping itu, kajian ini meneroka kepadanan model terbaik bagi pengurangan jatuh 

disebabkan oleh latihan senaman. 

Menurut dapatan kajian ini, program latihan senaman Otago yang dijalankan di rumah 

selama enam bulan meningkatkan prestasi fizikal dan keupayaan fungsi dan seterusnya 

boleh mengurangkan kekerapan jatuh dan pengulangan jatuh. Peserta dalam kumpulan 

eksperimen menunjukkan pengurangan yang signifikan dalam kekerapan jatuh (nilai 

p>.00). Dapatan lain dalam kajian ini menunjukkan hubungan antara prestasi fizikal dan 

keupayaan fungsi dengan pengurangan kekerapan jatuh adalah sebahagian besarnya 

disebabkan oleh efikasi kendiri yang diperoleh melalui latihan senaman (CFI=1, 

RMSEA= .00). Dalam erti kata lain, dapatan kajian ini menunjukkan efikasi kendiri 

boleh memainkan peranan dalam hubungan antara fungsi fizikal dan pengurangan jatuh 

dalam kalangan warga tua. Kajian ini mengetengahkan peranan efikasi kendiri sebagai 

pengantara antara hubungan fungsi fizikal dan pengurangan jatuh dalam kalangan warga 

tua.  
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1 

 

CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

Fall is a common problem among elderly people and with increase of age both fall and 

sustaining falls-injury are more frequent (Karlsson, Vonschewelov, Karlsson, Cster, and 

Rosengen, 2013). Approximately, one elderly person out of three home dwelling persons 

aged 70 years or older fall annually and half of them experience recurrent falls 

(Luukinen, H., Lehtola, S., Jokelainen, J.,Vonnen-Sainio, R., Lotvonen, S., and 

Koistinen, P., 2007). Regardless of the causes of falls, specific diseases, decreased 

physical activity and decline in physical performance (strength, balance, and mobility) 

predisposes aged people to falls (Nelson, M. E., Layne, J. E., Bernstein, M. J., Nuern 

Berger, A., Castaneda, C., Kaliton, D. and Singh, A. F., 2004). Among all known risk 

factors of falls, either extrinsic or intrinsic, muscular weakness and loss of balance are 

known to be major risk factors of falls among elderly people (Tinetti and Kumar, 2010).  

Several interventional researches have been conducted to explore preventive measures 

against falls among elderly people (Kim and Lockhart, 2010; Mitchell et al., 2007; 

Myers, Young, and Langlois, 1996; Province et al., 1995; Salmon, 2001). There are 

growing number of researches indicating that muscular strength and balance training 

programmes can be beneficial in improving balance, physical abilities and reducing risk 

of falls (Bernhart, 2013; Binns, 2006; Boone, 2013; Fujisawa et al., 2007; 

Hadjistavropoulos, Delbaere, and Fitzgerald, 2011; Jacobson, Smith, Fronterhouse, 

Kline, and Boolani, 2012). However, in a study investigating the preventive effects of a 

programme on the specified risk factors of falling, incidence of falls and injurious falls 

did not find significant difference (Sjösten, Salonoja, Piirtola, VahlBerg, Isoaho, 

Hyttinen, and Kivelä, (2007).  

 

In addition, most of falls prevention intervention are very expensive and there is a huge 

doubt about their cost-effectiveness in developing countries (Haines, Hill, Brauer, 

Hoffmann, Etherton-Beer, 2013; Heinrich, Rapp, Stuhldreher, Rissmann, Becker, and 

Konig, 2012). The question is what kind of exercise can be effective, feasible and used 

widely in community. Elderly people living in community are encountered with lots of 

problems to participate institutional exercise training programmes because of transport 

barriers, lack of financial support and public availability (Nelson et al., 2004). Recent 

interventions for falls prevention are considering home-base exercise as an alternative for 

expensive institutional exercise for older persons Tiedemann, Sherrington, Sturnieks, and 

Lord, 2012). Exercise, in any form, is therapeutic for all ages especially in golden ages 

(Leutholtz, and Ripoll, 2011). Elderly people deprived of exercise facilities for any 

reason are recommended to exercise at home (Porter, Matsuda, and Lindbloom, 2010). 

Home-based exercise training can improve functional capacity among senior citizens 

(Esculier, Vaudrin, Beriault, Gagnon, and Tremblay, 2012). Researchers have 

investigated the effectiveness of home-based exercise on many diseases and conditions 

among elderly people (Nocera, and Horvat, 2008). Otago Exercise Programme (OEP) as 

a home based exercise has been introduces in New Zealand to prevent falls. Previous four 

preliminary trials OEP revealed promising results (Campbell, Robertson, Gardner, 

Norton, and Buchner, 1999). OEP includes a series of simple exercises which can be 

performed easily at home, plus walking sessions three times a day. However, there is lack 



© C
OPYRIG

HT U
PM

of extensive evidence to explore effects of OEP to prevent falls among vulnerable elderly 

people. This study is an attempt to examine OEP to improve strength of muscles, which 

can directly improve functional capacity and physical performance to reduce the falls 

among elderly community dweller. Moreover, this study examines the role of self-

efficacy on the relationship between improved functional capacity and fall incidence. 

1.2 Problem Statement 

According to World Health Organization fall is a worldwide problem among elderly 

people and a known leading cause of disabilities (Kenny, Romero-Ortuno, and Cogan, 

2013). Falls are not inevitable part of getting older and many falls are preventable 

Schleicher, Wedam, and Wu, 2012). Effectiveness of many exercise programmes have 

been investigated; however, the kind of exercise intervention most effective for fall 

prevention is not fully addressed. In addition, feasibility and cost-effectiveness of fall 

prevention programme is an issue to be considered. The effectiveness of costly 

intervention programmes to prevent falls which is achieved in small scale researches, 

brings this question up that if there is solution to implement intervention to prevent falls 

in large scale or community elderly people. It means that public availability of most 

programmes is under question. To meet this public need, the necessity for a home-based 

training exercise programme is proposed by some researchers (Kamide, Shiba, and 

Shibata, 2009; Esculier et al., 2012). Home-based exercise training programmes, in 

comparison to clinic-based interventions which are very luxurious and promising seems 

to be more feasible (Takano, Haneda, Maeda, Sakai, Matsuse, Kawaguchi, and Shiba, 

2010). Lack of public availability of high-tech facilities, transportation barriers for 

elderly people, the problem of cost-benefit and cost effectiveness of any high-tech 

programme are major deterrents to use clinical-based exercise programmes for elderly 

people living in community (Nelson et al., 2004; Gomersall, Tufanaru, and White, 2012). 

In addition, it is known that majority of seniors citizens aged 85 years or above can rarely 

leave their homes and interventional programmes targeting on those “homebound” aged 

people  are scarce (Ashworth, 2005). For those homebound elderly community dwellers, 

application of a home-based exercise training can be an alternative option to participate 

in centered-based exercise programmes to prevent falls (Stessman, Hammerman-

Rozenberg, Cohen, Ein-Mor, and Jacobs, 2009). 

 

Despite of obvious advantages of home-based exercise programmes, surprisingly, only 

few randomized controlled interventions studied on falls have investigated the effects of 

home-based training intervention among the community-dwelling aged people (Thomas 

et al., 2008). In addition, there have been some drawbacks in previous home-based 

programmes. Most of previous home-based intervention still rely on the most expert 

personnel who closely supervise their clients (Heinrich, S., Rapp, K., Stuhldreher, 

Rissmann, Becker, and Konig, 2012) and provide them with high standard care at their 

homes (Luukinen et al., 2007; Gardner, Robertson, McGee, and Campbell, 2002). Other 

researches emphasize on individualized tailored programmes (Clemson, Singh, Bundy, 

Cumming, Weissel, Munro and Black, 2010). Both of these kinds of home-based 

programmes rose the cost of intervention programme and brought some organizational 

barrier (Zachary, Casteel, Nocera, and Runyan, 2012). In addition, lack in large scale 

randomization was the main limitation of those studies (Jenkyn, Hoch, and Speechley, 

2012). Moreover, previous home-based studies, examining the effect of muscle strength 

on falling among elderly adults concluded with conflicting results (Keskin, Borman, 

Ersöz, Kurtaran, Bodur, and Aky, 2008). Therefore, additional research with frail elderly 
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3 

 

individuals will help answer if home-based exercise training would improve balance, 

reduce fear of falls and decrease incidence of falls in older ages (Kerse, Butler, Robinson, 

and Todd, 2004). Otago Exercise Programme (OEP) is one the most recent home-based 

programmes designed to overcome falls among elderly people (Campbell, and 

Robertson, 2013). OEP is introduced in New Zealand in four trials to assess its 

effectiveness (Binns, 2006). The Otago exercise program is composed of muscle 

strengthening, balance training, and walking, which suggests a specific training method 

(Yoo, Chung, and Lee, (2013). The OEP has now been implemented in many parts of the 

United Kingdom, the United States and Australia as a fall prevention programme. It was 

designed to be delivered by physiotherapists and nurses trained and supervised by 

physiotherapists (Campbell, and Robertson, 2013). However, it has not been tested in a 

primary care setting in the other countries and locations for its feasibility, impact, 

acceptability and cost-effectiveness especially in countries with different economic, 

social and cultural situations. Therefore, further research is needed to evaluate OEP’s 

outcome in other communities and other high risk elderly people such as those with 

experience of falls (Campbell, and Robertson, 2013).  

Previous OEP trials addressed elderly female clients. To date, this is the first OEO 

intervention to prevent falls among Iranian elderly community dwellers. In Iran, district 

health centers in both urban and rural areas routinely provide primary health care to 

community such as vaccination, maternal care and personal general health issues. It is the 

first intervention to organize district health centers to provide exercise training 

programme to community senior citizens to prevent falls. This study is designed to 

examine the hypothesis that if Otago home-based exercise training among high risk 

individuals (60 years old and above elderly people with previous history of falls in last 12 

months) would be feasible with minimal expert supervision and would result in clinically 

important improvements in physical performance, functional capacity and falls incidence 

reduction. 

1.3  Objectives 

The objectives of this study are to examine: 

1 the effects of OEP on physical performance among elderly community dwellers by 

examining the    

1.1 effects of OEP on Arm Curl Test (ACT)  

1.2 the effects of Otago exercise programme on Chair Stand Test (CST)  

2 effects of OEP on functional capacity among elderly community dweller by 

examining the  

2.1 effects of OEP on Berg Balance Score  (BBS)  

2.2 the effects of OEP on Timed Up an Go Test (TUGT)  

3 effects of OEP on falls confidence among elderly community dwellers by examining 

the  

3.1 effects of OEP on Activity-specific Balance Confidence Scale (ABCS)  

3.2 effects of OEP on Falls Efficacy Scale   (FES)  

4 To examine the effects of OEP on falls among elderly community dwellers 

5 To explore the role of self-efficacy on relationship between physical functioning and 

incidence of falls. 
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1.4  Research Hypotheses 

Hypothesis of this study are as follow: 

a) H1: OEP can improve ACT among elderly people. 

b) H1: Home-based exercise training can improve CST among elderly people 

c) H1: Home-based exercise training can improve BBS among elderly people 

d) H1: Home-based exercise training can improve TUGT among elderly people 

e) H1: Home-based exercise training can improve FES among elderly people 

f) H1: Home-based exercise training can improve ABCS among elderly people 

g) H1:  Home-based exercise training can decrease falls incidence  

h) H1: Falls self-confidence can mediate the relationship between functional capacity 

and falls incidence. 

1.5 Significance of the Study 

The primordial purpose of this study is to add knowledge to previous studies on falls 

prevention programmes among elderly people. An important issue to be considered is the 

limited published knowledge on fall prevention programme in developing countries such 

as Iran, the findings of this research worth looking attentively. The results of this study 

will be beneficial in different areas and settings and can contribute to the scientific 

literature in different interrelated ways. Moreover, this study is considering the influence 

of psychological issues such as fear of falls and more importantly, highlight the role of 

self-efficacy in relationship between physical performance and falls incidence.  
 

Contribution to research: The finding of this study can contribute to the body of 

knowledge concerning falls among elderly people. To achieve a better understanding of 

falls, its consequences and prevention this area of research needs a richer body of 

knowledge to illuminate the way for other researchers to explore the ways to reduce risk 

of falls. This study, to date, is the first study on falls among Iranian elderly citizen and 

have considered the public issue of falls in a scientific research. In addition, the role of 

self-efficacy in falls which has been rarely investigated in previous literature is brought 

up as a research issue. This is the first study, focusing on self-efficacy in Otago Exercise 

Programme as a fall prevention intervention.  
 

Contribution to public health policy makers: This study will serve as the basis for future 

plans of action by being one of the first studies to focus on falls as biological and 

psychological issue. This study looks the problem of falls from both biological (muscular 

strength and balance) and psychological (self-efficacy) point of view. Therefore, all 

planners of falls prevention programmes may consider the results of this study as an 

evidence to plan a comprehensive programme on falls among community dwellers.  

To date, this is the first study to apply Otago Exercise Programme in middle-east and the 

results of this study can be used to plan comprehensive programmes all over the world. 

The programme has been focused on a single intervention; however, it could be delivered 

in a multifactorial falls prevention programme, too. In addition, in developing countries, 

where sources are limited, public health policy makers can contribute for developing 

such exercise training programmes. This type of researches can highlight the pro and 

cones a these kinds of programmes and make it easier for policy makers to find the most 

appropriate intervention for their own communities. For instance in developing countries 

such programmes can be offered first to those with high-risk elderly people e.g. those 

with history of falls and/or other unknown risk factors of falls.  
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Contribution to health professionals: The results of this study help health professionals to 

be oriented to the elements and components of a fall prevention programme and can help 

them deliver and supervise the exercise training programmes for older people. In 

addition, this study highlights the importance of exercise training among elderly people. 

American Geriatrics Society recommends some activities including exercise and/ or 

physical activities to prevent falls among elderly people (Robertson and Gillespie, 2013). 

As such, other health professionals can benefit the findings of this study to apply similar 

exercises for other high risk groups such as patients with chronic diseases e.g. Parkinson 

disease (Noll, 2013), multiple sclerosis, stroke, arthritis and other neuromuscular or 

articular diseases, depression, anxiety, etc. (Karlsson et al., 2013).  
 

Significance to community: A majority of frail elderly people rarely leave their homes, 

because of a variety of reasons such as physical inability, transport barriers and financial 

problems to have access to expensive high-tech rehabilitation and physiotherapy 

facilities. OEP as a standard home-based exercise training programme designed for high 

risk elderly people living in community and gives them a good opportunity to benefit its 

advantages including improving physical performance and functional capacity. This 

study was designed for elderly community dwellers to empower them against falls. Falls 

and its consequences such as injury and fracture, social burden to person and family, and 

economic burden to family and public can be very frustrating and costly. This study 

aimed to install the programme in all local district health centers.  

1.6  Definition of the Key Words 

Falls 

Conceptual definition: Fall is defined as an unexpected, involuntary loss of 

balance by which a person comes to rest at a lower or ground level (Pereira et al., 

2013). Other researchers have defined falls as “an unintentional descent that may 

or may not result in an injury, and in which any motion of descent may not 

necessarily result in a landing. (Berry et al., 2010).  

Operational definition: In this research, falls is defined as any report of falls 

incidence by which a person comes to rest at a lower or ground level. In other 

words, any incidence of falls in last 12 months is which a client reports and the 

caregiver records in the questionnaire or the logbook is considered as falls.  

Balance 

Conceptual definition: Ragnarsdottir (1996), defined balance as ‘a function 

demanding continuous adjustments of muscle activity and joint position to keep 

the body weight above the base of support’. In a more close definition to falls, 

balance is defined as a multidimensional concept, referring to the ability of a 

person not to fall (Pollock, Durward, Rowe, and Paul, 2000). 

Operational definition: In this study, balance is the subjects score in “Berg 

Balance Scale”.  Total score varies between 0 and 56. In interpretation of Berg 

Balance Scale, scores between 0 to 20 are considered as sever impaired balance 

(high risk of falls), scores between 21 to 40 are classified as moderate impaired 

balance (medium risk of falls) and scores of  41 to 56 are categorized as mild or 

not impaired balance (low risk of falls).  
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Muscular Strength 

Conceptual definition: Muscular strength is defined as the maximal ability of a 

muscle to contract and generate force (Hanney, Kolber,  Schack-Dugre,  Negrete, 

and Pabian, 2010). 

Operational definition: In this study, muscular strength is defined as subjects’ 

score in the Chair Stand Test (CST) and Arm Curl Test (ACT), which assess 

muscular strength in lower and upper extremity. CST and ACT are physical 

performance tests used to assess lower and upper-extremity strength and function. 

In CST a 5-repetition test measures subjects’ “strength” (Ward et al., 2010). A 

10-repetition test is a measure of “strength and endurance”. Moreover, the ACT is 

applied in dominant hand. Individual patients whose arm curl in 30 seconds is 

less than the lower limit of the confidence intervals can be considered to be 

impaired upper body muscular strength (Rikli and Jones, 2012). 

Self-efficacy 

Conceptual definition: Bandura (1982) defined self-efficacy as, “people’s 

judgments of their capabilities to organize and execute courses of action required 

attaining designated types of performances”. Self-efficacy means one’s self 

confidence towards learning. People usually engage in certain behaviours when 

they believe they are capable of implementing those behaviours successfully, this 

means that they have high self-efficacy (Bandura, 1977). 

Operational definition: In this research, subjects’ scores in the Activities-

specific Balance Confidence Scale (ABCS) are considered as their self-efficacy. 

The Activities-specific Balance Confidence Scale is a scale with 16 items; each 

item is rated from 0% (no confidence) to 100% (complete confidence). Clients are 

asked to rate the level of confidence that they will lose their balance in daily 

activities. 

 

 

Fear of Falls 

Conceptual definition: Fear of falling, first described as “Ptophobia,” by Bhala, 

O’Donnell, and Thoppil, in 1982. It means a phobic reaction to standing or 

walking and was subsequently classified by Murphy and Isaacs in 1982 as “Post 

fall syndrome” (Jung, Lee, and Lee, 2009). 

Operational definition: In this study, Falls Efficacy Scale  (FES) is used to 

assess clients’ fear of falling. It is a rating scale with 10 items to assess clients’ 

fear of falls in performing daily activities. Each item is rated from one, meaning 

extreme confidence to ten, meaning no confidence at all. Participants with lower 

self-efficacy report avoiding most of activities because of fear of falling get 

higher FES scores. On the other hands, participants with higher self-efficacy 

report less avoiding most of activities because of fear of falling and represent 

lower FES scores. The accepted cutoff point for fear of falling is 70. A total score 

of greater than 70 indicates that the person has a fear of falling (Tinetti, Richman, 

and Powell, 1990). 
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Exercise  

Conceptual definition: Exercise is a subset of physical activity. It is planned and 

repetitive body movement, which improves or maintains one or more components 

of physical fitness e.g., cardiovascular endurance, muscular strength, balance and 

flexibility  (Miller et al., 2014). 

Operational definition: This study applied Otago Exercises Programme for 

muscular strengthening and balance maintaining. Otago exercise is a set of 

muscular strengthening and balance maintaining action used to increase 

functional capacity and reduce the risk of falls among participants of the study. 

All the exercises are explained in details in Appendix A1 in the English Language 

and depicted in the booklet in Appendix A2 in Farsi (Persian Language). 

 

Elderly 

Conceptual definition: There is no United Nations standard numerical criterion 

for being elderly, but the UN agreed that cutoff age for elderly is 60 years old and 

above to refer to the older population (WHO, 2012). 

Operational definition: In the study, older Iranian aged 60 years and above were 

the study respondents. 

 1.7. Conceptual Framework of the Study 

This study is designed to apply OEP to improve physical performance and functional 

capacity. They are independent variables (IV) of the study which may directly prevent 

falls incidence as a dependent variable (DV). In addition, self-efficacy may play a role as 

mediator in the relationship between physical performance and functional capacity, and 

falls incidence. The conceptual framework of this study is depicted in Figure. 1.1. 

This study was conducted based on two well-reputed theories called Transtheoretical 

Model (TTM) for change behaviour and self-efficacy. Application of TTM for change 

behavior is to explain elderly community dwellers’ changing behaviour of exercise for at 

least 6 months, which corresponds to the fifth stage of TTM, called maintenance. 

Moreover, in this study, Bandura’s self-efficacy theory is used to explain how self-

efficacy may affect the relationship between old people’s physical performance and 

functional capacity and incidence of falls during old ages.  

 

Figure 1.1. Conceptual Framework of the Study 
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1.8. Limitation of the Study 

There are some minor limitations that may affect the outcome of this study. The primary 

limitation of the study was the application of falls self-report profiles. In data collection, 

self-reported data are condemn to be reluctant about their validity. In current study, falls 

incidence was the only data collected by self-report. In some cases, in order to validate 

the falls, the researcher asked clients’ caregivers to approve occurrence of falls. Another 

limitations of this research was the contamination of the information from experimental 

group to control group, especially in rural areas where the societies are small and close to 

one another and people easily quote their personal information. In other words, one 

participant in control group could be informed about the exercise and was interested to 

follow the program in experimental group. The research team predicted this problem and 

informed them than the programme would go forward step by step and asked them to 

keep their previous routine condition until the research team prescribe suitable exercise 

for them. They informed them that exercise should be prescribed by an authorized doctor, 

professional physiotherapist, expert academic nurse or a specialized trained staff. The 

researcher also warn them about the hazards of over-dosed exercised done by their own. 

In current study, researchers encountered data contamination between subjects in control 

and experimental groups in two clusters. They were unintentionally informed that they 

were in control group. In contaminated clusters subjects or their caregivers insisted to be 

in experimental group and participate in Otago exercise programme. Researchers 

excluded contaminated data in those clusters.  
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