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ABSTRACT 

 Elliptical cross trainer has become popular for cardio 

respiratory fitness training. Since new models of elliptical 

trainers are manufactured for better design and more effective 

in workout, the present study attempted to compare the 

physiological variables of the latest model of elliptical 

trainer, Precor AMT 100i, to the traditional model, Precor 

EFX 576i. A total of 30 female students from Hong Kong Baptist 

University participated in the 12-minute incremental 

elliptical test. Heart rate responses and energy expenditure 

were recorded throughout the test. Results showed that the 

latest elliptical model required higher heart rate and energy 

output from begin to the end of the test. However, 

overestimation in energy expenditure was found from the 

machine-shown data, compared to the actual measurement from 

metabolic cart. All results between the 60%, 80% heart rate 

reserve and the equivalent perceived exertion of subjects was 

found to be no correlation. 
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Chapter 1 

INTRODUCTION 

    Today in our planet, people in all age and gender put their 

emphasis on the pursuit of health and fitness. The World Health 

Organization (WHO) (2007) guided that health is a state of 

complete physical, mental and social well-being and not merely 

the absence of disease or infirmity. It shows that physical 

fitness is one of the essential components of being healthy. 

Further, in order to possess physical fitness, people should 

be able to perform occupational, recreational, and daily 

activities without becoming unduly fatigued (Heyward, 2006). 

    According to the American College and Sports Medicine (ACSM) 

and American Heart Association’s recommendation (AHA) (2007), 

frequent physical activity is the important behavior for 

individual and population health. Nevertheless, ACSM and AHA 

continue to describe that, “more active men and women have 

a higher injury rate during sport and leisure-time 

activity.”(p.1088) For instance, the risk of musculoskeletal 

injuries rises as high as 55% among men and women involved 



in jogging programs. Hence, the risk of being injured may 

hinder people for keeping a constant physical exercise pattern. 

Furthermore, the anatomy and physiology of women cause higher 

risk of injury by exercise.  Kettles, Cole, and Wright (2006) 

pointed out that girls and women are at particular risk for 

lower extremity injury because of the alignment. For example, 

to practice a landing posture of a hop, female has more valgus 

angulation at the knee and less hip and knee flexion than male. 

It causes more force and stress to the anterior cruciate 

ligament (ACL) that directly hurt the knee joint. In addition 

to other physiological factors, females are thus easier to 

get hurt from physical activities. 

On the other hand, cardio respiratory fitness is an 

essential component to the overall health. According to ACSM 

(2007), cardio respiratory training, which can enhance heart 

function and contribute to fitness, refers to the ability to 

perform large muscle, repetitive, moderate-to high-intensity 

exercise for an extended of time. Resistance and strength 

training are the examples of cardio respiratory training. In 



1990s, sports lovers started to explore new instruments that 

not only could practice for cardio respiratory fitness, but 

also lowered injury rate or even helped for rehabilitation. 

Desirably, elliptical cross trainer had been developed as a 

new aerobic exercise modality with resistance training, and 

was able to capture the popularity of participants in both 

fitness clubs and the home consumer market (Egaña, & Donne, 

2004). 

Based on the research of Jahn, Borgerpoepping, 

Nordenskjold, and Dettmer (2007), elliptical cross trainer 

is an effective mode of exercise for improving aerobic fitness 

and cardiovascular health. It is true that, the usage of 

elliptical trainer has obviously increased. An analysis by 

the Sporting Goods Manufacturers Association (SGMA) of the 

United States published that the population of elliptical 

trainer users had grown by 170% from 2000 to 2005. (Lu, Chien, 

& Chen, 2007) Moreover, over the past five years since 2001, 

elliptical trainer was among the top three “most essential” 

pieces of equipment named by respondents answering an 



open-ended question in the IDEA survey (Keller, 2006).  

Statement of Problem 

The main purpose of the current study was to compare the 

physiological variables of university female students when 

performing on both the latest and traditional models of 

elliptical cross trainers. Heart rate (HR) responses and 

energy expenditure (EE) of the subjects were monitored, 

together with collection of rating of perceived exertion (RPE) 

while subjects reached to 60% and 80% heart rate reserve (HRR). 

Hypotheses 

The following hypotheses were experimented in this study: 

1. There would be no significant mean difference in heart rate 

responses between the latest and traditional models of 

elliptical cross trainers. 

2. There would be no significant mean difference in energy 

expenditure between the latest and traditional models of 

elliptical cross trainers. 

3. There would be significant correlation between HR and RPE 

of tested female students. 



Definition of Terms 

The following terms were operationally defined for this 

study: 

Physiological Variables 

Physiological variables are the amount that can change 

frequently in which the bodies of animals or plants work. In 

this study, physiological variables would include subjects’ 

heart rate responses (bpm) and energy expenditure (Kcal). HR 

responses and EE will be collected every minute and every 

3-minute, respectively. 

 

Latest Elliptical Cross Trainer 

The model of the latest elliptical trainer used in this 

study is the Precor Commercial Adaptive Motion Trainer AMT 

100i (Appendix E). It has twenty resistance levels to suit 

users of all ability levels. It is patented to own a dual-plane 

design that applies resistance to both horizontal and vertical 

of motion, adding another dimension to customize workout. 

Without traditional incline (slope) setting, the stride 



length provides unlimited variation, which means that lower 

stride length is similar to motion of stepping and walking, 

while higher stride length is similar to mo tion of jogging 

and running. In this study, stride length will not be 

restricted for tested female students. 

 

Traditional Elliptical Cross Trainer 

The model of the traditional elliptical trainer used in 

this study is the Precor Elliptical Fitness Crosstrainer EFX 

576i (Appendix F). Similar to AMT 100i, it also comprises 

twenty levels of resistance to satisfy all ability-level users. 

Unlike the latest model, its stride length is fixed by the 

incline from level 1 to 20. In this study, the incline was 

restricted at level 10. 

 

Energy Expenditure (EE) 

Energy expenditure (also energy output) is the total energy 

cost of maintaining constant conditions in the body. Smith 

(2009) explained that EE is divided into three general 



categories: basal metabolism, physical activity, and 

digestion, absorption and processing of ingested nutrients. 

The current study will focus on the energy for physical 

activity. Smith continued to present that “physical activity 

increased EE above and beyond basal energy needs by as much 

as 25% to 40%.” (p.240) Also, calories expenditure from 

physical activity varies widely among people. For instance, 

climbing stairs rather than riding the elevator, standing 

rather than sitting increase physical activity, and, hence, 

energy use. 

 

Rating of Perceived Exertion Scale (RPE) 

PRE is defined as a measure of exercise intensity, which 

corresponds to the overall perception of effort during 

physical exertion (Leung, Leung, Chung, & Binh, 2002). This 

scale allows clients to rate their degree of exertion 

subjectively during exercise and is highly related to exercise 

HR and V‧O2. It takes into account the linear rise in HR and 

V‧O2 during exercise (Heyward, 2006). In the current study, the 



Borg RPE scale is adopted. It is a tool for estimating effort 

and exertion, breathlessness, and fatigue during physical 

work (Borg, 1998). It has become popular since it is easy to 

understand and use. This scale is rated from 6 to 20. (Appendix 

D) Borg explained that choosing number 6 as the start point 

because “a low resting HR estimate for many adults is close 

to 60 (60= 10x6)”(p.30). However, number 20 refers to a kind 

of “absolute maximum” that most people may not reach 

previously in their lives. That means their HR may rise up 

to 200, based on the estimation of RPE. 

 

Heart Rate Reserved Method (HRR) 

HRR, is determined by subtracting the resting heart rate 

(HRrest) from the maximum heart rate (HRmax) (Corbin, Welk, 

Corbin, & Welk, 2006). 

HRR = HRmax - HRrest 

HRR, also the Karvonen formula, is used to calculate target 

HR at a given percentage training intensity by Adding the given 

percentage of HRR to HRrest (Heyward, 2006). In this study, the 



exercise intensity would be at 60%, and 80% HRR. 

Target HR = % exercise intensity(HRmax – HRrest)+ HRrest 

 

Delimitations 

The results of study would be delimited by the followings: 

1. The subjects in this study were delimited to university 

female students aged between 19 and 25. 

2. The subjects in this study were delimited to students of 

Hong Kong Baptist University. 

3. Total of thirty subjects were involved in this study.  

4. The 12-minute incremental elliptical test was carried at 

the Dr. Stephen Hui Research Center for Physical Recreation 

and Wellness in Hong Kong Baptist University. 

5. Each subject performed the test twice on two separate days 

discontinuously. 

6. The result could only reflect the results of the two certain 

types of elliptical trainers, Precor AMT 100i and Precor 

EFX 576i. 

 



Limitations 

The following limitations were considered when 

interpreting the results of this study: 

1. The performance of subjects might vary according to their 

experiences in exercising on elliptical cross trainers. 

2. The performance of subjects might vary according to their 

habituation. 

3. The motivation of subjects in performing the incremental 

elliptical test was uncontrollable. 

4. The stride length of AMT 100i was not restricted. 

5. The stride length of EFX 576i was restricted to the incline 

level 10 out of 20. 

6. Data collected from each subject was in different dates and 

time. 

Significance of the Study 

Start from the intervention of elliptical trainers in 1995, 

new and modified models have been developed throughout the 

years. The alteration from stabilized arm pole to movable arm 

poles, and the addition of gradient and relative functions, 



the latest model would cater to high proportion of population. 

This study was to compare the variation on energy expenditure 

of the latest and traditional models of elliptical cross 

trainers contributing to the cardio respiratory fitness, as 

well as to identify whether the newer cross trainer was the 

better model for workout. 

In general, female students are less likely than male 

students to participate in physical activity and in sports 

programs (Kulig, Brener, & McManus, 2003). A proportion of 

females may feel embarrassed of body exposure at outdoors, 

or some of them actually avoid vigorous exercise. For that 

reason, elliptical cross trainer may be the desired machine 

for them because of the indoor exercise environment and the 

less vigorous form of workout. Most university females in 

particular physical inactive females are unfamiliar with 

elliptical cross trainer. Another achievement of this study, 

hence, was to make snowball effect from small group to large 

population for the promotion of cardio respiratory training 

by the elliptical cross trainers. 



Chapter 2 

REVIEW OF LITERATURES 

The review of literatures was mainly divided into four 

sections: (a) background of elliptical trainer; (b) benefits 

of elliptical trainer exercises; (c) similar workout compared 

elliptical trainer with treadmill; and (d) summary. 

Background of Elliptical Trainer 

Precor invented the first elliptical cross trainer. In 1995, 

one of the engineers of Precor inc. tried to invent a workout 

machine for his injured daughter, which could mimic the 

ordinary action of foot but without the excessive force of 

running (n.d., Cedillo). Besides, Porcari, Foster, & 

Schneider (2000) mentioned that the lower body motion is a 

cross between an upright stationary cycle and a stepper with 

elliptical trainers, except that the feet move in egg-shaped 

or elliptical pattern, as opposed to a circular path. Moreover, 

the Crosstraining Report (2005) stated that elliptical 

trainers could be thought as the hybrid between stair climbing 

and cross-country skiing. As a result, elliptical cross 



trainer has become one of the popular fitness machines since 

1990s. 

Benefits of Elliptical Trainer Exercises 

Elliptical cross trainer is one of the best exercise 

machines out there in terms of effectiveness, convenience, 

and user-friendliness. It not only advantages cardio 

respiratory fitness, but is also good for musculoskeletal 

warm-up. 

Different Muscle Groups Recruited 

Elliptical cross trainers are able for practicing forward 

and backward motion (also called dual action motion) with 

different resistant levels in order to train for various 

groups of muscles. “Your leg muscles, buttocks, back, and 

abdomens do the pedaling work, while you sculpt your biceps, 

triceps, and several other upper body muscles with a fluid 

arm swinging motion”(p.4) (The Crosstraining Report, 2005). 

Since large muscle groups of lower extremities are involved 

to perform elliptical exercise, the cardio respiratory 

fitness can be trained. Participants could also achieve full 



body workout by selecting a model with handles or arm poles. 

 

Available to Backward Walking 

Some studies indicated that backward walking is good for 

women health. In 2004, Terblanche, Page, Kroff, and Venter 

found that backward walk or run training could improve cardio 

respiratory fitness and significantly changed in body 

composition in young women. As stationing at pedals, 

practicing backward walking on elliptical cross trainer is 

safe. People are secure to exercise on the stationed 

elliptical trainers, compared to exercise at outdoor or even 

on treadmills. Furthermore, Jahn, et al. (2007) found that 

exercise on elliptical cross trainer with backward motion 

created higher mean HR than forward motion on low to moderate 

intensity exercise. Hence, backward walking is available to 

be practiced on elliptical fitness trainers. 

 

Less Harm on Joint Loading 

Gorman (2005) stated that elliptical trainers could 



minimize the potential injuries from impact and stress on the 

joints, especially ankles, knees and even hips. Hence, people 

in hurt of joints are able to practice elliptical trainers 

for both recovery and cardio-respiratory exercise. More 

studies were made to assessing knee joint loading during 

elliptical exercise. Researchers mentioned that, practicing 

on an elliptical machine does not generate large force or 

moments at the knee joint, although compressive forces 

increase at higher incline workloads (Knutzen, Lawson, Brilla, 

& Chalmers, 2007). Moreover, according to Darryl, Nikolai, 

Shantanu, and Clifford (2008), less knee joint load was found 

in patients. Results showed that jogging generated high peak 

forces, while elliptical training generated low forces in knee. 

Gorman (2005) also mentioned that elliptical allows people 

to achieve aerobic goals without worrying about sprains or 

ligament tears. Nevertheless, researchers recommended that 

elliptical exercise for rehabilitation should be considered 

not only the joint loading, but also the muscle strength 

especially around the knee (Lu et al., 2006). 



Available for Various Groups of Population 

    Elliptical cross trainer is undoubtedly available for both 

genders, as it had attained high usage rates among gym 

participants of males and females (Egaña, & Donne, 2004). 

Apart from the mass population, it is available for the injured 

people, since elliptical trainer was invented to suit for this 

category of population. The Crosstraining Report (2005) 

mentioned that a low impact training machines like an 

elliptical trainer allows workout without aggravating old 

injuries such as knees, ankles, hips, and back. Also, 

“elliptical trainers mimic running without the foot strike, 

causing less impact on joints than jogging and running. Women 

with various injuries, especially knee pain, often try the 

elliptical trainer as a substitute for high-impact 

activities”(p.128) (Kettles et al., 2006). Elliptical cross 

trainer is often good for rehabilitation. Based on the 

research of Knutzen, McLaughlin, Lawson, Row, and Martin 

(2008), mechanics of elliptical stride made a valuable 

contribution to fitness and rehabilitative arenas. More than 



that, elliptical cross trainer is still excellent for pregnant 

women or the elderly, owing to the low impact nature of the 

machine (Jahn et al., 2007). The resistance levels and stride 

length are easily adjusted to fit individuals in all health 

level. As a result, elliptical cross trainer suits most of 

the population with different gender, wide range of age, and 

even injured people and pregnant women. 

 

Similar Workout Compared to Treadmill 

    According to the past researches, exercising on elliptical 

trainers would produce similar workout compared to treadmills. 

Mercer, Dufek, and Bates (2001) indicated that elliptical 

trainer was comparable to treadmill in training intensity, 

as the VO2max and HR had been shown to be similar between 

treadmill running and elliptical trainer exercise. Besides, 

elliptical cross trainer produced similar maximal values of 

both male and female during incremental exercise to fatigue 

compared to treadmill running (Dalleck, Kravitz, & Robergs, 

2004). Furthermore, the elliptical cross trainer was found 



to be able to offer a variety of intensities that appropriated 

for most individuals, comparable to treadmill exercise (Mier, 

& Feito, 2006). These results could also be found on the test 

for patients. Study designed for coronary artery disease 

patients proved the significant higher workout (based on VO2, 

HR and VE) on elliptical fitness trainer than on treadmill 

exercise at equivalent levels of RPE (Sweitzer et al., 2002). 

Thus, as the machine for improving cardio respiratory fitness, 

elliptical cross trainer is comparable to the traditional 

treadmill machine. 

Summary 

    The above review of literatures indicates most of the 

positive aspects of elliptical cross trainers. The increasing 

rate of usage concretely shows that it is contributing to 

improve fitness of cardio-respiratory endurance. In this 

study, heart rate responses and energy expenditure were 

investigated by the university female students, who 

contributed the significant results for incremental 

elliptical test. 



Chapter 3 

METHOD 

The main purpose of this investigation was to identify the 

difference in heart rate responses and energy expenditure, 

which were tested on two models of elliptical trainers in 

university female students. The method comprised in this study 

was presented in the following sections: (a) subjects, (b) 

testing apparatus, (c) procedures, and (d) method of analysis. 

Subjects 

Thirty female students aged between 19 and 25 from the Hong 

Kong Baptist University, were invited to take part in this 

study.  All subjects were free of any cardiopulmonary or 

respiratory dysfunction. The health status of subjects was 

ascertained by the Physical Activity Readiness Questionnaire 

(PAR-Q)(Appendix C). Each of the subjects was provided 

informed written consent prior to the test (Appendix A). 

Testing Apparatus 

The apparatus adopted in this study included two models 

of elliptical cross trainers, a metabolic cart, a heart rate 



monitor, a facemask with turbine, and a board of Borg’s Rating 

of Perceived (RPE) scale. The two elliptical cross trainers, 

the Commercial Elliptical Fitness Crosstrainer EFX 576i 

(Precor inc., Woodinville, WA) and the Commercial Adaptive 

Motion Trainer AMT 100i (Precor inc., Woodinville, WA), were 

utilized for the incremental elliptical test. Gas exchange 

data was recorded breath-by-breath and analyzed using a 

metabolic cart (Metamax 3B, Cortex, Germany). The heart rate 

monitor (S625, Polar Electro, Finland) was used to measure 

heart rate responses continuously during the test. A board 

of the Borg’s RPE scale, which was measured on a scale of 6 

to 20, was used to identify the subjects’ exertion.  This scale 

was explained to the subjects prior to the test as if 6 

corresponds a resting state and 20 corresponds extremely 

exhausted that individual was unable to continue. The details 

of RPE scale is shown in Appendix D.  

Procedures 

    In this study, subjects were instructed not to engage in 

strenuous exercise for 24 hours before testing, to refrain 



from big meal within 2 hours of testing section, and to wear 

comfortable clothing and sports shoes for testing. A 12-minute 

incremental elliptical test was designed for the two models 

of elliptical cross trainers and all subjects performed two 

tests on two separate days discontinuously. The testing order 

on the two elliptical cross trainers was randomly assigned 

to avoid testing effect. All the incremental elliptical tests 

were conducted in the Dr. Stephen Hui Research Center for 

Physical Recreation and Wellness in Hong Kong Baptist 

University, with the temperature and relative humidity at 22 

degree Celsius and 70% respectively. Before the test, 

subject’s body weight, height and BMI were measured by TANITA 

body composition analyzer (TBF410, Japan) and a wall mounted 

stadiometer. A heart rate monitor was placed around the 

subject’s chest, and HR data was shown directly when subject 

performed on the elliptical trainers. The metabolic cart was 

calibrated before each subjects’ test, followed by connecting 

with turbine properly with a facemask. After linking to the 

metabolic cart, subjects’ energy expenditure (kcal) was 



displayed continuously throughout the test. The baseline HR 

of subjects was once recorded for 2 minutes during quiet 

sitting, followed by the calculation of 60% and 80% HRR 

according to their baseline HR. A minute warm up on the 

elliptical cross trainer was provided with minimal resistance 

level. During the warm up session, subjects were provided 

instruction for the incremental elliptical test and it was 

also the time for them to experience on the elliptical trainers. 

The duration of test was 12 minutes. The resistance was started 

from level 1 to level 12, with 1-level increased in each minute. 

The test consisted of forward motion only and subjects 

performed with arm pole among the test. 

Incremental Elliptical Test 

When the test started, subjects’ age and weight were 

entered into the elliptical trainers for the estimation of 

energy expenditure. HR was recorded each minute from the HR 

monitor, while EE was marked each 3 minutes from both the 

elliptical trainers and metabolic cart. For AMT 100i, no 

incline could be set so that there was no restriction on stride 



length. It only varied based on the strides of subjects. For 

EFX 576i, the stride length was set as incline level 10 out 

of 20 levels. Started from the test, subjects were dictated 

and reminded to maintain the cadence between 100 and 120 

strides per minute throughout the 12-minute test until the 

end of the test (Figure 1). 

Figure 1 

Protocol of the 12-minute incremental elliptical test 

 

 

 



Perceived Exertion 

    During the test, subjects were asked for the perceived 

exertion twice. Once the subjects reached their 60% and 80% 

HRR, they were requested to indicate the feeling of exertion. 

Owing to wearing a facemask, which connected to the metabolic 

cart, subjects were instructed to point on the board of Borg’s 

RPE scale in order to prevent the difficulty on speaking. In 

case subjects did not reach the 60% or 80% HRR throughout the 

test, no data of RPE would be collected. 

Method of Analysis 

    Statistical Package for Social Science (SPSS) for window 

14.0 version computer program was used for all the statistical 

calculations. The mean, standard deviation, minimum and 

maximum values of subjects’ age, height, weight, BMI, resting 

HR, 60% HRR and 80% HRR were computed. A 2x4 repeated measures 

ANOVA design was executed to compare energy expenditure of 

the 3rd, 6th, 9th and 12th minutes throughout the test between 

the latest and traditional models of elliptical cross trainers. 

Pearson Product Movement Coefficient of Correlation (r) was 



used to examine the correlation between % HRR and RPE. An alpha 

level of .05 was used for all statistical tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

ANALYSIS OF DATA 

Results 

Thirty female university students from the Hong Kong 

Baptist University were invited to take part in this study. 

The purpose of the current investigation was to examine the 

variation of heart rate responses and energy expenditure in 

different stages of the latest and traditional models of 

elliptical cross trainers, as well as the relationship of HRR 

and equivalent RPE when subjects reached 60% and 80% HRR. All 

subjects participated in two 12-minute incremental elliptical 

tests, one was on Precor AMT 100i and another was on Precor 

EFX 576i. Measurements of physical characteristics of the 

subjects included age, weight, and height for BMI, resting 

heart rate for the generation of 60% and 80 % HRR of tested 

female students were summarized in Table 1. 

 

 

 



Table 1 

Physical characteristics of tested female students (N=30) 

Variables Minimum Maximum Mean ± SD

Age 19.00 25.00 21.33 ± 1.37

Weight (kg) 42.60 65.70 52.00 ± 6.55

Height (cm) 150.00 178.00 159.33 ± 5.29

BMI  17.30 26.70 20.45 ± 2.05

Resting HR (bpm) 61.00 84.00 71.57 ± 6.23 

60% HRR (bpm) 143.00 152.60 147.83 ± 2.42 

80% HRR (bpm) 170.80 176.80 173.33 ± 1.42

 

The descriptive statistics of the 60% and 80% HRR of 

subjects’ equivalent resistance levels were presented in 

Table 2a and Table 2b. All subjects reached to 60% HRR while 

five subjects and eight subjects did not reach to 80% HRR when 

performing on AMT 100i and EFX 576i, respectively. 

 

 

 



Table 2a 

Descriptive statistics when subjects reached 60% HRR in 

corresponding resistance level on the two elliptical cross 

trainers (N=30) 

Resistance Level 

Elliptical Trainers 

Mean Mode Minimum Maximum 

AMT 100i 4.4 2 1 12 

EFX 576i 7.3 9 2 12 

 

Table 2b 

Descriptive statistics when subjects reached 80% HRR in 

corresponding resistance level on the two elliptical cross 

trainers (N=25 for AMT100i, N=22 for EFX756i) 

Resistance Level 

Trainer Model 

Mean Mode Minimum Maximum 

AMT 100i 8.6 7 3 12 

EFX 576i 10.4 12 6 12 

 



Figure 2 illustrated the mean heart rate responses of 

subjects in each minute throughout the 12-minute incremental 

elliptical test and the variation of heart rate responses when 

subjects performed on the two different models of elliptical 

cross trainers. 

 

Figure 2. 

Variation of mean HR responses from the two elliptical 

trainers (N=30) 
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Table 3 showed the descriptive statistics included mean, 

standard deviation and mean difference of subjects’ energy 

expenditure (kcal) accumulated in every 3-minute throughout 

the test. EE was collected from both elliptical trainers and 

metabolic cart when subjects performed on the AMT 100i and 

EFX 576i. The results of mean EE were illustrated in graph 

pattern in Figure 3. As there was distinct overestimation of 

EE from elliptical trainers, the percentage of overestimation 

was calculated in Table 4. 

 

 

 

 

 

 

 

 

 

 



Table 3 

Descriptive statistics of subjects’ EE by estimation and 

actual measurement (N=30) 

Energy Expenditure (kcal/min) 

  Mean ± SD  

Resistance 

Level 

Collected 

By 
AMT 100i EFX 576i MD 

3 E 24.07 ±2.40 17.40 ± 1.16 6.67 

 A 16.03 ±2.90 13.94 ±1.91 2.09 

6 E 50.97 ±4.63 38.67 ±2.35 12.31 

 A 35.43 ±6.39 30.05 ±3.66 5.37 

9 E 79.27 ±6.80 63.50 ±3.57 15.76 

 A 57.95 ±9.26 48.69 ±5.74 9.26 

12 E 109.23 ±9.15 91.38 ±4.92 17.85 

 A 82.33 ±12.50 70.67 ±8.06 11.66 

E: Estimation from elliptical trainers 

A: Actual measurement from metabolic cart 



Figure 3. 

An overall result of subjects’ mean EE by estimation and actual 

measurement (N=30) 
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Table 4 

Overestimation of mean EE on AMT 100i and EFX 576i in four 

levels (N=30) 

% of Overestimation 

Level 

AMT 100i EFX 576i 

3 50.16 24.82 

6 43.86 28.69 

9 36.79 30.42 

12 35.10 29.29 

 

A 2x4 repeated measures ANOVA design was utilized to 

compare four different stages of energy expenditure during 

the 12-minute incremental elliptical test (measurement made 

at the 3rd, 6th, 9th and 12th minutes) within two models of 

elliptical trainers, AMT 100i and EFX 576i. Two sets of data 

were collected from metabolic cart as the actual measurement 

of EE (Table 5a) and the elliptical trainers as estimation 

of EE (Table 5b). Figure 4 and 5 showed the profile plots of 

estimated marginal means of EE by actual measurement and 



estimation, respectively. 

 

Table 5a 

Results of 2x4 repeated measures ANOVA designed for two models 

of elliptical trainers and EE, actual measurement from 

metabolic cart 

Multivariate Tests (b) 

Effect F Sig. 

     EE(actual) 1005.241(a) .000* 

     EE(actual)* Model  9.049(a) .000* 

a Exact statistic 

b Design: intercept+ Model 

Within Subjects Design: EE(actual) 

*p<0.05 

 

 

 

 

 



Table 5b 

Results of 2x4 repeated measures ANOVA designed for two models 

of elliptical trainers and EE, estimation from elliptical 

trainers 

Multivariate Tests (b) 

Effect F Sig. 

      EE(estimate) 3986.607(a) .000* 

EE(estimate)* Model 730.36(a) .000* 

a Exact statistic 

b Design: intercept+ Model 

Within Subjects Design: EE(estimate) 

*p<0.05 

 

 

 

 

 

 

 



Figure 4. 

Profile plot of estimated marginal means of EE from metabolic 

cart (Actual measured) 

 

 

 

 

 

 



Figure 5. 

Profile plot of estimated marginal means of EE from elliptical 

trainers (Estimated) 

 

The relationship between subjects’ HRR and equivalent 

perceived exertion when they reached 60% and 80% HRR was 

analyzed by the Pearson’s correlation test. Table 6a and Table 

6b showed the results of 60% and 80% HRR, respectively. Since 



five subjects did not reach 80% HRR on AMT 100i as well as 

eight subjects did not reach 80% HRR on EFX 576i, RPE would 

not be collected from these subjects. 

 

Table 6a 

Pearson’s correlation test between 60% HRR and equivalent RPE 

in two elliptical cross trainers (N=30) 

Trainer Model r r2 p 

AMT 100i .070 .005 .357 

EFX 576i -.027 .001 .444 

 

Table 6b 

Pearson’s correlation test between 80% HRR and equivalent RPE 

in two elliptical cross trainers (N=25 for AMT100i, N=22 for 

EFX756i) 

Trainer Model r r2 p 

AMT 100i .208 .043 .159 

EFX 576i .097 .009 .333 



    The finding displayed that there was no significant 

relationship between % HRR and RPE on AMT 100i (60% HRR, r=0.070; 

80% HRR, r=0.208, p>0.05) and EFX 576i (60% HRR, r=-0.027; 

80% HRR, r=0.097, p>0.05). Thus, the research hypothesis that 

there would be significant correlation between % HRR and RPE 

was rejected. 

Table 7a and 7b showed the relationship between RPE and 

the corresponding resistance level when subjected reached 60% 

and 80% HRR, analyzed by the Pearson’s correlation test. 

 

Table 7a 

Pearson’s correlation test between RPE and subjects’ 

corresponding resistance level when reached 60% HRR in two 

elliptical cross trainers (N=30) 

Trainer Model r r2 p 

AMT 100i     .548** .300 .001 

EFX 576i     .319 .102 .043 

** Correlation is significant at the 0.01 level (1-tailed) 



Table 7b 

Pearson’s correlation test between RPE and subjects’ 

corresponding resistance level when reached 80% HRR in two 

elliptical cross trainers (N=25 for AMT100i, N=22 for EFX756i) 

Trainer Model r r2 p 

AMT 100i     .705** .497 .000 

EFX 576i     .006 .000 .489 

** Correlation is significant at the 0.01 level (1-tailed) 

 

Discussions 

The discussions were divided into four main sections: (a) 

comparison on heart rate responses between traditional and 

latest models of elliptical cross trainers, (b) comparison 

on energy expenditure between traditional and latest models 

of elliptical cross trainers, (c) comparison on energy 

expenditure between actual measurement and estimation, and 

(d) relationship between % HHR and RPE. 

 



Comparison on HR Responses between Traditional and Latest 

Models of Elliptical Trainers 

As shown in Figure 1, exercising on the latest model, AMT 

100i, generally presented higher HR responses than performing 

on the traditional model, EFX 675i. The increasing rate of 

HR of AMT 100i was a bit higher for the first five minutes 

than EFX 576i, while EFX 576i only showed a gradual and steady 

rise throughout the test. In Table 2a, descriptive statistics 

presented the mean resistance level when subjects reached 60% 

HRR on both elliptical cross trainers. It was obvious that 

lower resistance level was needed to reach 60% HRR when 

exercising on AMT 100i (mean= level 4.4) than on EFX 576i (mean= 

level 7.3). Table 2b also showed similar results when subjects 

reached 80% HRR during the incremental elliptical test on AMT 

100i (mean= level 8.6) and EFX 576i (mean= level 10.4). 

Furthermore, five tested females could not reach 80% HRR on 

AMT 100i whilst eight of them could not reach the same % HRR 

on EFX 576i. Moreover, most subjects reached 60% HRR at 

resistance level 2 and 9 on AMT 100i and EFX 576i, respectively 



(Table 2a), and they mostly reached 80% HRR at resistance level 

7 and 12 on AMT 100i and EFX 675i, respectively (Table 2b). 

These results revealed that subjects exercising on EFX 576i 

need higher resistance level to gain the similar HR when 

compared to AMT 100i. In other words, the dual-plane design 

of the latest model of elliptical cross trainers can generally 

lead to higher workout. 

 

Comparison on EE between Traditional and Latest Models of 

Elliptical Cross Trainers 

The latest model of elliptical cross trainer was believed 

to provide superior machine design with better workout when 

compared to the traditional elliptical trainer. Referred to 

Table 3, the mean and standard deviation on the four-stage 

energy expenditure (measured at the 3rd, 6th, 9th and 12th minute) 

of AMT 100i and EFX 576i presented an overall higher energy 

output of latest elliptical trainer than the traditional one. 

The mean EE was graphically showed in Figure 3. Under the same 

design of test on two elliptical models, subjects exercising 



on AMT 100i generally spent more EE than on EFX 576i. The more 

time and the greater resistance level, the higher the EE. As 

shown in Figure 3, gradual linear rise on mean value of EE 

from the 3rd to 12th minute was found. It was also due to the 

accumulated EE spent throughout the incremental elliptical 

test. In Figure 4 and 5, the profile plots separately presented 

the significant difference on AMT 100i and EFX 576i. For the 

actual measured of EE in Figure 4, mean value of EE on AMT 

100i appeared slightly higher than EFX 576i at level 3, and 

it gradually made greater different especially at level 6 and 

till the end at level 12. For the estimated EE in Figure 5, 

EE spent on AMT 100i was obviously higher than on EFX 576i. 

At the end, EE estimated on AMT 100i nearly reached 110 kcal 

but EFX 576i still could not reached 100 kcal. Energy output 

was consistently higher when exercising on the latest 

elliptical cross trainer. 

 The significant difference on EE between AMT 100i and EFX 

576i proved that the newer model of elliptical trainer in the 

same brand, Precor, provided a better workout in the same 



resistance and duration of test. The only factor influenced 

the workout of the current study might be the stride length. 

According to Dolny, Hughes, Caylor and Browder (2004), 

increasing stride length was an effective method to enhance 

the cardio respiratory demand during elliptical trainer 

exercise. Due to the different stride length on AMT 100i (not 

restricted) and EFX 576i (restricted to incline level 10), 

it was inferred that subjects performing on AMT 100i put more 

effort on stride length than on EFX 576i, so as to produce 

a greater mean values of EE on the latest elliptical cross 

trainers.  

 

Comparison on EE between Actual Measurement and Estimation 

Using the 2x4 repeated measures ANOVA, results collected 

both from metabolic cart and elliptical trainers was 

significantly different on energy expenditure on AMT 100i and 

EFX 576i. For the actual measurement from metabolic cart in 

Table 5a, interaction between EE and two models of elliptical 

trainers was significant (F= 9.049, p<0.05). As well as the 



machine-estimated EE in Table 5b, between factors of EE and 

two models of elliptical trainers was also significant (F= 

730.36, p<0.05). The distinct overestimation by elliptical 

trainers was shown in Table 4. The percentage of 

overestimation in all level of test and on both elliptical 

trainers was found especially in level 3 on AMT 100i (50.16%).  

Nevertheless, such results were common in previous 

studies. Schorner, Terracciano, Hickner, and McCammon (2004) 

indicated that the caloric expenditure predicted by the 

elliptical trainer, Precor EFX 546, was 33.4%± 7.7% higher 

than the data from metabolic cart. Overestimation of caloric 

expenditure was found on all tested subjects. Another research 

from Oja, and Wilcow (2004) also mentioned that, the 

machine-reported caloric expenditure was consistently 26% 

higher than that generated by calorimetry in different incline 

levels. The reason of being overestimated might firstly due 

to the input of personal data into machine. Only age and weight 

were required to enter for estimation of energy output. 

However, height which contributed to body surface area was 



also an important factor influencing the EE during exercise. 

Therefore, the output of energy estimation was limited. 

Secondly, the physical characteristic of subjects might 

differ from the original study made by Precor inc. Subjects 

in the current research were all Chinese female, while 

subjects of the original study were mostly westerners. The 

great body size was in great difference. As a result, the 

machine-estimated energy expenditure might be similar to the 

actual EE of westerners, but greater different of Chinese 

females. 

 

Relationship between % HRR and RPE 

Some past researches showed that the relationship between 

% HRR and RPE was significant in different test designs. Norman, 

Kracl, Parker, and Richter (2002) indicated that % HRR and 

RPE was strongly related to the counting talk test during 

treadmill exercise in healthy young adults (r=0.72, p<0.001). 

Besides, some researchers even used certain levels of RPE as 

the testing criterion. Based upon the scale of RPE, Sweitzer 



et al. (2002) compared the cardiopulmonary responses between 

elliptical cross training and treadmill walking in coronary 

artery disease (CAD) patients, by asking the patients to keep 

exercising at a RPE of 10 and a RPE of 14. 

On the other hand, the finding of the current study made 

a contrast to the above researches. The hypothesis of being 

significant correlation between % HRR and RPE was rejected. 

Both the RPE of 60% HRR (r=0.070, p>0.05) and 80% HRR (r=0.208, 

p>0.05) on AMT 100i were not related, as well as on EFX 576i, 

the RPE of 60% HRR (r=-0.027, p>0.05) and 80% HRR (r=0.097, 

p>0.05) were not significant. Such phenomenon could be 

explained by past studies. Some researchers argued that RPE 

might not be reliable to compare with % HRR. It might not be 

consistently translate to the same intensity for different 

modes of exercise, so as not to expect an exact matching of 

the RPE to a % HRR. (Howley, 2001) Moreover, Batté et al. (2003) 

found that, the oxygen utilization and HR values were 

significantly higher than a corresponding relative RPE when 

exercising on an elliptical fitness cross trainer. The 



relative value of VO2 and HR at steady state was compared to 

a relatively equal value of RPE by using a 1-sample t-test 

(VO2, t19=5.29; HR, t19=22.9; p<0.05). Furthermore, during the 

progress of current test, the HR of some subjects rose rapidly 

at the first two to five minutes. They reached their relative 

60% HRR quickly but they did not really feel tired. Hence, 

the RPE was directly affected and thus its comparison with 

% HRR. 

As shown in Table 7a and 7b, there was significant 

correlation between RPE and the equivalent resistance level 

when subjected reached 60% (r= 0.548, p<0.01) and 80% HRR (r= 

o.705, p<0.01) of the performance on AMT 100i, whilst no 

relationship was shown on EFX 576i for the same circumstance 

(60% HRR, r= 0.319; 80% HRR, r= 0.006, p>0.01). For AMT 100i, 

as the coefficient of determination were 0.300 at 60% HRR (r2= 

0.300) and 0.497 at 80% HRR (r2= 0.497), the contribution of 

RPE to 60% and 80% HRR were 30.0% and 49.7%, respectively. 

Greater contribution of RPE found in 80% HRR might be due to 

the higher stability of subjects for performing a longer 



period of the incremental elliptical test. Nevertheless, for 

the failure in being significant on the relationship between 

RPE and the corresponding resistance level on EFX 576i, it 

might be associated with the different stride length for two 

models of elliptical trainer. Since the stride length was 

restricted at incline level 10 for EFX 576i but no limit for 

AMT 100i, subjects could give the more accurate perceived 

exertion on how hard they paid according to the effort of their 

own stride length. 

 

 

 

 

 

 

 

 

 

 



Chapter 5 

SUMMARY AND CONDLUSION 

Summary of Results 

 The current study was designed to compare the physiological 

variables, including heart rate responses and energy 

expenditure, of university female students when exercising 

on the latest and traditional models of elliptical cross 

trainers. 

 Thirty female university students participated in this 

investigation. The physiological responses collected by the 

12-minute incremental elliptical test, was conducted at the 

laboratory of Dr. Stephen Hui Research Center of Physical 

Recreation and Wellness. The significant difference in heart 

rate responses was shown graphically. The latest model of 

elliptical trainer, AMT 100i, appeared to gain higher heart 

rate than the traditional EFX 576i. The 2x4 repeated measures 

ANOVA design was utilized to compare energy expenditure (kcal) 

during the 3rd, 6th, 9th and 12th minutes of the test between 

two models of elliptical cross trainers. EE was also compared 



between actual measurement from metabolic cart and estimation 

from the elliptical trainers. The results showed that EE in 

every stage when exercising on the latest model of elliptical 

cross trainer, AMT 100i, was significantly higher than the 

traditional model, EFX 576i (actual measured, F= 9.049, p<0.05; 

machine-estimated, F= 703.36, p<0.05). Overestimation was 

found from the machine-estimated data, with the highest 

overestimation of EE appeared at level 3 on AMT 100i (50.16%). 

Besides, the Pearson product–moment coefficient of 

correlation (r) was used to test for the relationship between 

% HRR and RPE. The finding revealed that there was no 

significant correlation between % HRR and RPE on AMT 100i (60% 

HRR, r=0.070; 80% HRR, r=0.208, p>0.05) and on EFX 576i (60% 

HRR, r=-0.027; 80% HRR, r=0.097, p>0.05). Nevertheless, the 

relationship between % HRR and the equivalent RPE was 

significant on AMT 100i (60% HRR, r= 0.548; 80% HRR, r= o.705, 

p<0.01). Hence, the contribution of RPE to 60% and 80% HRR 

on AMT 100i were 30.0% and 49.7%, respectively. 

 



Conclusion 

 Based on the research findings, firstly, there is 

significant difference in heart rate responses that higher 

heart rate is needed when exercising on the latest model of 

elliptical cross trainer, AMT 100i. Secondly, there is 

significant difference in energy expenditure between the 

latest and traditional models of elliptical cross trainers. 

More energy is necessary for performing on AMT 100i rather 

than the traditional EFX 576i. Thirdly, actual measured and 

estimated of energy expenditure is significantly different. 

Overestimation in energy output from machine is found from 

each levels of the test. Fourthly, there is no relationship 

between 60%, 80% HRR of subjects and the equivalent RPE. 

Finally, significant correlation is appeared between 

subjects’ RPE and the corresponding resistance levels only 

in latest elliptical model AMT 100i. In conclusion, the latest 

elliptical trainer provides a better workout, contributing 

to cardio respiratory fitness. 

 



Recommendation for Further Studies 

The current study is to compare the different physiological 

variables when university female students exercise on the 

latest and traditional models of elliptical cross trainers. 

In order to accurately compare the two models, all conditions 

should be restricted including test design, resistance level, 

duration, in addition to the incline level which is failed 

to maintain in this study. Moreover, the energy output 

collected from metabolic cart is much reliable than from the 

machine-estimated data. Because of the overestimation in 

heart rate from machine, further studies should be careful 

to subjects’ perceived exertion and feeling of comfort during 

exercising on elliptical trainer, especially for the subjects 

of pregnant women, elderly and people in rehabilitation. 
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APENDIX A 

Consent From for Participants  

 

Hong Kong Baptist University  
Informed Consent for the 12-minute Incremental Elliptical Test 

 
In order to examine the different physiological variables of the university 
females for the purpose of comparing the latest and traditional elliptical 
exercise by a 12-minute elliptical test, the undersigned hereby voluntarily 
consents to involve in the measurements of the heart rate and energy 
expenditure.  
 
Explanation of the Tests 
Participants have to perform the 12-minute incremental elliptical test twice. 
One is on the latest model AMT 100i, and the other one is the traditional model 
EFX 576i. The duration of incremental elliptical test is 12 minutes, with the start 
at resistance level 1 to the end at level 12. 1-level increases for each minute. 
 
Prior to the test, participants’ age, weight, height, and BMI are collected. The 
resting heart rate is collected to generate 60% and 80% heart rate reserve 
(HRR). 
 
During the test, the measurement of heart rate responses and energy 
expenditure requires the participant to wear a heart rate monitor, a facemask 
with a turbine calibrated with the metabolic cart, while exercising on the 
elliptical trainers, AMT 100i and EFX 576i. Perceived exertion is asked once 
the participants reach the 60% and 80% HRR. 
 
The information from this test could evaluate participants’ current health status, 
understanding fitness level for certain recreational activities, planning physical 
conditioning program, or evaluating the effects of recent physical activity 
habits. 
 
Risk and Discomforts 
The possibility exists of adverse changes during the incremental test. These 
changes could include exertion and disorders of heart rhythm. Every effort will 



be made to minimize these occurrences by a preliminary screening for heart 
disease risk factors and by precautions and observations taken during the test. 
 
Inquires 
Questions about the detailed procedures of the test are encouraged. If the 
participant has any questions or needs additional information, please ask the 
test administrator to explain further.  
 
Freedom of Consent 
The participant’s permission to participate is voluntary and the participant is 
free to stop the test at any point, if she so desires.  
 
In signing this consent from, I, __________________ (Name of Participant), 
affirm that I have read this form in its entirety and that I understand the 
description of the testing procedures and the risks and discomforts, and having 
had an opportunity to ask questions that have been answered to my 
satisfaction.  
 
________________________      _______________________ 

(Signature of participant)                (Date)  
 
________________________      _______________________ 
(Person administering tests)               (Date) 

 

 

 

 

 

 

 

 

 

 



Appendix B 

Data collection form 

 



Appendix C 

Physical Activity Readiness Questionnaire (PAR-Q) 

體能活動適應能力問卷與你 

（一份適用於 15 至 69 歲人士的問卷） 
經常進行體能活動不但有益身心，而且樂趣無窮，因此，愈來愈多人開始多做運

動。對大部分人來說，多做運動是很安全的。不過，有些人則應在增加運動量前，

先行徵詢醫生的意見。 

如果你計劃增加運動量，請先回答下列 7 條問題。如果你介乎 15 至 69 歲之間，這份體能活動適

應能力問卷會告訴你應否在開始前諮詢醫生。如果你超過 69 歲及沒有經常運動，請徵詢醫生的

意見。 

普通常識是回答這些問題的最佳指引。請仔細閱讀下列問題，然後誠實回答： 

 

請答「是」或「否」 

是 否  

  1. 醫生曾否說過你的心臟有問題，以及只可進行醫生建議的體能活動？ 

  2. 你進行體能活動時會否感到胸口痛？ 

  3. 過去一個月內，你曾否在沒有進行體能活動時也感到胸口痛？ 

  4. 你曾否因感到暈眩而失去平衡，或曾否失去知覺？ 

  5. 你的骨骼或關節(例如脊骨、膝蓋或髖關節)是否有毛病，且會因改變體能活動而惡化？ 

  6. 醫生現時是否有開血壓或心臟藥物（例如 water pills）給你服用？ 

  7. 是否有其他理由令你不應進行體能活動？ 

 

適當使用體能活動適應能力問卷： 

The Canadian Society for Exercise Physiology、Health Canada 及其代理人毋須為進行體能活動的人承擔責任。如

填妥問卷後有疑問，請先徵詢醫生的意見，然後才進行體能活動。 

 

本人已閱悉、明白並填妥本問卷。本人的問題亦已得到圓滿解答。 

 

姓名 ______________________________    身份證明文件號碼 ___________________________ 

簽署 ______________________________       日期 ________________________________________ 

家長或監護人簽署 _________________       見證人_______________________________________ 

(適用於 18 歲以下的參加者） 

 



Appendix D 

Borg’s Rate of Perceived Exertion (RPE) Scale 

運動感覺測量表 

 

                 6 

                 7    非常, 非常輕鬆 

                 8 

                 9    非常輕鬆 

                 10 

                 11   尚算輕鬆 

                 12 

                 13   少許辛苦  

                 14 

                 15   辛苦 

                 16 

                 17   非常辛苦 

                 18 

                 19   非常, 非常辛苦 

                 20 



Appendix E 

Apparatus:  

The latest model of elliptical cross trainer 

Precor AMT 100i 

 

 



Appendix F 

Apparatus:  

The traditional model of elliptical cross trainer 

Precor EFX 576i 

 


