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Abstract 

 
Background: Recommended levels of youth physical activity (PA) should emerge from 

data related to important health outcomes. The purpose of the present study was to 

establish criterion-referenced standards for PA (using pedometer-assessed steps/day) 

related to healthy body composition. Methods: This is a secondary analysis of an 

existing data set (including pedometer-assessed PA and objectively measured BMI) of 

1,954 children (995 girls, 959 boys; ages 6-12 years) from the U.S.A., Australia, and 

Sweden. The contrasting groups method (Safrit, 1986) for establishing criterion-

referenced cut points was used to identify optimal age- and sex-specific standards for 

steps/day related to international BMI cut points for normal weight and 

overweight/obesity. Results: The selected cut points for steps/day for 6-12 year olds 

were 12,000 steps/day for girls and 15,000 steps/day for boys. Conclusions: The 

analytical process undertaken in this study illuminated the difference in previously used 

norm-referenced standards vs. criterion-referenced standards based on BMI categories. 

The steps/day cut points established herein, using an international sample, are higher than 

previously suggested normative standards but are not inconsistent with recent advances in 

our understanding of PA needs in youth. This analysis provides the foundation for cross-

validation and evaluation of these BMI-referenced steps/day cut points in independent 

samples and with longitudinal study designs. 

 

MeSH Keywords: Exercise, anthropometry, obesity, child 
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Introduction 

The worldwide obesity epidemic includes a trend towards increased prevalence of 

overweight and obesity in youth (1, 2). Although obesity is emerging as a problem in 

developing countries (3, 4) as well, the very high and increasing prevalence (regardless of 

specific standards used to define overweight/obesity) reported in developed countries is 

cause for more immediate concern. For example, in the U.S.A, direct measures of body 

mass and height obtained through the National Health and Nutrition Examination Survey 

(NHANES) indicate that ≈15% of 6-19 year olds were classified as overweight (95th 

percentile of age- and sex-specific body mass index derived from 5 previous NHANES 

surveys) in 1999-2000, up ≈5% from 1988-1994 (5). Using the 85th percentile (as a cut 

point for overweight) and the 95th percentile (as a cut point for obesity) derived from 

international standards (6), 19-23% of Australian children and adolescents were 

overweight or obese (7). Using the 91st and 98th percentiles of body mass reference 

curves for the U.K. (8), to respectively define overweight and obesity from self-reported 

height and weight, ≈11% of Swedish boys and ≈5% of Swedish girls ages 12, 15, and 18 

years were overweight; the corresponding values for obesity were  ≈8% and ≈4% (9).  

A potential contributor to this epidemic is a shift towards ever-diminishing 

physical activity behaviors (10). For example, only 21-22% of American youth 

participate in physical education classes (11, 12) and evidence suggests that children are 

moderately or vigorously active less than 9% of actual class time (13). Transportation 

surveys in the U.S., indicate an increase in the use of motorized vehicles, including for 

purposes of chauffeuring children (14) and the number of trips made by children by foot 

or by bicycle has declined 37% between 1977 and 1995 (15). In fact, ≈50% of 5-15 year 
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old American school children are driven to school in privately-owned motor vehicles 

compared to only ≈10% who walk (16). Most recently, a report of school transportation 

modes in a Southern U.S. state indicates that almost 42% of children living  ≤ 1 mile 

from school are usually driven there in a private motor vehicle (17). Finally, 65-67% of 

8-16 year old American youth watch television ≥ 2 hours/day (18, 19). Such elevated 

levels of television viewing have been related to youth overweight and obesity (18-22). 

In 1996, the U.S. Surgeon General (23) endorsed public health recommendations 

(24) that all individuals over the age of 2 years accumulate 30 minutes or more of at least 

moderate intensity activity, on most, if not all, days of the week. Similar 

recommendations were made specifically for adolescents (25). Accumulating evidence 

suggested that a majority of young people meet these recommendations, however, 

leading to questions about their appropriateness (26). Since that time researchers have 

suggested that the recommendations be modified to higher levels of duration (26) and/or 

intensity (27) for optimal functioning. In 1998, a convened symposium in the U.K. 

recommended that all young people should engage in physical activity of at least 

moderate intensity for one hour per day (28). Guidelines established by the National 

Association for Sport and Physical Education (NAPSE) in 1993 (29) agreed that 

elementary school children should be active for at least 30-60 minutes daily and the most 

recent revision of that document suggests the accumulation of at least 60 minutes and up 

to several hours of moderate to vigorous physical activity daily (30). A recent report from 

the Institute of Medicine reinforces this higher recommendation (i.e., at least one hour 

daily) for both adults and children (31) if body fat maintenance is the objective. 
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Setting appropriate benchmarks or cut points for health-related physical activity is 

hampered by imperfect assessment of this behavior. Most of the data previously collected 

has been based on self-reported surveys, the limitations of which are well-known (32), 

especially for younger children (33). In recent years there has been an increased interest 

in objective monitoring of daily physical activity using simple and inexpensive 

pedometers (34-36). Pedometers are small, light-weight, unobtrusive instruments that 

have been accepted by researchers as practical physical activity assessment tools that are 

particularly sensitive to ambulatory activities (37-39). Accumulated evidence indicates 

that pedometers are acceptably agreeable compared to accelerometers, direct observation, 

measures of energy expenditure, and self-report (40). Correct interpretation of steps/day 

in relation to desired health outcomes demands the development of appropriate and 

pedometer-specific cut points. Although 10,000 steps/day appears to be readily accepted 

by the media (41-44) and can be traced to Japanese health promotion efforts (45), 

emerging data on children indicates that this value is likely too low to elicit substantial 

health benefits in this population segment. Limited evidence shows that 8-10 year old 

U.K. children to take 12,000-16,000 steps/day (lower for girls than boys) (46). The 2001-

2002 President’s Challenge Physical Activity and Fitness Awards Program (47) also 

recognized that the popular 10,000 steps/day cut point was likely too low for children by 

recommending instead that children accumulate 11,000 steps (for girls) to 13,000 steps 

(for boys) at least 5 days a week for a standard healthy base. These recommendations 

were based on norm-referenced standards determined from a U.S. sample (48); the 

validity of even this level of steps/day to prevent or decrease overweight and obesity in 

youth is unknown.  
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In an attempt to answer, “How many steps are enough?”, we can turn to experts 

who advocate the use of appropriate statistical techniques for establishing criterion-

referenced performance standards on physical fitness tests (49-52). Criterion-referenced 

standards are set based on their likelihood to elicit a specific benefit (53), and are 

therefore preferable to norm-referenced standards. Simply put, recommended levels of 

steps/day should emerge from data related to important health outcomes (in this case 

BMI, an accepted indicator of relative obesity). The purpose of the present study was to 

establish preliminary criterion-referenced standards for physical activity using 

pedometer-assessed steps/day related to healthy body composition in youth as indicated 

by international cut points for BMI (6). 

Methods   
 
 This is a secondary analysis of an existing data set of 1,954 children (995 girls, 

959 boys; ages 6-12 years) from the U.S.A., Australia, and Sweden. Recruitment and data 

collection methods have been described previously in detail (54) and are summarized 

again here. The previous paper focused on between-country differences in steps/day and 

BMI. The statistical analysis undertaken herein has not been performed previously and is 

therefore novel. 

Participants 

Data were collected during the 2000 school year. Within each country, children 

(ages 6-12 years) were recruited from a local school district.  Specific schools were 

selected based on their accessibility to local researchers and their willingness to 

participate. American children (386 girls, 325 boys) came from a moderate size (400,000) 
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urban community in Arizona. Australian children (285 girls, 278 boys) came from a large 

(1,000,000) urban city in Queensland. Finally, Swedish children (324 girls, 356 boys) 

came from two smaller (60,000 and 20,000) Southeast coast communities. The greatest 

ethnic diversity was apparent in the American sample: 53% White, 30% Hispanic, 4% 

Native American, 3% African American, 2% Pacific Island/Asian, and 8% Other-mixture 

of ethnicities. In both Sweden and Australia the students were predominantly White. 

Ethical approval for study in each country was granted by local university Institutional 

Review Boards. All children involved submitted a written informed consent form signed 

by their parents. 

Body Mass Index 

Body mass and height were directly measured without shoes. All data were 

transformed to metric equivalents (i.e., kilograms and meters) prior to analysis. Body 

mass index (BMI) was computed as kg/m2. 

Pedometer-determined Physical Activity 

Throughout monitoring, pedometers (My Life Stepper, MLS-2000, Yamax, 

Tokyo, Japan) were sealed (with a cable tie) to prevent behavior modification due to 

access to recorded feedback. Children were also familiarized with the pedometers during 

a physical education class prior to the scheduled monitoring frame. On the first day of 

monitoring (Monday), children were instructed on pedometer attachment (at the waist), 

its removal (only during showering, bathing, swimming, or sleeping), and re-attachment 

each morning before going to school. They were also asked not to tamper with the cable 

ties and to go about their normal activities during the monitoring frame (four consecutive 
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school days). Four days of monitoring is a sufficient length of time to determine habitual 

activity levels in children (55, 56). At school each morning, research staff collected the 

pedometers, recorded steps taken, and then re-sealed and returned them to children 

(within one hour) to begin the next day of monitoring. During this time, 8-12 year old 

children were asked to complete a brief survey to verify that the pedometers were worn 

for the entire time on the previous day. The survey was not considered developmentally 

appropriate for younger children. Survey results were used to identify those participants 

who reported removing their pedometer for ≥1 hour; their data were subsequently deleted 

prior to analysis. 

Data Treatment and Statistical Analysis  
 
 A distribution of average steps/day for each sex and age group was computed and 

smoothed to 1000 step/day increments. Smaller increments were rejected (after testing) 

due to lack of clarity. International sex- and age-appropriate BMI cut points (6) were 

used to discriminate weight status as either normal weight or overweight/obese strata. 

The analysis sample was comprised of all individuals identified as overweight/obese and 

a randomly drawn selection of sex- and age-matched normal weight individuals 

(representativeness of the drawn sample was verified against the source). 

The contrasting groups method (57) for establishing criterion-referenced cut 

points is predicated on the existence of dichotomous groups with respect to the criterion 

(i.e., BMI cut point discriminating weight status). This assumption was tested by 

examining differences in steps/day between normal weight and overweight/obese strata 

using a two-tailed independent samples t-test.  
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 Selection of an optimal age- and sex-specific criterion standard for steps/day is 

based on overall examination and interpretation of several computed statistical indices: 1) 

probability of correct decisions; 2) misclassification of errors; 3) validity coefficient; and, 

4) utility analysis (57, 58). Each is described briefly below; a more complete discussion 

of the contrasting groups technique and detailed statistical calculations of indices are 

presented elsewhere (58). 

 The probability of correct decisions is a computed score that indicates the 

probability of correct classifications of “true normal weight” and “true overweight/obese” 

versus the probability of incorrect classifications of “false normal weight” and “false 

overweight/obese”. The cut point corresponding with the highest score is considered 

optimal. 

Misclassification errors are Type I (false overweight/obese) and Type II error 

(false normal weight) probabilities that estimate the likelihood of incorrectly classifying 

someone on the basis of body mass index. In this case, a Type I error would occur when 

an individual is normal weight but does not achieve the steps/day cut point and is 

incorrectly classified as overweight/obese. A Type II error occurs when an individual is 

overweight/obese but achieves the steps/day cut point and is incorrectly classified as 

normal weight. In this case, the cut point corresponding with the lowest score is 

considered optimal. 

 The validity coefficient is the relationship between the body mass index and 

weight status (i.e., normal or overweight/obese). This is a measure of the extent to which 

a predictor classification of individuals (based on a particular cut point) accurately 
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estimates weight status. The cut point corresponding to the highest validity coefficient 

will yield the highest probability of correct decisions.  

 Utility analysis is the final step in the contrasting-groups method of establishing 

criterion references. This process provides an estimate of the expected maximum utility 

for a given cut point. First, expected disutility and utility are computed. Disutility is the 

expected loss (misclassification from the “true overweight/obese” status) associated with 

a given cut point. Again, both Type I and Type II errors can occur here. Expected utility 

is calculated as the sum of the proportions of both error types after assigning weights to 

these misclassifications. The weighting reflects the investigators’ judgment that a Type I 

error is equally as serious as a Type II error. Finally, expected maximum utility 

represents the sum of expected disutility and utility. This sum is then multiplied by the 

sample size of the combined groups. The largest resulting value indicates the optimal cut 

point for classifying weight status by steps/day. 

 Selection of the final BMI-referenced standard for each sex and age group was 

based on consideration of all statistical indices simultaneously (i.e., a higher probability 

of correct classifications, a lower probability incorrectly classifications, a higher validity 

coefficient, lower expected disutility, and higher expected utility). Finally, the median of 

all optimal steps/day cut points for 6-12 year olds was computed for each sex. 

Results 
 Mean±SD steps/day are presented in Table 1 for each sex and age group, stratified 

for weight status as either normal weight or overweight/obese. The t-test results were 

consistently significant for all sex and age strata with only two exceptions (6 and 7 year 

old girls). In both these cases the number of subjects was small compared to other strata.  
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A summary of the analytical steps (i.e., probability of correct decisions, 

misclassification of errors, validity coefficient, utility analysis) undertaken to evaluate 

and select step/day cut points (indicated by *) for each age group is presented in Table 2 

(girls) and Table 3 (boys). Based on optimal criterion-referenced cut points indicated for 

each sex and age group, the median cut point for steps/day for 6-12 year olds was 12,000 

steps/day for girls and 15,000 steps/day for boys.  

Discussion 
 
 In this secondary analysis of an existing international database, we used accepted 

analytical procedures to establish BMI-referenced standards for pedometer-determined 

physical activity. Such cut points are necessary to guide surveillance, intervention, and 

evaluation. For example, the proportion of youth meeting or falling short of set cut points 

can be reported, cut points can be used as behavior change goals in the course of 

intervention, and they can be consulted when evaluating the impact of programs as well 

as environmental and policy changes. The cut points established herein are preliminary, 

however, and must be submitted to rigorous cross-validation on an independent sample 

prior to universal acceptance. Clearly, these are cross-sectional data and conclusions 

about causality are therefore limited. Longitudinal study designs are warranted to 

ascertain causal relationships between steps/day and indicators of body composition. 

 Although the correlation between BMI and steps/day is modest at best (54), it is 

not likely that a linear relationship best represents the link between physical activity and 

the fluctuating BMI curve representing growing and developing children (6). Our 

decision to link steps/day to international sex- and age- specific BMI cut points (6) 

discriminating normal weight and overweight/obesity is justified based on the 
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overwhelming evidence of an increasing world-wide obesity epidemic (1, 2) and further 

supported by the statistical differences in steps/day identified herein between sex and age 

group BMI category pairs (with the exception of young girls). Williams et al.(59) have 

shown that those who fail to meet body fat standards using skinfolds are more likely to 

have higher blood lipids and higher blood pressure than non-fat peers. The social, health, 

and economic costs associated with the prevalence and severity of obesity in youth has 

dramatically increased over the past 20 years (60). Other youth-appropriate health-related 

criteria that may be related to steps/day in future investigations include blood pressure 

(61, 62).  

In contrast to the pedometer used herein, the CSA accelerometer utilizes an 

internal timing mechanism to recording movement parameters over brief units of time 

(typically one minute). Activity count cut points developed in laboratory studies allow 

translation of CSA accelerometer-determined physical activity to duration (and bouts) of 

specific intensity categories (63). Trost and colleagues (64) previously used CSA 

accelerometers to assess physical activity in obese (defined using age-, race-, and sex-

specific 95th percentile for BMI from NHANES-1) and non-obese children (mean age 

11.4 years). Obese children accumulated lower total activity counts (consistent with our 

own findings), and specifically time (and bouts) spent in moderate and vigorous intensity 

activities. In a second study using CSA accelerometer-determined physical activity (65), 

reported sex differences reflected those found herein; boys were consistently more active 

than girls, especially with regards to time spent in vigorous intensity activities. Although 

accelerometers have become important physical activity assessment tools they are less 

feasible for field applications including screening, intervention, and evaluation due to 
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their cost (as much as $450 per unit) and requisite hardware, software, and technical 

expertise (35). Although less-expensive pedometers are not sensitive to activity intensity 

and are not capable of recording bouts of activity, the simple, raw output of steps taken is 

sufficient for a number of practical purposes and therefore establishing associated 

criterion-referenced standards for recommended steps/day is justified. Both types of 

motion sensors do not detect non-weight bearing activities (such as cycling), cannot be 

worn during water sports, and likely miss more complex and upper body movement 

patterns exhibited by youth. 

 We determined that the median optimal cut point for steps/day for 6-12 year old 

children was 12,000 steps/day for girls and 15,000 steps/day for boys. That is, girls taking 

<12,000 steps/day and boys taking <15,000 steps/day were more likely to be classified as 

overweight/obese. This translates to approximately 120 minutes/day of activity for girls 

and 150 minutes/day for boys (66-69). The relatively large sex difference in steps/day cut 

points demands explanation. Although some may argue that it is socially irresponsible to 

advocate separate recommendations based on sex, sex-related differences in objectively 

monitored physical activity have been consistently reported (46, 48, 65) and therefore 

cannot be ignored. A weakness of making this recommendation is that PA is not the only 

contributor to weight status.  Factors such as genetic heritage and quality and quantity of 

energy intake are not accounted for by this study. It is plausible that boys must take 

additional steps/day to accommodate sex-related differences in energy intake (21). 

Regardless, our findings are consistent with Epstein et al. (70) who speculated that youth 

(regardless of gender, though) likely need 120 to 150 minutes/day of total physical 

activity (based on a review of 26 studies of heart-rate measured activity in youth) and the 
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new NASPE guidelines that suggest children need at least 60 minutes and up to several 

hours of physical activity daily (30). 

 The analytical process undertaken herein illuminated the difference in norm-

referenced vs. criterion-referenced standards. Since we only have aggregate data from 

isolated adult samples approximating adult norm-references (or “expected values”) (34), 

a similar process needs to be undertaken using international adult samples. Preliminary 

cut points have been proposed for adults (71). In that study cut points were set based on 

the mean steps/day associated with BMI-defined normal weight and obese categories. 

Adults who took more than ≈9,000 steps/day were more frequently classified as normal 

weight (BMI<25kg/m2). In contrast, adults who took less than ≈5,000 steps/day were 

more frequently classified as obese (BMI ≥30kg/m2). This present study extends these cut 

points to younger populations and suggests that a higher level of activity is typical of 

youth compared to adults; even those children classified as obese take more steps/day 

than the 10,000 steps/day that has been recommended for adults (45). Setting lower 

standards (e.g., 11,000-13,000) may undermine attempts to address the obesity epidemic 

since most youth currently achieve this. The cut points that we propose are criterion-

referenced and, although somewhat lofty compared to the status quo, are likely attainable 

in this young population.  

 In summary, the BMI-referenced steps-day cut points established herein using an 

international sample are higher than previously suggested (47) but not inconsistent with 

recent advances in our understanding of physical activity needs in youth (26-28, 31, 70). 

This analysis provides the foundation for cross-validation and evaluation of these BMI-
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referenced recommended steps/day cut points in independent samples and with 

longitudinal study designs.  
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Table 1. Mean±SD steps/day for girls stratified by weight status  
 

Age Normal weight 

Steps/day (n) 

Overweight/obese 

Steps/day (n) 

t P 

Girls 

6 13246 ± 3122 (8) 10388 ± 3016 (8) -1.86 0.08 

7 13421 ± 3843 (16) 11530 ± 2317 (16) -1.69 0.10 

8 12210 ± 2357 (40) 10795 ± 2993 (40)  -2.35 0.02 

9 13445 ± 2869 (39) 11136 ± 3491 (39) -3.19 0.002 

10 12290 ± 3105 (60) 11217 ± 2678 (60) -2.00 0.048 

11 13625 ± 2899 (48) 10539 ± 3140 (48) -5.00 0.00 

12 13405 ± 2104 (23) 10612 ± 2117 (23) -4.38 0.00 

Boys 

6 17548 ± 1580 (8) 12886 ± 2610 (8) -4.32 0.001 

7 16878 ± 2469 (31) 13796 ± 3731 (31) -3.84 0.00 

8 16939 ± 2138 (26) 14290 ± 3067 (26) -3.61 0.001 

9 16520 ± 3184 (29) 14172 ± 4067 (29) -2.45 0.018 

10 15118 ± 4203 (29) 12552 ± 3318 (29) -2.58 0.012 

11 16707 ± 4179 (43) 13296 ± 2807 (43) -4.43 0.00 

12 17074 ± 2904 (15) 12342 ± 3440 (15) -4.07 0.00 
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Table 2. A summary of the analytical process undertaken to evaluate step/day cut points in girls aged 6-12 years  
 

Utility Analysis 
Steps/day 

 
 
 
 

Probability of Correct
 

Decisions 
 
 

Misclassification Error
Type I/ 
Type II 

(false overweight/obese 
/ false normal weight) 

 

Validity 
Coefficient 

 
 
 

Expected
Utility 

 

Expected
Disutility

 

Expected
Maximum

Utility 
Girls age 6  
10,000 0.69 .06/.25 0.4 0.69 -0.56 0.01 
11,000 0.69 .06/.25 0.4 0.69 -0.56 0.01 
12,000* 0.75 .19/.06 0.52 0.75 -0.31 0.03 
13,000 0.69 .25/.06 0.4 0.69 -0.38 0.02 
Girls age 7    
10,000 0.53 .09/.38 0.08 0.53 -0.84 -0.01 
11,000 0.63 .13/.25 0.26 0.63 -0.63 0 
12,000* 0.66 .19/.16 0.31 0.66 -0.5 0.01 
13,000 0.59 .28/.13 0.2 0.59 -0.53 0.01 
Girls age 8    
10,000* 0.66 .10/.26 0.29 0.64 -0.63 0.01 
11,000 0.61 .13/.24 0.28 0.64 -0.6 0.01 
12,000 0.46 .24/.2 0.13 0.56 -0.64 -0.01 
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Table 2. A summary of the analytical process undertaken to evaluate step/day cut points in in girls aged 6-12 years (cont’d) 

Girls age 9     
10,000 0.76 .06/.32 0.27 0.62 -0.71 -0.01 
11,000 0.68 .10/.28 0.25 0.62 -0.67 -0.01 
12,000 0.6 .17/.27 0.13 0.56 -0.71 -0.01 
13,000* 0.45 .19/.14 0.34 0.67 -0.47 0.01 
14,000 0.31 .27/.08 0.33 0.65 -0.42 0.01 
Girls age 10    
10,000 0.76 .06/.32 0.27 0.62 -0.71 -0.01 
11,000 0.68 .10/.28 0.25 0.62 -0.67 -0.01 
12,000 0.6 .17/.27 0.13 0.56 -0.71 -0.01 
13,000* 0.45 .19/.14 0.34 0.67 -0.47 0.01 
14,000 0.31 .27/.08 0.33 0.65 -0.42 0.01 
Girls age 11    
10,000 0.72 .07/.29 0.3 0.64 -0.66 -0.01 
11,000* 0.61 .09/.21 0.41 0.7 -0.46 0.01 
12,000 0.51 .15/.16 0.4 0.7 -0.46 0.01 
13,000 0.36 .23/.09 0.37 0.68 -0.42 0.01 
Girls age 12    
10,000 0.72 .07/.29 0.3 0.64 -0.66 -0.01 
11,000* 0.61 .09/.21 0.41 0.7 -0.46 0.01 
12,000 0.51 .15/.16 0.4 0.7 -0.46 0.01 
13,000 0.36 .23/.09 0.37 0.68 -0.42 0.01 
* indicates optimal cut point  
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Table 3. A summary of the analytical process undertaken to evaluate step/day cut points in boys aged 6-12 years 

Utility Analysis 
Steps/day 

 
 
 
 

Probability of Correct
 

Decisions 
 
 

 
Misclassification Error

Type I/ 
Type II 

(false overweight/obese 
/ false normal weight) 

 
 

Validity 
Coefficient 

 
 
 

Expected
Utility 

 

Expected
Disutility

 

Expected
Maximum

Utility 
Boys age 6  
14,000 0.69 0/.19 0.67 0.81 -0.38 0.03 
15,000* 0.63 0/.13 0.77 0.88 -0.25 0.04 
16,000 0.5 .06/.06 0.75 0.88 -0.19 0.04 
17,000 0.25 .25/0 0.58 0.75 -0.25 0.03 
Boys age 7    
13,000 0.79 .02/.31 0.44 0.68 -0.63 0.01 
14,000 0.69 .05/.24 0.45 0.71 -0.53 0.01 
15,000 0.53 .15/.18 0.36 0.68 -0.5 0.01 
16,000* 0.45 .16/.11 0.45 0.73 -0.39 0.01 
17,000 0.35 .24/.10 0.34 0.66 -0.44 0.01 
Boys age 8    
15,000 0.69 .10/.29 0.25 0.62 -0.67 0.01 
16,000 0.46 .19/.15 0.31 0.65 -0.5 0.01 
17,000* 0.35 .23/.08 0.4 0.69 -0.38 0.01 
18,000 0.21 .33/.04 0.33 0.63 -0.4 0.01 
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Table 3. A summary of the analytical process undertaken to evaluate step/day cut points in boys aged 6-12 years (cont’d) 
 
Boys age 9     
14,000 0.31 .12/.28 0.22 0.6 -0.67 -0.01 
15,000* 0.62 .17/.21 0.24 0.62 -0.59 0.01 
16,000 0.41 .28/.19 0.07 0.53 -0.66 -0.01 
17,000 0.29 .31/.10 0.19 0.59 -0.52 0.01 
Boys age 10    
13,000 0.5 .21/.21 0.17 0.59 -0.62 -0.01 
14,000* 0.45 .21/.16 0.28 0.64 -0.52 0.01 
15,000 0.25 .26/.12 0.25 0.62 -0.5 0.01 
16,000 0.27 .40/.06 0.21 0.54 -0.52 0.01 
Boys age 11    
14,000 0.56 .15/.21 0.28 0.64 -0.57 0.01 
15,000 0.46 .19/.15 0.33 0.66 -0.49 0.01 
16,000* 0.36 .22/.08 0.41 0.7 -0.38 0.01 
17,000 0.23 .33/.06 0.28 0.62 -0.44 0.01 
Boys age 12    
13,000 0.69 0/.19 0.67 0.81 -0.38 0.03 
14,000* 0.56 .06/.13 0.63 0.81 -0.31 0.03 
15,000 0.5 .13/.13 0.5 0.75 -0.38 0.02 
16,000 0.5 .13/.13 0.5 0.75 -0.38 0.02 
* indicates optimal cut point 
 


