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Abstract
Purpose—The purpose of this study was to describe and compare the levels of tracking of physical
activity and inactivity as assessed by self-report and accelerometry in middle school girls over a 2-
year period.

Methods—Participants (n=951) were from the Trial of Activity for Adolescent Girls (TAAG). At
both 6th and 8th grades, inactivity and physical activity were measured using accelerometry (MTI
Actigraph) and by self-report using the 3-day physical activity recall (3DPAR).

Results—Weighted kappa statistics ranged from 0.14–0.17 across inactivity, moderate-to-vigorous
physical activity (MVPA), and vigorous physical activity (VPA) for self-report, from 0.13–0.20 for
3-day accelerometry, and from 0.22–0.29 for 6-day accelerometry. Intraclass correlations ranged
from 0.17–0.22 for self-report, 0.06–0.23 for 3-day accelerometry, and 0.16–0.33 for 6-day
accelerometry. In general, the estimates from 6-day accelerometry tended to be higher than those
from self report, while few differences were observed between 3-day accelerometry and self-report.
Odds ratios for being in the highest quintile at 8th grade for those in the highest quintile at 6th grade,
compared to those in any other quintile at 6th grade were 3.26 (95% confidence interval=2.28, 4.67),
3.64 (2.55, 5.20), and 3.45 (2.42, 4.93) for 6-day accelerometry measured inactivity, MVPA, and
VPA. Corresponding OR’s from self-report were 2.44 (1.66, 3.58) for inactivity, 2.63 (1.83, 23.79)
for MVPA, and 2.23 (1.54, 3.23) for VPA.

Conclusion—Tracking of inactivity and physical activity in middle school girls was fair-to-
moderate. Our results suggest that physical activity and inactivity habits are dynamic for most girls
during early adolescence. Population-based efforts should be made in this age group to promote
physical activity and offer alternatives to inactivity for all girls.
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INTRODUCTION
A number of studies have examined the stability, or tracking, of physical activity levels over
time in children and youth. Tracking refers to the stability of relative rank or position within
a group over time and is related to the ability to predict a measurement later in life knowing
the value of the same variable earlier in life (8). Tracking of physical activity in children and
youth is low-to-moderate at best; most tracking studies of children and youth have reported
correlations of 0.30–0.60 depending on measurement method, age at baseline, and number of
years between measurement (2,9,10,13,16,19,21,30). These findings indicate that there is
considerable within-person variability in physical activity levels during childhood and
adolescence and that the ability to predict an individual’s current or future physical activity
levels based on past physical activity levels is modest.

Several studies have assessed tracking in childhood (9,19,30) and late adolescence (2,8,21),
however few have focused on early adolescence (11–14 years of age) (10). Given the dramatic
physiologic and psychosocial changes associated with puberty that occur during this time, it
is feasible that tracking during early adolescence may be different than during other points in
the lifespan. This may be particularly true in girls who begin sexual maturation earlier and
move through the stages of maturation at a greater rate than boys during this time (26). At least
one study has found that early maturing girls have lower activity levels than later maturing
girls of the same age (3). Studies focusing on physical activity habits during this dynamic time
of a girl’s life may help identify adverse health behaviors that can be successfully targeted for
intervention.

Self-reported physical activity is not usually precise, so it is plausible that the modest tracking
of physical activity observed in studies that use self-reported measures was at least partly due
to error inherent in the method. Objective measures of physical activity, such as accelerometry,
may provide more accurate measures of physical activity habits than those obtained by self-
report (23). To date, only a few studies have used an objective measure of physical activity to
assess tracking of physical activity in youth (9,11,19,30), none of which have focused on the
early pubescent years (10). Even fewer studies have assessed the tracking of inactivity using
either objective or subjective methods (9–11) during childhood and adolescence. Additional
studies utilizing objective measurements, such as accelerometry, are needed to improve our
understanding of the development and stability of physical activity habits in adolescents, which
may translate into the development of more successful interventions. Additionally, no study
has compared tracking measures as assessed by accelerometry and self-report methods. A
comparison of this kind would provide information on the ability of self-report to measure this
phenomenon.

The purpose of this study was to investigate the tracking of physical activity and inactivity as
assessed by 3-days of self-report and 3- and 6-days of accelerometry in a racially diverse group
of middle school girls. We also compared tracking measures between self-report and
accelerometry.

METHODS
Study Design

Data were collected as part of the Trial of Activity for Adolescent Girls (TAAG). TAAG is a
multi-center group-randomized trial designed to test an intervention to reduce the usual decline
in moderate to vigorous physical activity in middle-school girls (25). TAAG has six field
centers (at the Universities of Arizona, Maryland, Minnesota, and South Carolina; San Diego
State University; and Tulane University). The project was coordinated by the University of
North Carolina, Chapel Hill and the project office at the National Heart Lung and Blood
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Institute collaborated on the work. Girls were recruited from six middle schools within each
field center for a total of 36 schools. The parent or guardian of each participant provided written
informed consent and girls provided assent. The study was approved by each participating
universities’ Human Subjects Review Board.

Participants
The TAAG design included two cross-sectional samples of girls, one drawn from 6th graders
at the beginning of the study in the spring of 2003, and a second drawn from 8th graders in the
spring of 2005 following the implementation of the 2-year intervention. Additionally, we
recruited all 8th grade girls who had been measured in 6th grade in 2003 and who attended a
TAAG school in the spring of 2005 regardless of whether they were identified as part of the
8th grade cross-sectional random sample. A total of 951 girls who were measured at both 6th

grade and at 8th grade were included in the current analyses.

Measurements
Objectively measured physical activity and inactivity were assessed using the MTI Actigraph
accelerometer model 7164 (Manufacturing Technologies Inc., Fort Walton Beach, Florida).
Six complete days of Actigraph data were collected. Girls were instructed to wear the
accelerometer on a belt around their waist over their right hip and were asked not to remove
the Actigraph except when sleeping, bathing or swimming. Activity counts were accumulated
over 30-second epochs during the 6 days. Actigraph data were processed using methods
described by Treuth et al. (27). Missing actigraph data were imputed using the Expectation
Maximization (EM) algorithm (4). Previous work in the TAAG cohort determined that MET
thresholds ranges of 0–2.09, 2.1–4.59, 4.6–6.49, and ≥ 6.5 METs best discriminated between
activities classified as inactive, light, moderate and vigorous activity, respectively (27). These
MET ranges corresponded to accelerometer count ranges of 0–50, 51–1499, 1500–2600, and
> 2600 counts/30-seconds for inactivity, light, moderate, and vigorous activity, respectively
(27).

Self-report of physical activity and inactivity was obtained using the 3DPAR (20). The 3DPAR
is a modification of the Previous Day Physical Activity Recall, which has been validated in
youth (29). Pate et al. (20) reported that 30-minute blocks of moderate-to-vigorous physical
activity (MVPA) and vigorous physical activity (VPA) from the 3DPAR were significantly
correlated with both 3 day (r=0.27–0.41) and 7 day (r=0.35–0.45) of Actigraph measurements.
Girls recalled their past physical activity behavior for each of the three previous days. Each
day was segmented into 36, 30-minute time blocks from 6 a.m. until midnight. A list of
commonly performed activities was provided. Girls recorded the one activity that they
performed for the longest period of time during each 30-minute time block. There was no lower
limit set on the period of time that the activity identified was performed.

For non-sedentary activities, participants rated the intensity of the activity as light, moderate,
hard, or very hard. Illustrations of individuals performing an activity at each of the four
intensities were provided to help participants select the proper intensity. All activities classified
as “inactivity” were assumed to only be performed at a single intensity. MET values were
assigned to each block using standard published values (1). MET values used as cut points for
classifying the activity in blocks as inactive, light, moderate or vigorous were the same shown
above for accelerometry.

From the 3DPAR, the numbers of blocks classified in each intensity category each day were
totaled, and daily averages were calculated for each girl. The 3-day average was used in the
analyses of self-reported activity. For objectively measured activity, minutes spent in each
intensity category were summed over the course of a day. Two averages were obtained: one
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using all 6 days measured and another limited to the same 3 days that were assessed using the
3DPAR in order to assess any differences between measurement methods that were a result of
differing number of days and type of days (weekend versus weekdays).

At the completion of the 6-day Actigraph monitoring period, participants completed the
3DPAR. This protocol resulted in having data from both self-report and Actigraph on three
corresponding days. The 3DPAR was most frequently completed on a Wednesday (33%) or a
Tuesday (28%) and was never completed on a Saturday or Sunday. Therefore, weekend days
were over-represented in the 3-day sample with 47% weekdays and 53% weekend days
assessed, as opposed to the 71% weekdays and 29% weekend days that would be expected had
the sampling of days been uniform. The 6-day accelerometry data were less skewed with 67%
of the data from weekdays and 33% of the data from weekend days. Previous work from TAAG
has shown that physical activity levels differ by day of week (18).

Body mass was measured while wearing light clothing by use of an electronic scale (Seca,
Model 770, Hamburg, Germany). Height was assessed without shoes using a portable
stadiometer (Shorr Height Measuring Board, Olney, MD). Body mass index (BMI) was
calculated as weight in kilograms divided by height in meters squared. Percent body fat was
estimated from anthropometric measures using an equation that was developed by TAAG
investigators for use in middle school girls (12).

Race/ethnicity was indicated via self-report on a six-item checklist which included (1)
Caucasian (White, non-Hispanic), (2) African-American, (3) Hispanic, (4) Asian/Pacific
Islander, (5) American Indian, and (6) Other. A proxy measure of socio-economic status (SES)
was assessed at the school level by obtaining the proportion of students who received free or
reduced cost lunch during the 2002–2003 school year.

Exclusions
In the 6th grade sample of girls, consent was obtained from 1721 girls. Of these girls, 118 had
incomplete accelerometry data, 54 had fewer than three days of physical activity recall, 19 had
incomplete body composition measures, seven were missing age, and one was missing race/
ethnicity. Of the 1522 girls with complete measures in the 6th grade, 1243 were also assessed
in the 8th grade sample. Among these girls 290 had incomplete or missing accelerometry data
and two had fewer than three days of physical activity recall. Thus, 951 girls provided data for
the current analyses. Body composition and MVPA did not differ between those girls measured
at both 6th and 8th grade compared to those measured only at 6th grade.

Statistical analysis
Statistical analyses were conducted using SAS version 8.02 (SAS Institute, Cary, NC). There
were only trivial differences in the tracking measures in the girls assigned to intervention and
control schools, and therefore the data were combined for all analyses. Weighted kappa
statistics (6) were calculated to assess the agreement in inactivity and different intensities of
activity between baseline and follow-up (tracking). In order to calculate the kappa statistics,
data were categorized into quintiles. The kappa statistics were interpreted according to the
recommendations of Munoz and Bangdiwala (17), whereby a Kappa-value of <0.00 equates
to poor strength of agreement, 0.00–0.20 is fair agreement, 0.21–0.45 is moderate agreement,
0.46–0.75 is substantial agreement, and 0.76–1.0 is almost perfect agreement. Differences in
the kappa statistics were assessed using the method described by McKenzie (15) to compare
kappas drawn from the same sample.

Intraclass correlations (ICC) between 6th grade and 8th grade were calculated using PROC
MIXED and methods described by Fleiss and Shrout (22). Differences between the ICCs were
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assessed using the method described by Donner and Zou (7) to compare correlations drawn
from dependent samples. The odds of being in a specific quintile of MVPA, VPA, and inactivity
at 8th grade given assignment in the same quintile at 6th grade, relative to those in any other
quintile at 6th grade, were assessed using a logistic mixed model. For the ICC and logistic
models field center and school within field center were included as random effects in all models.
Covariates tested included race/ethnicity, BMI, percent body fat, SES, age, and intervention
assignment (treatment or control). Inclusion of these variables in the models did not improve
the fit (p<0.05), and none of the estimates changed by more than 8% when the variables were
included. Therefore, these potential covariates were not included in the analyses shown here.

RESULTS
Table 1 shows descriptive characteristics of the girls measured in the 6th and 8th grades. The
sample was racially diverse (48.2% non-white). The mean time between measurements was 2
years (SD=0.14). On average, body weight, BMI, and percent body fat were higher in 8th than
in 6th grade. There was an increase in accelerometer-measured inactivity, while self-reported
inactivity was relatively stable. MVPA and VPA tended to decline from 6th to 8th grade for
both accelerometer-measured and self-reported activity.

Table 2 presents the sample sizes and ranges of values across quintiles of inactivity, MVPA,
and VPA for 6-day accelerometry and self-report. For objectively-measured physical activity
the sample sizes within the quintiles were almost identical. The ranges of the measured minutes
were much larger in the extreme quintiles (quintiles 1 and 5) than in quintiles 2, 3, or 4. For
example, in 6th grade the spans were 124 and 178 minutes respectively in the first and fifth
quintiles, whereas the span was only 32 minutes in the middle quintile. The same trends were
found in the 3-day means from accelerometry (data not shown).

The distribution of self-reported blocks of inactivity also showed larger spans in the extremes
and relatively even numbers of participants within the 5 quintiles. However, for MVPA and
VPA ties resulted in an uneven number of girls within quintiles. This was most evident for
VPA in 8th grade as 421 girls (44% of the sample) reported no blocks. For this reason, self-
reported VPA was analyzed in four, rather than five categories.

Weighted kappa statistics and intraclass correlations for self-report and 3- and 6-day
accelerometry are presented in Table 3. For self-report and 3-day accelerometry measures the
kappa statistics suggested fair agreement between 6th and 8th grade, while the kappa statistic
from 6 days of accelerometry indicated moderate agreement. Kappas ranged from 0.14–0.17
across inactivity, MVPA, and VPA for both self-report and 3-day accelerometry, and from
0.22–0.29 for 6-day accelerometry. Significant differences (p<0.05) were observed between
kappa statistics produced from self-report and 6-day accelerometry, with the kappas from 6-
day accelerometry being higher for inactivity and MVPA. No differences were observed
between kappas from self-report and 3-day accelerometry.

For self-report as well as 3- and 6-day accelerometry the highest ICCs were for MVPA (ICC
= 0.22, 0.23, and 0.33, respectively), while the lowest ICCs were for inactivity (ICC = 0.17,
0.06, 0.16 respectively). The ICC of inactivity for 3-day accelerometry was significantly lower
(p<0.05) then that from self-report. ICCs for MVPA and VPA were significantly higher
(p<0.05) from 6-day accelerometry compared to self-report for MVPA and VPA.

To calculate the odds ratios shown in Table 4, dichotomous variables were created to indicate
whether or not a girl’s inactivity or activity was in a given category in 6th and 8th grades. These
analyses showed that for accelerometry-measured activity and inactivity, the odds of being in
the same quintile in both 6th and 8th grade were greatest for those in the extreme quintiles,
while the odds of remaining in the middle three quintiles were smaller and generally not
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significantly different. For example, the odds of being in the highest quintile of inactivity (the
most inactive) at 8th grade was greatest for those in quintile 5 at 6th grade (OR [95% CI]=3.26
[2.28, 4.67]) compared to those in any other quintile at 6th grade (quintiles 1–4), while the odds
of being in the third quintile of inactivity at 8th grade was no different for those in the third
quintile at 6th grade (OR [95% CI]=1.32 [0.90, 1.93]) compared to those in any other quintile
at 6th grade (quintiles 1, 2, 4, 5).

The odds ratio for being in a given quintile of self-reported inactivity, MVPA, and VPA in
8th grade given assignment in the same quintile at 6th grade are also presented in table 4. In
general these odds ratios were smaller than those from accelerometry, but displayed a similar
trend. The odds of remaining in the same quintile in both 6th and 8th grade were greatest for
those in the extreme quintiles, while the odds of remaining in any of the middle three quintiles
was not significantly different from those in any other quintile at 6th grade.

DISCUSSION
This study showed that over a 2-year period tracking of physical activity and inactivity in
middle school girls was fair to moderate depending on the assessment method and the days
measured. Six days of accelerometry tended to provide higher tracking measures than three
days. When the 3 days measured were matched, tracking assessments were similar whether
measured by self-report or accelerometry.

To our knowledge this is the first study to assess the tracking of physical activity and inactivity
in middle school girls using accelerometry. Accelerometry generally provides a more accurate
and reliable measure of physical activity than self-report (12,24). Earlier results from the
TAAG study suggested that the reliability and validity of the 3DPAR decreased with each day
of recall compared to accelerometry (27). It might be expected that the greater precision and
repeatability associated with accelerometry would lead to higher tracking measures compared
to self-report. Nevertheless, our results suggested little difference between tracking measures
of MVPA or VPA compared to those from self-report when the measurement days used were
matched. Only when physical activity was measured over 6-days did accelerometry produce
higher tracking measures than 3DPAR.

The discrepancies in the comparison of 3DPAR to accelerometry from 3-days versus 6-days
may be due to the percentage of days measured that were weekend days. It is known that there
is greater variability (lower ICCs) in physical activity measurement on weekends versus on
weekdays(14,27,28) when assessed by accelerometry. Thus the over-representation of
weekend days in our 3-day matched analysis may have resulted in lower tracking. It was
interesting that the measured tracking was so similar between self-report and accelerometry in
the 3-day matched analysis. This does not mean that self-report and accelerometry quantify
physical activity and inactivity levels equally well, but that that the two assessment methods
may have similar abilities to evaluate changes in physical activity and inactivity over time.
Self-report may provide a good measure of tracking that requires less monetary resources and
subject burden compared to accelerometry. Additional work is needed comparing tracking
measures of physical activity and inactivity from self-report to accelerometry with varying
number of days.

We know of only three studies that have used accelerometry to assess tracking of physical
activity in youth. In the Iowa Bone Development Study (9), accelerometers were used to assess
tracking of physical activity over a 3-year period in a group of elementary-school aged boys
and girls. Spearman rank-order correlation coefficients between baseline and follow-up MPA
and VPA were modest (r = 0.32–0.40). Wilkin et al.(30) assessed tracking of physical activity
using accelerometry in elementary school aged children over a one-year period. Correlations
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for daily activity between years were moderate (r=0.49 total, r=0.36 girls, r=0.55 boys, all
P<0.001). Kelly et al. (11) observed Spearman rank correlations of 0.35–0.37 for total PA,
inactivity, and MVPA in a small group of young children (mean age at baseline 3.8 years) over
a 2-year period. Raw kappa statistics were 0.17, 0.013, and 0.21 for total PA, sedentary
behavior, and MVPA, respectively. All of these studies used the same accelerometer model
we used, the data were reduced using alternate methods, and the length of time the monitors
were worn varied; however, the conclusions from these studies are similar to ours in that fair-
to-moderate tracking of accelerometer measured physical activity and inactivity was found.

Tracking in girls similar in age to those studied here has been examined using self-report
measures. Janz and colleagues (10) assessed tracking of vigorous activity and television
viewing/video game playing over a five year period in a small group of early adolescent girls
(n=62, mean age at baseline=10.3 years). Vigorous activity was assessed using the 3-day Sweat
Recall and television viewing/video game playing using an interviewer administered previous
day recall. They found strong tracking of vigorous activity with Spearman correlations between
year 5 and each of the 4 preceding years ranging from 0.43–0.65. Low tracking was found in
TV/video game recall except between years 5 and 4 (Spearman correlation=0.59); Spearman
correlations between year 5 and years 1–3 ranged from 0.16–0.26. Thus, similar to our study,
Janz et al. found tracking in self-reported activity and inactivity in adolescent girls.
Discrepancies in the estimated level of tracking may have been influenced by differences in
the measurement intervals and the recall methods used.

Intuitively tracking should increase as the time interval between measures decreases. The 2-
year interval examined here is relatively brief. However, early adolescence is a stage in life of
particularly great biological, as well as psychosocial changes, which may result in substantial
changes in physical activity and inactivity levels. Indeed, Baker et al. (3) have demonstrated
that 11-year-old girls who experienced puberty early relative to their peers had lower
objectively measured physical activity at age 13 than later maturing girls, even after controlling
for differences in physical activity and body composition at age 11. Although we do not have
a measure of pubertal status our mean age at baseline was 11.9 years and at follow-up was 13.9
years. Nationally representative data from NHANES III indicated that at age 11.7
approximately 25% of girls had experienced first menstruation, while 2 years later 90% of girls
had achieved menarche (5). Differences in the timing and tempo of sexual maturation
throughout our 2-year measurement period and changes in activity associated with maturation
may have reduced tracking. Additional research is needed focusing on the physiologic, as well
as psychosocial and environmental determinants of tracking of physical activity habits in this
age group.

The odds of remaining in the same quintile of accelerometry assessed inactivity, MVPA, and
VPA over 2 years were higher than being in a different quintile, and this effect was larger and
statistically significant at the extremes of the distribution. This effect in the extreme quintiles
may be due to the large range of the measured variables in the extreme quintiles compared to
the range in the middle three quintiles. On average, a much greater change in minutes or blocks
would be needed in order to move from either the lowest or highest quintile at 6th grade into
another quintile at 8th grade, while moving from one of the middle quintiles would require a
smaller change. Although the size of the odds ratios from self-report tended to be smaller than
those from 6-day accelerometry, the trends were similar. The highest odds were seen for those
in the extreme quintiles at 6th grade.

Our study had several limitations. The 3DPAR has been validated for the measurement of total
physical activity, MVPA, and VPA, but not for inactivity. It should be noted that our use of a
3-day accelerometry measure is not consistent with the current recommended guidelines for
accelerometry use in adolescents of 4–9 days in order to obtain a reliable measure of physical
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activity (28). Another limitation of this study is that comparisons of the 3- and 6-day
accelerometry measures were complicated by the mixture of weekdays versus weekend days
assessed.

The primary strength of this study was the use of both accelerometry and self-report to quantify
the tracking of physical activity and inactivity. Additionally, we used population specific
intensity cut points to determine time spent in inactivity, MVPA, and VPA. We used three
different statistical methods to quantify tracking, and this allowed us to better understand
complexities of the issue. Kappa statistics and ICCs provided global measures of agreement
and described agreement over the entire distribution, while the odds ratios allowed us to look
within specific portions of the distribution to identify where agreement occurred. The ICC
analyzed the activity and inactivity data as continuous variables, whereas the kappas and odds
ratios examined data in categories. The ICC and odds ratio analyses tested for influences of
demographic characteristics of the participants on tracking. Finally, this study included a larger,
more ethnically diverse sample than has been previously reported in the literature for
accelerometry measured tracking of physical activity and inactivity.

Our results suggest that physical activity and inactivity habits are dynamic for most girls during
early adolescence. Efforts should be made in this age group to promote physical activity and
offer alternatives to inactivity to all girls, not just those presently inactive, in order to maintain
or increase activity levels in those already active as well as increase activity in those currently
inactive. Intervention may be necessary to achieve recommended levels of activity in the most
inactive and least active girls, who have a propensity to maintain these health behaviors during
early adolescence.
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Table 1

Descriptive characteristics [mean (SD) or percent] of girls measured at 6th and 8th grade in the TAAG study
(n=951).

6th grade mean (SD) or % 8th grade mean (SD) or %

Age (yrs) 11.9 (0.4) 13.9 (0.4)
Weight (kg) 48.4 (13.8) 58.1 (15.0)
BMI (kg/m2) 20.7 (4.7) 22.5 (5.2)
% Body Fat 27.8 (9.2) 31.2 (8.3)
Accelerometer (minutes/day)
 Inactivity 460.6 (67.3) 513.2 (62.5)
 MVPA 23.4 (11.6) 21.8 (10.7)
 VPA 5.6 (4.7) 5.1 (4.0)
Self-report (30-minute blocks/day)
 Inactivity 28.7 (3.4) 28.9 (3.1)
 MVPA 1.9 (2.1) 1.5 (1.9)
 VPA 1.3 (1.6) 1.0 (1.4)
Race/ethnicity (%)
 White 51.8 -
 African-American 19.2 -
 Hispanic 19.1 -
 Asian/Pacific Islander 4.5 -
 Other 5.3 -
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