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Abstract

A variety of methods have been used to measure physical activity in children. The reliability 
and  validity  of  an  assessment  instrument  are  commonly  considered  its  most  important 
attributes. The purpose of the present study was to evaluate reliability and validity of the Greek 
version of the 3 day Physical Activity Record (3dPAR-G) a self-report instrument in a sample 
of Greek primary school students. Participants were 61 children, 10 -11 years old. All children 
wore an accelerometer in a belt around their waist for seven consecutive days and completed 
the 3dPAR-G. The study was designed to compare the criterion measure the MTI/Actigraph, 
against  the 3dPAR-G. Test-  retest  reliability  of  this  instrument  was tested by repeating its 
administration  one  week  later.  A  significant  correlation  was  observed  between  the 
accelerometer data as a measure of validity, and the data from the 3-day average physical 
activity score (r=0.44, p<0.01). The interclass reliability coefficient for the 3-day diary was 0.61 
(p<0.01). In addition, significant Alpha reliability coefficient was observed for the 3day average 
physical activity score  (ICC =0.74). In conclusion, the  3dPAR-G provides valid and reliable 
estimates of physical activity in 10-11 years old children in Greece. 
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Introduction

The recognition of the importance of physical  activity for optimal health led to an increased 
interest in assessing physical activity behavior (Vincent, Pangrazi, Raustorp, Tomson, & Cuddihy, 
2003). Physical inactivity, and hence a low energy expenditure level, is suggested to be a major 
risk factor for obesity (Epstein, Paluch, Gordy, & Dorn, 2000). To better address the impact of 
physical activity on health, valid and reliable instruments for its measurement are essential (Le 
Masurier & Tudor-Locke, 2003). A variety of methods have been used to measure physical activity, 
including self-report (Sallis & Saelens, 2000), electronic sensors (Trost, Kerr, Ward & Pate, 2001; 
Raustorp,  Pangrazi, & Stahle, 2004; Duncan, Schofield, & Duncan, 2006; Vincent, et al., 2009), 
and  indirect  measures  such  as  doubly  labelled  water  (Ekelund  et  al.,  2000)  and  heart  rate 
(Rowlands, Eston & Ingledew 1999). Each technique carries certain strengths and weaknesses 
(Kohl, Fulton, & Caspersen, 2000).

As physical activity is a multi-dimensional construct that can vary in terms of type,  duration, 
intensity and frequency, it is difficult to measure it, especially in children and adolescents (Kohl, 
Fulton, & Caspersen, 2006). To accurately assess children's activity patterns, an instrument must 
be sensitive enough to detect, code, or record sporadic and intermittent activity (Welk, Corbin, & 
Dale,  2000). The  doubly  labelled  water  (DLW)  technique  is  a  highly  accurate  and  objective 
technique  for  assessing  total  daily  energy  expenditure,  however,  remains  too  costly  to  be 
considered practical  for large-scale studies (Melanson, & Freedson, 1996). Heart  rate does not 
measure physical activity directly but is based on the linear relationship between oxygen uptake 
and heart rate. However, heart rate can be elevated by emotional stress, which is independent of 
any change in oxygen uptake. 
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Activity  monitors  have revolutionized  the  way  in  which  we  measure youth  physical  activity. 
Devices  such  as  pedometers  and  accelerometers  have  become  increasingly  popular  as 
measurement tools for physical activity. These devices reduce the subjectivity inherent in survey 
methods and can be used with  large groups of  individuals.  Laboratory and field  validations of 
pedometers and accelerometers yield relatively high correlations using oxygen consumption (r = 
0.62 to 0.93) or direct observation (r = 0.80 to 0.97) as criterion measures (Sirard & Pate, 2001).  

Although self-report methods in the form of questionnaires are the instruments of choice when 
large populations are to be assessed, they are somewhat limited in their validity (Kohl et al., 2006). 
These techniques must be used cautiously in a paediatric population that has difficulty recalling 
such information. Validity studies in children typically report low to moderate validity coefficients 
ranging from r = 0.20 to 0.60 (Sallis & Saelens, 2000; Kohl et al., 2006). Still, some studies have 
reported 73.4% to 86.3% agreement between these instruments and direct observation (Sirard & 
Pate, 2001).

The 3-day Physical Activity Recall (3dPAR) (Pate, Ross, Dowda, Trost & Sirard, 2003) is a self-
report instrument designed specifically for the recall abilities of children and adolescents. Adopting 
the same 30-min block format of the previously validated in the Previous Day Physical Activity 
Recall (Weston, Petosa, & Pate, 1997; Trost, Ward, McGraw, & Pate, 1999), the 3dPAR prompts 
participants to recall their activity for 3 consecutive days. In addition, the recording period in the 
Pate el at (2003) 3Dpar, extended from 1 to 3 days and thus the researchers were able to obtain a 
more reliable estimate of "usual" or "habitual" physical activity in a single reporting session (Trost, 
2001). Pate et al. (2003) assessed the validity of the 3dPAR in 70 eighth- and ninth-grade girls 
from the south-eastern United States. They observed significant positive correlations between the 
sell-reported 3dPAR variables  and corresponding  accelerometer  output  (r=0.27-0.46,  p  < .05), 
indicating that the 3dPAR was useful for assessing participation in moderate and moderate-to-
vigorous physical activity. 

Establishing the reliability and validity of the  3dPAR -G – an self report  instrument  that was 
modified to be more relevant to Greek children was an important undertaking, given that children 
from Greece may participate in different types of activities. Therefore, the purpose of this study 
was to evaluate reliability and convergent validity of the 3dPAR - G in a sample of Greek primary 
school students.

Method

Participants

Sixty one children (29 boys and 32 girls) from all 13 primary schools of a city in Northern Greece 
volunteered to participate in the study. Descriptive statistics for the participants in this study are 
shown  in  Table  1.  All  participants  provided  written  consent  signed  by  their  parents  or  legal 
guardian. Ethical approval for this study was obtained from the Department of Physical Education 
and Sport Science, Democritus University of Thrace Ethics Committee. 

Table 1. Physical characteristics of the participants (mean and sd).

Characteristics Boys (n=29) Girls (n=32) Total (N=61)
Age (year) 10.59±0.5 10.44±0.5 10.51±0.5
Weight (kg) 47.78±11.90 48.18±11.77 47.99±11.73
Height (m) 1.57±0.08 1.55±0.11 1.56±0.10
BMI (kg/m2) 19.27±4.01 19.99±3.53 19.65±3.75

Instruments

Motion Detector MTI/Actigraph. The MTI/ Actigraph is a small (5.1 x 3.8 x 1.5cm) lightweight 
(43-45g) uni axial activity monitor designed to detect normal human motion while rejecting high 
frequency  motion  encountered  outside  these  ranges.  Further  technical  specification  and 
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performance properties have been described elsewhere (Janz, 1994; Melanson & Freedson, 1995; 
Freedson, Melanson & Sirard, 1998; Ekelund, Yngve, Sjostrom, & Westerterp, 2000; Freedson & 
Miller, 2000; Nichols, Morgan, Chabot, Sallis, & Calfas, 2000; Swartz et al., 2000; Ekelund et al., 
2001).

The MTI/Actigraph has been well  validated in both children and adolescents against a wide 
range of outcomes (Freedson, et al, 1998;  Trost et al., 1998;  Ekelund, et al., 2000;  Freedson, & 
Miller, 2000;  Welk et al., 2000; Ekelund et al., 2001;  Brage, Weddekopp, Andersen, & Froberg, 
2003). It has been validated against energy expenditure measured by indirect calorimetry and it 
was  found to be a  valid  tool  for  quantifying  energy expenditure  in  children and adults  during 
treadmill running and walking. Correlations ranging from r =0.50 to r = 0.74 have been reported 
between the MTI/Actigraph accelerometer  and heart  rate telemetry of  children in  field  settings 
(Janz, 1994). Additionally the MTI/Actigraph monitor provided more accurate estimations of energy 
expenditure when compared to TriTrac and other accelerometers (Welk et al., 2000). In studies 
with children, a significant correlation was observed between MTI/Actigraph activity counts and all 
energy expenditure estimates using the Doubly Labeled Water method (Ekelund et al., 2001).

3-day Physical Activity Record – G. The 3day Physical Activity Record (3dPAR), (Pate et al., 
2003), has been modified in order to be used as a daily physical activity log in this study. The 
instrument originally was used as a physical activity recall form. Respondents were asked to recall 
in detail the dominant activity they engaged in during a series of 30-minute time increments and to 
rate the intensity level (check box under light,  moderate, hard or very hard intensity)  for three 
consecutive days (Sunday, Monday and Tuesday) on the following day (Wednesday). 

A  menu  of  activities  grouped  into  the  following  categories:  eating,  work,  after school/free 
time/interests, transportation, sleeping /bathing, school, play/recreation was provided in order to 
further enhance the accuracy of the recall. For analysis a MET value was assigned to each 30-min 
block based on the type of activity described, the intensity level checked by the children, and the 
Compendium of Energy Expenditure for Youth (Ainsworth, et al., 2000).  If the activity description 
was considered incompatible with the intensity rating, the block was assigned an appropriate MET 
value. MET values were summed over each of the 3 days of recording for a measure of total daily 
physical  activity (METs . day  -1).  Additionally  for  each day the sum of  30min blocks of  activity 
classified as moderate – vigorous (3-5.9 METs, MVPA) and as vigorous  (> 6  MET, VPA) were 
summed. Three day averages for METs.day-1, MVPA min. day-1and VPA min. day-1 were calculated. 
Acceptable validity (r = .41) and reliability (ICC = .67) readings have been reported for the Greek 
version  of  the  3dPAR  in  a  study  with  57  Greek  junior  high  school  students  (Michalopoulou, 
Kourtessis, Ioannidou, Aggelousis, & Avgerinos, 2009).

The modifications included the translation and cultural adaptation of all written material of the 
Pate  et  al.  (2003)  3dPAR to  the  Greek language.  In  particular  seven activities  that  were  not 
relevant to Greek children were removed from the activity list (march line, cheerleading, Reserve 
Officer’s  Training  Corp  (ROTC),  Lacrosse,  tobogganing,  paddleball  and  tubing).  The 
aforementioned activities appeared to be totally unfamiliar to eight 10y-old boys and eight 10 y-old 
girls that were given the questionnaire, the instructions, the activity scale and the list of activities in 
order to determine difficulties in understanding the procedure and the material.

Further more the range of recording time of each day was extended by one hour in the morning 
and one in the evening from 6:00 – 24:00 hours, and when MET values had to be assigned the 
Compendium  of  Energy  Expenditure  for  Youth  of  Ridley  et  al.  (2008)  was  used.  Finally  the 
participants  had to record  his/her  dominant  activity  in  each one of  the  30-minute  time blocks 
instead of recalling the activities at the end of the 3-day period. 

Study design

The study was designed to compare the criterion measure, the MTI/Actigraph accelerometer, 
against the 3dPAR-G. The activity monitor was placed on the right side of the body above the hip, 
on  an  elastic  belt,  for  seven  consecutive  days.  On the  first  day  of  monitoring,  children  were 
instructed on accelerometer attachment, removal (only during showering, bathing, swimming, or 
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sleeping),  and re-attachment  each  morning  before  going  to  school.  Participants  also  received 
verbal and written instructions on the completion of the 3dPAR-G. In particular, they were asked to 
record the primary activity during each 30-min time interval in the self report instrument as soon as 
possible  as  the  day  progressed.  Children  recorded  their  activities  for  Sunday,  Monday  and 
Tuesday. The  researcher attached the activity monitors and gave the diaries  on Friday evening 
and collected them at the end of the 7-day period of monitoring (Friday - morning). The self report 
instruments were collected on Wednesday morning.  One week later,  the same procedure was 
repeated only for the 3dPAR-G in order to examine its test- retest reliability. 

Statistical analysis

The participants’ characteristics, age, height, weight and Body Mass Index were summarized 
using  descriptive  statistics.  To  determine  concurrent  validity,  the  Pearson  product-moment 
correlation coefficients were calculated to evaluate the relations between MTI/Actigraph variable 
and the 3dPAR-G variable. The MVPA min.day-1 and VPA min.day-1 from the 3dPAR-G and the 
average counts per day, for seven days of MTI/Actigraph monitoring were determined to be highly 
skewed and were log transformed for further analysis.  

Regarding test-retest reliability, intra-class correlation coefficients (ICC) were calculated for the 
repeated  administrations  of  the  3dPAR-G.  Additional  measures  of  reliability  such  as SEM 
(Hopkins,  2000) and limits of agreement (LOA), were also computed. Internal consistency was 
assessed through Cronbach’s alpha. Statistical significance was set at an alpha level of .05.

Results

Validity

Significant  Pearson  correlation  as  a  measure  of  validity  between  the  MTI/Actigraph 7  day 
counts/day and the 3dPAR-G (3-day average score),  was (r  = 0.44,  p<0.01).  Furthermore the 
respective values for 3 days of monitoring and for each separate day are presented in table 2. 

Table 2. Pearson correlation coefficients between 3dPAR-G variables (METs.day-1) and MTI/  
Actigraph variables (counts.day-1), for n=61.

3dPAR-G Variables (METs .day-1)

MTI/ Actigraph Variables
(counts .day-1)

3day average Sunday Monday Tuesday

3-day average .432* .274 .467** .457*
7-day average .440* .123 .490* .482*
Sunday .286 .348* .176 .153
Monday .234 .187 .489** .345*
Tuesday .198 .201 .234 .477**

Note: P <0.05* 
P <0.01**

Reliability Study

In order to determine internal consistency for the 3dPAR-G, Alpha Cronbach was estimated (α = 
.72), between data collected (METs.day-1) from the 3 consecutive days of measurement (Sunday, 
Monday,  Tuesday)  during  it  first  administration.  Table  3  presents  3dPAR-G  data  from  the  2 
repeated  administrations  of  the  self  report  instrument  for  the  MET  score  (METs.day-1)  and 
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MTI/Actigraph (counts.day-1)  for  Sunday,  Monday,  Tuesday,  the 3 day and the 7 day average 
score.  

Table 3. Means and Standard Deviations for 3dPAR-G (first and second administration) and 
MTI/Actigraph physical activity variables for all 61 participants.

3dPAR-G MTI/Actigraph
(METs .day-1) (Counts .day-1)

1st week 2nd week 1st week
Monday score (METs .day-1) 2247±676 2211±500 593.980 + 425.674
Tuesday score (METs .day-1) 2023±488 2049±306 589.839 + 348.761
Sunday score (METs .day-1) 2034±487 2198±413 462.732 + 267.454
3 day average (METs .day-1) 2102±446 2153±336 562880±177594
7 day average -------- -------- 483.893+ 312.102

The ICC for the average 3 day average physical activity score (ΜΕΤ, min.day-1) from the first 
and the second administration of the 3dPAR-G, was (ΙCC = .67) Single Measure ICC (95%: .
37-.72).  Additionally  ICC for  Monday was (ΙCC = .52) Single  Measure ICC (95%: .25-.65),  for 
Tuesday ICC was (ΙCC = .54) Single Measure ICC (95%: .32-.71), and for Sunday it was (ΙCC = .
46), Single Measure ICC (95%: .24-.64). Additionally, SEM  for the average 3day physical activity 
score was 22,19 and LOA was -21.29  + 134.42, for  Monday physical  activity score  SEM was 
81,290 and LOA was -76.45+ 207.316, for Tuesday  SEM was 167,034 and LOA was 78.546  + 
302.376  and  for  Sunday  physical  activity  score  SEM  was  135,28,  and  LOA was  121.433  + 
297.193.

Discussion

Validity study

The current study examined the validity of the 3dPAR-G when used as a daily physical activity 
record in a sample of 10 -11 year- olds in Greece. The results suggest that the 3dPAR-G, when 
used as a diary, provides reasonable estimates of reported physical activity in this population. The 
correlation between reported physical activity from the 3dPAR-G and the MTI/Actigraph was r = 
0.44. These results are similar to those of a previous study by Pate et al. (2003) that reported 
moderate correlations (r= .46) between 3dPAR and CSA 7164 accelerometer in eighth- and ninth-
grade girls from the south-eastern United States. Additionally, a similar correlation  (r = .41) has 
been reported for the Greek version of the 3dPAR-G in a study with Greek junior  high school 
students  (Michalopoulou  et  al,  2009).  The correlation  between  a  3dPAR total  METs and total 
counts for the corresponding 3 days was higher in the research of Argiropoulou, Michalopoulou, 
Aggeloussis & Avgerinos, (2004) with 40 Greek high school age children, (r = .63). Reversely, no 
correlation was found in a study by Stanley et al. (2007) with female adolescents, when comparing 
3dPAR total  METs with  total  counts for  7 days.  These controversial  findings  could  be due to 
differences in the design and philosophy of the physical activity diaries and in the duration of the 
monitoring  procedure.  In  a  study  by  Sirard,  Melanson  &  Freedson  (2000),  the  3dPAR  and 
MTI/Actigraph  assessed  similar  patterns  of  physical  activity  in  young  adults.  The  significant 
correlation,  found  in  the  present  study,  between  3dPAR-G  3  day  average  METs  score  and 
MTI/Actigraph counts,  indicate  that  the  3dPAR-G is  a  valid  instrument  for  assessing  reported 
physical activity in 10-11 years old children.

Reliability study

Reliability  of  the  3dPAR-G  instrument  was  tested  for  the  first  and  the  second  week  of 
measurement and moderate correlations (ICC = 0.67) were reported. Moderate correlations were 
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provided for the weekdays (Monday, ICC = 0.52 and Tuesday ICC = 0.54) and for the weekend 
(Sunday  ICC =  0.46).  Physical  activity  scores  were  not  different  between  the  two  weeks  of 
measurement. Test-retest reliability of children’s physical activity self report instrument varies from 
r = 0.20 (Andersen, & Haraldosdottir, 1993) to r = 0.98 (Weston  et al., 1997). Age has in the past 
been positively related with the reliability of self report instruments with higher correlations being 
recorded with older children and youngsters when compared with children about the age of 10 
years. A significant disadvantage of these instruments that has probably affected the results of this 
study  refers  to  limitations  related  to  accuracy  of  recall  and  subjective  interpretations  of  the 
questions (Sallis, 1991). 

Argiropoulou et al. (2004) examined the reliability of three questionnaires for the first and the 
second week of measurement and reported high correlation for a 3dPAR (ICC = 0.97) in Greek 
high school children. Additionally, relatively moderate correlation was stated by Michalopoulou et 
al.  (2009)  for  Greek adolescents.  Several  factors  may affect  the quality  of  the data collection 
procedure in a reliability study (Kohl et al., 2000), such us the characteristics of the questionnaire, 
the experimental procedure followed, the age and the emotional situation the respondents are in 
the moment  they complete the questionnaire,  statistical  procedures and finally  changes in  the 
behavior of the respondents. The significant reliability values that were stated in Greek population 
suggest that the 3dPAR-G is a reliable instrument to estimate reported physical activity in youth. 
Furthermore small  error  of  measurement readings suggest  that  the 3dPAR-G may be used in 
assessments  producing  individual  level  estimates  of  reported  PA  that  are  important  to  track 
participants  in  an  intervention  setting  or  to  associate  physiologic  outcomes  and  personal 
characteristics with levels of physical activity (Corder, et al., 2009).

In conclusion,  the rapid increase in  both the number and type of  objective PA assessment 
instruments improved PA assessment and increased the available options for instrument selection. 
There  is  no  single  objective  PA  assessment  instrument  that  is  appropriate  for  all  situations, 
populations,  and  research  questions.  The  3dPAR-G  demonstrated  moderate  correlation  with 
MTI/Actigraph, and has acceptable reliability. It is suitable for use among Greek children providing 
both group and individual level estimates. Instruments, such us 3dPAR-G, that provide information 
on a diverse range of activities during various time periods of the day may be accurate enough to 
reveal important trends and relationships in reported physical activity.
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