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Abstract  Adults working in academic occupations are at risk for exposure to sedentary behaviours. The aim of 
this study was to determine the influence of an educational video on viewer’s health beliefs and sedentary 
behaviours. Data was collected between March and April 2017 from healthy adults employed in an academic 
institution in Ontario, Canada (n=71; age= 40.0±12.1 y) using a single-group, pre-post design. Evidence-based 
strategies to reduce sedentary behaviour at home and at work were summarized and presented as cues to action in a 
5-minute video. Self-reported physical activity, sedentary behaviours, health beliefs, and readiness to change were 
measured using the International Physical Activity Questionnaire, Sedentary behaviour Health Belief Questionnaire, 
and Readiness Ruler, respectively, one week before (T1), immediately after (T2), and one week after watching the 
video (T3). Occupational and leisure-time sitting time was assessed daily via participant log. Participants reduced 
weekday and weekend sitting time by-35.9 minutes/day (p=0.03) and-21.1 minutes/day (p=0.01), respectively. 
Readiness to change increased between T2 and T3 (p=0.004). Perceived severity of (p=0.03) and susceptibility  
to (p=0.01) the health risks associated with sedentary behaviour increased from T1 to T2. Perceived benefit scores 
(rs=-0.25, p=0.04) at T2 were inversely associated with reductions in sitting time from T2 to T3. It is possible that 
exposure to the video influenced several health benefits constructs and reduced daily sitting time in healthy adults 
working in academic occupations. 
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1. Introduction 

Despite growing evidence linking sedentary behaviour 
with negative health outcomes, 85% of Canadians are  
not meeting physical activity recommendations and  
are instead spending 10 of their daily waking hours in  
a sedentary state. [1] sedentary behaviour, defined as  
any waking activity with an energy expenditure of ≤1.5 
metabolic energy equivalents, [2] is a major public  
health problem. [1] Greater daily sitting time is  
associated with increased risk of mortality from all  
causes. [3] 

Interventions to reduce adult sedentary behaviour  
have been successful and evidence from two recent 
systematic reviews [4,5] indicate that sedentary behaviour 
interventions can reduce daily sitting time in the range  
of 42 [4] to 91 [5] minutes per day. Adults working  
in academic occupations are a logical target for  
sedentary behaviour interventions since professors, 
graduate students, and research support staff spend  
most of their workday in a seated position. [6] of 5000 
academic staff surveyed in the UK, 66% reported  
working more than 45 hours per week, and 24%  

percent reported working more than 55 hours per week. [6] 
Nearly 45% of the survey sample reported completing 
more than a fifth of their workload in the evenings and  
on weekends. [6] Given that university faculty members 
are sedentary nearly 8 hours of every day, [6] professional 
staff that work at higher education institutions are 
sedentary for more than 11 hours every day, [7] and  
that more than half of Canadian university students  
are not meeting physical activity guidelines, [8]  
sedentary behaviour interventions in these populations  
is warranted. 

The purpose of this study was to examine the 
effectiveness of using a video to influence health beliefs  
to reduce sedentary behaviour by providing targeted, 
evidence-based strategies to reduce sitting time at home 
and at work for healthy adults working in academic 
occupations. 

2. Materials and Methods 

2.1. Study Population and Study Design 
Participants were recruited via departmental email and 

included if they met the following criteria: aged 18-65 

 



 Journal of Physical Activity Research 35 

years and were a student, full-time or sessional faculty 
member, or research support staff within the School  
of Rehabilitation Science, McMaster University. 
Participants were excluded if they had any known 
musculoskeletal conditions that would prevent them  
from being less sedentary. Informed consent was obtained 
from all participants prior to participation in this  
study. The Hamilton Integrated Research Ethics  
Board approved the experimental protocol, recruitment  
materials, study questionnaires, and intervention content 
(2017-1854-GRA). 

Participants completed all assessments between March 
and April 2017. Data were analyzed in May 2017. This 
study employed a single-group, pre-post design to 
evaluate sitting time of participants 1-week before, 
immediately after watching an educational video, and  
1-week later. 

2.2. Intervention 
The video was 5 minutes in length and provided 

participants with a comprehensive overview of the  
nature, scope, and impact of sedentary behaviour as a 
public health problem. The video addressed working-age 
adults’ perceived susceptibility to the health risks 
associated with sedentary behaviour and the severity of 
those health consequences. The evidence for strategies  
to reduce sedentary behaviour in the home and  
workplace environments was systematically reviewed, [9] 
summarized, and presented as cues to action in the video. 
The video was uploaded to Vimeo and sent to participants 
using the following link: https://vimeo.com/210495060. 

2.3. Outcome Measures 

2.3.1. International Physical Activity Questionnaire 
(IPAQ) 

The primary outcome was the proportion of participants 
who reduced their sitting time by 30min/day as measured 
by the Short-form IPAQ. [10] The IPAQ demonstrates 
excellent test-retest reliability (ICC = 0.76), and fair 
criterion validity (r=0.30) when compared against 
accelerometry in samples of middle-aged, well-educated, 
working adults. [10] Participants were asked to fill out 
electronic versions of the short-form IPAQ at baseline 
(T1), immediately after watching the video (T2), and one 
week later (T3). 

2.3.2. Sedentary Behaviour Health Belief 
Questionnaire (SB-HBQ) 

We assembled a SB-HBQ based on an extended  
version of the Health Belief Model. [11] Including four 
additional constructs improved the predictive capability of 
the original model by 78%. [11] These additional 
constructs include: self-identity, consideration of future 
consequences, concern for appearance, and perceived 
importance. [11] For the present study, subscales were 
developed for each of the nine constructs outlined in Orji 
et al.’s (2012) extended Health Belief Model. Participants 
were asked to rate statements on a 5-point Likert  
Scale from 1=strongly disagree to 5=strongly agree. 
Statements were modified from previously validated 

questionnaires. [12-17] further information about the 
adapted SB-HBQ is available upon request. 

2.4. Readiness Ruler 
An electronic version of a Readiness Ruler was 

developed which required participants to indicate their 
readiness to change on a 10-point scale, where 1=Not 
prepared to change and 10=Already changing. The 
Readiness Ruler was sent to participants at baseline, 
immediately after watching the video and one week later. 

2.5. Log 
For one week starting at baseline, participants received 

a daily email reminder to complete and submit an 
electronic log of the amount of time spent being sedentary 
in the previous day by clicking on the link provided.  
The log prompted individuals to record the amount of  
time they spent sitting in the following activities: 
watching television, working, eating meals, using  
their computer at home, travelling, participating in 
hobbies, and socializing with friends or family. At the  
end of the first week, the educational video was sent  
to participants. For one week following receipt of the 
video, participants received a daily email reminder to  
fill out and submit an electronic log of the time spent  
in sedentary behaviour in the previous day by clicking on 
the link provided. 

2.6. Video Evaluation 
Participants were asked to fill out an evaluation survey 

immediately after watching the video. The survey used a 
5-point Likert scale for participants to rate the content 
(1=poor, 5=excellent), design (1=totally unacceptable, 
5=extremely acceptable), and impact of the video (1=not 
at all influential, 5=extremely influential). 

2.7. Sample Size 
Sample size calculation was performed using Stata 

software, version 13 (StataCorp, College Station, TX, 
USA). Significance level was set at 0.05, power at 0.8, 
and a minimum detectable difference of 30 minutes of 
sitting per day (as measured by the IPAQ at baseline and 
follow-up) was used as the alternative hypothesis, with a 
standard deviation of 1.25 hours of sitting per day based 
on a previous intervention in a similar population. [18] 
The sample size calculated was 52 participants. To 
account for a potential 20% dropout rate, the investigators 
aimed to recruit 63 participants. 

2.8. Statistical Analysis 
Statistical analysis was conducted using Stata software, 

version 13 (StataCorp, College Station, TX, USA). Baseline 
characteristics are presented as means and standard 
deviations for data that was normally distributed and 
medians and interquartile range for data not normally 
distributed. Data was collected and stored on secure 
servers at the Institute of Applied Health Sciences at 
McMaster University. 
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Figure 1. CONSORT Flow Diagram 

To determine the respective effects of the intervention 
on daily sitting time and health beliefs, a paired sample  
t-test was used, or Wilcoxon signed-rank test when 
appropriate, to calculate the differences in sitting time and 
health belief subscale scores between T1 and T2 as well as 
between T2 and T3. Acceptability of the video intervention 
and suggestions for improvement were evaluated based on 
responses to the video evaluation survey. 

3. Results 

A total of 77 participants were assessed for eligibility, 
of which one person was excluded due to a pre-existing 
musculoskeletal condition (Figure 1). Of the 76 eligible 
participants, 71 completed the baseline assessment. Three 
participants did not complete the baseline assessments as 
they were on vacation. Assessments at all three time-points 
including baseline, post-intervention, and one-week 
follow-up, were completed by 51 (72%) participants. In 
total, 19 (27%) participants were lost to follow-up and 2 
(3%) participants dropped out of the study. Overall, 
participants were mostly female, middle-aged, and 
reported a normal to overweight body mass index. 
Baseline group characteristics are presented in Table 1. 

Table 1. Demographic characteristics of study participants 

 All participants (n=71) 
Age, Mean (SD) 40.0 years (12.1) 
Female, n (%) 60 (88.2) 
Occupation  
Student, n (%) 31 (45.6) 
Faculty, n (%) 20 (29.4) 
Research support staff, n (%) 17 (25) 
Body Mass Index, Mean (SD) 26.3 (6.4) 

3.1. Missing Data 
Missing data were imputed by carrying the last 

observation forward. [19] Statistical analyses were 
performed two ways: with and without the imputed data. 
Results using complete case analysis indicated that 
increases in weekday sitting time from T1 to T2 were not 
significant (p=0.08). Details about the complete case 
analysis are available on request. Results for analyses with 
imputed data are shown below. 

3.2. International Physical Activity 
Questionnaire (IPAQ) 

Table 2 illustrates mean changes in IPAQ scores  
from baseline (T1) to post-intervention (T2) and from 
post-intervention (T2) to follow-up (T3). Weekday sitting 
time increased from T1 to T2 (460.1 minutes/day, 482.5 
minutes/day, p=0.04). There was a decrease in sedentary 
behaviour between T2 and T3 for both weekday (482.5 
minutes/day, 446.6 minutes/day, p=0.03) and weekend 
sitting time (341.4 minutes/day, 320.3 minutes/day, 
p=0.01). There were no differences observed in sitting 
time between T1 and T2. The number of days participants 
walked at least 10 minutes per day increased from T1 to 
T2 (p=0.001). 

3.3. Health Beliefs 
Changes in health beliefs are summarized in Table 3. 

Both perceived susceptibility (13, 14.5, p=0.01) and 
perceived severity (21.5, 23, p=0.03) increased from T1 to 
T2. No intervention effects were observed for any of the 
other subscales between T1 and T2. A decrease in 
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consideration of future consequences subscale scores was 
observed between post-intervention (T2) and follow-up 
(T3) (36, 35, p=0.01). No intervention effects were 
observed for any other subscale between T2 and T3. 

3.4. Perceived Benefits, Barriers, and Cues to 
Action 

Participants were instructed to check all appropriate 
responses based on what they perceived to be benefits, 
barriers, and cues to action to changing their sedentary 
behaviour from a list of 11 potential benefits, 12 barriers, 
and 11 cues. The top three benefits that participants 
reported included ‘improve my health’ (94.0%), ‘make me 
more active’ (83.1%), and ‘improve my fitness’ (80.6%), 
The top three barriers reported were ‘the nature of my job’ 

(80.6%), ‘job workload’ (67.2%), and ‘not having a 
standing desk’ (58.2%). Cues to action reported most 
frequently included ‘being prompted/reminded to break up 
prolonged bouts of sitting’ (76.1%), ‘having a standing 
desk’ (68.7%), and ‘having walking meetings’ (67.2%). 

3.5. Readiness to Change 
Readiness to Change scores are presented in Table 4. 

Changes between T1 and T2 were not observed, however 
Readiness to Change increased from T2 to T3 (6, 7, 
p=0.04). Readiness to Change scores at T1 were not 
associated with changes in sitting time from T2 to T3. 
Readiness to Change scores at T2 were inversely 
associated with changes in sitting time from T2 to T3  
(rs=-0.26, p=0.03). 

Table 2. International Physical Activity Questionnaire; Mean (SD) 

Time T1 
n=71 

T2 
n=71 

T3 
n=71 

Mean change 
(T2-T1) p-value Mean change 

(T3-T2) p-value 

Weekday sitting time (min) 460.1  
(148.8) 

482.5 
(153.0) 

446.6 
(147.8) 

22.40 
(106.3) 0.04 -35.92  

(132.4) 0.03 

Weekend sitting time (min) 326.2  
(138.3) 

341.4 
(138.6) 

320.3 
(150.5) 

15.21 
(124.6) 0.64 -21.13  

(154.3) 0.01 

Walking (days/week) 4.8 
(2.2) 

5.1 
(2.1) 

5.25 
(2.04) 

0.3 
(1.6) 0.001 0.141  

(0.975) 0.37 

Walking (min/day) 49.1 
(53.9) 

50.6 
(56.9) 

51.5 
(50.6) 

1.48 
(29.2) 0.18 0.88  

(43.35) 0.26 

Moderate PA (days/week) 2.5 
(2.2) 

2.3 
(2.2) 

2.47 
(1.74) 

0.27 
(1.7) 0.53 0.20 

(1.88) 0.38 

Moderate PA (min/day) 55.6 
(60.2) 

56.9 
(61.0) 

62.4 
(59.5) 

1.25 
(61.4) 0.76 5.46 

(57.1) 0.57 

Vigorous PA (days/week) 2.0 
(1.8) 

2.0 
(1.8) 

2.1 
(1.9) 

0.1 
(1.4) 0.82 0.1 

(1.2) 0.78 

Vigorous PA (min/day) 50.9 
(40.7) 

46.8 
(45.2) 

53.4 
(52.9) 

-3.48 
(35.7) 0.30 6.57 

(43.6) 0.47 

Min: minutes; PA: physical activity. 

Table 3. Sedentary Behaviour Health Belief Questionnaire, Subscale Scores; Median (IQR) 

Subscale 
(score range) 

T1 
n=71 

T2 
n=71 

T3 
n=71 

Mean change 
(T2-T1) p-value Mean change 

(T3-T2) p-value 

Perceived Susceptibility  
(5-25) 

13  
(11-16) 

14.5  
(11-16.5) 

14  
(11-16.5) 

0  
(0-2) 0.01 0  

(0-1) 0.41 

Perceived Severity  
(5-25) 

21.5  
(20-24) 

23  
(21-24) 

2  
(20-24) 

0  
(0-1) 0.03 0  

(-1)-0 0.11 

Perceived Benefits  
(4-20) 

16  
(15-18) 

16 
(15-18) 

16  
(15-19) 

0  
(-1)-1 0.45 0  

(-0.5)-1 0.60 

Perceived Barriers  
(7-35) 

22.5  
(18-26) 

23  
(19.5-25.5) 

24  
(20-26) 

0  
(-1.5)-2 0.73 0  

(-1)-2 0.23 

Self-efficacy 
(2-10) 

8  
(7-8) 

8  
(8-8) 

8  
(7.5-8) 

0  
(0-0) 0.93 0  

(0-0) 0.27 

Concern for Appearance  
(4-20) 

16  
(14-16) 

16  
(14-17) 

16  
(14-17) 

0  
(0-0) 0.30 0  

(0-0) 0.52 

Future Consequences  
(12-60) 

36  
(33-38) 

36  
(34-39) 

35  
(33-38) 

0  
(-1)-1 0.98 0  

(-2)-0 0.005 

Self-identity  
(3-15) 

12  
(11-15) 

12  
(12-14) 

12  
(12-15) 

0  
(0-0) 0.96 0 

(0-0) 0.54 

Perceived Importance  
(3-15) 

12  
(11-13) 

12  
(11-13) 

12  
(11-12) 

0  
(0-0) 0.89 0  

(0-0) 0.40 

Table 4. Readiness Ruler; Median (IQR) 

 T1 
n=71 

T2 
n=71 

T3 
n=71 

Mean change 
(T2-T1) p-value Mean change  

(T3-T2) p-value 

Readiness to Change 
(1-10) 

6 
(5-7) 

6 
(5-8) 

7 
(6-8) 0 (-1)-1 0.51 0 (0-1) 0.04 
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3.5. Log Data 
The greatest amount of domain-specific sitting time reported 

was for completing paperwork at work (12.8hrs/wk. ±7.7) 
and at home (13.3hrs/wk. ±8.2). Total sitting time  
on Mondays (-1.6hrs/day ±3.0, p<0.001), Wednesdays  
(-0.9hrs/day ±3.0, p=0.02), and Thursdays (-0.8hrs/day ±2.3, 
p=0.01) significantly decreased. Sitting while completing 
paperwork at work (-2.1 ±7.8, p=0.002) and participating 
in hobbies (-1 ±2.8, p<0.001) significantly decreased. 

3.6. Health Belief Subscale Scores and 
Changes in Sitting Time 

No association was observed between any health belief 
subscale score at baseline (T1) and changes in sitting time 
between T2 and T3. Perceived benefits (rs = -0.25, p=0.04) 
scores at T2 were inversely associated with changes in 
sitting time from T2 to T3. No other associations between 
health belief subscale scores and changes in sitting time 
were observed. 

3.7. Video Evaluation 
Over a third (37.7%) of participants rated the video’s 

content as ‘excellent’ (5), with a median rating of 4. 
Median ratings for the video’s design, graphics, and music 
were a 4. Median rating for overall impression of the 
video was a 4 with close to 32% of participants rating 
their impression as a 5/5. When asked if they would 
recommend the video to a friend, 88.5% of participants 
said ‘yes’. Suggestions for improvement included adding 
audio or voiceover (n=7), increasing the speed of the 
video (n=5), and shortening the overall length (n=5). 

4. Discussion 

The purpose of this study was to determine whether 
exposure to evidence-based strategies for reducing sitting 
at home and at work via an educational video altered the 
health beliefs and reduced daily sitting time of healthy 
adults working in academic occupations. Following  
the intervention, participants reduced their weekday  
sitting by-35.9 minutes/day and weekend sitting by-21.2 
minutes/day. Importantly, the reduction in weekday sitting 
(-35 minutes) observed between post-intervention (T2) 
and follow-up (T3) exceeded 30 minutes. Replacing 30 
minutes of sedentary behaviour with light-intensity 
activity has been shown to lead to beneficial changes  
in clinical biomarkers (i.e. tri-glycerides, insulin  
levels, and Beta-cell function) [20] and thus exceeding  
this threshold could be considered an indication of 
intervention success. These findings are consistent with 
two recent systematic reviews and meta-analyses. [4,9] 
The first review (34 included studies) indicated sedentary 
behaviour-focused interventions were capable of reducing 
sitting time by-41 minutes/day, [9] while the second (38 
included studies) reported an average reduction in sitting 
time of-30 minutes/day for sedentary behaviour-focused 
interventions. [4]. 

Accelerometer data from the 2003-2006 National 
Health and Nutrition Examination Survey (NHANES) 

indicates that for less-active individuals (<5.8hrs total 
activity/day), replacing 1 hour of sedentary time with light 
or moderate-to-vigorous physical activity is associated 
with an 18-42% lower risk of mortality. [21] Though no 
changes were observed for moderate or vigorous physical 
activity in this study, the IPAQ does not ask participants 
about the amount of time they spend in light or incidental 
physical activity. Given the strong inverse association 
between sedentary behaviour and light physical activity, 
[22] it is likely that participants in this study displaced 
sitting time with standing and light ambulation. Changes 
in light physical activity are beneficially associated with 
decreased waist circumference and 2-hour plasma glucose 
levels [22,23] and are thus a desirable outcome for a 
sedentary behaviour intervention. 

Consistent with data from the Canadian Health 
Measures Survey, sedentary behaviour logs confirmed 
participants sat nearly 10 hours on weekdays and 8 hours 
on weekend days. [24] Sitting during occupational tasks 
contributed the greatest amount of time to domain-specific 
sedentary behaviour. As expected, adults working in 
academic occupations reported high levels of sedentary 
behaviour. This is consistent with evidence from two 
systematic reviews reporting positive associations 
between educational attainment, socioeconomic status, 
and working in a professional role with occupational 
sitting time. [25,26]. 

The aim of the video was to influence viewer’s health 
beliefs and indeed, an increase was observed between  
T1 and T2 for perceived severity, and susceptibility 
subscale scores. However, no other changes in health 
belief subscale scores between T1 and T2 were observed. 
Overall, consideration of future consequences scores were 
lower at T3 than at T2 indicating that participants were 
less concerned with the future consequences of their 
sedentary behaviour by the end of the study. It is possible 
that the act of changing a negative health behaviour such 
as sedentary behaviour could make an individual feel less 
concerned about the future consequences of his or her 
actions by providing a sense of affirmative action towards 
their future health. More likely, as suggested in the 
literature, the value of short-term costs and benefits  
are more important determinants of preventive health 
behaviours than the value of long-term consequences. [27] 
Whether the consideration of immediate consequences is  
a more important determinant of sedentary behaviour  
in the adult population than consideration of future 
consequences is not yet known. 

4.1. Limitations 

The current study is not without limitations. First, the 
small, homogeneous sample of faculty members, graduate 
students, and research support staff at a single university is 
likely not representative of academic workers. Sedentary 
behaviour patterns vary for different occupations within 
an academic setting [7] and thus generalizability of our 
study results may be limited. It is possible that due to the 
education level and research focus on physical function 
and activity, graduate students and faculty members 
recruited from the School of Rehabilitation Science may 
have been aware of the health effects of sedentary 
behaviour and had already taken steps to reduce their 
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sitting. Results from a focus group conducted in a similar 
demographic to the sample included in the present study 
indicated that middle-aged, female, full-time employees 
were aware that prolonged sitting was bad for health and 
that occupational sitting was the biggest contributor to 
daily sedentary behaviour. [28] For this reason, baseline 
IPAQ scores helped to capture participant’s physical activity 
and sedentary behaviour status prior to participation in the 
study. Second, without a control group, the true effect of 
the intervention on sedentary behaviour cannot be isolated 
from outside factors. To account for any temporal changes 
in sedentary behaviour, each participant was asked to log 
his or her daily sitting time for one week prior to receiving 
the intervention. We were then able to make a meaningful 
comparison between a participant’s usual sedentary behaviour 
at baseline and any changes to sedentary behaviour made 
one week after watching the educational video. Third, all 
measures were self-reported and are thus subject to recall 
bias as well as perception bias. Adapting previously 
validated scales into the SB-HBQ may have introduced 
measurement error, however we were not able to identify 
another measure of sedentary behaviour health beliefs. 
The measures of this study were chosen to maximize 
adherence and minimize participant burden. Participants 
were able to complete the questionnaires at their own 
convenience, in the privacy of their own home or place of 
work, and the survey completion was easy to assess. 
Fourth, our study was only two-weeks in duration, which 
represents a short window of observation into participants’ 
usual pattern of sedentary behaviour and limits our ability 
to determine whether changes in sitting persisted longer-
term. Finally, the intervention was delivered entirely 
online, making it difficult to ensure participants had 
watched the entire video, so we are unable to comment on 
the exposure or dose associated with the intervention. 
Treatment fidelity could have been compromised should 
participants have watched some, but not all, of the video. 

4.2. Strengths 
Despite these limitations, web-based interventions offer 

several advantages including increased: accessibility, data 
completion, and standardization, as well as reduced cost. 
[29] This study was designed to be low risk and low 
burden to appropriately meet the needs of a healthy, 
working-age adult population. The main strength of this 
study was that media was successfully used to convey an 
important, evidence-based, public health message that was 
well received by its audience. The feedback from participants 
was very positive overall. The video developed for this 
intervention has the potential to be scaled up for much 
larger audiences. It would not be difficult for an employer 
or organization to circulate the video to its employees or 
for a healthcare provider to share with his or her patients. 

5. Conclusion 

A brief, 5-minute educational video influenced health 
beliefs and reduced daily sitting time in a sample of 
healthy adults working in sedentary occupations. By the 
end of the two-week intervention, participants had reduced 
their total weekly sitting time by nearly 220 minutes. 

Eighty-eight percent of participants would recommend the 
educational video to a friend, indicating the intervention 
was well received. This study is among the first to explore 
the relationship between health belief constructs and  
adult sedentary behaviour. Our findings do align with  
the limited literature on health beliefs and sedentary 
behaviour, though our results are limited by a lack of 
control group, use of some author-developed measures, a 
small sample size, and lack of long-term follow-up. There 
is a need to develop validated instruments for assessing 
health belief constructs specific to sedentary behaviour in 
the adult population. The extended Health Belief Model, 
as proposed by Orji et al. [11] has the potential to expand 
our understanding of the determinants of adult sedentary 
behaviour and how they might be influenced through 
intervention. Given the success of our brief video-based 
intervention, future testing with a more heterogeneous 
sample over a longer duration is warranted. 
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