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Abstract

Part of a wider range of investigations to produce generally acceptable standards for measuring
affective well-being, time diary surveys have tested several approaches to measuring subjective
well-being during diary days. As an alternative to the standard approach of asking a single
question about each activity reported in time diary surveys, the 2010 module of the American
Time Use Survey asked six emotion questions about three activities. The perception questions
captured how happy, meaningful, sad, tired, stressed, or in pain respondents felt on a 7-point scale.
To evaluate this approach, our research examined the reliability and validity of the six emotion
questions, and assessed their variability across activities. Using principal component analysis, we
assessed the associations among items and obtained two activity-level components with
Cronbach's alphas of 0.68 and 0.59 and two respondent-level components with Cronbach's alphas
of 0.74 and 0.65. To test validity, we regressed self-rated health on the underlying components and
socio-demographic controls. Both of the respondent level components were significantly
associated with better health (odds ratio 1.81, 1.27). Using each of the perceptions individually,
we found that happiness, meaningfulness, and lack of fatigue, stress, and pain were related to
better health, but none as strongly as the first component. Finally, we examined the coefficients of
variation to assess the variability in the well-being measures across activities. Measurement
implications and limitations of this study are discussed.

Keywords
Subjective well-being; Time use; Health; Methodology

1 Introduction

Although there is wide recognition that financial measures are not the only indicators of a
good society, the general well-being of a society is usually measured in terms of GDP,
national income and consumption (Krueger et al. 2009b). To complement these financial
measures, researchers and policymakers have made considerable progress in incorporating
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subjective or affective measures, such as trust or happiness, in the discourse regarding the
well-being of society. The current study contributes by examining one recent assessment of
well-being, a module of the American Time Use Survey (ATUS) that asks individuals to
evaluate and report their subjective experiences during three randomly selected activities.
Because there are few previous analyses to model and because the specific way activities are
sampled makes their analysis complex, this paper provides a descriptive examination of
these measures. The objective of this paper is to evaluate the reliability of the measures,
their validity in terms of predicting self-rated health, and the variability of self-rated
subjective evaluations across different activities.

1.1 What is Subjective Well-Being?

Krueger and colleagues have argued that, ideally, one would like to know the proportion of
daily time that an individual experiences negative/positive emations (Krueger et al. 2009b).
The higher the proportion of time positive experience is reported, the higher the well-being.
This would be possible only if the investigator were to measure subjective experiences
continuously throughout an entire day. Lacking a comprehensive measure, well-being is
defined in terms of individual experiences either at specific times or during participation in
specific activities.

1.2 Assessment of Subjective Well-Being

Initially, measures of subjective well-being in time diary surveys asked respondents’
satisfaction with or enjoyment of daily activities in general. The 1965-1966 time use survey
was the first to collect affect information about activities in the U.S. After providing a 24-h
recall of the previous day's activities, respondents reported their most enjoyable and least
enjoyable activity during their diary day (Robinson and Martin 2009). Similarly, in the
second and fourth waves of the 1975 Time Use in Economic and Social Accounts study,
collected by Juster and colleagues at the University of Michigan, respondents rated 22
activities on a 10-point scale (from “dislike a great deal’ to ‘enjoy a great deal’) (Juster et al.
1975). These general ratings are limited in that they may not represent how respondents
actually experienced their activities (Krueger et al. 2009a).

Since the 1980s, time diary survey respondents have rated subjective well-being during
specific activities. A limited number of time use surveys conducted in Canada, the U.S., and
the U.K. experimented with asking a single emotion question of all activities. In the 1985
study of American's Use of Time, individuals rated enjoyment of each reported activity on a
1-10 scale similar to that used in the 1975 survey (Robinson 2013). The 1986 Unilever
Household Research Project in the U.K. also asked an enjoyment question for each activity
reported in the diary (Gershuny 2013). These approaches yielded an individual's rating of a
specific activity episode. In the Family Time and Activity study of Canadians, Michelson
(1985) asked the degree of tension experienced in each of the episodes on a 7-point scale
(from “very tense’ to ‘very relaxed’). Limited published research made use of the affect
dimension of these surveys until recent years. While these surveys remained accessible, if
little used, two other approaches to collecting emotions alongside daily activities also
developed in the later years of the last century.
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The Experience Sampling Method (ESM) collects momentary perceptions of subjective
states within minutes of the event, as opposed to later on the same day or on the next day
(Hektner et al. 2007). Individuals are contacted at random intervals during the day and asked
a set of questions about what they are doing and how they feel about it. Studies using the
ESM have tended to focus on small local areas or subgroups instead of national populations.
Because of its random selection of intervals, the ESM does not obtain information about the
full day but can use the sequence of activities across a day to examine the quality of feelings
(Kubey and Csikszentmihalyi 1990).

The Princeton Affect and Time Survey (PATS) and earlier smaller scale surveys collected
by Kahneman and colleagues included the same fields present in conventional time diary
surveys [though Kahneman and Krueger describe their surveys as a Day Reconstruction
Method (DRM)], but claimed they added an innovation not present in previous time use
surveys (Kahneman et al. 2004). After the day reconstruction was completed, respondents
were asked to report on six emotions (pain, happy, sad, tired, stressed, and interested) they
may have experienced during three randomly selected 15-min intervals over the course of
the day. A limitation of this strategy is that the selected time intervals could have included
multiple activities during which individuals might, in some circumstances, experience
different emotions. The use of the DRM to collect affect information has been recently
questioned (Diener and Tay 2014) due to the paucity of documentation on the scale
employed and the six questions chosen (but see National Research Council 2012).

The ATUS well-being module broadly adopted the DRM format in the PATS, but focuses
on the activity as opposed to a randomly selected time interval. It asks about meaningfulness
rather than interestedness as well as whether the respondent was in pain, happy, sad, tired,
and stressed. Each of the six measures is coded ‘not at all’ (0) to ‘very’ (6) for three
randomly selected activities that lasted at least 5 min, excluding sleeping, grooming, and
personal activities.

With the general agreement that affect information is important for developing national
well-being accounts, agencies such as the OECD (2013) and the United Nations Economic
Commission for Europe (UNECE 2013) recommended the collection of at least some form
of affect data in national surveys. The 2009-2010 French and 2014-2015 British national
time use surveys conducted following the Harmonised European Time Use Survey
guidelines asked a sub-sample of participants to complete a single enjoyment question for all
activities. As a part of the on-going debate towards developing an internationally accepted
standard, as recommended by the UNECE (2013), this paper undertakes an in-depth
investigation of the method that was chosen for the 2010 ATUS.

1.3 What are the Assumptions Underlying the Measurement of Well-Being?

Based on their research with the PATS, Krueger et al. (2009b) recommended the
construction of an index called the “U index” which is created by classifying an activity
episode as unpleasant if the most intense feeling reported for that activity is negative. This
assumes that the relative ordering on a scale of assessing pain is comparable to the relative
ranking on a happiness scale, for example, which may or may not be the case. No empirical
work was conducted to establish equivalence. In addition, the result of the U index is a
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dichotomous measure—unpleasant or not unpleasant. Many activities have some elements
of both pleasantness and unpleasantness. Recent experimentation using emotion measures
attached to the Disability and Use of Time supplement of the U.S. Panel Survey of Income
Dynamics (Freedman et al. 2014) suggests that some emotions do not change significantly
with duration of activities, with the exception of frustration, and that many measures of
negative emotion (sad, tired, pain, worried, and frustrated) are strongly correlated. In
pursuing a more nuanced measure, we challenge the assumption that these six elements
represent a single valid and reliable scale. To do so, we need to understand how they work
together.

In this paper we take a more conventional approach, in which we measure the extent of
positive reaction to an activity, treated as a continuous construct. We use standard
measurement theory, which assumes that there is a dimension of satisfaction or positiveness
underlying the experience of each activity episode. The true measure is a function of our
observed indicators plus error. Of an infinite set of indicators, the scale measures only a few.
Some are worded in a negative and some in a positive direction, but, if they tap a similar
dimension, they will be highly correlated. By using standard psychological measurement
tools, we can gain a better understanding of the underlying correlation of each item with the
underlying construct and, if needed, divide the indicators into more homogeneous groups
based on correlations with the underlying construct.

Specifically, in our analysis we focus on reliability, validity, and variability. We evaluate
reliability using Cronbach's alpha, a measure of the dependability or consistency of the
measure: the extent to which the observed items are linked to the true underlying scores.

Validity, in contrast, tells us whether our underlying measure is linked to an hypothesized
outcome, in this case self-reported health. Does it measure what it is supposed to measure?
Research has consistently shown that happiness and health are correlated (de Mello and
Tiongson 2009; Huppert 2009; Veenhoven 2006). We argue that individuals with better
subjective well-being should also report better health, without implying any causal linkage.

Finally, although we may be able to adequately measure subjective emaotional states during
activities, and these may link to hypothesized outcomes, how much variability is there in
emotional states across activities and across individuals? Are there differences in emotional
states across activities, or do these subjective emotional states appear to better describe the
individuals themselves rather than activities? Are these truly momentary perceptions or do
they represent consistent underlying individual characteristics?

The ATUS is a nationally representative annual survey of the time use of Americans aged 15
or older conducted by the U.S. Bureau of Labor Statistics from 2003 to the present (Bureau
of Labor Statistics 2014). The monthly Current Population Survey (CPS) provides the
sampling frame for this survey; households that complete the eighth and final CPS interview
become eligible for selection into the ATUS sample. Because households in small states are
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oversampled in the CPS, the first procedure is to eliminate this overrepresentation (Abraham
et al. 2006). The second procedure is to stratify households based on the race/ethnicity of the
householder, the presence and age of children, and the number of adults in adult-only
households, and the sampling rates vary depending on these strata. One person aged 15 or
older is randomly selected from each sampled household for the ATUS interview, which
occurs 2-5 months after the completion of the last CPS interview.

Once the selected participant agrees to participate in the ATUS interview, the survey is
collected by telephone, either in English or Spanish. The ATUS participant is asked to
answer questions about socio-demographic characteristics and to report retrospectively how
he or she spent one 24-h day. The respondent describes his or her primary activities, with
whom he or she was at those times, and the place where the activities took place. The
average response rate from 2003 to 2013 was 55 % (ranging from 57.8 % in 2003 to 49.9 %
in 2013). The response rate has not seriously affected the generalizability of the survey, but
those who are weakly involved in their communities have been shown to be less likely to
respond (Abraham et al. 2006). ATUS interviews are conducted every day including
holidays (New Year's Day, Easter, Memorial Day, 4th of July, Thanksgiving, and
Christmas); no interviews were conducted on Thanksgiving or Christmas Day in 2003 and
on Thanksgiving Day since 2004. Ten percent of the ATUS diary days are assigned to each
of the weekdays, 25 % are assigned to Saturdays, and the remaining 25 % to Sundays, and
they are also distributed evenly across the weeks of the year. Using population weights, the
data are adjusted to represent actual weekdays and weekend days in a year.

The data for this study were drawn from the 2010 well-being module of the ATUS. We
make use of the version of the ATUS available through the ATUS-X Extract Builder system
(Hofferth et al. 2013; http://www.atusdata.org), which offers the advantage of allowing
simplified linking of supplementary data (including the emotion supplement) and variables
from previous waves of the CPS to the ATUS data. The 2010 well-being module is the first
ATUS supplementary module to collect information on the respondent's subjective well-
being during three randomly selected activities, each of which lasted at least 5 min.

Because the respondent is also asked to report self-rated health status, the 2010 well-being
module can be used to examine diverse aspects of the respondent's well-being, in
combination with his or her time use patterns. We focused on ATUS well-being module
respondents aged 25-64 because those who are younger or older may have different health
conditions or disabilities and different activities compared with those in the prime
employment years. Also, the pressures of work-life balance fall most heavily on people of
working age (Drobnic and Guillén 2011); hence, this group is of high policy significance
when measuring national emotional well-being. We limited our sample to those with
complete socio-demographic information, time diaries, and at least one subjective well-
being report for one of the randomly selected activities. Given these conditions, our sample
consists of 8791 respondents to the ATUS well-being module. Descriptive information for
the sample is presented in “Appendix” Table 8.

We created two analysis files: one for activity-level data and one for respondent-level data.
An activity-level file, called an event or episode file, has one record (row) for each activity,
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along with variables identifying the type of activity, its start and end time, the duration of
the activity, and its location (Michelson 2005). Because the typical respondent engages in
many activities during a diary day, one respondent has multiple records of activities and the
number of records varies depending on the respondent. The activity-level ATUS data in this
paper consist of the respondent’s assessed activities and his or her six subjective well-being
reports for up to three activities, with everyone reporting at least one activity: 97.52 % have
three complete activities and emotion reports (8573 respondents x 3 activities = 25,719
records); 2.26 % have two complete activities and emotion reports (199 respondents x 2
activities = 398 records); and 0.22 % have only one activity and its emotion report (19
respondents x 1 activity = 19 records). Including those with one, two, or three selected
activities, the total number of records in the activity-level data is 26,136 (=25,719 + 398 +
19).

A respondent-level file, called a summary file, has one record (row) for each respondent,
along with the columns including aggregated values of time-use components (Michelson
2005). In the ATUS, for instance, 20 min of walking in the morning and 30 min of walking
in the evening are coded as two separate records in the activity-level data. In the respondent-
level file, however, the respondent is reported as walking for 50 min on the diary day. The
respondent-level file can be used to calculate summary measures of time use for populations
or subgroups and to examine individual characteristics that may be associated with them.
The respondent-level well-being data in this paper come from averaging emotion scores
across (up to three) records in the activity-level file for each respondent; the total number of
records in the respondent-level data file is 8791 (=8573 + 199 + 19).

2.2 Measures

The subjective well-being measures used in this study comprised two positive (happy and
meaningful) and four negative emotions (sad, tired, stressed, or in pain). Five of the six
emotions were asked about each of the randomly selected activities in a similar format:
“From 0 to 6, where a 0 means you were not happy/sad etc. at all and a 6 means you were
very happy/sad etc., how happy/sad etc. did you feel during this time?” The sixth measure
was asked as follows: “From 0 to 6 where a 0 means not meaningful at all to you and a 6
means very meaningful to you, how meaningful did you consider what you were doing?”
The order of the six questions was randomly determined for each respondent.

The self-rated health question was used to validate the subjective well-being measures. The
ATUS participant was asked, “Would you say your health in general is excellent, very good,
good, fair, or poor?,” on a scale of 1 (excellent) to 5 (poor).

In examining the association between subjective well-being and self-rated health, we
adjusted for socio-demographic factors that may affect well-being and may also affect health
(Haas 2007; Huppert 2009), including age, educational attainment, the family's total annual
income, employment status, race/ethnicity, gender, marital status, whether the respondent
had a child under the age of 18 in the household, whether the respondent had any physical or
cognitive difficulty, and the amount of time spent sleeping.
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2.3 Analysis Plan

3 Results

To assess the reliability of the six subjective well-being measures, we conducted a principal
component analysis and calculated Cronbach's alphas. Because the four negative emotions
were asked on the same scale as the two positive emotions, either the four negative or the
two positive emotions could be recoded for consistency and easier interpretation. We
reverse-coded the four negative emation items so that each item was an indicator of positive
subjective well-being. All of the statistics for the reliability test were calculated both for
activity-level and for respondent-level well-being measures.

Validity was tested by regressing self-rated health on the subjective well-being indicators,
using an ordinal logistic regression. This health question has five ordered categories, which
makes the use of ordinal logistic regression appropriate. Health is coded so that a positive
association means that a variable is associated with improved health on this scale. The socio-
demographic controls were included in the validity assessment model, thereby obtaining a
clearer picture of whether perceived well-being was independently associated with general
health status. Because the self-reported general health indicator and socio-demographic
variables were measured at the respondent level, the validity test could not be conducted at
the activity level. To show how the six items can be used in different ways in the validity
test, three types of well-being measures (scores obtained from a single factor and from a
two-factor principal component analysis and individual items) were utilized in the analysis
models.

The variability of subjective emotion evaluations across activities was tested by the
coefficient of variation (CV), the ratio of the standard deviation to the mean. Because the
CV indicates the extent to which an item of interest varies, the higher the CV, the greater the
variability of the six perceptions across activities and across people. The CVs were
calculated at both the activity level and at the respondent level, and all of these analyses
were conducted using SAS 9.3. Analyses were weighted using the final activity-level weight
for activity-level data and the final respondent-level weight for respondent-level data.l

3.1 Descriptive Statistics

Means and standard deviations of the six subjective well-being measures are shown in Table
1. The activity-level means are the average emotion scores of all the activities; the
respondent-level means are the averages of individuals’ emotion scores, which have been
averaged across the assessed activities. Activity-level and respondent-level mean scores of
the same emotional state were very similar. No sadness had the highest mean in both of the
data sets, followed by no pain, indicating that respondents reported very little sadness and
pain, on average. These results confirm the finding in previous studies conducted with an
early version of the DRM that negative emotions were rarely observed (Kahneman and
Krueger 2006). Fatigue showed a relatively higher mean score than the other negative

1The BLS reported a problem with the selection of activities other than sleeping in the last episode for the 2010 and 2012 ATUS
module and re-released corrected weights on May 21, 2014. This study used the 2010 well-being module data containing the weights
adjusted for this error. For more information see http://www.bls.gov/tus/wbnotice.htm; accessed July 9, 2014.
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subjective well-being measures. For the two positive feelings, the mean of meaningfulness
was higher than that of happiness in the two data sets, but the two scores in the respondent-
level data did not differ.

All of the six emotional states were significantly different from each other in the activity-
level data [F(5, 156,635) = 2945.40, p < .001]. The same pattern was revealed in the
respondent-level data [F(5, 52,740) = 1417.45, p < .001], except for the relation between the
two positive feelings—meaningfulness and happiness. The differences in the subjective
well-being measures will be further discussed in Sect. 3.4.

3.2 Reliability

Table 2 presents correlations among the subjective well-being measures. Overall, the two
positive emotions were moderately correlated with one another; the four negative feelings
were also closely related. The correlations between positive and negative items were
relatively low. For instance, the meaningfulness item was moderately correlated with
happiness (0.40 in the activity-level data; 0.48 in the respondent-level data), but had very
weak correlations with the negative emotional states (0.00-0.06 in the activity-level data;
0.01-0.08 in the respondent-level data). Although the two adjectives of ‘happy’ and ‘sad’
are antonyms from a linguistic perspective and paired as polar opposites (Osgood et al.
1957), happiness and no sadness showed relatively low correlations (0.32 in the activity-
level data; 0.37 in the respondent-level data).

Using the six emotion items, principal component analysis with varimax rotation was
conducted to identify the components in both the activity-level and respondent-level data
sets. We first requested only one component (Table 3, upper panel). The six items explain
39.21 % of the variance in the variables in the activity-level and 43.42 % of the variance of
the variables in the respondent-level data. We then used two criteria to determine the
number of components extracted: eigenvalue and scree plot. An eigenvalue is defined as
“the amount of variance that is captured by a given component” (O'Rourke et al. 2005), and
any component with an eigenvalue of 1 or greater is considered appropriate to retain. A
scree plot graphically shows the eigenvalue of each of the components, and any component
before a noticeable drop is assumed to be retained. These two criteria in our analysis
suggested two components in each data file (Table 3, lower panel). Component 1 in the
activity-level data had an eigenvalue of 2.35 and that in the respondent-level data had an
eigenvalue of 2.61. Each component accounted for the same amount of variance as the sole
component in the aforementioned one factor analysis in the respective data files. Component
2 in the activity-level data had an eigenvalue of 1.25 and explained 20.87 % of the variance;
that in the respondent-level data had an eigenvalue of 1.31 and explained 21.79 % of the
variance. The grouping of the items in the principal component analysis is similar to the
prior analysis (Table 2) because it reflects the underlying correlations. However, it is
possible that the components are mainly driven by the question wording (positive or
negative direction) and devoid of substantive meaning because happiness and no sadness
were not grouped together. To address this we also conducted principal component analysis
using only five items (happiness, no pain, no sadness, no stress, and no fatigue), given the
low correlations between meaningfulness and other items (Table 3, upper panel). Only one
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component was suggested with eigenvalues of 2.31 in the activity-level data and of 2.56 in
the respondent-level data. This suggests that the second component results from the
inclusion of meaningfulness and not from the positive—negative wording of the items.

Internal consistency coefficients (Cronbach's alphas) were also calculated for both data sets.
When we requested one factor from all six items, its Cronbach's alpha was 0.66 in the
activity-level data and 0.70 in the respondent-level data. When we obtained two factors, the
four items in the first component showed a Cronbach's alpha of 0.68; the two items in the
second component had a Cronbach's alpha of 0.59 in the activity-level data. In the
respondent-level data, we obtained Cronbach's alphas of 0.74 from the four items in the first
component and 0.65 from the two items in the second component. The acceptable range for
Cronbach's alpha varies by number of items, variability, and purpose of the scale. There is
no fixed cutoff but a range of 0.60-0.80 is acceptable (Nunnally 1978). Therefore, the six
items in the 2010 well-being module of the ATUS showed acceptable Cronbach'’s alphas in
the activity-level and respondent-level data sets.

We tested the validity of the six averaged respondent-level subjective well-being items by
examining their association with the self-rated general health indicator. This convergent
validity was assessed in three models in Table 4. Model 1 shows how the underlying
constructs found in the principal component analysis were linked to general health status.
Factor 1 (no pain, no sadness, no stress, and no fatigue) was significantly associated with
better health [Spearman Correlation 0.32; odds ratio (OR) 1.81]. Factor 2 (happiness and
meaningfulness) was also significantly linked to better health (Spearman Correlation 0.07;
OR 1.27). Model 2 presents the result of regressing general health on each of the subjective
well-being items and socio-demographic controls. Although happiness (Spearman
Correlation 0.18; OR 1.18), meaningfulness (Spearman Correlation 0.04; OR 1.06), lack of
pain (Spearman Correlation 0.35; OR 1.42), stress (Spearman Correlation 0.20; OR 1.06),
and fatigue (Spearman Correlation 0.21; OR 1.12) were significantly related to better health,
lack of sadness was not. We used the single factor obtained earlier in Model 3, and this
measure was also significantly associated with better health (Spearman Correlation 0.33; OR
1.89). Using only five items (without meaningfulness), instead of six, produced an OR of
1.89 and a Spearman's correlation of 0.33, p < .001. Our findings indicate that individuals
with better subjective well-being also reported better health.

Given the various measures reviewed, in Table 5 we summarize the reliability and validity
tests and potential tradeoffs across four potential combinations of the six well-being
measures.

3.4 Variability

The CVs across subjective well-being items at both the activity and respondent levels,
calculated by dividing the standard deviations by the means presented in Table 1, indicate
the amount of variability (Table 6). Because the no fatigue item showed the highest standard
deviation and the lowest mean, its CV was the highest. The lowest CV was found in the no
sadness item due to its low standard deviation and high mean. Additionally, the CVs in the
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activity-level data were greater than those in the respondent-level data. This makes sense
because the emotion scores in the respondent-level data are obtained by averaging the
average of each respondent’s three well-being assessments. The variability decreases when
the emotion measures are averaged across activities.

We illustrate the variability of the six affect items using box plots for the activity-level data
in Fig. 1 and the respondent-level data in Fig. 2. The three lines in each box indicate the
first, second (median), and third quartiles of a variable. Thus, the box represents how the
data from the first quartile to the third quartile were distributed. Because the no pain item
and the no sadness item showed highly skewed distributions, their second quartiles were the
same as their third quartiles, and their boxes show only two lines. The different sizes of the
emotion item boxes correspond to the differences in the CVs across measures in both data
sets presented in Table 6. Given the CVs and box plots in the table and figures, our findings
indicate relatively small to moderate variability across different subjective well-being
measures.

Table 7 presents correlations and weighted means and standard deviations of the emotional
states across activities. The means were calculated by dividing the sum of the positive
perceptions by the number of selected activities, so they represent how positively the
respondents assessed the assigned activities. The means of the first and third activities were
around 4.50, and the mean of the second activity was slightly lower, 4.45. To assess the
variability of the emotional states across activities, mean differences were tested using the
GLM test. Means across activities were statistically significant [F(2, 26,133) =7.14,p<.
001]; differences were detected between the first and second activities and between the
second and third activities at the p < .05 levels. No matter what types of activities the
respondent assessed, he or she reported significantly lower positiveness in the second
activity than in the first or third activities.

Emotional states across activities showed relatively strong correlations. Adjacent activities
were correlated around 0.70, but the first and third activities were correlated at 0.63. The
Cronbach's alpha of the three assessments is 0.86, which suggests high consistency across
the respondents’ reports. The CVs across the respondent's three activities are similar at about
23 %, indicating low variability. Thus, the small to moderate variability across the
subjective well-being measures as well as across the three activities and the high correlations
across activities suggest that the respondent's emotional reports on the three randomly
selected activities are closely related to individual-specific characteristics, such as
positiveness. Consistent with this result, Patulny and Fisher (2012) found that the context as
well as activities themselves were associated with affective responses.

4 Discussion

The ATUS 2010 well-being module represents one methodology for combining subjective
well-being reports during a randomly selected set of activities with time diaries. Given that
the subjective well-being measure therein represents an individual's positive or negative
experiences, the six affect items (happiness, meaningfulness, in pain, sadness, stress, and
fatigue) can be utilized to study the ATUS respondents’ well-being in diverse ways. Using
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the average scores of the affect items in the activity-level data and in the respondent-level
data, we examined the reliability, validity, and variability of the measures with a sample of
8791 ATUS well-being module respondents aged 25-64.

4.1 Use of All Six Items in One Scale

If the researcher wishes to use all six items in one scale, our reliability tests of the six
emotion items show sufficiently high reliability estimates. The Cronbach's alpha in the
activity-level data was 0.66 and that in the respondent-level was 0.70. They are in line with
reliability estimates in other subjective well-being measurement approaches, such as the
ESM or the DRM. In the ESM, for example, the internal consistency reliability among four
affect measures (happy, cheerful, sociable, and friendly) was 0.57 (Csikszentmihalyi and
Larson 1987; Csikszentmihalyi and Hunter 2003). The test—retest reliability scores of the
subjective well-being measures in the PATS DRM were 0.62 (happiness) and 0.60
(depressed) (Krueger and Schkade 2008). The weak item is meaningfulness, with a low
correlation between meaningfulness and other items and a weak linkage between the
meaningful item and a single underlying component (0.26 for activity-level data and 0.27 for
respondent-level data).

To use all six items in one scale, the analyst would output a weighted factor score for the
entire six-item scale; the weights for the meaningfulness item suggested in principal
component analysis are 0.11 in the activity-level data and 0.10 in the respondent-level data.
Compared to the weights of other items (0.25-0.33 in the activity-level data; 0.24-0.31 in
the respondent-level data), these low weights represent very little contribution of the
meaningfulness item to the single component. An alternative strategy would be to drop
meaningfulness. The five items without meaningfulness fit well into one scale. At the
respondent level the five items explain 51 % of the variance compared with 43 % of the
variance using all six items.

4.2 Division into Two Scales

Given the low correlations between meaningfulness and other items, creating two scales is a
reasonable option. The six emotion items can be grouped into two underlying components.
The meaningfulness item showed the biggest increase in factor loadings when we specify
two factors instead of one factor in the principal component analysis (0.26—0.86 in the
activity-level data, 0.27-0.89 in the respondent-level data) and the proportion of variance
explained increased as well, from 43 % of the variance with a single six-item scale to 65 %
with two scales. The first component consists of the four items about the lack of negative
emotions; the second component has two positive feelings. Recoding the four negative
emotion items did not alter their association with the positive emotion indicators. No matter
how they are worded, the four negative feelings are more related to each other than to the
positive feeling indicators, and they tap a different construct compared with the positive
emotions. We infer that the lack of negative feelings is not strongly linked to the existence
of positive feelings.

In this paper we used all items and obtained two separate scales from principal component
analysis. These two components explain over 60 % of the variance in the activity-level data
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and the respondent-level data, and the meaningfulness item and the happiness item show
similar weights needed to calculate factor scores (weights in the activity-level data: 0.65 and
0.53, respectively, those in the respondent-level data: 0.64 and 0.52).

The convergent validity test of the six subjective well-being measures shows that individuals
with better subjective well-being, such as higher levels of positive emotions and lower levels
of negative ones, report better health status, as hypothesized. Both components obtained in
the principal component analysis were significantly associated with health.

4.3 Individual Iltems

We do not recommend using individual items. Attempting to obtain separate independent
effects while controlling for correlated items will not produce as high an association with the
outcome as will combining related items into separate orthogonal scales. When we include
each of the emotion items individually in the model, the item asking about sadness is not as
effective as other items in predicting better health because it is highly correlated (0.60 in
Table 2) with stress. None of the items individually is as strong a predictor of health as is the
first component, and only “no pain” is stronger than the second component of the two-factor
model.

Although in this paper we tested the validity of the six items by looking at the association
between a health indicator and respondent-level well-being measures, this is not the only
alternative. Robinson (2013) took the approach of comparing the average of five of the six
items in the 2010 Well-being module in the ATUS to activity enjoyment ratings in the 1975
University of Michigan time-use survey and the 1985 University of Maryland time-use
survey in order to see whether the measures in the ATUS replicate previous attempts to
capture subjective well-being. He found that the measures in the ATUS largely replicate
enjoyment ratings in the previous surveys, another demonstration of the well-being scale's
validity. A question asking the respondent's overall life satisfaction was newly introduced in
the 2012 Well-being module (Bureau of Labor Statistics 2014). This item can be used as a
criterion measure to test the six well-being items’ validity in the future because higher
positive well-being scores are likely to predict greater life satisfaction, along with better
health.

The variability test shows that there is small to moderate variability across the affect items.
Given that the six emotion items are grouped into two underlying constructs, and the types
of activities that the respondent does would not affect their emotion reports in this study due
to the random selection of the activities, we infer that individual characteristics, such as
optimism or positivity, are reflected in the six subjective well-being measures, rather than
activity-specific emotions. This is supported by the high correlations and the small
variability across the three activities. Additionally, because the emotion report was collected
retrospectively after the respondent completed his or her time diary, the exact emotions that
the respondent felt while engaging in the randomly selected activities may not have been
captured precisely.

Several limitations of this study should be noted. First, the validity of the subjective well-
being measures could not be tested with other approaches, such as divergent validity, due to
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the lack of appropriate variables in the data. Although the convergent validity test that we
used in this study is one of the most common methods to test construct validity (Marczyk et
al. 2005) and it showed significant findings, diverse methods to validate the subjective well-
being items would be helpful to provide stronger support for the measures (see Lyubomirsky
and Lepper 1999; Robinson 2013). Second, the ATUS respondents may differently interpret
and assess the randomly selected activities on the same scale, depending on the emotions
assessed. For instance, one may assess a selected activity as being “very’ sad, but the
intensity of being “‘very’ sad may not be the same as that of being ‘very’ meaningful.
Similarly, one degree change of sadness may not be equally perceived as that of
meaningfulness. We compared the six emotion items measured on the same scale, assuming
that the scale of 0-6 is equally understood across the six well-being measures. Third, the
selected activities’” duration or timing over the diary day may affect respondents’ reports on
the activities. In their ESM and DRM research, Kahneman and Krueger (2006) found that
people felt least tired around noon, and they felt more tired after noon. In further analysis,
controlling for the amount of time the respondents spent during the selected activities
(ranging from 5 min to 18 h 27 min) did not change the convergent validity test results (not
shown), but when the activities took place over the diary day could not be taken into account
because of our usage of average emotion scores.

Despite their limitations, the affect items in the well-being module of the ATUS show
sufficient reliability and validity, and moderate variability, all of which improve their value
for research. This paper demonstrates the implications of different uses of the affect data in
the publicly available ATUS. Researchers should keep in mind that our suggestions may not
be applicable to affect data in time use surveys utilizing different methods for measuring
subjective well-being.
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See Table 8.

Table 8

Weighted means and standard deviations of socio-demographic variables in the sample

Mean SD
General health
Excellent 0.20
Very good 0.34
Good 0.28
Fair 0.13
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Mean SD
Poor 0.04
Socio-demographic variables
Age 4402 10.84
Education in years 13.82 3.03
Family income
Lowest quintile 0.13
Second quintile 0.21
Third quintile 0.18
Fourth quintile 0.26
Highest quintile 0.22
Employment status (1 = working) 0.75
Race/ethnicity
White 0.67
Black 0.12
Asian 0.04
Hispanic 0.14
Other 0.01
Gender (1 = male) 0.49
Children < age 18 in the household (1 =yes) 0.44
Marital status (1 = married) 0.63
Sleep time (Divided by 10 min) 3076  9.93
Any physical/cognitive difficulty (1 = no) 0.93
N 8791
Source: The 2010 well-being module of the American Time Use Survey data, own calculation
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Fig. 1.
Box plot of the subjective well-being measures in the activity-level data. Source: The 2010

well-being module of the American Time Use Survey data, own illustration
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Fig. 2.
Box plot of the subjective well-being measures in the respondent-level data. Source: The

2010 well-being module of the American Time Use Survey data, own illustration

Soc Indic Res. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Leeetal.

Table 1

Weighted means and standard deviations of the subjective well-being measures

Happiness Meaningfulness Nopain Nosadness Nostress No fatigue

Activity-level
Mean 4.20 4.36 5.02 5.29 4.34 3.65
SD 1.65 191 1.66 1.42 1.80 1.98
N 26,091 26,062 26,123 26,123 26,123 26,119

Respondent-level

Mean 4'238 4I27a 5.08 5.34 4.52 3.69
SD 1.35 151 1.52 1.22 151 1.67
N 8791 8791 8791 8791 8791 8791

Source: The 2010 well-being module of the American Time Use Survey data, own calculation

a - .
Not statistically different at the 0.05 level. Each measure ranges from 0 (Not at all) to 6 (Very)
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Table 2

Correlation matrix of the subjective well-being measures

Happiness Meaningfulness Nopain Nosadness Nostress Nofatigue
Happiness 048" 02" 037" o036 02
Meaningfulness ) ,0*** -0.01 007 008" 003
No pain 017 000 045" 040" 040"
No sadness 032 006 039 060 035
No stress 033 006 034 050 048
No fatigue 017" 003" 035 027 o037

Activity-level below the diagonal: Cell sizes vary from 26,023 to 26,123; Respondent-level above the diagonal: Cell sizes are 8791

Source: The 2010 well-being module of the American Time Use Survey data, own calculation

*%

*%

p<.01

*
p<.001
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Table 3

Highest factor loadings obtained from the subjective well-being measures

One-factor solution

Activity-level

Respondent-level

Factor 1 (6 items)

Factor 1 (5items)

Factor 1 (6 items)

Factor 1 (5items)

Happiness 0.60 0.55 0.62 0.56
Meaningfulness 0.26 0.27

No Pain 0.64 0.67 0.67 0.69
No Sadness 0.75 0.76 0.78 0.79
No Stress 0.77 0.78 0.81 0.82
No Fatigue 0.61 0.63 0.67 0.68
Eigenvalue 2.35 231 2.61 2.56
% of variance explained 39.21 46.30 43.42 51.26
N 25,989 8791

Two-factor solution Factor 1 Factor 2 Factor 1 Factor 2

Happiness 0.78 0.80

Meaningfulness 0.86 0.89

No Pain 0.73 0.74

No Sadness 0.73 0.77

No Stress 0.75 0.80

No Fatigue 0.69 0.72

Eigenvalue 2.35 1.25 2.61 131

% of variance explained 39.21 20.87 43.42 21.79

N 25,989 8791

Source: The 2010 well-being module of the American Time Use Survey data, own calculation
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Table 4

Ordinal logistic regression of general health on the subjective well-being measures and socio-demographic
variables

Model 10R (95% Cl) Moded 20R (95% CI) Model 30R (95% Cl)

Subjective well-being measures

Two factors

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Factor 1

Factor 2

Individual measures

Happiness
Meaningfulness
No pain

No sadness

No stress

No fatigue

One factor

Factor 1

Socio-demographic variables

Age
Education in years

Family income (ref.: lowest quintile)
Second quintile 1.05 (0.87, 1.27)

Third quintile 1.20 (0.98, 1.48)
1 1 * %

Fourth quintile 1.40 (1.14, 1.71)

Highest quintile

Employment status (ref.: nonworking)

Working

Race/ethnicity (ref.: White)

Black 0.73 (0.62, 0.86)
H *
Asian 0.73 (056, 0.96)
1 1 * Kk %k
Hispanic 0.66 (0.56, 0.77)
Other 0.82 (051, 1.31)

Gender (ref.: female)

* %
Male 0.87 (0.78, 0.97)

Children < age 18 in the household (ref.: No)
Yes 0.93 (0.82, 1.05)

Marital status (ref.: Unmarried)

181 (170,1.93)

* k%
1.27 (1.20, 1.34)

*k %k
0.98 (0.98, 0.99)

*k %k
1.12 (110, 1.14)

166 (1.32,2.08)

*k %k
1.54 (1.35, 1.76)

*kk
1.18 (1.12, 1.24)

*%

1.06 (1.01, 1.10)

142 (1.36,1.49)

0.95 (0.90, 1.01)

*
1.06 (1.01, 1.11)

*kk
1.12 (1.07, 1.16)

*kk
0.98 (0.98, 0.99)

* Kk

1.12 (1.09, 1.14)

1.05 (0.87, 1.27)

*
1.23 (1.00, 1.51)

* kK

1.42 (1.16, 1.73)

1.64 (131, 2.06)
*kk
151 (1.33, 1.72)

0.72 (0.61,0.85)

* %
0.69 (0.52, 0.90)

*k*k
0.61(0.52,0.72)

0.80 (0.50, 1.30)

*
0.88 (0.79, 0.98)

0.92 (0.81, 1.04)

*kk
1.89 (1.78, 2.01)

* k%
0.98 (0.98, 0.99)

* k%
112 (1.10, 1.14)

1.05 (0.87, 1.27)
1.21 (0.98, 1.48)

* %
1.40 (1.14, 1.71)

1,67 (1.33,2.08)
*kk
154 (1.35, 1.76)

0.73(0.62,0.86)

*
0.73 (0.56, 0.96)

*kk
0.65 (0.55, 0.77)

0.82 (0.51, 1.31)

*
0.87 (0.78, 0.97)

0.93 (0.82, 1.05)
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Model 1 OR (95 % CI)

Model 2 OR (95 % CI)

Model 3 OR (95 % Cl)

* k%
No 3.41 (2,67, 4.34)

* k%
T -4.03

* k%
T -2.26
T, -0.53

*kk

Ta 1.47
Wald Chi square 1201.16***
df 18
N 8,791

Married 1.13(0.99, 1.29)

Sleep time (divided by 10 min) ~ 1.00 (1.00, 1.01)

Any physical/cognitive difficulty (ref.: yes)

*
1.15 (1.01, 1.31)
1.01 (1.00, 1.01)

*k*k
2.78 (2.18, 3.55)

*

**
-7.03

*

* Kk
-5.22

*%

*
-3.44

*

* %
-1.39

* kK
1432.08
22
8,791

1.13 (0.99, 1.29)

1.00 (1.00, 1.01)

*kKk
3.42 (2.67, 4.36)

*

**
—4.04

*

*k
-2.26

*
-0.53

*

* %
-1.46

1201.73*“r
17
8,791

This model predicts the probability of being in a lower category (better health) rather than a higher category (worse health)

Source: The 2010 well-being module of the American Time Use Survey data, own calculation

Cl: confidence interval; Factor 1 in Model 1: Factor scores obtained from no pain, no sadness, no stress, and no fatigue; Factor 2 in Model 1: Factor
scores obtained from happiness and meaningfulness; Factor 1 in Model 3: Factor scores obtained from happiness, meaningfulness, no pain, no
sadness, no stress, and no fatigue

p<.05

p

*%

<.01

*
p<.001
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Table 5
Summary of the reliability and validity tests
Option 1 Option 2 Option 3 Option 4

Number of items 2 4 5 6
Reverse-coded negative feelings

No pain X X X

No sadness X X X

No stress X X X

No fatigue X X X
Positive feelings

Happiness X X X

Meaningfulness X X

Internal consistency
Average inter-item correlation
Average factor loading
% of variance explained
Cronbach's alpha

Validity
Correlation with health

Odds ratio

0.40(,-0.48;;)
0.82(,-0.85;)
20.9.,-21.8;)
0.59(5-0.65)

0.07
1.27

0.37(5-0.45
0.73(,-0.76y;)
39.2(,-43.4¢,)
0.68(2-0.74)

0.32
1.81

0.32(5-0.43)
0.68(,-0.71)
4630513,
0.69(2)-0.74,)

0.33
1.89

0.25(,1-0.30;)
0.61(5-0.64)
39.2(,-43.4)
0.66(2-0.70;;)

0.33
1.89

Source: The 2010 well-being module of the American Time Use Survey data, own calculation
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(a) Indicates internal consistency estimates obtained in the activity-level data and (r) indicates those obtained in the respondent-level data. All
validity estimates are calculated in the respondent-level data
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Table 6

Coefficients of variation in the subjective well-being measures

Happiness Meaningfulness Nopain Nosadness Nostress Nofatigue

Activity-level
CV (%) 39.29 43.81 33.07 26.84 41.47 54.25
N 26,091 26,062 26,123 26,123 26,123 26,119

Respondent-level
CV (%) 3191 35.36 29.92 22.85 3341 45.26
N 8791 8791 8791 8791 8791 8791

Source: The 2010 well-being module of the American Time Use Survey data, own calculation
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Correlations of the subjective well-being measure across activities

Table 7

First activity = Second activity  Third activity
First activity
i *k Kk
Second activity 0.70
1 i *kk *k*k
Third activity 063 0.69
Mean 451 4.45 4.50
SD 1.05 1.07 1.06
CV (%) 23.28 24.04 23.56
N 8791 8772 8573

Each of the mean measures ranges from 0 (not at all) to 6 (very)

Source: The 2010 well-being module of the American Time Use Survey data, own calculation

*kk

p<.001
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