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While affect is frequently measured with experience sampling methodology (ESM), the affective struc-
ture at the between- and within-person level has not been thoroughly investigated. We investigated
the affective structure at the between- and within-person level, its invariance across different ESM pro-
tocols, and its reliability. Participants (N = 147) were randomly assigned to receive either a 30 or 60 item
questionnaire three, six, or nine times per day, resulting in 72–75 participants per questionnaire length
and 48–50 participants per sampling frequency. Momentary affect was assessed with 8 or 18 items. At
both levels, a structure with two correlated factors showed the best fit compared to an orthogonal and
a unidimensional model. A structure with additional freed residual correlations was invariant across pro-
tocols at the within-person level and showed high reliability. We observed indications of a more discrete
affective structure within than between persons.

� 2021 Elsevier Inc. All rights reserved.
1. Introduction

1According to dimensional theories of affect, affective experi-
ences vary along broad dimensions. The number and nature of these
dimensions have been the subject of a long and ongoing debate (e.g.,
Schlosberg, 1952; Jacobson, Evey, Wright, & Newman, 2020).
Although some researchers have suggested more affective dimen-
sions (e.g., Schimmack & Grob, 2000), a large part of the discussion
has centered on two-dimensional models. The circumplex model of
affect (Russell, 1980) entails that affective states vary along the
two dimensions valence, ranging from unpleasant to pleasant, and
arousal, ranging from low (e.g., tired) to high (e.g., excited or alert).
However, Watson and Tellegen (1985) have argued that variations in
affective states across and within persons are best represented by a
two-dimensional structure with the dimensions positive and nega-
tive affect (PA and NA, respectively) that map onto the space of
the circumplex model of affect at a 45 degree angle (Watson,
Wiese, Vaidya, & Tellegen, 1999). This means that Watson and Telle-
gen’s PA dimension ranges from positive, high arousal to negative,
low arousal states on the circumplex model of affect, while their
NA dimension ranges from negative, high arousal to positive, low
arousal states. Since its development, the PANAS (Watson, Clark, &
Tellegen, 1988), an instrument designed to measure PA and NA,
has been used extensively in applied research (over 37 000 citations
on google scholar at the time of writing). Originally, PA and NA were
expected to be largely independent of each other (Watson &
Tellegen, 1985). However, research has indicated that the correlation
between PA and NA varies for instance as a function of situation
(Dejonckheere et al., 2019), and questionnaire characteristics, such
as the set of items used to assess them (Russell & Carroll, 1999)
and the time frame of the instructions (Diener & Emmons, 1984).

An additional factor that is expected to influence the indepen-
dence of PA and NA is the level of analysis (Bleidorn & Peters,
2011; Brose, Voelkle, Lövdén, Lindenberger, & Schmiedek, 2015;
Vansteelandt, Van Mechelen, & Nezlek, 2005; Zelenski & Larsen,
2000). In cross-sectional assessments, either trait affect or momen-
tary affect is measured at one time point, both of which cannot
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2 These two factors were based on the valence of the words, meaning that states
with low, neutral, and high arousal were selected. The factors do thereby not
correspond to the PA and NA factors defined by Watson and Tellegen (1985), but
rather to the ends of the single valence factor defined by Russell (1980).
Consequently, we expected a stronger negative correlation between the two factors
than previously found with the PANAS items.
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disentangle within- and between-person (WP and BP, respectively)
influences (Hamaker, Nesselroade, & Molenaar, 2007). In studies
using experience sampling methodology (ESM) or diaries, repeated
measurements are nested within individuals. While daily diaries
are limited to one assessment per day, ESM studies typically
include multiple assessments of affect per day. Both methods allow
studying variability in the way that different people feel on average
(at the BP level) and variability of the deviations from these per-
sonal means (at the WP level). Although positive and negative
affect are expected to emerge at both levels (Watson & Tellegen,
1985), most support for the PA and NA structure has been obtained
in analyses at the BP level. At this level, the broad dimensions of
positive and negative affect have been found to relate in meaning-
ful ways to other constructs, such as personality and clinical diag-
noses (Brose, Schmiedek, Gerstorf, & Voelkle, 2020; Jacobson et al.,
2020). At the WP level, however, momentary fluctuations in affect
are expected to be triggered by specific situations that lead to dis-
tinct affective reactions (e.g., situations of loss lead to sadness,
while situations of conflict lead to anger; as described by Brose
et al., 2020). Based on these theoretical considerations, the affec-
tive structure is expected to be more discrete at the WP than BP
level (Brose et al., 2015; Vansteelandt et al., 2005; Zelenski &
Larsen, 2000).

Affect is a central feature of subjective experience and therefore
crucial to many theories and research in psychology. Affective
states are thought to guide behavior in reaction to external and
internal events (Kuppens & Verduyn, 2017; Russell, 2003). When
the internal or external situation changes, so does the affective
state of a person. Therefore, affective states take a central role in
many theories in psychology, such as theories of personality (e.g.,
Larsen & Ketelaar, 1991) or affective disturbances in psychopathol-
ogy (e.g., Beck & Bredemeier, 2016; Telford, McCarthy-Jones,
Corcoran, & Rowse, 2012). As affect fluctuates over time frames
of minutes and hours as a function of the daily context it is embed-
ded in, it is often assessed with ESM in the context of daily life (e.g.,
Houben, Van Den Noortgate, & Kuppens, 2015; Podsakoff, Spoelma,
Chawla, & Gabriel, 2019). However, the BP and WP structures of
affect assessed with ESM are still poorly understood.

Studies that were able to distinguish the WP and BP structure of
affect have come to varying conclusions. Generally, a two-factor
structure with correlated PA and NA showed adequate fit (Brose
et al., 2015; Merz & Roesch, 2011), and fit better than a model with
a single valence factor (Rappaport, Amstadter, & Neale, 2019; Rush
& Hofer, 2014; Viechtbauer, Lataster, Rintala, Simons, Delespaul,
Wichers, & Myin- Germeys, 2020) at both levels. Several studies
also observed different correlations between PA and NA at the dif-
ferent levels of analysis (Bleidorn & Peters, 2011; Rush & Hofer,
2014; Schmukle, Egloff, & Burns, 2002). However, studies that have
also included more complex structures (i.e., with more factors)
have often found that these provided superior fit compared to a
PA and NA structure. It has for instance been suggested that more
differentiated NA factors are necessary to sufficiently explain the
variance in affect ratings (Eadeh, Breaux, Langberg, Nikolas, &
Becker, 2019; Möwisch, Schmiedek, Richter, & Brose, 2019), that
three factors representing valence, calmness, and energetic arousal
would be needed (Leonhardt, Könen, Dirk, & Schmiedek, 2016;
Wilhelm & Schoebi, 2007), or that anxious mood, depressed mood,
anger fatigue, and vigor should be distinguished (Cranford et al.,
2006). In some of these cases, the structure depended on the level
of analysis, with a more complex structure at the WP level
(Charles, Mogle, Leger, & Almeida, 2019; Eadeh et al., 2019;
Jacobson et al., 2020; Wilhelm & Schoebi, 2007). A recent study
investigating daily affect suggested, for instance, that PA and NA
emerge only at the BP level, while a seven-factor structure distin-
guishing discrete emotions provides the best fit at the WP level
(Jacobson et al., 2020).
2

Most of these previous studies have investigated the structure
of affect with variations of the PANAS in diaries. Daily diaries sam-
ple only once every day, typically at the same time and under the
same circumstances, which likely reduced the types of affective
states that can be sampled. Only four of the above studies investi-
gated the factor structure of affect in an ESM context (Jacobson
et al., 2020; Rappaport et al., 2019; Viechtbauer et al., 2020;
Wilhelm & Schoebi, 2007) and it is currently unclear to what
extent the findings from diary studies apply to affect measured
with ESM. A further complicating factor is the wide variety of
ESM protocols that are currently employed, with large variations
in the number of items used and assessments per day. For instance,
affect has been measured with nine unipolar items ten times per
day in one of the above studies (Viechtbauer et al., 2020) and with
six bipolar items presented four times per day in the other
(Wilhelm & Schoebi, 2007). Cross-sectional studies have repeat-
edly shown how small variations in questionnaires, such as the
addition of adjacent questions, can affect results (Schwarz, 1999).
It is possible that more frequent assessments lead to the use of dif-
ferent reference points for ratings of affect (as suggested by
Podsakoff et al., 2019), or that longer questionnaires exaggerate
subtle differences between states (as suggested for instance by
Wilhelm & Schoebi, 2007). Further, the proportion of error variance
of affect measures may be influenced by the sampling protocol.
Next to the structural validity of measures, the proportion of total
variance of a measure that is considered to be true variance (i.e.,
reliability) is also an indication of the quality of a measure. As it
is for instance possible to observe low reliability and excellent
structural model fit, or vice versa, both structural validity and reli-
ability are important to consider when evaluating the quality of a
measure. However, whether variations in the ESM protocol influ-
ence the structure of affect or the reliability of measures of affect
has not been investigated.

The current study extends previous research by investigating
the factor structure and reliability of a large number of affect items
with high and low arousal ratings (as opposed to the PANAS which
includes only high arousal states) in ESM data. Specifically, we pre-
registered the comparison of structures that are frequently
assumed in the ESM literature. Further, the special design of the
current study allowed us to investigate the invariance of the affec-
tive structure across different sampling frequencies and question-
naire lengths that reflect the large diversity in sampling protocols
used in ESM research. Although design characteristics of ESM stud-
ies may influence measures of affect, it has not been taken into
account in previous investigations of the affective structure. In
the current study, we investigated the structure of affect at the
WP and BP level in a short and a long version of an ESM question-
naire. We hypothesized that at both levels and in both question-
naire versions, a two-factor structure with the correlated factors
PA and NA2 would provide the best fit compared to a single valence
factor and to uncorrelated PA and NA factors. We then explored
whether different sampling frequencies (three, six, or nine
measurements per day) and questionnaire lengths (30 or 60 items),
influence the structure of PA and NA. Finally, we investigated the
reliability of PA and NA. We hypothesized that PA and NA would
show satisfactory reliability in all groups but that reliability would
be higher when based on more items. Both the confirmatory and
exploratory analyses included in this paper were preregistered
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(https://osf.io/6t5ud) and deviations from the preregistration are
indicated in the text.
2. Method

2.1. Sample

The sample consisted of 163 university students between 18
and 30 years old, who were required to be fluent in Dutch and to
have never taken part in an ESM study before. Participants were
recruited via social media and on campus sites. This study was
powered for its main hypotheses that were investigated in a previ-
ous manuscript on changes in burden, compliance, and careless
responding as a function of the experience sampling protocol
(Eisele et al., 2020).

2.2. Protocol

Study procedures were approved by the Social and Societal
Ethics Committee of KU Leuven. Upon arrival at the lab, partici-
pants provided informed consent. They were then randomly
assigned to one of six experimental conditions (three, six, or nine
beeps per day combined with a 30 or 60 item questionnaire). Par-
ticipants were asked to fill in several baseline questionnaires and
were briefed individually about the ESM protocol (more informa-
tion about the baseline assessment and the briefing procedure is
provided on the OSF page of this project). An ESM period of 14 days
started the day after the briefing session. During this ESM period,
participants were prompted three, six, or nine times per day to fill
in an ESM questionnaire on a smartphone (Motorola DEFY+) that
was provided by the researchers. We used the mobileQ app
(Meers, Dejonckheere, Kalokerinos, Rummens, & Kuppens, 2020)
for the ESM data collection. The prompts were randomly dis-
tributed in equal time windows lasting from 9 am until
10:30 pm. Participants had 90 s to start the questionnaire and
90 s to respond to each individual question before the question-
naire became unavailable. After the ESM period, participants
returned to the lab to fill in a number of follow-up questionnaires.
A random sample of participants also completed a qualitative
interview about their experience of taking part in the ESM study.
Then, participants received a remuneration of 40, 60, or 80 euros,
depending on whether they had received three, six, or nine beeps
per day.

2.3. Measures of affect3

Depending on their assigned condition, participants received
either a short (30 items with full branching) or a long (60
items with full branching) ESM questionnaire. The short ques-
tionnaire contained four items measuring PA (‘‘Right now, I feel
happy/ relaxed/ energetic/ satisfied”) and four items measuring
NA (‘‘Right now, I feel stressed/ anxious/ irritated/ down”). In
the long version of the questionnaire, there were additionally
five items measuring PA (curious/ calm/ enthusiastic/ alert/
cheerful) and five items measuring NA (sad/ irritable/ tense/
disappointed/ restless). All items had Likert-type response
scales ranging from 1, labelled with ‘‘Not at all”, to 7, labelled
with ‘‘Very much”. The items were chosen from previous Dutch
ESM studies and the Dutch version of the PANAS (Barge-
Schaapveld, Nicolson, Berkhof, & Devries, 1999; Collip et al.,
2011; Engelen, De Peuter, Victoir, Van Diest, & Van den
3 Only variables used in the current analysis are reported. The reader is referred to
the OSF page for a full overview of the ESM questionnaire and cross-sectional
measures.

3

Bergh, 2006; Geschwind, Peeters, Drukker, Van Os, & Wichers,
2011; Lataster et al., 2011; Matcham et al., 2019; Peeters,
Nicholson, & Berkhof, 2003). Items were selected to cover a
broad range of the affective space as described by both Russell
and Watson and colleagues (Russell, 1980; Watson et al., 1999).
We therefore selected items with positive and negative valence,
ranging from low to high arousal. Whenever possible, the rat-
ing of individual adjectives on valence and arousal was con-
firmed with norm ratings of Dutch words (Moors et al., 2013;
Verheyen, De Deyne, Linsen, & Storms, 2019). Some items were
also selected for research questions unrelated to the current
investigation, which lead to a larger proportion of high arousal
terms.

2.4. Analysis

To answer our first research question, we compared three mod-
els of affect (one-factor model, two-factor model with uncorrelated
NA/PA, and two factor model with correlated NA/PA) in all exper-
imental groups simultaneously, separately for the WP and BP level.
This was done by fitting partially saturated models (as suggested
by Ryu & West, 2009; a saturated model imposes no structural
restrictions, meaning that it fits the data perfectly). This means
that when judging the fit of the WP model, a saturated BP model
was specified and when selecting the BP model, a saturated WP
model was specified. We chose this approach because misfit at
the highest level may not be detected when testing both levels
simultaneously when sample sizes at the BP level are small (Ryu
& West, 2009). The fit of the partially saturated models was
assessed by calculating level specific fit indices, namely a level
specific Chi-square value, Comparative Fit Index (CFI), and Root
Mean Square Error of Approximation (RMSEA). To compare mod-
els, the cut-off value for a significant DCFI was 0.005, and 0.01
for the DRMSEA (Chen, 2007). Additionally, a Chi-square test sig-
nificant at a = 0.05 was interpreted as showing a significant differ-
ence between two models. However, we only concluded that there
is a significant difference between models when at least two of the
three indices indicated that. The model showing the best fit was
further evaluated by considering the level specific CFI, RMSEA,
and Chi-square test. For these indices, the following values were
interpreted as indicating acceptable fit: CFI � 0.90,
RMSEA � 0.08, and a non-significant Chi-square test (Bentler,
1990; Hu & Bentler, 1999). However, in line with the model com-
parisons, we only concluded inadequate fit if at least two of these
three fit indices indicated that. In all models, the metric of the
latent construct was fixed with the effects coding method
(Brown, 2015). When the preregistered structure did not result in
acceptable fit, we proceeded to freeing error correlations one by
one based on modification indices until an acceptable fit was
reached. The preregistered strategy of adding cross loadings and
removing the original loading of the item did not result in accept-
able fit for any of the models and is therefore not reported. The
code for all preregistered and exploratory model modifications that
were conducted is provided on the OSF page of this project
(https://osf.io/pzx8r/).

Subsequently, we tested for measurement invariance of the
short questionnaire items across different sampling frequencies
and different questionnaire lengths. These measurement invari-
ance analyses were also conducted separately per level. At the
WP level, we tested for configural (i.e., same structure) and metric
invariance (i.e., same factor loadings) and for the invariance of
latent variances and covariances (for more information on the
types of measurement invariance, see Vandenberg & Lance,
2000). At the BP level, we tested for configural, metric, and scalar
invariance (i.e., same item intercepts) and for the invariance of
latent means, variances and covariances.

https://osf.io/6t5ud
https://osf.io/pzx8r/
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Finally, the reliability measure omega was calculated for NA and
PA per level based on the results of the factor analyses (Bolger &
Laurenceau, 2013).

All analyses were conducted in R, using the lavaan package for
the CFAs (Rosseel, 2012). The lme4, sjstats (Lüdecke, 2020), and
esmpack (Viechtbauer & Constantin, 2019) packages were used
for preprocessing. Exploratory factor analyses (not preregistered)
were conducted with the psych package (Revelle, 2018). More
detail on the analyses can be found in the preregistration and the
code is provided in the supplemental materials.

3. Results

3.1. Sample and item characteristics

Of 163 participants who took part in the baseline session, 3 had
to be excluded because they did not meet the inclusion criteria and
2 participants dropped out. Additionally, 4 participants were iden-
tified as careless responders in a previous analysis of the dataset
(Eisele et al., 2020) and for 2 participants the timing of the beeps
was more than one hour off. These participants were therefore
excluded from the current analyses. In case of technical problems
that led to beeps not being delivered for more than one full day,
the data gathered after this disruption was also excluded from
the analyses. Further, 5 participants had to be excluded from the
analyses because they showed no variance on at least one of the
items. The final sample included 147 participants (short question-
naire 3, 6, and 9 times with 26, 23, and 23 participants, respec-
tively, and the long questionnaire 3, 6, and 9 times with 25
participants in each frequency group). Beeps with missing values
on affect items were excluded from the analyses (N = 2084, 17%
of all beeps). Intraclass correlations (ICCs) of the items ranged from
0.20 to 0.39. ICCs refer to the proportion of variance in an item that
is due to differences between individuals as opposed to differences
within individuals. An ICC of 0.20 indicates that 20% of the variance
of this item is explained by differences between individuals, while
the majority of variance, namely 80%, is explained by differences
within individuals. Several items showed skewed distributions
(skewness and kurtosis in Table 1 give an indication of the devia-
tions from a normal distribution of responses). CFA models operate
under the distributional assumption of multivariate normality.
Table 1
Descriptive statistics of affect items.

English item Original
Dutch item

Mean SD Person-
level
means

Skewness
Person-level
means

Kurtosis
Person-level
means

Positive affect
Happy Gelukkig 5.029 0.718 �0.527 0.632
Energetic Energiek 4.081 0.734 �0.265 0.034
Satisfied Tevreden 4.801 0.796 �0.509 0.108
Relaxed Ontspannen 4.622 0.802 �0.181 �0.434
Alert1 Alert 3.921 1.006 �0.249 �0.260
Cheerful1 Opgewekt 4.044 0.778 �0.313 �0.915
Enthusiastic1 Enthousiast 3.966 0.900 �0.316 �0.698
Curious1 Nieuwsgierig 3.163 0.987 0.053 �0.548
Calm1 Kalm 4.838 0.678 0.443 0.440
Negative affect
Stressed Gestrest 2.384 0.852 1.041 1.502
Anxious Angstig 1.510 0.558 2.039 5.588
Irritated Geïrriteerd 1.942 0.629 0.967 0.486
Down Somber 1.740 0.666 1.430 2.964
Sad1 Bedroefd 1.720 0.547 1.698 4.729
Irritable1 Prikkelbaar 2.248 0.661 0.696 0.077
Tense1 Gespannen 2.693 0.867 0.439 �0.521
Disappointed1 Teleurgesteld 2.032 0.713 1.300 2.283
Restless1 Rusteloos 2.242 0.766 0.813 0.877

Notes. 1 Item was only part of the long questionnaire; the remaining items were part o

4

Violations of this assumption are observed and even expected for
many variables in the current study. Such violations have for
instance been shown to lead to an inflation of v2 values and
thereby an over rejection of correctly specified models (Curran,
West, & Finch, 1996). Although the maximum likelihood estimator
used for the CFAs is robust against small violations of the normality
assumption, such violations can influence results, especially in
small samples (Brown, 2015). Estimators that control for the
effects of violations of the normality assumption exist but are
not currently implemented in the multilevel part of the lavaan
package. This limitation should be kept in mind when interpreting
the results, especially at the BP level, where fit indices may be
biased. The descriptive statistics and ICCs of all items are reported
in Table 1 and covariance matrices for the different experimental
groups are reported in the supplemental materials.

3.2. Structure of affect

3.2.1. Short questionnaire: within-person structure
For the short version of the questionnaire, a two-factor model

with correlated factors provided the best fit at the WP level (see
Table 2 for the fit of all tested models). This means that it fitted sig-
nificantly better than a model with orthogonal PA and NA factors
and a model with a single valence factor. However, the fit measures
did not indicate acceptable fit according to the preregistered cut-
offs (RMSEA = 0.117; CFI = 0.892; v2(19) = 2654.39, p = 0.000). Sub-
sequently, the original model was extended in an exploratory way
by letting the residuals of the items stressed and relaxed correlate
(following the suggested modifications), which resulted in accept-
able fit (RMSEA = 0.073; CFI = 0.961; v2(18) = 980.277, p = 0.000).
The structure with the standardized loadings is depicted in Fig. 1,
the full model output is provided in Table S2 in the supplemental
materials. Notably, the correlation of PA and NA was very high
(�0.851). Further, modification indices as high as 195.91 (for the
correlated residual between stressed and anxious) indicated that
letting further residuals correlate could improve the fit of the
model substantially.

3.2.2. Short questionnaire: between-person structure
At the BP level of the short questionnaire, a two factor structure

with correlated PA and NA also fit the data best but did not result
SD Deviations from
person-level
means

Skewness Deviations
from person-level
means

Kurtosis Deviations
from person-level
means

ICC

0.923 �0.538 1.496 0.362
1.102 �0.234 0.295 0.298
1.063 �0.475 1.047 0.337
1.248 �0.417 0.409 0.276
1.217 �0.103 0.552 0.393
1.209 �0.094 0.067 0.288
1.228 0.121 0.170 0.328
1.284 0.369 0.345 0.372
1.200 �0.615 0.572 0.210

1.179 0.913 1.298 0.351
0.785 2.021 7.153 0.358
1.126 1.405 2.726 0.227
0.959 1.579 4.065 0.305
0.977 1.822 4.679 0.264
1.210 0.978 1.259 0.204
1.231 0.535 0.259 0.321
1.185 1.388 2.881 0.261
1.109 0.903 1.403 0.296

f both questionnaires. ICC = Intraclass correlation.



Table 2
Model fit and comparisons.

Model CFI RMSEA df AIC BIC v2 p Diff.v2 df
diff.

p
diff.

Diff.
RMSEA

Diff.
CFI

Short Questionnaire
Within Person (N = 10154 observations)
Model A: Correlated PA & NA 0.892 0.117 19 219951.749 220392.512 2654.390 0.000
Model B: Valence 0.882 0.119 20 220209.030 220642.567 2913.671 0.000 259.281 1 0.000 �0.002 0.011
Model C: Orthogonal PA & NA 0.672 0.199 20 225352.723 225786.260 8057.363 0.000 5402.974 1 0.000 �0.082 0.220
Model A with correlated residuals a 0.961 0.073 18 218279.637 218727.625 980.277 0.000
Between Person (N = 147 persons)
Model A: Correlated PA & NA 0.996 0.189 19 217416.216 217856.979 118.857 0.000
Model B: Valence 0.992 0.260 20 217514.554 217948.091 219.195 0.000 100.338 1 0.000 �0.071 0.004
Model C: Orthogonal PA & NA 0.992 0.253 20 217504.077 217937.614 208.718 0.000 89.861 1 0.000 �0.064 0.004
Model A with correlated residuals b 1.000 0.064 15 217329.488 217799.154 24.129 0.063
Combined Within and Between Person

Model A with correlated residuals at both
levels

0.960 0.054 33 218274.879 218614.483 1005.520 0.000

Long Questionnaire
Within Person (N = 5045 observations)
Model A: Correlated PA & NA 0.786 0.104 134 258221.292 259696.202 7480.288 0.000
Model B: Valence e

Model C: Orthogonal PA & NA 0.710 0.121 135 260820.609 262288.994 10081.605 0.000 5402.974 1 0.000 �0.017 0.076
Model A with correlated residuals c 0.901 0.073 127 254294.128 255814.721 3539.124 0.000
Between Person (N = 75 persons)
Model A: Correlated PA & NA 0.987 0.211 134 251321.459 252796.369 580.455 0.000
Model B: Valence 0.981 0.250 135 251509.150 252977.535 770.146 0.000 189.691 1 0.000 �0.040 0.006
Model C: Orthogonal PA & NA 0.986 0.215 135 251342.443 252810.828 603.439 0.000 22.984 1 0.000 �0.004 0.001
Model A with correlated residuals d 0.998 0.079 113 250948.329 252560.289 165.325 0.001

Notes. Model comparisons were conducted with Model A of the respective level and questionnaire version. a stressed-relaxed; b relaxed-stressed, happy-down, stressed-
down, relaxed-anxious; c stressed-relaxed, sad-down, irritable-irritated, calm-relaxed, tense-stressed, relaxed-tense, alert-energetic; d: sad-down, happy-satisfied, calm-
relaxed, irritable-irritated, sad-anxious, anxious- down, tense-restless, tense-stressed, alert-energetic, disappointed-restless, cheerful-enthusiastic, enthusiastic-curious,
satisfied-disappointed, curious-irritated, cheerful-energetic, enthusiastic-energetic, curious-energetic, alert-curious, happy-stressed, happy-tense, cheerful-curious; e Model
did not converge. PA = Positive affect; NA = Negative affect; CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation.
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in an acceptable fit (RMSEA = 0.189; CFI = 0.996; v2(19) = 118.857,
p = 0.000). Subsequently, residuals of items were allowed to corre-
late in an exploratory way. We proceeded in a step-wise manner,
freeing the residual correlation with the highest modification
index, testing model fit, then proceeding to the next residual corre-
lation. This approach resulted in a fitting model with residual cor-
relations between relaxed and stressed, happy and down, stressed
and down, and relaxed and anxious (see Fig. 1 & Table S2 in the
supplemental materials; RMSEA = 0.064; CFI = 1;
v2(15) = 24.129, p = 0.063).

3.2.3. Long Questionnaire: WP structure
For the long version of the questionnaire, the structure with

correlated PA and NA resulted in the best fit at the WP level
(RMSEA = 0.104; CFI = 0.786; v2(134) = 7480.288, p = 0.000). How-
ever, the fit was not acceptable based on the pre-specified criteria.
Subsequently, we proceeded to freeing residual correlations in an
exploratory way, as described above. Freeing seven residual corre-
lations between closely related items or antonyms (stressed-
relaxed, sad-down, irritable-irritated, calm-relaxed, tense-
stressed, relaxed-tense and alert-energetic) resulted in an accept-
able fit (RMSEA = 0.073; CFI = 0.901; v2(127) = 3539.124,
p = 0.000; see Table 2 for all fitted models; coefficients of the model
with correlated residuals are provided in Table S3 in the supple-
mental materials).

3.2.4. Long questionnaire: BP structure
At the BP level of the long questionnaire, the model with two

correlated factors did not fit significantly better than a model with
independent PA and NA factors. For consistency, the correlated fac-
tor structure was retained. However, the fit was not acceptable
based on the pre-specified criteria (RMSEA = 0.211; CFI = 0.987;
v2(134) = 580.455, p = 0.000). As described above, residual correla-
5

tions were then freed in the original model in an exploratory way,
which resulted in an acceptable fit (freed residual correlations:
sad-down, happy-satisfied, calm-relaxed, irritable-irritated, sad-
anxious, anxious-down, tense-restless, tense-stressed, alert-
energetic, disappointed-restless, cheerful-enthusiastic,
enthusiastic-curious, satisfied-disappointed, curious-irritated,
cheerful-energetic, enthusiastic-energetic, curious-energetic,
alert-curious, happy-stressed, happy-tense, cheerful-curious;
RMSEA = 0.079; CFI = 0.998; v2(113) = 165.325, p = 0.001; see
Table S3 in the supplemental materials for the coefficients).

3.3. Exploratory factor analyses

The high number of residual correlations necessary to
achieve only borderline acceptable fit in the long version of
the questionnaire (7 for WP and 21 for BP level) led us to doubt
the tenability of the preregistered structures. We therefore devi-
ated from the preregistration by conducting exploratory factor
analyses (EFAs) on the person-level means and deviations from
these means (i.e., the within-person mean centered data) of the
long questionnaire. To detect the number of factors to retain,
parallel analyses were conducted with maximum likelihood fac-
tor extraction based on the correlation matrices of the person-
level means and the deviations from these means. The sug-
gested number of factors was two at the BP level and five at
the WP level. The detected structure at the BP level resembled
the planned PA and NA structure with the exception that calm
and relaxed loaded (negatively) on the NA factor. At the WP
level items seemed to form clusters of different degrees of
arousal and valence. Additionally, a factor with items relating
to irritation emerged. The loadings of the items on the
individual factors and correlations between factors are shown
in Tables 3 and 4.



Fig. 1. Structures at the within- and between-person level with standardized loadings and factor correlations. Residual correlations are indicated with grey arrows. Residual
variances and factor variances are omitted for simplicity. PA = positive affect; NA = negative affect. All coefficients significant at p < 0.005.

Table 3
Exploratory factor analysis of the long questionnaire person-level means.

Item Factor 1: NA Factor 2: PA

Happy �0.370 0.636
Energetic 0.018 0.915
Satisfied �0.373 0.662
Relaxed �0.669 0.356
Alert 0.251 0.634
Cheerful �0.035 0.920
Enthusiastic �0.045 0.922
Curious 0.210 0.766
Calm �0.568 0.004
Stressed 0.888 0.001
Anxious 0.728 0.159
Irritated 0.567 �0.032
Down 0.757 �0.047
Sad 0.781 0.053
Irritable 0.567 �0.054
Tense 0.870 0.024
Disappointed 0.779 �0.114
Restless 0.703 0.063
Correlations Factor 1 Factor 2
Factor 1 1 �0.48
Factor 2 1

Notes. Highest loading per item highlighted in bold. NA = Negative affect;
PA = Positive affect; Fit indices: RMSEA = 0.212; Tucker Lewis Index = 0.647; v2
(118) = 453.52, p < 0.001; N = 75 persons.
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3.4. Measurement invariance across sampling frequencies and
questionnaire lengths

Next, we investigated whether differences in the sampling pro-
tocol (three, six, or nine beeps per day; 30 or 60 items) would have
an influence on the structure of affect. We therefore conducted
measurement invariance analyses of the best fitting WP structure
of the short questionnaire (i.e., using the affect items that are com-
mon to both the 30- and the 60-item questionnaires). This struc-
ture was found to meet configural and metric invariance and
invariance of the latent variances and correlations across both dif-
ferent sampling frequencies and different questionnaire lengths
6

(see Table 5). This means that the overall structure of affect, the
loadings of items, and the relationship between PA and NA were
not influenced by variations in the sampling protocol. The origi-
nally plannedmeasurement invariance analyses of the BP structure
should be interpreted cautiously due to the small sample sizes of
the groups (sampling frequency groups included 51, 48, and 48
participants; questionnaire length groups 75 and 72 participants)
and are reported in the supplemental materials.

3.5. Reliabilities

The reliabilities of PA and NA for the short questionnaire in the
model with correlated residuals specified at both levels were high
(see Table 2 for fit indices of this combined model). The reliability
was x = 0.818 for PA and x = 0.815 for NA at the WP level and
x = 0.934 for PA and x = 0.929 for NA at the BP level. The reliabil-
ities for the individual frequency and questionnaire length groups
are reported in Table S1 in the supplemental materials, as well as
the reliabilities for the long questionnaire version.

4. Discussion

In the current study, we investigated the structure of affect
measured with ESM, the invariance of this structure across differ-
ent questionnaire lengths and sampling frequencies, and the relia-
bility of PA and NA. As hypothesized, a two-factor structure with
correlated PA and NA showed the best fit compared to a model
with orthogonal factors and a unidimensional model. However,
the simple PA and NA structure did not result in a satisfactory fit.
Results of the CFAs and EFAs indicated the presence of additional
shared variance between items that could be accounted for by free-
ing residual correlations or adding more nuanced factors. For the
short version of the questionnaire, an exploratory structure
accounting for these additional relationships with freed residual
correlations was invariant across different sampling protocols at
the WP level and showed high reliability. Differences between
levels in the strength of loadings, correlations between PA and
NA, and the number of suggested factors in EFAs could be observed



Table 4
Exploratory factor analysis of the long questionnaire deviations from the person-level means.

Item Factor 1: PA high arousal Factor 2: PA low arousal Factor 3: NA high arousal Factor 4: NA low arousal Factor 5: NA irritation

Happy 0.202 0.450 �0.061 �0.203 �0.128
Energetic 0.676 0.025 0.082 �0.020 0.010
Satisfied 0.287 0.311 �0.170 �0.093 �0.149
Relaxed 0.061 0.223 �0.650 0.050 0.012
Alert 0.528 �0.158 0.107 �0.027 0.022
Cheerful 0.695 0.047 �0.087 �0.040 0.012
Enthusiastic 0.696 0.057 �0.075 0.009 �0.055
Curious 0.531 �0.079 0.035 0.055 �0.002
Calm �0.093 0.068 �0.465 0.029 �0.103
Stressed 0.010 0.017 0.794 0.000 0.005
Anxious 0.061 0.008 0.375 0.381 �0.090
Irritated 0.013 �0.010 0.018 0.024 0.732
Down �0.035 �0.021 0.009 0.799 �0.038
Sad 0.008 0.001 �0.022 0.812 0.044
Irritable �0.015 0.003 0.009 �0.014 0.773
Tense �0.084 0.098 0.670 0.062 0.088
Disappointed �0.043 �0.039 0.027 0.436 0.262
Restless 0.037 0.088 0.412 0.129 0.160
Correlations Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Factor 1 1 0.50 �0.32 �0.45 �0.44
Factor 2 1 �0.44 �0.28 �0.32
Factor 3 1 0.44 0.55
Factor 4 1 0.52
Factor 5 1

Notes. Highest loading per item highlighted in bold. NA = Negative affect; PA = Positive affect; Fit indices: RMSEA = 0.033; Tucker Lewis Index = 0.975; v2(73) = 467.36,
p < 0.001; N = 5045 observations

Table 5
Measurement invariance analyses of short questionnaire within-person structure.

Model CFI RMSEA df AIC BIC v2 p diff. v2 df diff. P diff. diff. RMSEA diff. CFI

Across sampling frequencies (3 beeps N = 1786; 6 beeps N = 3390; 9 beeps N = 4978)
Configural 0.959 0.074 54 218141.142 219485.108 1052.085 0.000
Metric 0.959 0.067 66 218131.685 219388.943 1066.627 0.000 14.542 12 0.267 0.007 0.000
(Co)Variances 0.957 0.066 72 218173.463 219387.368 1120.405 0.000 53.778 6 0.000 0.001 0.002
Across questionnaire lengths (short questionnaire N = 5067; long questionnaire N = 5087)
Configural 0.960 0.074 36 218104.986 219000.963 1025.772 0.000
Metric 0.959 0.068 42 218107.731 218960.354 1040.517 0.000 14.745 6 0.022 0.005 0.000
(Co)Variances 0.959 0.066 45 218104.331 218935.278 1043.117 0.000 2.601 3 0.457 0.002 0.000

Notes. CFI = Comparative Fit Index; RMSEA = Root Mean Square Error of Approximation.
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which point towards a more discrete structure at the WP than BP
level.

4.1. Support for PA & NA structure

In line with our hypotheses, a PA and NA structure fit the data
better than a single valence factor or two orthogonal factors in
all cases, thereby offering support for previous findings from both
diary and ESM data (Rappaport et al., 2019; Rush & Hofer, 2014;
Viechtbauer et al., 2020). However, it is important to note that
the fit of a simple PA and NA structure was not satisfactory in
any of the cases, a fact that is discussed in more detail below.
The high correlation of PA and NA at theWP level of the short ques-
tionnaire indicated a high degree of redundancy between the two
factors. This is likely due to the inclusion of lexical antonyms in the
questionnaire (e.g., stressed and relaxed, happy and sad; see
Russell & Carroll, 1999) and the definition of positive and negative
affect based on valence and hence across arousal levels (as opposed
to the definition based on only high arousal terms used by Watson
and Tellegen, 1985). However, model comparisons showed that
two separate but correlated factors resulted in significantly better
fit than one factor, indicating that PA and NA should not be col-
lapsed into one factor in the current data. Further, relaxed and
calm showed high cross-loadings and were found to load on the
7

NA factor in the exploratory analyses of the long questionnaire.
This indicates that they are more characteristic of the absence of
negative than of the presence of other positive affective states (in
line with Watson et al., 1999). For the short version of the ques-
tionnaire, a WP PA and NA structure that allowed a correlation
between the residuals of stressed and relaxed was found to be
invariant across protocols, suggesting that variations in sampling
frequency and questionnaire length do not influence the measures
of affect. At the BP level, the structure did not fit in all groups,
which may indicate that sampling frequency and questionnaire
length do influence the relationships between individual items at
this level. However, the small sample size at the BP level may also
explain the misfit. This result should therefore be interpreted cau-
tiously and replicated in a larger sample in the future. Even if the
functioning of items is indeed not affected, it is important to note
that the sampling frequency does have an effect on the timing of
changes in affect that can be detected (Ebner-Priemer & Sawitzki,
2007) and questionnaire length has previously been observed to
lead to higher burden, reported careless responding, and lower
compliance (Eisele et al., 2020). PA and NAwere also found to show
high internal consistency at both levels. The values observed at the
WP level were at the higher end of reliabilities reported in the lit-
erature, which may partly be caused by the method used to calcu-
late reliability (Brose et al., 2020).
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4.2. Additional shared variance between items

Notably, the simple PA and NA structure did not show accept-
able fit for any of the levels and questionnaire versions. Modifica-
tion indices suggested that items shared additional variance that
was not accounted for by PA, NA, or their correlation. Although this
tendency was present in both questionnaire versions, additional
relations between items became most apparent in the long version.
Compared to the short version, this questionnaire was character-
ized by generally increased redundancy of items (e.g., irritated
and irritable) and the inclusion of synonyms (e.g., sad and down).
The resulting misfit of the simple PA and NA structure was
addressed with two different approaches (the association between
item redundancy and model misfit has for instance been discussed
by Brown, 2015). First, residual correlations were freed based on
modification indices. Allowing residual correlations is in line with
previous work using the PANAS, where items belonging to the
same content domains are often allowed to correlate at both levels
to achieve good fit (e.g., Brose et al., 2015; Merz & Roesch, 2011;
Rush & Hofer, 2014). However, the allowed residual correlations
had not been specified in advance for the current study. Modifying
a confirmatory model in such a data-driven way has been criticized
as being a-theoretical and therefore especially susceptible to sam-
ple specific noise (Hermida, 2015). This means that even though
the conducted modifications may seem in line with previous work
on affect and may inform about interesting tendencies in the data,
they should be interpreted in light of how they were achieved and
warrant replication in a new dataset. As discussed in the literature,
residual correlations may also hint towards the existence of addi-
tional factors (see Gerbing & Anderson, 1984). Indeed, an even
more exploratory approach revealed that the additional relations
between items could also be accounted for by specifying extra fac-
tors at the WP level. This is in line with findings from previous
studies that have suggested a more nuanced affective structure
within persons (Eadeh et al., 2019; Jacobson et al., 2020; van
Halem, Van Roekel, Kroencke, Kuper, & Denissen, 2020). In the cur-
rent data, this approach resulted in five correlated factors at the
WP level that roughly reflected clusters of items characterized by
varying degrees of valence and arousal (high arousal PA, high arou-
sal NA, low arousal PA, low arousal NA). Additionally, the NA factor
irritation emerged, which revealed a clustering of affective states
that typically co-occur in emotional episodes with specific antece-
dents, appraisals, and behavioral consequences (Russell, 2003). All
factors were therefore justifiable based on theoretical accounts of
the affective space (Russell, 2003; Russel, 1980; Zevon &
Tellegen, 1982). Notably, several items showed high cross-
loadings on other factors (e.g., anxious, satisfied). This may be
explained by the fact that they are centrally located on the arousal
spectrum and do not belong clearly to the group of high or low
arousal terms. Taken together, the two approaches reflect discrep-
ancies in the literature, where additional associations between
items have sometimes been treated as a nuisance, and hence
accounted for by freeing correlated residuals, and sometimes as
meaningful additional factors.

4.3. Differences in affective structure between levels

The current findings also highlight differences in the structure
of affective states between persons and within persons that are
consistent with a more discrete affective structure at the WP level
(i.e., individual affective states co-occur less at WP than BP level).
In line with this, a relatively large part of the variance of affective
states between persons was accounted for by the dimensions PA
and NA (e.g., individuals who frequently feel sad also tend to feel
stressed often), while these broad dimensions explained a smaller
part of the variance in affective states within persons over time
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(e.g., if an individual feels sad at a given moment they are only
slightly more likely to also feel stressed at the exact same
moment). This was apparent in the strength of loadings at the
two levels (e.g., only 23% of WP variance of energetic was
accounted for by WP PA, compared to 50% of BP variance
accounted for by BP PA; consistent with e.g., Eadeh et al., 2019;
Möwisch et al., 2019). Another sign of a more discrete affective
structure was that the correlation of PA and NA was more negative
at the WP level, similar to previous findings (Bleidorn & Peters,
2011; Rush & Hofer, 2014; Schmukle et al., 2002). This indicates
that affective states of opposite valence are also less likely to co-
occur at the WP than BP level. In addition, the number of factors
suggested in the parallel analyses differed between levels, with a
more nuanced structure at the WP level. The small sample size at
the BP level may partly explain this discrepancy, as parallel analy-
sis, the method used to determine the number of factors, is known
to underestimate the number of factors in situations with corre-
lated factors and small sample sizes (Auerswald & Moshagen,
2019). However, this finding may also point in the direction of a
more nuanced structure of affect at WP than BP level (in line with
Jacobson et al., 2020). Taken together, these observations are in
line with theories and empirical findings describing a different
affective structure at the WP than BP level (Brose et al., 2015,
2020; Vansteelandt et al., 2005; Zelenski & Larsen, 2000). However,
the tenability of a more discrete WP structure should be tested in a
confirmatory way in the future. It is important to highlight that
while WP affect may be more discrete, a more nuanced organiza-
tion of affective states was also prevalent at the BP level, as indi-
cated by the residual correlations necessary to achieve acceptable
model fit in the current study.

4.4. Limitations & future research

While the current study furthers our understanding of the WP
and BP affective structure, we also faced a number of limitations
that should be addressed in the future. The sample size at the BP
level was small. This has consequences for the results of the CFAs,
as the precision and power of model parameters, as well as the reli-
ability of fit statistics is lower for small sample sizes (Brown, 2015).
The power of measurement invariance tests is also known to be
affected by the sample size (Chen, 2007; Meade, 2005). The results
of the current BP analyses should therefore be replicated in larger
samples in the future before drawing firm conclusions.

Another limitation was the item set, which was not fully bal-
anced in terms of arousal and did not cover all affective states.
The field would benefit from more systematic approaches includ-
ing even larger item pools. Additionally, the investigation was con-
ducted in a young student sample and the results may not
generalize to other groups.

Further, the application of multilevel CFA/SEM is relatively
recent and many methodological choices have not been investi-
gated in detail. This applies for instance to cut-offs for fit indices.
Recent work has highlighted that these cut-offs are highly depen-
dent on the characteristics of the model (McNeish & Wolf, 2020).
However, simulation work for multilevel CFAs is sparse. Relatedly,
using good model fit as a proxy of the quality of a measure can be
misleading, as synonyms, antonyms, or cross loading items can
lead to model misfit, but may be desirable from a reliability or con-
tent validity point of view (see also Heene, Hilbert, Draxler, Ziegler,
& Bühner, 2011 for a discussion of the inverse relationship
between reliability and model fit). Moreover, we responded to
the misfit of the confirmatory models by engaging in exploratory
post hoc model modification. This data-driven approach has been
criticized as being too susceptible to sample specific noise
(Hermida, 2015) and the resulting structures should therefore be
interpreted as exploratory and warrant replication in new samples
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before being given the same weight as the confirmatory factor
analyses reported in this paper. Alternatives such as the Bayesian
lasso (Pan, Ip, & Dubé, 2017), that relax some of the stringent
assumptions of CFA, may be a valuable approach in the future.

As noted earlier, beeps with missing data on the affect items
were excluded from the analyses. In the vast majority of cases
(N = 1994), these stem from beeps that were not responded to
by the participants (in a few rare cases [N = 60], a participant has
started to respond to a beep but stopped while filling out the affect
items). Missing data always have the potential to bias the results
and we cannot exclude this possibility for the present analyses.
Future research should consider alternative ways of handling these
types of missing data.

Further, the development of models that do integrate the tem-
poral dependency of the data with variations from time series anal-
ysis is an active area of research, and first implementations in
software exist (McNeish & Hamaker, 2019). Investigations in the
future could benefit from taking the temporal dependency of
ESM data into account. As the implementation of multilevel EFA
in standard software is still limited, we used standard analytical
tools on person-level means and deviations from these means sep-
arately. Although the separate analysis of person-level means and
deviations thereof does produce similar results to more complex
statistical approaches in many cases, it is possible that this influ-
enced the results.

Finally, previous research has indicated that there are meaning-
ful differences in affective structures between persons (Brose et al.,
2015) and within persons over time (Dejonckheere et al., 2019;
Vogelsmeier, Vermunt, Bülow, & De Roover, 2020; Vogelsmeier,
Vermunt, van Roekel, & De Roover, 2019). In the current study,
we investigated the average WP structure but allowing the struc-
ture to be different across and within individuals may provide
additional valuable information. New methodological advance-
ments like latent Markov factor analysis (Vogelsmeier et al.,
2019) allow to investigate such temporal changes in factor struc-
tures in more detail. First results using this method have indicated
that a simple PA and NA structure may alternate with more
nuanced structures over time (Vogelsmeier et al., 2019).

4.5. Conclusions and recommendations

Our results suggest that PA and NA emerge at both levels in ESM
data and show high reliability, also when measured with few
items. However, the fit of a simple PA and NA structure was not
acceptable, which indicates that variance in the individual items
is lost if one only considers PA and NA. This was especially appar-
ent at the WP level, suggesting that more nuanced factors are a
more accurate description of affective states within individuals.
Therefore, when affect is the main interest of the ESM study, it
may be better to include more items to be able to detect these
more nuanced factors. Ideally, a strong theoretical foundation is
needed for relying on PA and NA, more nuanced factors, or even
individual items, at both levels. As pointed out by Brose and col-
leagues (2020), reasons of covariation on dimensions at the WP
level are often difficult to explain theoretically, but there are cer-
tainly situations where these broad dimensions are of interest. In
cases when a theory allows only vague predictions, comparing
results obtained with different sub-factors and general PA/NA
may be a powerful way to refine the existing theory (see
Möwisch et al., 2019 for an example). Such comparisons could fur-
ther clarify if the subdivision of affect into more nuanced factors is
necessary. The low WP loadings found in the current work also
highlight that the comparability of sum scores of different item
sets is likely limited, which is worrisome considering the large
diversity in items used to measure WP affect in previous studies
(Brose et al., 2020). Additionally, the combination and number of
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items has a direct influence on the structure that can be detected.
As discussed by Möwisch and colleagues (2019) and evident in the
current results, more nuanced factors can only be detected when
sufficient items are included. The dependency of the structure on
the specific item set also highlights the need of constant assess-
ment of the adequacy of a structure. Therefore, its structural valid-
ity should ideally be a routine check with every new item set and
researchers should rely as much as possible on item sets with
known structures. Finally, there are a number of methodological
challenges associated with conducting factor analyses in ESM data
that should be addressed in the future.
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