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Changes in the quality of emotional experience are among the various significant developmental chal-
lenges that characterize early adolescence. Although retrospective and momentary emotional self-reports
are known to differ, adolescents’ emotional experiences are mainly assessed retrospectively without
knowing if the recall is biased in a positive or negative way. The present study extends research on
recall bias by investigating possible changes in retrospection effects of students’ affective experiences
during early adolescence. To this end, we compared retrospectively assessed affect with in situ reported
affect. At the age of about 12 years (T1) and 3 years later (T2), 120 students repeatedly reported their
momentary positive and negative affect during one school week and once in retrospective at the end of
the school week. Furthermore, we examined whether students’ emotional attitudes toward school have
an effect on retrospection effects of students’ affect and on change in retrospection effects from T1 to
T2. To test our hypotheses, we applied multilevel first-order and second-order latent difference models.
Results indicate a positive recall bias (i.e., rosy view) of students’ reports of their positive and negative
affect in the classroom at T1 and a negative shift in recall bias by T2. Furthermore, findings supported
that a rosy view is less likely to occur, if a student is less emotionally involved in school. In turn, posi-
tive emotional attitudes toward school appear to serve as a buffer for the tendency toward a negative
recall bias (i.e., blue view) at the end of early adolescence.
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Do adolescents report what they actually feel? Although this
question may seem rather trivial, it is fundamental for investigat-
ing adolescents’ emotional experiences. Since emotions, feelings,
and affect are subjective phenomena, most researchers consider
the individual having access to these internal states as “the final ar-
biter of his or her own feeling” (Schwarz, 2012, p. 31). This is
also true for adolescents.
In educational research, adolescents’ emotional experiences

are mainly assessed by means of conventional questionnaires,
researchers frequently rely on retrospective self-reports; thus,

on a memory-based reporting format. However, reports of
recalled emotions or experiences are often over- or underesti-
mated (Conner & Barrett, 2012; Ottenstein & Lischetzke,
2020). Previous research comparing retrospectively assessed
emotions with emotions captured in situ or in real-time has
consistently revealed differences between retrospective and in
situ reports (e.g., Christensen et al., 2003; Lay et al., 2017;
Mill et al., 2015; Parkinson et al., 1995; Wirtz et al., 2003).
These retrospection effects (i.e., recall biases) can partly be
explained by the fleeting and fluctuating characteristics of
emotions. Once the feeling dissipates, the emotional experi-
ence needs to be mentally reconstructed by the respondent
based on the temporarily most accessible and relevant infor-
mation (Robinson & Clore, 2002). Hence, the retrospective
rating depends also on circumstances rendering pieces of in-
formation more or less salient.

With respect to adolescents, it is important to investigate influences
on self-reports of emotional experiences in the classroom, since school
represents a major developmental context for adolescents’ psychologi-
cal functioning (Eccles & Roeser, 2011; Moksnes et al., 2016). Fol-
lowing Robinson and Clore’s (2002) accessibility model of emotional
self-reports, it is assumed that adolescents access situation-specific
beliefs when retrospectively rating their emotional experiences. The
few studies on the bias of students’ emotional self-reports in the class-
room indicate that adolescents’ retrospective or prospective assessment
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of emotions or affect during lessons is influenced by their school-
related beliefs (Bieg et al., 2014; Goetz et al., 2013; Venetz & Zurbrig-
gen, 2016). For students in Grade 6, Venetz and Zurbriggen (2016)
showed that the positive bias (i.e., rosy view) of students’ retrospective
affect ratings in the classroom was primarily associated with students’
emotional attitudes toward school. Given the decline in the positivity
of emotions (Larson et al., 2002; McLaughlin et al., 2015) and in
well-being during early adolescence (Casas & González-Carrasco,
2019), as well as the increase in negative attitudes toward school
(Hascher & Hadjar, 2018) and a decrease in students’ motivation in
secondary education (Minnaert et al., 2017; Wigfield et al., 2006), the
question arises whether the positive bias of retrospective affective self-
reports would remain stable or deteriorate in this sensitive period of
life.
The present study extends research on recall bias by investigat-

ing possible changes in retrospection effects of students’ affective
experiences in the classroom during early adolescence. Further-
more, the impact of students’ attitudes toward school on retrospec-
tion effects is explored. Due to the frequently identified difficulties
of adolescents in emotion differentiation (Nook et al., 2018), we
refrain from investigating discrete emotions and rely instead on
the concept of core affect, which assumes that affective states are
always potentially accessible to consciousness and experienced as
a simple, nonreflective feeling (Russell, 2003; Yik et al., 2011).
Core affect is well suited to investigate affective experience in
daily life (Kuppens et al., 2012).

Recall Bias of Emotional Self-Reports

Emotional experience is continuous and fluctuating and does
not endure as such in memory (Levine et al., 2009; Robinson &
Clore, 2002; Schwarz, 2012). According to this common view in
research on emotional self-reports, memory for emotions or affect
is subject to change, forgetting or bias over time. Since individuals
cannot retrieve the emotional experience itself, they construct a
representation of the feeling based on their memory about the cir-
cumstances while experiencing the feeling, and evaluate the recon-
struction based on their beliefs related to the past feeling (Levine
et al., 2009). The process of recalling information can be consid-
ered as a “judgment, implying a dynamic process comprised of the
differential weighting of information” (Stone & Litcher-Kelly,
2006, p. 63).
The possibility that biases influence recall ratings has driven,

among others, the development of momentary data capturing tech-
niques. Techniques for studying people in their real life cover a
wide range of assessment methods, such as diary methods (e.g.,
Bolger et al., 2003), experience sampling method (ESM; e.g.,
Hektner et al., 2007), ambulatory assessment (e.g., Conner &
Mehl, 2015; Trull & Ebner-Priemer, 2013), or the recently increas-
ingly used umbrella term, intensive longitudinal methods (e.g.,
Bolger & Laurenceau, 2013). The main characteristics of these
methods are that data are collected (a) in situ, (b) in real time or
close to real time, and (c) on several occasions over a period of
time (e.g., one or several weeks). With regard to self-reports of
emotional experiences, one of the main advantages of momentary
assessment is that recall biases can be mitigated or even greatly
reduced (Stone & Litcher-Kelly, 2006) due to the direct accessibil-
ity of information (Schwarz, 2012).

Accordingly, many studies have reported differences between
momentary and retrospective reports of emotions, affect or experi-
ences in general (e.g., Christensen et al., 2003; Lay et al., 2017;
Parkinson et al., 1995; Wirtz et al., 2003). To consider recall bias,
most studies have used time-inclusive retrospective reports (Otten-
stein & Lischetzke, 2020). With this type of retrospective report,
recall bias corresponds to the difference between the average of
the momentary ratings given by a participant during a specific
time span and the retrospective rating about this time period over-
all. The difference or convergence between aggregated momentary
ratings and the overall retrospective ratings has also been referred
to as memory-experience gap (Miron-Shatz et al., 2009) or as
(mean) level convergence (Neubauer et al., 2020). In this contribu-
tion, we explicitly use the term retrospection bias since we con-
sider in situ ratings to better reflect emotional experiences.

Notwithstanding the differences in terminology, possible
explanations for (the lack of) convergence between momentary
and retrospective ratings remain an important question in emotion
research. Robinson and Clore (2002) argue that different types of
emotional self-report are associated with different sources of infor-
mation that raters rely upon, providing potentially different
answers about their emotional experience. According to their
accessibility model of emotional self-report, time-inclusive retro-
spective reports are supposed to be linked to semantic rather than
to episodic emotion knowledge. With the successive decline in a
person’s accessibility of episodic information (i.e., information
that is specific to an event in the past), the reliance on semantic
knowledge (i.e., generalized beliefs) increases. Such generalized
beliefs can be either situation-specific or identity-related. When a
situation or a setting is connected with particular beliefs about
one’s emotions, the rater more likely relies on situation-specific
beliefs than on (general) identity-related beliefs.

For adolescents, it can be argued that school is associated with
particular situation-specific beliefs. Accordingly, and in line with
Robinson and Clore’s accessibility model of emotional self-
reports, adolescents may rely on school-related beliefs, that is, atti-
tudes toward school when evaluating their affective experience
retrospectively. Following the general definition of attitude by
Eagly and Chaiken (2007), attitude toward school can be defined
as an inner tendency related to school that is expressed by evaluat-
ing school with some degree of (dis-)favor. Because attitudes to-
ward school are an important predictor of students’ well-being
(Moè et al., 2009), they might also have an impact on its retrospec-
tive (or prospective) assessment in the classroom. The importance
of attitudes toward school for students’ emotional self-reports can
be further substantiated by the Affective Events Theory (Weiss &
Cropanzano, 1996). Drawing a parallel between work context (in
adult life) and school context, it can be assumed that cumulative
emotional experiences are closely connected with students’ school
related attitudes.

Changes in Emotional Experience in Early Adolescence

Age is a main factor that can influence retrospective emotion or
affect ratings. Studies investigating age differences suggest a tend-
ency for more positivity and a reduced negativity in both affective
experience and emotional memory in older age than in early adult-
hood (Charles et al., 2016; Lay et al., 2017; Mill et al., 2015;
Röcke et al., 2011). To the best of our knowledge, there is no
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study on age differences in recall bias of emotional self-reports in
adolescence. However, we refer to research on emotional develop-
ment to derive hypotheses about the development of recall bias in
adolescents.
Changes in the quality of emotional experience and subjective

well-being are among the various significant developmental
changes that characterize adolescence (McLaughlin et al., 2015;
Wigfield et al., 2006). Numerous studies have demonstrated an
increase in mental health problems such as anxiety, depression, or
suicidal thoughts (e.g., Bertha & Balázs, 2013; Valois et al., 2004)
as well as a decrease in life satisfaction (e.g., Goldbeck et al.,
2007; Newland et al., 2019). A large international comparative
study revealed that general subjective well-being continuously
decreased from age 7 to 14, with an onset of the decrease at the
age of 10 in most countries (Casas & González-Carrasco, 2019).
This trend was not related to school transition (i.e., from primary
to secondary education).
Studies using momentary data capture techniques support the

notion that the early years of adolescence mark the beginning of a
downward tendency in emotional development. In an early ESM
study by Larson and Ham (1993), for instance, students experi-
enced more negative affect in Grades 7 to 9 than in Grades 5 and
6. Additionally, adolescents’ emotional experiences became not
only less positive, but also less stable across early adolescence
with a slowing of emotional changes in middle adolescence (Lar-
son et al., 2002). Weinstein and colleagues (Weinstein et al.,
2007) found, that while positive affect declined across Grades 8 to
11, negative affect remained relatively stable. Relative stability in
depressed mood (i.e., general ratings of depressive symptoms)
throughout adolescence was also shown in a 6-year longitudinal
panel study (Holsen et al., 2000).
According to Hektner (2014), the increase in negative emotional

experiences in early adolescence may be related to a shift in the
perception of negative life events (see also Larson & Ham, 1993).
Another possible explanation is that adolescents may have a pref-
erence for maintaining or even enhancing negative affect at the
expense of positive affect—a phenomenon called contra-hedonic
motivation. Riediger and colleagues (Riediger et al., 2009) found
a relatively high prevalence of contra-hedonic motivation in ado-
lescents, but also a higher prevalence of mixed affects (i.e., the si-
multaneous experience of positive and negative affect of high
intensity) compared with older age-groups. Furthermore, the pat-
tern of higher negative affect and lower positive affect in early
adolescence could be related to insufficient or inappropriate emo-
tion regulation. Findings from a study by Zimmermann and Iwan-
ski (2014) suggest a general decline in regulation strategies from
early to middle adolescence, with the smallest repertoire of emo-
tion regulation strategies at the age of 15.
Although research has shown a general tendency for the quality

of the emotional experience in early adolescence to deteriorate, the
affective responses of adolescents also differ between contexts.
School represents a major developmental context for adolescents
(Eccles & Roeser, 2011), not least in terms of their emotional de-
velopment (Moksnes et al., 2016). The landmark ESM study by
Csikszentmihalyi and Larson (1984) already showed that adoles-
cents were less emotionally positive in school compared with other
contexts. More than 30 years later, a similar picture emerged in a
study comparing adolescents’ affective experiences in everyday

life (Zurbriggen et al., 2018). As expected, adolescents experi-
enced school time more negatively than leisure time.

Assessing Students’ Emotional Experience in School

In contrast to many other scientific disciplines, research on emo-
tions in education was slow to emerge, but has steadily increased
in the last 20 years (Pekrun & Linnenbrink-Garcia, 2014).
Although a number of studies have applied ESM to investigate
adolescents’ experiences in classrooms, other self-report instru-
ments—primarily test anxiety questionnaires—have been much
more widely used to measure students’ emotions (Pekrun & Büh-
ner, 2014). Moreover, situated multimethod approaches to the
study of emotions in education are still relatively uncommon
(Turner & Trucano, 2014). It is then hardly surprising that there
are only a few studies comparing state reports (i.e., in situ reports)
and general trait reports or retrospective reports of students’ emo-
tional experience in the classroom. Besides that, the few studies
refer to different concepts of emotion in investigating the retro-
spection effects in students’ emotion reports. Whereas the studies
of Bieg et al. (2014) and Goetz et al. (2013) were based on the
concept of discrete emotions, Venetz and Zurbriggen (2016)
referred to the concept of core affect. It is assumed that an affec-
tive state is continually present, yet fluctuating across time, and
consciously accessible as a simple, nonreflective feeling that can
be described by basic bipolar dimensions (Russell, 2003; Yik et
al., 1999, 2011).

The study of Goetz et al. (2013) revealed that girls, compared
with boys, reported higher levels of trait anxiety, but not so in situ
during mathematics instruction and testing situations. Further-
more, students’ mathematics self-efficacy beliefs and self-concept
were related to trait anxiety in mathematics. Bieg et al. (2014)
reported that trait emotions of enjoyment, pride, anger, and anxiety
are generally rated higher than state emotions, suggesting an inten-
sity bias (see also Buehler & McFarland, 2001; Wirtz et al., 2003).
As expected, the academic self-concept in mathematics predicted
the discrepancy between trait and state reports of students’ emo-
tions. In contrast, Venetz and Zurbriggen (2016) found that stu-
dents retrospectively report higher levels of positive affect and
lower levels of negative affect compared with in situ ratings,
pointing to a positive recall bias. The academic self-concept could
predict the recall bias of positive affect, but only to a very small
extent, while emotional attitudes toward school could predict the
recall bias both in positive and negative affect.

The positive recall bias can also be referred to as a rosy retro-
spection or the rosy view effect (Mitchell & Thompson, 1994;
Mitchell et al., 1997). According to Mitchell and Thompson’s
theory of temporal adjustment, individuals tend to remember, eval-
uate, and anticipate events (i.e., interrelated sequences of activities
and behaviors) more positively than actually experienced. One
central factor or boundary condition for such a rosy effect is perso-
nal involvement, because it “is fundamentally important for some
of the motivational and cognitive processing that produces a rosy
view” (Mitchell & Thompson, 1994, p. 89). Given the decline in
students’ motivation and emotional involvement in secondary edu-
cation (Minnaert et al., 2017; Wigfield et al., 2006) and the
increase in negative attitudes toward school (Hascher & Hadjar,
2018), we assume that the rosy view would decrease during early
adolescence.
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The Present Study

With the present study, we examined, first, whether students’
retrospectively assessed affect in the classroom differed from their
momentary, in situ reported affect (i.e., retrospection effect or
recall bias). According to the theory of temporal adjustment
(Mitchell & Thompson, 1994; Mitchell et al., 1997), we expected
a positive bias (i.e., rosy view) for the retrospective affect ratings
(Hypothesis 1). Such a rosy retrospection effect is characterized
by higher positive affect and lower negative affect in retrospection
than in situ. Moreover, we investigated whether the retrospection
effect could be explained by students’ emotional attitudes toward
school (Hypothesis 2). Based on the accessibility model of Robin-
son and Clore (2002) and the theoretical ideas described above,
we assumed that more positive attitudes toward school would be
associated with greater retrospective overestimation of positive
affect and more retrospective underestimation of negative affect.
Second, we examined whether the retrospection effect of stu-

dents’ affective experiences in the classroom changed during early
adolescence. Given the developmental decline in the quality of
emotional experience, we expected that retrospective overestima-
tion of positive affect and underestimation of negative affect
would become smaller during early adolescence (Hypothesis 3).
Additionally, we investigated whether the change in retrospection
effects could be predicted by a change in adolescents’ emotional
attitudes toward school in general. We assumed that change in atti-
tudes toward school would be positively associated with the
change in retrospection effects of positive affect (Hypothesis 4a).
That is, we expected a general decline in the overestimation of
positive affect, but this decline should be less pronounced for stu-
dents with smaller declines (or even an increase) in positive atti-
tudes toward school. Finally, we assumed that changes in attitudes
toward school would be negatively associated with the change in
retrospection effects of negative affect (Hypothesis 4b). That is,
the underestimation of negative affect should generally decline
over time, yet this decline should be less pronounced for students
with smaller decreases (or even increases) in positive attitudes to-
ward school.

Method

Sample and Procedure

The sample consisted of Swiss adolescents who participated in
a study on emotional experience in the classroom and school-
related self-perceptions (see Venetz et al., 2012). The project was
funded by the Swiss National Research Foundation (Grant
122274). The sample was drawn from primary schools in rural and
urban locations within four German-speaking states (cantons). The
study was approved by the education department of the corre-
sponding cantons (Grison, Thurgovia, St. Gallen, and Zurich) and
by the school principals. Adolescents and their primary caregivers
provided written informed consent.
The present analyses focus on data from 120 adolescents who

participated twice within a period of 3 years. At the first occa-
sion of measurement (T1), the 120 students (Mage = 12.1, SDage =
.89, 41.8% girls) were in Grade 5 (20.0%) or Grade 6 (80.0%),
which in Switzerland corresponds to the two last years of pri-
mary education (Level 1 according to the International

Standard Classification of Education, ISCED).1 In the follow-
up study (T2), after transition to lower secondary school
(ISCED 2), the students were in Grades 8 or 9.

At both measurement occasions, the students participated in an
experience sampling survey for 1 week and completed a conven-
tional questionnaire at the end of the survey. At T1, the experience
sampling took place during lessons on school days (Monday to
Friday). On the last school day before the survey actually started,
trained test administrators explained the basic idea and the proce-
dure of the experience sampling, also in comparison with the con-
ventional questionnaire. As part of the 45-min instruction in class,
students completed a test signal that familiarized them with the
ESM procedure. The 14 randomly generated signals of the experi-
ence sampling survey at T1 were sent via pager or a teacher’s mo-
bile phone (three signals per day, and on half-day lessons, only
two). At the signal, teachers requested their students to complete a
short questionnaire in a small booklet that students carried with
them at all times during the five school days. It took 2 to 4 min to
fill out one questionnaire. In total, the students completed Nt1 =
1,488 experience sampling questionnaires (response rate T1:
88.6%).

At T2, the experience sampling additionally referred to leisure time.
Trained test administrators instructed the adolescents individually 2 or
3 days before the start of the experience sampling survey. After sign-
ing a user agreement, adolescents were equipped with smartphones to
report their emotional experience for seven consecutive days (includ-
ing the weekend). At 42 randomly generated occasions (six per day),
they received a link to a short online questionnaire via SMS. In total,
the adolescents completed Nt2 = 3930 experience sampling question-
naires in school and during leisure time (response rate T2: 78.0%).
78% of all questionnaires were completed within 10 min after receiv-
ing the link, 88% within 30 min. The 4.4% of the questionnaires that
were answered more than 2 hr after receiving the link were not consid-
ered. To grant comparability between T1 and T2, only the nt2 = 1,083
occasions during lessons (response rate for lessons: 75.2%) were
included for the present analyses.

Measures

Momentary Affect

Momentary affect was assessed using the Positive Activation
(PA) and Negative Activation (NA) from the PANAVA short
scales (PANAVA-KS; Schallberger, 2005). The scales are based
on the two general activation systems of affect by Watson and col-
leagues (Watson & Tellegen, 1985; Watson et al., 1999).2 The PA

1 Class teachers who taught Grade 6 were asked to participate in the
study of Venetz et al. (2012). Students from Grade 5 were only included if
a class was a multigrade class (Grades 5 and 6). Multigrade classes are
quite common in the rural parts of Switzerland.

2 Schallberger (2005) included two items capturing valence (VA) in
terms of pleasure as in the conceptualization by Russell (2003) in addition
to eight items measuring PA and NA. In contrast to Russell’s model
assumptions, and in line with other studies (e.g., Schimmack & Grob,
2000), the evaluation of the PANAVA-KS indicated that the two VA items
constituted a third (i.e., additional) dimension (Schallberger, 2005). To stay
in line with previous research on intraindivdual variation in emotional
experience (e.g., Lay et al., 2017; Riediger et al., 2009; Röcke et al., 2011)
and because the validity of the VA scale is not yet fully clear, we focus on
PA and NA as in the model by Watson and Tellegen (1985).
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scale consists of four items with pairs of opposite adjectives (e.g.,
listless vs. highly motivated, bored vs. excited; see Table 1). The
NA scale also comprises four items (e.g., relaxed vs. stressed,
calm vs. nervous). All eight items were scored on a 7-point bipolar
Likert scale ranging from �3 to 3, with 0 labeled as neither nor.
For the current analyses, the items have been transformed to posi-
tive values ranging from 1 to 7. As an introductory question, ado-
lescents were asked: How did you feel just before the signal?
At T1, reliability coefficients (McDonald’s x) for the PA scale

ranged from x = .66 (95% confidence interval, CI [.54, .78]) to
x = .84 (95% CI [.78, .90]) across the 14 randomly generated sig-
nals. For the NA scale this range was x = .60 (95% CI [.46, .75])
to x = .80 (95% CI [.71, .90]). At T2 reliability coefficients for the
PA scale ranged from x = .79 (95% CI [.71, .88]) to x = .87 (95%
CI [.83, .91]). For the NA scale this range was x = .68 (95% CI
[.58, .78]) to x = .85 (95% CI [.78, .91]). We report the range of
McDonald’s x (McDonald, 1999) for the in situ measurements to
reflect the fluctuation of reliabilities across the signals. The “aver-
age” in situ measurements for every student are modeled as error
free variables with perfect reliability at Level-2 in multilevel mod-
els (see also Eid et al., 2008; Koch et al., 2014).

Retrospective Affect

At the end of both experience sampling phases, adolescents ret-
rospectively reported their affective experience in class by means
of a conventional questionnaire. The same PA and NA items were
used as for the momentary ratings. Adolescents were asked to rate
how they experienced lessons in general during the last week. In
the introductory text to this question and in the instruction by the
test administrators (see also section “Sample and Procedure”), it
was stressed that these ratings should refer to the week when the
experience sampling study was held.
The reliability for the PA scale was x = .78 (95% CI [.70, .86])

at T1 and x = .80 (95% CI [.73, .86]) at T2. The reliability for the

NA scale was x = .74 (95% CI [.63, .84]) at T1 and x = .51 (95%
CI [.37, .66]) at T2.

Emotional Attitudes toward School

Emotional attitudes toward school were also measured at the
end of both experience sampling phases using a scale from the
Perceptions of Inclusion Questionnaire (PIQ; Venetz et al., 2015).
The scale refers to the (explicit) affective component of attitudes
and consists of four items assessing emotional well-being in
school in general (e.g., I like going to school or School is fun; see
Table 1 for item wording). For each item, participants were asked
to provide a rating on a 4-point rating scale (0 = not at all true, 1 =
somewhat not true, 2 = somewhat true, 3 = certainly true). For the
current analyses, the items have been transformed to positive val-
ues ranging from 1 to 4. Studies have reported good reliability and
validity for the PIQ (DeVries et al., 2018; Zurbriggen et al., 2019).
In the current study, the reliability was x = .92 (95% CI [.90, .95])
at T1, and x = .88 (95% CI [.83, .94]) at T2.

Analyses

To test our hypotheses, we estimated three consecutive multi-
level structural equation models. We first tested for differences
in the factorial structure across the two occasions of measure-
ment (baseline model, see Figure 1) estimating multilevel con-
firmatory factor analytic (CFA) models for the two occasions of
measurement as a baseline model. Consider T1: On Level 1, we
specified the in situ assessments of positive activation (isapa11–
isapa41) and negative activation (isana11–isana41). The four
indicators load on their respective factor (L1PAT1 or L1NAT1).
These factors depict the in situ deviation of PA and NA from the
respective Level-2 factor (L2PAT1 or L2NAT1; i.e., the aggre-
gated—or “average”— momentary affect across the in situ
measurements). Also on Level 2, the four indicators of the retro-
spectively assessed PA (rpa11–rpa41: retrospective positive

Table 1
Unstandardized Loadings and Intercepts of Study Variables in the Longitudinal Multilevel CFA (Baseline
Model), and ICC Coefficients for the In Situ Measurements of Positive and Negative Activation

Variable Loading Intercept ICC at T1 ICC at T2

PA1 (energetic–weakened) 1 4.884 .206 .242
PA2 (tired–wide awake)a 1.078 4.336 .377 .217
PA3 (listless–highly motivated)a 1.182 4.583 .272 .248
PA4 (excited–bored) 1.065 4.267 .237 .190
NA1 (stressed–relaxed) 1 2.900 .220 .160
NA2 (peaceful–angry)a 1.009 2.526 .249 .201
NA3 (calm–nervous)a 0.717 2.704 .263 .205
NA4 (worried–carefree) 0.868 2.791 .287 .293
EAS1 (I like going to school) 1 2.884
EAS2 (I have no desire to go to school)a 1.116 2.977
EAS3 (I like it in school) 1.093 2.947
EAS4 (school is fun) 1.079 2.562

Note. N = 120. CFA = confirmatory factor analysis; PA = Positive Activation; NA = Negative Activation;
ICC = intraclass correlation. Note that the original items are in German and that the translations are not vali-
dated. The first loading parameter were fixed to unity (1) for each latent variable for model identification. All
estimated coefficients were significantly different from zero (all p , .001). For the PA- and NA-items strong
measurement invariance was implemented across measurement methods (in situ vs. retrospective), levels (Level
1 vs. Level 2; see Figure 1) and measurement occasions (T1 vs. T2). For the EAS-items strong measurement
invariance was implemented across measurement occasions. Hence, PA1 to PA4 and NA1 to NA4 refer to all
ispa, rpa, isna, and rna-items, respectively; EAS1 to EAS4 refer to all EAS items.
a Reversed item.
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activation) or NA (rna11–rna41: retrospective negative activa-
tion) load on their corresponding factor (RPAT1 or RNAT1;
i.e., retrospective affect). Emotional attitudes toward school
(EAS) are also modeled at Level 2 (EAST1 with its indicators
eas11–eas41). For T2, exactly the same models were specified
(with e.g., L2PAT2 representing the Level-2 factor for in situ
PA at T2).
In the second model (first-order difference model, see Figure

2a), we introduced the latent difference variables (e.g., DPAT1
and DNAT1 for T1) at Level 2 depicting the latent difference of
the retrospectively reported PA and NA (e.g., RPAT1 or RNAT1)
from the average in situ positive and negative affect (e.g.,
L2PAT1 or L2NAT1) for the two occasions of measurement sepa-
rately (McArdle & Nesselroade, 1994). These differences directly
represent the retrospection effects at T1 or T2 (Hypothesis 1).
According to Hypothesis 2, the four differences are to be regressed
on the EAS at the respective point in time.
In the third model (second-order difference model, see Figure

2b), we included differences between the latent variables of T2
and T1. That is, DEAS represents the change in the emotional
attitudes toward school, and DDPA and DDNA represent the
change in retrospection effects across the two occasions of mea-
surement (Hypothesis 3). The two differences in affect across
time (DDPA and DDNA) are regressed on the initial level and the

difference of emotional attitudes toward school across time
(Hypotheses 4a and 4b).

To estimate latent differences, interpret mean values and com-
pare correlations across time, assumptions of strong measurement
invariance must hold (Geiser et al., 2014; Meredith, 1993). These
assumptions were tested in the first model (baseline model; see
online supplemental material). We assessed goodness of fit with
the v2 value as well as the root mean square error of approximation
(RMSEA) and the gamma hat-index ĉð Þ. The latter was included
because it has been shown that ĉ is particularly sensitive toward
model miss-specifications but insensitive toward fit-irrelevant fac-
tors like sample size and model type (Fan & Sivo, 2007). Bench-
mark-values for the fit indices were taken from West et al. (2012),
Schermelleh-Engel et al. (2003), Fan & Sivo (2007), and Marsh et
al. (2004). RMSEA , .08 and ĉ . .90 indicate acceptable model
fit and RMSEA , .05 and ĉ . .95 indicate good model fit. All
models were specified in Mplus Version 8.2 (Muthén & Muthén,
1998–2017; model syntaxes are presented in the online
supplemental material). The data can be obtained from the first
author by request.

As several students attended the same classes at T1, they were
also nested within classes yielding a three-level data structure. We
respected the nested data structure at T1 (in all models) using the
replicate weights method (COMPLEX-option; Asparouhov &

Figure 1
The Baseline Model

Note. rpa11 = the first indicator for retrospective positive activation at T1; rpa41 = the fourth indicator for retrospective positive activation at T1;
isapa11 = the first indicator for the in situ assessment of positive activation at T1; isapa41 = the fourth indicator for the in situ assessment of positive
activation at T1; isana11 = first indicator of the in situ assessment of negative activation at T1; isana41 = the fourth indicator for the in situ assessment
of negative activation at T1; rna11 = the first indicator for retrospective negative activation at T1; rna41 = the fourth indicator for retrospective negative
activation at T1; eas11 = the first indicator for emotional attitudes towards school at T1; eas41 = the fourth indicator for emotional attitudes towards
school at T1; RPAT1 = retrospective positive activation at T1; L1PAT1 = Level 1 positive activation at T1; L1NAT1 = Level 1 negative activation at
T1; L2PAT1 = Level 2 positive activation at T1; L2NAT1 = Level 2 negative activation at T1; RNAT1 = retrospective negative activation at T1;
EAST1 = emotional attitudes towards school at T1. The same measurement model is repeated for T2. The circles under the Level–2 latent variables
L2PAT1, L2NAT1, L2PAT2, and L2NAT2 refer to the “aggregated” in situ assessments across the Level–1 units (see also Eid et al., 2008). The three
dots (. . .) represent the second and the third indicator of a respective measure, which are not depicted. The term “signals” refers to the in situ assess-
ments. The third level (classes) is not depicted, because in the replicate weights method (Asparouhov & Muthén, 2010) the Level-3 clustering is statisti-
cally respected but not explicitly modeled.
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Muthén, 2010). At T2 very few students attended the same classes
preventing us from respecting the (possibly differing) nestedness
at T2. We present the results of an analysis with only two levels
(in situ assessments in students) in the online supplemental
material. No substantial differences can be found.

Results

Model Fit

Table 2 presents fit indices for the baseline model (with final
measurement invariance restrictions), the first-order difference
model and the second-order difference model. While the test of
exact fit (v2) indicates misfit, RMSEA and ĉ suggest satisfactory
fit for the three models.

Baseline Model

In Table 1, we present the unstandardized loading parameters
and intercepts reflecting strong measurement invariance (a) for
emotional attitudes toward school across time (T1 and T2), and (b)
for PA and NA across time (T1 and T2) and methods (in situ
assessment and retrospective assessment). Furthermore, the last
two columns of Table 1 depict intraclass correlation (ICC) coeffi-
cients for in situ measurements of positive and negative activation
at T1 and T2, respectively. Between 16.0% and 37.7% of the vari-
ation is attributed to differences between individuals (L2). While
these proportions are substantial, the answers to these items are
mostly influenced by situational factors.

In Table 3, we present latent means, correlations and variances
from the baseline model. In the last line, the latent means reveal
that students score above the scale midpoint (4) on all measures

Table 2
Fit Evaluation for the Baseline Model, the First-Order Difference Model, and the Second-Order
Difference Model

Model v2(df) p RMSEA ĉ

Baseline model 3,122.668 (874) ,.001 .039 .938
First-order difference 3,103.345 (870) ,.001 .039 .938
Second-order difference 3,102.850 (872) ,.001 .039 .938

Note. N = 120. RMSEA = root mean square of error approximation.

Figure 2
(a) First-Order Difference Model and (b) Second-Order Difference Model

Note. For the sake of simplicity, no item has been depicted and only the latent structure is displayed, yet,
exactly the same measurement structure as for the baseline model is estimated. Latent variables with the same
names as in the baseline model (Figure 1) correspond to the same variables of the baseline model. DPAT1 =
change in retrospective positive activation in comparison with in situ positive activation at T1; DNAT1 = change
in retrospective negative activation in comparison with in situ negative activation at T1; DPAT2 = change in ret-
rospective positive activation in comparison with in situ positive activation at T2; DNAT2 = change in retrospec-
tive negative activation in comparison with in situ negative activation at T2; DEAS = change in emotional
attitudes towards school at T2 compared with T1. DDPA = change in the retrospection effect for positive activa-
tion at T2 compared with T1. The second-order difference model for NA (not depicted) is exactly the same as for
PA. Note that in 2a, residuals of the difference variables may correlate (not depicted).
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of PA and lower on all measures of NA. In the upper left part,
the correlation coefficients of the Level-1 latent variables show
that within one occasion of measurement (in situ assessment),
NA and PA were strongly inversely related (r = �.865 at T1 and
r = �.602 at T2). Since the Level-1 latent variables reflect ran-
dom fluctuations they are not allowed to covary across occasions
of measurement.

Latent correlations at Level 2 indicate that the retrospective and
aggregated in situ assessments were strongly associated at T1 (r =
.897 for PA and r = .866 for NA) yet to a much smaller extent at
T2 (r = .368 for PA and r = .314 for NA). The correlations
between variables representing PA and those representing NA at
T1 or at T2, respectively, were all negative. In particular, we found
strong negative correlations within the assessment methods—that
is, aggregated in situ variables correlated strongly with each other
as retrospective assessments did. Additionally, at T1 we found a
strong negative correlation between aggregated in situ assessed
NA and retrospectively assessed PA. Furthermore, we found that
the Level-1 variances increased over the two occasions of mea-
surement whereas Level-2 variances decreased indicating that the
in situ assessments at T2 became more volatile compared with T1.

The correlations of emotional attitudes toward school with the
other latent variables show an interesting pattern. At T1, attitudes
toward school correlated positively with the two latent variables
representing PA and negatively with those representing NA (all
r . .379). At T2, attitudes only correlated with the retrospective
assessments but no longer with the aggregated in situ assessments.

First-Order Difference Model

The first-order difference model is particularly informative with
regard to the retrospection effects at the two occasions of measure-
ment. At T1, the retrospectively reported PA was on average .207
scale units higher than the aggregated in situ reported PA (p =
.047; d = .412). For NA, we found that the average retrospectively
reported score was .154 scale units below the aggregated in situ
reported score (p = .131, d = �.269), yet this difference was not
statistically significant. At T2, the latent differences descriptively
changed directions. The retrospectively reported PA was on aver-
age .220 scale units lower than the aggregated in situ reported PA
(d = �.220). However this mean difference did not reach signifi-
cance (p = .058). For NA, the average retrospectively reported
score was significantly higher than the aggregated in situ score
(M(Dna) = .244, p = .032, d = .282).

Predicting the retrospective bias, we found that emotional atti-
tudes toward school predicted the retrospective bias for PA (b =
.336, b = .520, p = .002) but not for NA (b = �.134, b = �.177,
p = .273) at T1. At T2, we found the same pattern of regression
coefficients with both coefficients being statistically significant
(Dpa: b = 1.242, b = .703, p , .001; Dna: b = �.492, b = �.322,
p = .024).

Second-Order Difference Model

As already reported, the latent difference variables depicting ret-
rospection effects in the first-order difference models changed
directions at T2. The second-order difference model allows for a
statistical test of the change in retrospective bias via the second-
order difference variables. We found statistically significantT
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changes in retrospective effects both for PA (M(DDpa) = �.233,
p = .031, d = �.212) and NA (M(DDna) = .274, p = .018, d =
.264).
Predicting the changes in the retrospective effects, we found

that students with initially more positive emotional attitudes to-
ward school showed a smaller decrease in their retrospective bias
for PA (b = .986, b = .680, p , . 001). Yet, emotional attitudes to-
ward school did not predict change in retrospective bias for NA
(b = � .271, b = �.197, p = .418). Moreover, we found that
increases in positive emotional attitudes toward school also led to
a smaller decrease in the retrospective bias for PA (b = 1.561, b =
.989, p , . 001) but did not predict changes in the retrospective
bias for NA (b = �.590; b = �.394, p = . 058). Changes in the
positive and negative retrospective bias correlated more strongly
with each other than predicted by the initial attitudes and changes
in emotional attitudes toward school (partial correlation: r =
�.670, p, .001).

Discussion

The present study is the first, to our knowledge, to investigate
change in retrospection effects or recall bias of emotional self-
reports during early adolescence. To this end, we focused on
school as a major context in early adolescence. We compared the
retrospectively assessed positive and negative affect of 120 stu-
dents with their momentary, in situ reported positive and negative
affect in the classroom at two measurement occasions in early ado-
lescence, or to be more precise, at the age of about 12 years (T1)
and 3 years later at the age of about 15 years (T2). Furthermore,
we examined whether students’ emotional attitudes toward school
in general have an effect on recall bias of students’ affect ratings
as well as on change in recall bias during early adolescence. To
test our hypotheses, we applied first-order and second-order latent
difference models in a multilevel structural equation modeling
framework.

Changes in Recall Bias of PA and NA in Early
Adolescence

Based on the results of the baseline model, we concluded that
strong measurement invariance was tenable for emotional attitudes
toward school across time (i.e., T1 and T2) and for PA and NA
also across methods (i.e., in situ and retrospective assessment; see
online supplemental material). An interesting secondary finding of
the baseline model is that the in situ assessments were more vola-
tile at T2 than at T1, that is, adolescents’ affective experiences
fluctuated more across situations at the end of early adolescence
than at the beginning. The relatively high affective variability has
often been described as a central feature of adolescence (e.g.,
Csikszentmihalyi & Larson, 1984; Maciejewski et al., 2015;
McLaughlin et al., 2015; Weinstein et al., 2007). The higher intra-
individual variability in students’ affective experiences could be
associated with a decline in the repertoire of emotion regulation
strategies from early to middle adolescence (Zimmermann &
Iwanski, 2014).
As expected, results of our study point toward a positive recall

bias at the beginning of early adolescence (see also Venetz & Zur-
briggen, 2016). At the age of about 12 years, students reported
higher PA retrospectively at the end of one school week than in

situ during class. At the same time, their NA was lower when
reported retrospectively than in situ, but this difference was not
statistically significant. Having said that, results (of T1) can be
interpreted as a small positive recall bias in terms of a rosy view
(Mitchell & Thompson, 1994; Mitchell et al., 1997). Three years
later (at T2), retrospection effects changed direction: Students at
the age of about 15 years reported lower PA (though not signifi-
cant) and higher NA retrospectively than in situ. Hence, in contrast
to T1, at T2 we found evidence for a small negative recall bias in
terms of a “blue retrospection effect.” Taken together, these results
indicate that, in early adolescence, positive affect seems to be
overestimated whereas in middle adolescence negative affect
seems to be overestimated.

Although these results obtained by the first-order difference
model provide some insight into the recall bias of students’ affect
ratings at the beginning and at the end of early adolescence, they
do not give indications for a possible change in recall bias during
early adolescence. Therefore, we also applied a second-order dif-
ference model. The findings revealed effects with reversed indica-
tions: On average across students, we found a decrease in the
positive retrospection effect from T1 to T2 (negative change), but
an increase in the negative retrospection effect (positive change).
The small effect sizes point to a negative shift in recall bias—or to
a “blue view”—of students’ affect ratings during early adoles-
cence. This may be related to the general decline in the positivity
of emotional experiences in adolescence (Hektner, 2014; Larson et
al., 2002), or to a preference for dampening positive affect and for
maintaining or enhancing negative affect. Previous research dem-
onstrated that such a contra-hedonic orientation is relatively preva-
lent in adolescence compared with older age groups (Riediger et
al., 2009). Adolescents may seek to enhance negative affect or
dampen positive affect because it is socially appropriate. Contra-
hedonic orientation may also help adolescents with low self-
esteem to achieve consistency in their emotional self-perception
(Riediger et al., 2011; Wood et al., 2009).

The change in recall bias, reflected as an increase in the negative
retrospection effect, could also be associated with a decrease in
affective control, since the findings of a recent review by Schwei-
zer et al. (2020) suggest that affective control, most notably inhibi-
tion of affective information, is reduced during adolescence.
Furthermore, it might be worthwhile to investigate whether emo-
tional granularity (often used synonymously with emotional differ-
entiation) is linked with changes in retrospection effects in
adolescence. Both strong affective control and strong emotion
granularity or differentiation, especially differentiation of negative
emotions (Nook et al., 2018), are of particular importance for ado-
lescents’ mental health and well-being (Lennarz et al., 2018;
Tugade et al., 2004). Despite the widely recognized importance of
understanding emotion regulation in adolescence, we still lack
knowledge about how exactly the use of emotion regulation and
coping skills develop from middle childhood to adolescence
(Compas et al., 2017; Lennarz et al., 2019).

Emotional Attitudes Toward School as a Predictor of
Recall Bias

Investigating recall bias of emotional self-reports, we focused
on school as one major developmental context for adolescents.
Since school tends to become emotionally negative during early
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adolescence, while leisure time and peer contexts beyond school
gain importance, it can be assumed that a positive recall bias (i.e.,
rosy view) is less likely to occur at the end of early adolescence.
According to Mitchell and Thompson’s (1994) theory of temporal
adjustment, personal involvement is fundamental for the “rosy
phenomenon.” Results of our study support this hypothesis. The
rosy view at the age of about 12 could be, to some extent,
explained by students’ attitudes toward school in general, that is,
their inner tendency to evaluate school with some degree of (dis-)
favor as defined by Eagly and Chaiken (2007). Three years later,
adolescents’ emotional attitudes toward school again had a large,
positive effect on their retrospective assessment of PA, but also a
moderate, negative effect on their retrospective assessment of NA.
Moreover, students’ emotional attitudes toward school were corre-
lated only with the retrospective assessment of affective experi-
ence, but no longer with the in situ assessment (as at T1). Taken
together, these findings indicate that at the age of 15, students rely
more on attitudes toward school to judge their emotional experi-
ence in class than they do at the age of 12.
Having said that, positive emotional attitudes toward school

seem to serve as buffer for the “blue view” at the end of early ado-
lescence. Results revealed that students with initially more positive
emotional attitudes toward school showed a smaller decrease in
their recall bias of PA across early adolescence. Moreover, an
increase in attitudes was associated with a smaller decrease in their
recall bias of PA. In line with these findings, positive attitudes to-
ward school could be considered to have a preventive function
against the general decline in emotional positivity in early
adolescence.

Limitations and Future Directions

The current study has several limitations. First, the mode of data
collection was different at T1 and T2. At T1, students reported their
positive and negative affect in situ and retrospectively as well as their
emotional attitudes toward school on paper-and-pencil questionnaires,
whereas at T2 the constructs were assessed online. One could also
argue that both experience sampling phases are not comparable,
because the experience sampling at T2 also covered leisure time,
even though only the signals received during lessons were included
in our analyses. It needs to be stressed that results demonstrated that
emotional attitudes toward school were measurement invariant across
time (i.e., T1 and T2) and PA and NA also across methods (i.e., in
situ and retrospective assessment).
Second, we referred to the concept of core affect to assess ado-

lescents’ affective experience. While the concept of core affect is
well suited to capture affective experiences in any situation of
everyday life (Kuppens et al., 2012), comparisons of our findings
with those from previous research are limited. The few other stud-
ies on recall bias of students’ emotional experiences, that is, differ-
ences pertaining to students’ state and trait emotion reports, were
(cross-sectional and) based on the concept of discrete emotions
assessing specific academic emotions in mathematics (Bieg et al.,
2014; Goetz et al., 2013). Besides that, they relied on trait reports
of emotions that students generally felt during (mathematics) les-
sons and not on retrospective reports referring to a specific time
frame (e.g., one school week). Future studies on retrospection
effects might benefit from combining both concepts, that is, to
assess discrete emotions as well as PA and NA (i.e., core affect).

At this point, it should be noted that the reliability of the NA scale
assessed retrospectively at T2 was rather low as were some of the
in situ reliabilities. This could hint toward a differentiation of
(recalled) negative affect into a more complex and multidimen-
sional construct (i.e., reflecting several discrete emotions) during
adolescence. Although the relation of the indicators to the latent
variable remains the same across time (measurement invariance),
the amount of error variance increases reflecting the heterogeneity
of the items at T2 (i.e., complexity). Hence, more research is
needed to investigate if negative affect is a one-dimensional con-
struct in adolescents, and if retrospection effects vary between the
different aspects of PA and NA. Due to the fact, that these aspects
were measured by single items, we could not properly investigate
these potentially differential retrospection effects relying on latent
variables. Yet, we provide results of manifest change models at
the item-level in the online supplemental material. Further
research could also address questions related to the two items cap-
turing valence (i.e., pleasure), the third dimension of the PAN-
AVA short scales (Schallberger, 2005), or questions regarding
(changes in) the relation between PA and NA (see, e.g., Dejonck-
heere et al., 2021).

Third, the focus on the school context does not permit us to general-
ize our findings to other central contexts of an adolescent’s daily life.
Among others, the question remains whether the positive recall bias or
rosy view at the beginning of early adolescence also occurs in leisure
time. Moreover, it could be argued that the negative shift in affect rat-
ings is largely due to the transition from primary to secondary educa-
tion. Findings from an international comparative study by Casas and
González-Carrasco (2019) suggest, however, that the general decline
in well-being from childhood to adolescence is not related to school
transition. Nonetheless, negative emotions such as test anxiety or wor-
ries about the future are more prevalent in lower secondary school
than in primary school, particularly in transition to further education or
to work life. As a similar “negativity bias” has often be observed
among young adults (e.g., Charles et al., 2016; Neubauer et al., 2020),
future longitudinal studies might investigate whether the negative tend-
ency of emotional self-reports persists in late adolescence.

Fourth, we only accounted for emotional attitudes toward school
as a predictor of recall bias of students’ affect ratings. Choosing this
predictor was based on the theoretical considerations that bias of ret-
rospective reports is due to semantic retrieval strategies, and that
school is associated with a particular set of beliefs (i.e., situation-spe-
cific beliefs; Robinson & Clore, 2002). Since we measured positive
attitudes toward school (e.g., “I like going to school”), one might
argue that emotional attitudes and PA both reflect a broader positive
view or trait that may in turn explain the higher correlations of atti-
tudes toward school with PA compared with NA (see Table 3). Fur-
thermore, attitudes toward school is context-specific, hence, future
studies should also investigate more general (context-free) influences
on emotional attitudes, such as identity-related beliefs. If a situation
or context is not associated with particular beliefs, a person is more
likely to rely on identity-related beliefs when judging emotions or
affective experiences in retrospection. Correspondingly, previous
studies on recall bias have often examined self-esteem (e.g., Christen-
sen et al., 2003) or personality trait associations (e.g., Lay et al.,
2017; Mill et al., 2015). Future studies could simultaneously examine
the impact of situation-specific and identity-related beliefs. In a simi-
lar vein, future studies might also consider accounting for peak and
recency effects during the recalled period to explain bias of
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retrospective affect ratings (Fredrickson, 2000). According to Robin-
son and Clore (2002), peak and recency effects are increasingly less
likely to exert an influence on retrospective affect ratings when epi-
sodic details are relatively inaccessible. Therefore, studies with
shorter intervals or event-contingent sampling are required. In the
school context, high intense affective states experienced on painful
events (e.g., being bullied) or in particularly demanding situations (e.
g., exams) could presumably be a source of recall bias.
Finally, it would be worthwhile to consider time-varying predictors

to investigate within-person fluctuations in adolescents’ retrospective
affect ratings or to examine within-person correspondence conver-
gence. To investigate time-varying (event-level) predictors, relatively
narrow and discontinuous (instead of time-inclusive and aggregated)
retrospective reports are to be used. In this case, recall bias corresponds
to the discrepancy between the momentary affect rating and the retro-
spective rating referring to this single momentary rating (Ottenstein &
Lischetzke, 2020). Potential time-varying predictors would be the per-
sonal relevance of an event (Ottenstein & Lischetzke, 2020) or
response time, as a proxy for emotional clarity (Arndt et al., 2018).
Future research might also consider examining the within-person cor-
respondence convergence of momentary reports and several retrospec-
tive end-of-week or end-of-day reports (Neubauer et al., 2020). For
example, it remains an open question whether momentary and retro-
spective affect ratings share a substantial amount of within-person var-
iance, or to put it in another way, whether both assessment types are
suited to differentiate between “good weeks” from “bad weeks.”

Conclusion

The current study extends previous research on recall bias by
investigating change in retrospection effects of students’ affective
experience during early adolescence. To examine retrospection
effects and change in retrospection effects, we applied first-order
and second-order latent difference models in a multilevel struc-
tural equation modeling framework. Our findings point to a posi-
tive recall bias (i.e., rosy view) of students’ affect ratings at the
beginning of early adolescence and a negative shift in recall bias
by the end of early adolescence. In other words, recall bias
changed from a rosy view to a blue view. Furthermore, our find-
ings support the hypothesis that a rosy view is less likely to occur,
if a student is less emotionally involved in school. In turn, positive
emotional attitudes toward school seem to serve as a buffer against
the tendency toward a negative recall bias.
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