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Existing affect scales typically involve recognition of emotions from a predetermined emotion checklist.
However, a recognition-based checklist may fail to capture sufficient breadth and specificity of an
individual’s recalled emotional experiences and may therefore miss emotions that frequently come to
mind. More generally, how do recalled emotions differ from recognized emotions? To address these
issues, we present and evaluate an affect scale based on recalled emotions. Participants are asked to
produce 10 words that best described their emotions over the past month and then to rate each emotion
for how often it was experienced. We show that average weighted valence of the words produced in this
task, the Emotional Recall Task (ERT), is strongly correlated with scales related to general affect, such
as PANAS, Ryff’s Scales of Psychological Well-being, the Satisfaction with Life Scale, Depression
Anxiety and Stress Scales, and a few other related scales. We further show that the Emotional Recall Task
captures a breadth and specificity of emotions not available in other scales but that are nonetheless
commonly reported as experienced emotions. We test a general version of the ERT (the ERT general) that
is language neutral and can be used across cultures. Finally, we show that the ERT is valid in a test-retest
paradigm. In sum, the ERT measures affect based on emotion terms relevant to an individual’s
idiosyncratic experience. It is consistent with recognition-based scales, but also offers a new direction
toward enriching our understanding of individual differences in recalled and recognized emotions.
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“How people recall and estimate their moods is an important
component of people’s self-concepts and how they conceptualize
their lives” (Thomas & Diener, 1990, p. 292).

New affect scales often originate when limitations are identified in
existing affect scales (Lucas, Diener, & Larsen, 2003; McDowell &
Praught, 1982; Thompson, 2007; Watson, Clark, & Tellegen, 1988).
Because all existing affect scales are recognition-based, previously
identified limitations have often involved complaints that the list
of terms on which participants base their emotional judgments “do
not capture the range of people’s experienced emotions” (Diener et
al., 2009). In other words, the emotions that people experience are
not those on the recognition scale. Recognition scales require that
people reinterpret their emotions in relation to emotions they may

not have experienced or that may not readily come to mind in
day-to-day experience. Though existing recognition-based scales
have attempted to deal with this problem using a variety of elegant
and principled methods (e.g., Diener et al., 2010), a scale based on
recalled emotions would offer an important point of comparison
across as well as a more enriched indication of people’s affect
across a broad range of emotions. Moreover, such a scale, by
revealing where it is not predictive of people’s recognized emo-
tions, would offer insight into how emotions are accessed and the
dimensionality of recalled versus recognized emotions. Perhaps
most important, however, a recall-based scale might simply be
unreliable or fail to capture affect measured by recognition-based
scales. These too would be important findings and lead to useful
new questions about recognized versus recalled emotions. With
this in mind, in this article we introduce a recall-based affect scale,
the Emotional Recall Task, and compare it with a number of
currently popular recognition-based affect scales. Before introduc-
ing the Emotional Recall Task, we first briefly discuss the need for
a recall-based emotional scale motivated by the history of research
on emotional dimensionality. We then explain the potential differ-
ences in the memory literature between recall and recognition as
they apply to emotions.

The Specificity and Breadth of Emotional Dimensions

A brief historical overview of the many approaches to dimen-
sionalizing emotional experience shows two things: this is a long-
standing topic and there has been little historical consensus on
exactly what and how many dimensions are important. The history
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of speculations about human emotions dates back to at least
Aristotle’s Nicomachean Ethics (Broadie & Rowe, 2002), which
lists 11 different emotions, including ‘pity’ and ‘emulation’ (the
act of copying another individual’s behavior). Darwin (1872),
taking an evolutionary approach, attempted to classify emotions in
relation to their adaptive value, and in addition to high and low
valence emotions, included such dimensions as surprise, medita-
tion, and shyness. Looking across cultures, Ekman (1992) pro-
posed a set of “natural kinds” for emotions, similar to that of
Darwin’s, which included anger, fear, disgust, sadness, happiness,
and surprise. Wundt (1905) proposed that emotions largely fell
along three dimensions: valence, arousal, and tension. Osgood,
Suci, and Tannenbaum (1957) found further support for a similar
three dimensions of meaning (pleasantness, control, and arousal)
using what is now called the semantic differential, which used a
factor analysis of a large number of scales evaluating people’s
responses to various items. Russell (1980) proposed a further
reduction in this dimensionality with the circumflex model of
emotion, which suggests emotions are distributed in a two-
dimensional space, with arousal and valence as independent di-
mensions. However, a more recent approach based on principal
components analysis found evidence for a further emotional di-
mension, unpredictability (Fontaine, Scherer, Roesch, & Ells-
worth, 2007).

The discrepancies and agreements across this diversity of emo-
tional primitives potentially stem from a number of sources. One
key source is emotional granularity (Tugade, Fredrickson, & Feld-
man Barrett, 2004). Emotional granularity refers to an individual’s
ability to discriminate between different emotions. For example, a
person with high (as opposed to low) emotional granularity would
tend to express their emotions using more distinct words, like
exuberant (as opposed to happy). A key individual difference
identified in previous work is that people with less emotional
granularity are more likely to focus on valence and may simply
report degree of positivity or negativity, such as “very happy” (see
Russell, 2003; Russell & Barrett, 1999). In other words, the way
people experience and define affect systematically varies across
individuals, and this may lead to difficulties in establishing a
consensus on the basic dimensionality of emotion.

If people experience emotional dimensionality in different ways,
this throws existing affective scales into question. This is because
the most popular approach to measuring emotions is to ask people
about their ability to recognize how much they felt each of a set of
emotions provided on a predetermined checklist in the recent past.
Such recognition-based scales make two overarching assumptions.
The first is that people will be able to identify their own emotions
in relation to the words provided in the checklist. This we call the
assumption of emotional specificity. The second is that the check-
list will adequately cover a person’s experience of emotions. This
we call emotional breadth.

To put the ideas of emotional specificity and breadth in context,
let us consider what is arguably the most widely used recognition-
based checklist, the Positive and Negative Affect Schedule
(PANAS; for review see: Diener et al., 2010). Because PANAS
presents emotional stimuli, it necessarily frames respondents’
emotional experiences in relation to emotions which may or may
not be specific to the emotions respondents actually felt (e.g.,
Diener et al., 2009). PANAS focuses on a closed set of words,
some of which are not generally considered as emotions (strong,

alert, inspired, determined, and active), while common emotion
words (happy and sad) are excluded. Four of the terms in PANAS
focus on anxiety, and there are few low-arousal terms (Diener et
al., 2009). Thus, PANAS’s breadth is potentially narrower than the
full emotional range that respondents experience.

Though PANAS is only one example, its potential problems of
breadth and specificity are likely to be common to recognition-
based scales more generally. Moreover, it may also suffer from
order and priming effects (e.g., Hansen & Shantz, 1995; Wang,
Busemeyer, Atmanspacher, & Pothos, 2013). For example, being
reminded of a forgotten emotion may make that emotion more
salient than it otherwise would be in day-to-day experience.

One way to overcome these problems is to allow individuals to
freely recall emotions they have recently experienced (e.g., in the
last month). Because emotional terms are highly salient in free-
recall tasks (Altarriba & Bauer, 2004) and emotional experiences
are often remembered with better quality (Kensinger & Schacter,
2008), the experience of an emotion may be easily recalled.
Moreover, the recollection of emotional memories in a free-recall
task may be a better indicator of general emotional states and
well-being than recognition-based scales because they reflect the
emotional pathways laid down in the associative memory network
(Bower, 1981), which plays a substantial role in the recollection of
experience.

Recalled Versus Recognized Emotions

Memory can be divided up into an effortful recollection-based
process (recall) and less effortful familiarity-based process (rec-
ognition, see Raaijmakers & Shiffrin, 1981). Recall is the process
of retrieving the details linked with a previous experience, while
recognition is the process of identifying whether or not details
presented to mind are present in memory. A principal difference
between recall and recognition is therefore the retrieval stage of
memory, which is not present in recognition-based scales (Ander-
son & Bower, 1972; Bahrick, 1970; Estes & Da Polito, 1967;
Kintsch, 1970). In addition, several clinical studies have described
cases where individuals have intact recognition memory but im-
paired recall memory, or vice versa, which suggest these processes
may be controlled by different areas of the brain (Delbecq-
Derouesné, Beauvois, & Shallice, 1990; Hanley, Davies, Downes,
& Mayes, 1994).

The distinction between recognition and recall is therefore based
on cognitive and neural differences and this is may influence the
kinds of emotions that come to people’s minds in day-to-day
experience and therefore their responses in different affect para-
digms. For example, Tulving and Pearlstone (1966) observed that
more memories may be available by recognition than by recall. At
first glance, this appears to be a benefit to recognition-based
scales. But this potentially comes with a cost of overlooking the
emotions that most frequently come to mind—because they are
not on the recognition list. The availability heuristic refers to the
well-documented observation that people often use the ease with
which memories come to mind as indicators of their frequency and
importance of occurrence (Pachur, Hertwig, & Steinmann, 2012;
Schwarz, Bless, & Bohner, 1991; Tversky & Kahneman, 1973). As
such, emotions that come to mind easily are likely to be those most
frequently experienced. In addition, previous studies have found
that the effort involved in recall may be a better cue to the accuracy
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of a memory. For example, Robinson and Johnson (1996) found
that a recall-based measure of eyewitness memory led to a better
confidence-accuracy correlation, indicating that recall provided
additional information that was lost in assessments based only on
recognition (see also Koriat & Goldsmith, 1996). This is poten-
tially a problem for recognition-based scales.

Procedure

The challenge we set forth here is to create a recall-based affect
scale and compare it with existing recognition-based scales. Sev-
eral studies have demonstrated the ability to use a recall-based
scale in assessing the Big Five personality traits. Their participants
were asked to describe their personality using 10 adjectives. Par-
ticipants’ personality scores were then obtained from the average
correspondence between these adjectives and the Big Five person-
ality factors (Claeys, De Boeck, Van Den Bosch, Biesmans, &
Böhrer, 1985; Van Rensbergen, Kuppens, Storms, & De Deyne,
2015). Following this work, we constructed the Emotional Recall
Task (ERT), which asks participants to recall and rate recent
emotions. Participants are asked to use 10 words that describe their
emotional experiences over the past month. Next, participants are
asked to rate how frequently they experienced each of these
emotional experiences over the past month. The purpose of this
step is allow participants to indicate the strength with which they
experienced each emotional experience. The ERT score is then
computed by taking the average valence ratings of emotion words
weighted by their experienced frequency. Similar to the PANAS,
the ERT measures affect by collecting information on a list of
emotion terms and then compresses the information into one single
dimension of valence for comparison across individuals. The key
difference is that the emotion space the PANAS probes into is
predetermined by its emotion checklist, while for the ERT it is
determined by a less constrained search through emotional mem-
ory that may reflect individual differences in the way people
experience emotions. Consequently, compared to the PANAS, the
valence of the ERT is potentially a more individual specific
measure.

In Study 1, we compared the ERT against existing recognition-
based metrics. In Study 2, we present a more generalizable version
of the ERT (the ERT general) to show that it can be easily
administered, making it ideal for assessments across languages,
ages, cultures and contexts. In Study 3 we show that test–retest
reliability of the ERT is on par with existing recognition-based
scales. All studies have received ethical approval from the Depart-
ment of Psychology at the University of Warwick.

Study 1: Comparison and Validation of Recall and
Recognition-Based Scales

Study 1 compares the ERT with several standard recognition-
based scales. The central goal in this study is to evaluate construct
validity of the ERT. The ERT encourages people to actively search
their memory for emotions they have experienced. External valid-
ity was evaluated using correlations between the ERT and other
scales measuring similar concepts (convergent validity) or differ-
ent concepts (divergent validity). More specifically, we assessed
convergent validity by testing correlations between the ERT and
other scales that directly measure aspects of general affect, includ-

ing the Positive and Negative Affect Schedule (PANAS, Watson,
Clark, & Tellegen, 1988), the Scale of Psychological Well-Being
(SPWB, Ryff & Keyes, 1995), the Satisfaction with Life Scale
(SWLS, Diener, Emmons, Larsen, & Griffin, 1985), and the four
well-being questions from the Office of National Statistics (ONS,
Tabor & Stockley, 2018). We also test correlations between the
ERT and concepts that are separate from, but not unrelated to,
general affect such as depression, stress, and anxiety using the
Depression Anxiety and Stress Scales (DASS-21, Lovibond &
Lovibond, 1995) and the Beck Depression Inventory (BDI, Beck,
Steer, & Brown, 1996). In addition, testing construct validity
against these scales provides convenient comparisons with existing
affect scales since they were often validated against a similar set of
measures.

Method

Participants. 130 participants were recruited from Amazon
Mechanical Turk. They are based in the United States and reported
as native English speakers. We excluded 4 participants from the
analysis because they failed to follow instructions. This left us with
126 participants.

Procedure. The questionnaire was administered on Qualtrics.
Following the consent form, participants were taken to a web page
and provided with the following instruction: “Please use 10 Eng-
lish words to describe feelings you have experienced during the
past month.” After that, a second page appeared presenting the 10
words participants just produced in a randomized order, with an
instruction to “use the slider bar to indicate how often you have
experienced each of these feelings during the past month.” The
slider ranged from 0 (not often at all) to 100 (very often). All
participants filled out the ERT first to avoid being primed with
words from other scales. Following this, they were presented with
the following scales:

The Positive and Negative Affect Schedule (PANAS, Watson et
al., 1988) consists of two 10-item mood scales. It was developed
to provide a brief measure of positive and negative affect. The 20
PANAS items were derived from a principal component analysis
of Zevon and Tellegen’s (1982) 60-item mood checklist. Respon-
dents are asked to rate the extent they experienced each emotion
within a specific time frame, with reference to a 5-point scale that
ranges from ‘very slightly or not at all’ to ‘very much.’ Different
time frames (e.g., “right now,” “today,” “during the past few
days,” “during the past week,” “during the past few weeks,”
“during the past year,” “in general”) have been used with the
PANAS. In the present study we set time frame to “during the past
month.”

The Ryff Scale of Psychological Well-Being (SPWB, Ryff &
Keyes, 1995) is a theoretically grounded instrument that specifi-
cally focuses on measuring multiple facets of psychological well-
being. These facets include the following: autonomy, environmen-
tal mastery, personal growth, positive relations with others,
purpose in life, and self-acceptance. Individuals respond to various
statements and indicate on a 6-point Likert scale on how true each
statement is of them. Higher scores on each scale indicate greater
well-being on that dimension. We used the 18-item version in the
current study.

The Diener Satisfaction with Life Scale (SWLS, Diener et al.,
1985) is a short 5-item instrument designed to measure global
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cognitive judgments of satisfaction with one’s life as a whole. The
scale does not assess satisfaction with life domains such as health
or finances but allows subjects to integrate and weight these
domains in whatever way they choose.

The ONS-4 was developed by the Office for National Statistics
of U.K. to assess personal well-being using 4 measures that cap-
ture 3 types of well-being: evaluative, eudemonic and experience
(Tabor & Stockley, 2018). These measures ask people to evaluate
their overall life satisfaction, worthiness of things they do, happi-
ness, and anxiety. It was first added to the Annual Population
Survey (APS) in April 2011 and has been used in many surveys
across the UK.

The Depression Anxiety and Stress Scales (DASS-21, Lovibond
& Lovibond, 1995) consists of three 7-item self-report scales that
measure depression, anxiety, and stress correspondingly. Each
items was rated on a 4-point scale.

The Beck Depression Inventory (BDI, Beck et al., 1996) mea-
sures severity of depression in normal and psychiatric populations.
The questionnaire was developed from clinical observations of
attitudes and symptoms occurring frequently among depressed
psychiatric patients and infrequently in nondepressed psychiatric
patients. The questionnaire contains 21 questions, each ranging on
a scale from 0 to 3.

Quantification of responses to the ERT. In Study 1 we use
the affective norms of Warriner, Kuperman, and Brysbaert (2013)
to retrieve the valence for each word participants produce. The
Warriner et al. norms is an extended version of Bradley and Lang’s
(1999) Affective Norm for English Words (ANEW), providing
affective ratings for almost 14,000 English words. Each word was
rated by around 20 participants on a scale from 1 (unpleasant,
calm, controlled) to 9 (pleasant, excited, in control). The valence
ratings of words were centered by subtracting 5, so that the scale
ranged from !4 to 4 with negative values corresponding to neg-
ative valence and positive values to positive valence. This prevents
high frequency low valence emotions from have the same impact
as low frequency high valence emotions. To infer valence for each
participant, we average valence ratings of recalled words,
weighted by the participant’s self-reported frequency of experi-
ence. For comparison, we also computed ERT scores based on the
arousal and dominance ratings from Warriner et al. (2013). These
were computed for each participant’s words using the same ap-

proach as for valence, using the frequency-weighted average of the
ratings for each of the recalled words.

Over all participants, there were 139 words that could not be
transformed into valence ratings because these words are not
included in the norm database (Warriner et al., 2013). Though we
get around this issue in Study 2, here we tackled this issue by
extrapolating affective ratings using the existing norm database.
Following Hollis, Westbury, and Lefsrud (2017), we trained a
linear regression model that predicts human judgment of valence,
arousal and dominance using the vector representations of words,
and then use this model to extrapolate the valence, dominance and
arousal of those 139 words not included in the Warriner et al.
norms. Hollis et al. found this approach predicts affective norms
more accurately than the k-nearest neighbors approach (estimate
valence of a word by averaging valence of its semantic neighbors).
To do this, we used the most prominent of word vector algo-
rithms—Google’s skip-gram model with negative sampling
(Mikolov, Chen, Corrado, & Dean, 2013; Word2vec, 2013). This
model uses a neural network to map each word to the context it
appears. It can effectively capture semantic relationship between
words such as man to woman is like king to queen.

Results

Participants produced 466 unique words and 64% were men-
tioned only once. Our analysis shows participants tended to first
recall emotions they experienced more frequently, with less fre-
quent words produced later in the sequence (Figure 1A). This
supports the notion that the most frequently experienced emotions
are the ones most likely to be recalled. Emotions produced earlier
in the recall sequence were also produced faster than later words
(Figure 1B). Figure 1C shows that the valence of emotion words is
bimodally distributed, suggesting that people tend to recall more
non-neutral emotions than neutral emotions despite the observa-
tion that the vast majority of most peoples’ emotion experiences
are fairly mundane (Kahneman, Krueger, Schkade, Schwarz, &
Stone, 2004).

Breadth and specificity. How is the ERT different from the
PANAS in terms of emotional specificity and emotional breadth?
Figure 2A shows that few PANAS terms are among the most

A B C

Figure 1. The frequency, response time, and valence of words produced in the ERT. (A) The average frequency
of experiencing the reported ERT emotions in each recall position. (B) The average time (in seconds) spent on
generating ERT emotion words in each recall position. (C) The distribution of valence values for all terms
produced in the ERT. See the online article for the color version of this figure.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

4 LI, MASITAH, AND HILLS



popular words that people used when describing their past feelings.
Only 1 PANAS term (excited) appeared among the top 10 most
frequently recalled emotions. This may of course be a feature of
PANAS, but it also suggests that recalled emotions may not
typically take the form of the PANAS list. More than half of the
words in PANAS are produced by fewer than 10% of our partic-
ipants.

Figure 2B compares the distribution of PANAS terms and the
ERT terms on the affect space of valence and arousal. It shows that

ERT terms distribute across the entire arousal space while the
PANAS contains no low arousal emotion terms. Moreover, al-
though both scales cover the extreme ends of valence space,
PANAS has few neutral terms. This supports previous concerns
(e.g., Diener et al., 2009) that it is likely to be challenging for a
recognition-based list to capture the emotional breadth and spec-
ificity that individuals feel.

Convergent validity. A good emotion scale should be able
to predict related constructs. We first analyzed the relation
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Figure 2. Emotional breath and specificity of the ERT and the PANAS. (A) The frequency of words recalled
in the ERT and where the PANAS words are located in the ERT frequency ranking (highlighted in red and blue
respectively for positive affect and negative affect). (B) PANAS and ERT terms located along the dimensions
of valence and arousal. The x-axis is the mean valence or arousal rating and the y-axis is the standard deviation
of these ratings. Higher standard deviation indicates larger degree of disagreement among those rating the words
in the norms. Each gray dot represents one word from the existing affective norm database (Warriner et al.,
2013). See the online article for the color version of this figure.
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between the ERT and PANAS. The pairwise correlation coef-
ficient of PA, NA and the ERT can be found in Table 1
alongside other scales. The ERT correlates with both PA and
NA (r " .56, p # .001 for PA and r " !0.59, p # .001 for NA).
Consistent with previous studies of PANAS, we found the PA
and NA components of PANAS are independent of each other,
r " !.14, p " .12, a design feature of PANAS.

We further explored the discrepancy between the ERT and the
PANAS by examining participants whose emotional states were
inconsistent between the two measures. Figure 3A shows how
participants’ ERT scores are related to their PANAS scores. As
Table 1 indicates, there is a negative relationship between ERT and
the NA scale of PANAS, and there is a positive relationship
between ERT and the PA scale of PANAS. However, several
individuals are particularly noteworthy. In the ERT, Participant 15
(ID number " 15) generated a number of negative emotion terms,
and no positive terms, and reported experiencing each of the
negative terms with high frequency (Figure 3B2). This partici-
pant’s ERT is in the bottom 5% of all ERT scores. Yet he or she
reported extremely low negative affect in the PANAS scale (Fig-
ure 3A left), as if they were experiencing no negative emotions.
Similarly, Participant 72 recalled 8 positive emotions, 1 neutral
emotion, and 1 negative emotion (Figure 3B4). But the same
participant’s PANAS score suggests the participant experienced
little positive affect. Participants 75 and 66 (Figure 3B1 and B3)
show similar discrepancies between recalled and recognized emo-
tions.

Correlation with other related constructs. To further test
the validity of the ERT, we compared it with the PANAS on how
well it predicted related constructs. Table 1 shows that the ERT
performs at least as well as the PANAS in predicting the 3
wellbeing-related constructs (Diener, Ryff and ONS4), and 2 de-
pression measures (BDI and DASS). In particular, the ERT has
higher correlations for all additional scales than does PA for the
PANAS scale. On the other hand, the NA of PANAS performs
better in predicting ONS anxiety, BDI Depression, and DASS
Depression, Anxiety, and Stress. This may not be surprising since,
as noted above, 4 out of 10 terms in the NA portion of the PANAS
scale are anxiety related (Diener et al., 2009). Nonetheless, though
the correlations are marginally better or worse, the correlations are
generally high across all scales, indicating that the ERT is well-
positioned with respect to existing scales.

Arousal and dominance. Arousal was not significantly cor-
related with any related constructs (Table 1). Though as we note in
the introduction it was proposed by Wundt, among others, as an
emotion dimension, it is clearly not typical of the affect measured
in any of the scales evaluated here. In contrast, dominance shows
moderate correlations with related constructs. Due to the strong
correlation between the valence rating and dominance rating of
English words (r " .717, p # .0001, Warriner et al., 2013), it is
difficult to disentangle the effect of dominance on well-being from
valence.

Sensitivity analysis. As noted above, we compute the ERT
scale as a weighted average of word valence weighted by experi-
enced frequency. For completeness, we also present two additional
methods: the unweighted averaged valence and the scaled aver-
aged valence. The unweighted average is the average of the raw
valence scores. The scaled average is computed by dividing the
difference between a word’s valence and the valence of the most

negative word by the valence difference between the most positive
word and the most negative word one produced. Both of these
measures correlate less well with other measures than the un-
weighted ERT (see Table 2). Given that the purpose of frequency
weighting is to reduce the impact of words recalled out of semantic
knowledge instead of actual feelings, our result suggests a weak
accessibility bias in the ERT (e.g., providing emotions words that
are accessible but less frequently experienced). The valence scaled
by the range of variance shows much weaker correlations with
related constructs than the average valence weighted by frequency
(see Table 2).

To evaluate whether 10 words in the ERT are sufficient, we
performed a sensitivity analysis to show how correlational strength
between the ERT and other constructs change in relation to the
number of emotion terms included. Figure 4 left shows that the
correlation generally improves when more words are included by
their recall sequence. This improvement plateaus roughly between
the fifth and the 10th word depending on the specific scale one
uses for comparison. Figure 4 right shows that removing the
extreme values (most valenced words) weakens the ERT’s pre-
dicting power of related constructs.

Semantic reconstruction of the PANAS score. Following
van Rensbergen et al. (2015), we also evaluated to what extent the
PANAS measure could be reconstructed using its semantic simi-
larity with the ERT. We use Google’s word2vec (Word2vec, 2013)
to extract the semantic similarity between the PANAS and ERT
words. An individual’s score for each PANAS word is computed
by the summation of its semantic similarity with the 10 ERT
responses weighted by their experienced frequency. Semantic sim-
ilarity ranges from 0 (no shared semantic similarity) to 1 (identi-
cal). We forced semantic similarity to 0 if it was smaller than 0.45,
which is the semantic similarity between excited and nervous—the
largest value among semantic similarities that compare one posi-
tive PANAS word with one negative PANAS word. Not doing this
only worsened the resulting correlations. The PA and NA of the
reconstructed PANAS score (Reconstructed PA and Reconstructed
NA in Table 1) was weakly correlated. Overall, the reconstructed
PANAS correlates with related constructs, but less well than the
PANAS or ERT. This result suggests that ERT and the PANAS
capture a different subsample of the emotion space, and that
mapping an emotion space specific to individual’s experience onto
the more balanced PANAS space might be counterproductive in
describing overall affect.

Study 2: The ERT General

One issue with the ERT is that it uses valence norms to compute
the valence for each recalled emotion. This has two problems.
First, this assumes that different people share the same valence
ratings for emotional words. As shown in Figure 2B, this assump-
tion is false. Words have nonzero standard deviations in their
valence and arousal ratings. Second, referring to an English data-
base limits the ERT’s generalizability to other cultural and social
groups where affective norms are not available. In addition, even
when a database on affective norms is available, participants may
produce words that are not found in the affective norms. Although
we can use the machine learning algorithm introduced in the
previous section to replace those words with semantically similar

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

6 LI, MASITAH, AND HILLS



T
ab

le
1

C
or

re
la

tio
n

Ta
bl

e
B

et
w

ee
n

A
ll

M
ea

su
re

s

A
ff

ec
t

sc
al

e
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16

E
R

T
no

rm
ed

1.
V

al
en

ce
V

ar
ia

tio
ns

of
th

e
E

R
T

2.
A

ro
us

al
0.

22
!

3.
D

om
in

an
ce

0.
59

!
!
!

0.
82

!
!
!

4.
R

ec
on

st
ru

ct
ed

_P
A

0.
57

!
!
!

0.
31

!
!
!

0.
39

!
!
!

5.
R

ec
on

st
ru

ct
ed

_N
A

!
0.

67
!
!
!

0.
13

!
0.

27
!
!

!
0.

21
!

PA
N

A
S

6.
PA

0.
56

!
!
!

0.
16

0.
24

!
!

0.
41

!
!
!

!
0.

43
!
!
!

7.
N

A
!

0.
59

!
!
!

0.
07

!
0.

27
!
!

!
0.

39
!
!
!

0.
49

!
!
!

!
0.

14
SW

L
S

8.
SW

L
S

0.
66

!
!
!

0.
15

0.
34

!
!
!

0.
32

!
!
!

!
0.

53
!
!
!

0.
57

!
!
!

!
0.

26
!
!

SP
W

B 9.
SP

W
B

0.
59

!
!
!

0.
05

0.
28

!
!

0.
41

!
!
!

!
0.

49
!
!
!

0.
43

!
!
!

!
0.

57
!
!
!

0.
54

!
!
!

O
N

S 10
.L

if
e

sa
tis

fa
ct

io
n

0.
75

!
!
!

0.
14

0.
39

!
!
!

0.
36

!
!
!

!
0.

59
!
!
!

0.
64

!
!
!

!
0.

43
!
!
!

0.
87

!
!
!

0.
61

!
!
!

11
.L

if
e

w
or

th
in

es
s

0.
69

!
!
!

0.
05

0.
27

!
!

0.
36

!
!
!

!
0.

55
!
!
!

0.
61

!
!
!

!
0.

39
!
!
!

0.
72

!
!
!

0.
68

!
!
!

0.
83

!
!
!

12
.H

ap
pi

ne
ss

0.
71

!
!
!

0.
06

0.
33

!
!
!

0.
36

!
!
!

!
0.

56
!
!
!

0.
53

!
!
!

!
0.

47
!
!
!

0.
63

!
!
!

0.
56

!
!
!

0.
78

!
!
!

0.
71

!
!
!

13
.A

nx
ie

ty
!

0.
53

!
!
!

0.
06

!
0.

26
!
!

!
0.

32
!
!
!

0.
55

!
!
!

!
0.

17
0.

73
!
!
!

!
0.

25
!
!

!
0.

53
!
!
!

!
0.

39
!
!
!

!
0.

36
!
!
!

!
0.

52
!
!
!

B
D

I 14
.D

ep
re

ss
io

n
!

0.
7!

!
!

0.
11

!
0.

25
!
!

!
0.

45
!
!
!

0.
56

!
!
!

!
0.

36
!
!
!

0.
75

!
!
!

!
0.

44
!
!
!

!
0.

64
!
!
!

!
0.

58
!
!
!

!
0.

55
!
!
!

!
0.

58
!
!
!

0.
67

!
!
!

D
A

SS 15
.D

ep
re

ss
io

n
!

0.
7!

!
!

0.
07

!
0.

27
!
!

!
0.

45
!
!
!

0.
56

!
!
!

!
0.

38
!
!
!

0.
68

!
!
!

!
0.

45
!
!
!

!
0.

69
!
!
!

!
0.

62
!
!
!

!
0.

66
!
!
!

!
0.

65
!
!
!

0.
63

!
!
!

0.
87

!
!
!

16
.A

nx
ie

ty
!

0.
4!

!
!

0.
01

!
0.

22
!

!
0.

39
!
!
!

0.
25

!
!

!
0.

03
0.

65
!
!
!

!
0.

05
!

0.
47

!
!
!

!
0.

2!
!

0.
24

!
!

!
0.

27
!
!

0.
58

!
!
!

0.
64

!
!
!

0.
72

!
!
!

17
.S

tr
es

s
!

0.
55

!
!
!

0.
03

!
0.

26
!
!

!
0.

35
!
!
!

0.
48

!
!
!

!
0.

21
!

0.
71

!
!
!

!
0.

29
!
!
!

!
0.

54
!
!
!

!
0.

47
!
!
!

!
0.

48
!
!
!

!
0.

53
!
!
!

0.
63

!
!
!

0.
75

!
!
!

0.
83

!
!
!

0.
81

!
!
!

N
ot

e.
B

D
I

"
B

ec
k

D
ep

re
ss

io
n

In
ve

nt
or

y;
D

A
SS

"
D

ep
re

ss
io

n
A

nx
ie

ty
an

d
St

re
ss

Sc
al

es
;

E
R

T
"

E
m

ot
io

na
l

R
ec

al
l

T
as

k;
PA

N
A

S
"

Po
si

tiv
e

an
d

N
eg

at
iv

e
A

ff
ec

t
Sc

he
du

le
;

SP
W

B
"

Sc
al

es
of

Ps
yc

ho
lo

gi
ca

l
W

el
l-

B
ei

ng
;

SW
L

S
"

Sa
tis

fa
ct

io
n

w
ith

L
if

e
Sc

al
e;

O
N

S
"

O
ff

ic
e

of
N

at
io

na
l

St
at

is
tic

s.
!

p
#

.0
5.

!
!

p
#

.0
1.

!
!
!

p
#

.0
01

.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

7EMOTIONAL RECALL TASK



words, this introduces additional computational costs and assump-
tions (Mandera, Keuleers, & Brysbaert, 2015).

Study 2 demonstrates a general solution this problem that both
simplifies the ERT and generalizes its use to a broader set of
communities. This method (henceforth the ERT-general) retrieves
valence by asking participants to rate the valence of the words they
produced. We use the term general to indicate the ease with which

the test can be readily applied to wider range of social groups and
contexts. In the ERT-general, participants produce 10 emotion
words to describe what they have felt in the past month, and then
they rate these emotions for how often they have felt each of them.
Finally, they rate each emotion for its valence on a scale from 1 to
9. Below we compare this with the norms-based ERT described in
Study 1 (henceforth ERT-normed).

Table 2
Comparison of Different Approaches to Aggregate Free-Recall Responses

Affect scale

PANAS ONS BDI DASS

PA NA Diener Ryff LifeSatisfy LifeWorthy Happy Anxiety Depression Depression Anxiety Stress

ERT_V_weighted 0.56 !0.59 0.66 0.59 0.75 0.69 0.71 !0.53 !0.7 !0.7 !0.4 !0.55
ERT_V_unweighted 0.52 !0.52 0.65 0.55 0.71 0.63 0.66 !0.49 !0.65 !0.63 !0.34 !0.47
ERT_V_scaled 0.37 !0.29 0.47 0.40 0.48 0.39 0.44 !0.30 !0.48 !0.45 !0.22 !0.29

Note. BDI " Beck Depression Inventory; DASS " Depression Anxiety and Stress Scales; ERT " Emotional Recall Task; PANAS " Positive and
Negative Affect Schedule; ONS " Office of National Statistics.

Figure 3. Discrepancy between the ERT measure of emotion and the PANAS. (A) The correlation between
ERT measures and NA and PA of the PANAS (B1–B4). The sequence of 10 words produced by the four
participants identified in A. The frequency of experience (in % and also indicated by dot size) is provided next
to each emotion word produced. Color shows word valence (blue " positive, red " negative). ERT " Emotional
Recall Task. See the online article for the color version of this figure.
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Method

Participants. The tasks were presented to 200 native English
speakers recruited from Amazon Mechanical Turk (MTurk). Four
participants were removed because they failed to follow instruc-
tions. The study was preregistered on OSF (Li, Masitah, & Hills,
2019).

Procedure. The procedure is the same as Study 1 except after
reporting 10 emotion words and their frequency of experience,
participants were additionally required to evaluate the valence of
each word. Specifically, they were asked to “evaluate each of these
feelings on the scale of unpleasant (1) to pleasant (9).” We pro-
vided the following additional descriptions on the scale: on the
left-hand side, you feel happy, pleased, satisfied, contented, hope-
ful; on the right-hand side, you feel unhappy, annoyed, unsatisfied,
melancholic, despair, or bored. If the feeling was completely
neutral, neither happy nor sad, move the bar to the middle.

Results

Table 3 shows that results from the ERT-normed and the ERT-
general are highly correlated, r " .97, p # .001. As in Study 1,
both versions of the ERT perform similarly in predicting measures
of well-being and depression, while consistent with Study 1 the
negative component of PANAS better predicts anxiety and stress.
This not only strongly suggests that the Warriner et al. norms can
be used accurately to capture emotional affect in the ERT, but also
indicates that the ERT can be used reliably without the need for
using valence norms or machine-learning. Indeed, the ERT-
general can be easily computed on the back of an envelope.

Study 3: Test–Retest Reliability

General affect is likely to remain relatively stable over time. In
this study we compare results from three different samples over
various periods of time to demonstrate that the test–retest reliabil-
ity of the ERT is similar to that of recognition-based scales.

Method

Participants. We examined test–retest reliability of the
ERT-general on three samples. The first sample consists of 119
undergraduate students from the University of Warwick. They
were asked to complete the survey twice separated by an
interval of 2 weeks. Seven failed to complete the first or second
test. The remaining 112 students completed both test and retest
and are included in the analysis below. The second sample
consists of 90 undergraduate students from the University of
Warwick who were required to complete the survey 5 times
with an intersession interval of 2 weeks for the first four
sessions, and 9 weeks between the fourth and the last session.
Twenty students dropped out in the third session, ten out in the
fourth session, and seven out in the last session. Students in
sample 1 and sample 2 were compensated with course credit.
The last sample consists of 115 English-speaking Americans
recruited through Prolific. They were asked to complete the
survey twice separated by an interval of 2 weeks. 18 partici-
pants failed to complete the second session, making the sample
size 97.

Measures. Participants in the test-retest study filled out the
ERT-general, the PANAS, Diener’s SWLS and the ONS. The
first Warwick sample completed the BDI-21 and the other two
samples completed the DASS. These are as described in the
Study 1.

Results

Table 4 summarizes the test–retest reliability for each sample.
Our results suggest that the ERT has test–retest reliability similar
to that of the PANAS and other scales. The 5-session study on the
Warwick Sample 2 shows that for both the PANAS and the ERT
the test-retest correlations decrease over time from 2 weeks to 15
weeks. When time is less than 6 weeks (comparing Session 1 with
Session 2, 3, and 4), there is little difference between the ERT and
other scales in test–retest reliability. At 15 weeks the ERT is less
reliable, which is most likely a promising result. This suggests the

Figure 4. Sensitivity analysis between the ERT measure and other constructs in relation to increasing number
of the ERT words included (in recall order). ONS " Office of National Statistics; BDI " Beck Depression
Inventory; DASS " Depression Anxiety and Stress Scales. See the online article for the color version of this
figure.
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ERT may capture a less dispositional component of affective states
than PANAS and respond more sensitively to changes in affect
over longer periods of time. For almost all scales, the prolific
sample shows more consistency between two sessions than the
Warwick samples, with Warwick Sample 2 more consistent than
Warwick Sample 1. This may due to the fact that the data from
the Warwick samples were in a first-year Psychology program,
with students new to the University experience, and took place
near term/semester boundaries.

General Discussion

Recognized and recalled emotions are potentially very dif-
ferent kinds of psychological constructs. However, our results
suggest that what comes to mind when one is asked to remem-
ber recent emotional experiences is strongly informative of the
kinds of responses one is likely to give when asked if they have
had certain feelings in the recent past. The ERT, by relying on
recalled memory of emotional experience, captures affective
states and correlates highly with other commonly used
recognition-based measures of affect and well-being. The ERT
also shares a similar test–retest reliability with recognition-based
scales. Thus, one clear finding of this research is that recognized
and recalled emotions are mutually informative.

The performance of a recall-based measure like the ERT may
stem from its generalizability. People across various social
groups or in various contexts often have systematic differences
in their experience and expression of emotions. Scollon, Diener,
Oishi, and Biswas-Diener (2004) have identified numerous
important emotion terms that are not shared across cultures and
are sometimes difficult to translate, such as words like the
German Schadenfreude (approximately, “enjoyment derived
from another’s pain”), the Portuguese saudade (approximately,
“the love/pain that remains when something is absent”), or the
Indonesian kebelet (approximately, “a feeling of urgent need”).
In addition, because PANAS lacks low-arousal terms, young
people may score higher on positive affect than the elderly
because they are generally more sensation-seeking (Oishi,
Schimmack, & Colcombe, 2003). Similarly, studies of emo-
tional responses to low arousal settings, such as natural or
spiritual environments, may suffer from a lack of low-arousal
terms.

The ERT overcomes this problem by allowing individuals to
freely choose emotion terms that readily come to mind. The
ERT-general further allows individuals to personally evaluate
the terms they produce. In other words, it is a personalized
affect scale that adapts its emotion word list to best fit one’s
experience. This personalization presents a natural trade-off for
affective researchers, pitting a finer-grained individually tai-
lored instrument of emotional recall against a more normative
experimenter-specified instrument of emotional recognition.
Fortunately, our results indicate this is a low-cost trade-off, as
the ERT correlations with recognition-based scales are as good
as or better than recognition-based scales with one another for
most all measures.

As a final point, the ERT offers a number of future directions
for emotion research focused around investigating the structure
and navigation of emotional memory. The ERT is a kind of
category fluency task, where an individual is asked to recall
items from a specific category. Studies of category fluency are
rich in information about structure and process, allowing re-
searchers to use patterns of recall to reconstruct networks of
associations (Zemla & Austerweil, 2018), compare recalled
structure with experienced structure (Hills & Segev, 2014), and
evaluate individual differences in control processed involved in
retrieval (Hills, Jones, & Todd, 2012; Hills, Mata, Wilke, &
Samanez-Larkin, 2013). Comparisons with more in vivo expe-
riential methods of affect monitoring, such as the day recon-
struction method and experience sampling (Kahneman et al.,
2004; Gabriel et al., 2019), also offer opportunities to tease
apart the difference between experienced, recalled, and recog-
nized emotional experience. Studies of emotional recall may
also help address questions such as why and how individuals
with clinical depression perseverate on negative emotions (Got-
lib & Joormann, 2010). Thus, while the ERT is a novel measure,
we feel it holds great promise.
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