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Background: Major depressive disorder has been linked to an inability to diﬀerentiate between negative emotions. The current study investigates whether emotion diﬀerentiation improves when individuals with major
depressive disorder are required to report on speciﬁc emotions multiple times a day through the experience
sampling method (ESM) – a structured self-report diary technique.
Methods: Seventy-nine patients diagnosed with major depressive disorder participated in this study, of whom 55
used ESM for 6 weeks (3 days a week, 10 times a day). Changes from baseline to post assessment in positive and
negative emotion diﬀerentiation were compared between the participants who did and those who did not use
ESM.
Results: Engaging in ESM related to an improvement in both positive and negative emotion diﬀerentiation, but
only the latter reached statistical signiﬁcance. The relationship between the number of ESM measurements
(dose) and emotion diﬀerentiation change (response) was not signiﬁcant.
Limitations: The sample size for the dose-response analysis was relatively small (N = 55). It is unknown whether
emotion diﬀerentiation improvements generalize beyond the emotions (N = 12) we probed in this study. Other
factors could also have contributed to the change (e.g., meetings with the researchers).
Conclusions: The present study suggests that patients with depression using ESM for 3 days a week for 6 weeks
can improve their negative emotion diﬀerentiation. Future studies should assess after what period of ESM
changes in emotion diﬀerentiation become apparent, and whether these changes are persistent and relate to
actual improvement in depressive symptoms.

1. Introduction
People can experience a vast range of emotions and oftentimes even
feel multiple emotions at the same time. As some of these emotions can
be quite similar, it can sometimes be diﬃcult to discriminate between
them. The ability to make nuanced distinctions and diﬀerentiate between emotions is called emotion diﬀerentiation (e.g., Barrett et al.,
2001). Emotions can inﬂuence cognitive processes, which then help to
regulate and shape behaviours (Baumeister et al., 2007).

Barrett et al. (2001) showed that participants who were better in differentiating their negative emotions more often employed adaptive
emotion regulation strategies. This was especially the case when emotions were experienced at a higher intensity. Similarly, it has been
found that people who diﬀerentiate their emotions better are less likely
to use alcohol to cope with negative emotions (Kashdan et al., 2010)
and respond to anger in a less aggressive way (Pond et al., 2012). This
suggests that negative emotion diﬀerentiation can be linked to more
adaptive emotion regulation, that is, people who are better in
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for six weeks will be better at diﬀerentiating negative emotions than
participants with depression who do not use ESM during this period. A
similar eﬀect is expected regarding positive emotion diﬀerentiation.
However, since depression has not been as clearly associated with an
impairment in positive emotion diﬀerentiation, it is expected that this
eﬀect will be of a smaller size. Furthermore, it is expected that the eﬀect
of ESM on emotion diﬀerentiation will be proportional to the number of
times participants complete the ESM reports (i.e., a dose-response relationship), which is a proxy for the time spent reﬂecting on speciﬁc
emotions.

diﬀerentiating their emotions may be more likely to make use of this
knowledge to ﬁt their response to a speciﬁc situation.
The research mentioned above mainly focused on negative emotion
diﬀerentiation, but there are also multiple positive emotions that can be
diﬀerentiated. Boden et al. (2013) found that negative and positive
emotion diﬀerentiation are positively correlated. The research on positive emotion diﬀerentiation in relation to emotion regulation styles is,
however, not as conclusive. Although there is some evidence suggesting
that better diﬀerentiation of positive emotions is linked to a more future-oriented and proactive coping style (Tugade et al., 2004), there are
also studies that report no eﬀect of greater positive diﬀerentiation on
emotion regulation (Barrett et al., 2001; Pond et al., 2012).
If better emotion diﬀerentiation leads to more adaptive coping,
impairments in emotion diﬀerentiation can be expected to be related to
worse emotion regulation. Indeed, Edwards and Wupperman (2016)
showed that low overall emotion diﬀerentiation was associated with
poorer emotion regulation, which in turn has been associated with
more psychopathology (Aldao et al., 2010). Impairments in emotion
diﬀerentiation can be seen in many diﬀerent psychopathologies such as
schizophrenia (Kimhy et al., 2014), autism (Erbas et al., 2013), borderline personality disorder (Zaki et al., 2013), anorexia nervosa
(Selby et al., 2014), and major depressive disorder (Demiralp et al.,
2012).
Given the important role of emotions and emotion regulation in the
onset and maintenance of depression, research into emotion diﬀerentiation in this disorder is highly relevant (Joormann and
Vanderlind, 2014). Demiralp et al. (2012) asked patients with depression and healthy controls to rate four positive and seven negative
emotions eight times a day for seven days. They showed that people
with depression showed less negative emotion diﬀerentiation than the
healthy controls.
Furthermore, it was found that in non-clinical samples less negative
emotion diﬀerentiation was related to elevated levels of depressive
symptoms (Erbas et al., 2014; Plonsker et al., 2016; Starr et al., 2017).
Lennarz et al. (2017) found that more negative emotion diﬀerentiation
was correlated with less intense negative emotions, but they did not
ﬁnd signiﬁcant correlations between emotion diﬀerentiation and depressive symptoms. However, this may be due to the relatively low
depressive symptoms in their sample of adolescents. There are few
studies that look at positive emotion diﬀerentiation in depression. The
study that did look into this found no diﬀerence in positive emotion
diﬀerentiation between patients with depression and healthy controls
(Demiralp et al., 2012).
The main technique used to measure emotion diﬀerentiation is the
experience
sampling
method
(ESM;
Larson
and
Csikszentmihalyi, 1983). When using ESM people are asked to rate the
intensity of diﬀerent emotions at several time-points during the day
(Kashdan et al., 2015). The intraclass correlations between the self-reported emotions over time are then used to estimate emotion diﬀerentiation; more speciﬁcally, if the temporal ﬂuctuations between different emotions are highly correlated it can be assumed that the person
sees them as the same emotion and does not diﬀerentiate well (e.g.,
Tugade et al., 2004). Many emotion diﬀerentiation studies used this
procedure only for a couple of days without looking at changes in
emotion diﬀerentiation over time. It can be reasoned, though, that
being asked to rate diﬀerent emotions for an extended period multiple
times a day can help to diﬀerentiate between emotions, because people
are directed to think about the intensity of separate emotions rather
than negative or positive aﬀect in general. Given the literature on negative emotion diﬀerentiation impairments, this could be especially
beneﬁcial for people suﬀering from depression. The present study will
be the ﬁrst to investigate the eﬀect of an extended period of selfmonitoring through ESM on emotion diﬀerentiation in depression.
The aim of the current study is to investigate the inﬂuence of selfmonitoring through ESM on emotion diﬀerentiation in depression. It is
hypothesized that participants suﬀering from depression who use ESM

2. Methods
2.1. Participants
The sample comprised 79 patients with a diagnosis of major depressive disorder according to the Diagnostic and Statistical Manual of
Mental Disorders (4th ed., text rev.; DSM-IV-TR; American Psychiatric
Association, 2000). The sample was derived from a larger sample of
outpatients (N = 102), who were recruited by Kramer et al. (2014)
between January 2010 and February 2012 at mental health care institutions in the cities of Maastricht and Eindhoven and through advertisements in local media. Patients were included if they were between the ages of 18 to 65. Further inclusion criteria were: a total score
of at least 8 on the Hamilton Depression Rating Scale – 17 (HDRS;
Hamilton, 1960); treatment with antidepressants or mood stabilizers;
suﬃcient knowledge of the Dutch language; and adequate vision. Patients who met the criteria for a current or lifetime diagnosis of nonaﬀective psychotic disorder or reported a (hypo-) manic or mixed episode within the past month were excluded. All participants provided
written informed consent before their enrolment. For the purpose of
this study, only those participants who ﬁlled out the 5-day ESM assessment before and after the 6-week intervention period were included.
2.2. Procedure
The original study was approved by the Medical Ethics Committee
of Maastricht University Medical Centre. Potential participants were
called by a psychologist or psychiatrist to see whether they were eligible for inclusion in the study. If potentially eligible, they were invited
for a full screening on site during which the HDRS and the Structural
Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First et al., 1995)
were administered. Participants were randomly assigned to one of three
conditions (i.e., an ESM group, an ESM-with-feedback group and a
control group). See Fig. 1 for an overview of the three study conditions.
Randomization was stratiﬁed based on current psychotherapy (yes or
no) and duration of pharmacological treatment (shorter or longer than
8 weeks prior to study entry). A more detailed description of the full
procedure of the trial can be found in the paper by Kramer et al. (2014).
All participants were invited to do a 5-day baseline ESM assessment
(Fig. 1). During this time they were notiﬁed by a beep on a palmtop
(i.e., PsyMate; Myin-Germeys et al., 2011) to ﬁll in a short questionnaire 10 times a day at random intervals in 90-minute time blocks
between 7:30 and 22:30. Participants were instructed to ﬁll in the
questionnaire as quickly as possible after the beep; after 10 minutes it
was no longer possible to ﬁll in the questionnaire. The ESM questionnaires contained questions about the participant's current context,
stress appraisals of this context, and current mood by asking participants to rate positive and negative aﬀect items.
After this baseline period, participants in the ESM-with-feedback
group and ESM group received 10 ESM questionnaires a day on 3
consecutive days a week for 6 weeks (Fig. 1). The ESM-with-feedback
group ( N= 25) received weekly ESM-derived feedback with a focus on
positive aﬀect in face-to-face sessions with the researcher. The ﬁrst two
feedback sessions focused on daily life-activities, the following two
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Fig. 1. Overview of study conditions.

2.3.2. Positive emotion diﬀerentiation
The pre- and post-assessment positive emotion diﬀerentiation variables were created in the same way using the speciﬁc positive emotion
adjectives (i.e., cheerful, satisﬁed, enthusiastic and relaxed). All these
adjectives were also included in the 6-week ESM period.

sessions focused on daily life events and the way the patient dealt with
these events, and the last two sessions concerned social interactions in
daily life. The ESM group (N = 30) did not receive ESM-related feedback, but did have structured weekly contacts with the researcher
during which the HDRS interview was repeated. In addition, there was
a control group (N = 24), which did not participate in any ESM measurements during the 6-week intervention period. After this period, all
participants were enrolled once again in a 5-day ESM period identical
to the one at baseline (Fig. 1).1
The feedback received by the ESM-with-feedback group concerned
overall negative and positive aﬀect without diﬀerentiating between
speciﬁc emotions. Therefore, it was not expected that the presence of
feedback would inﬂuence emotion diﬀerentiation, and the ESM-withfeedback group and ESM group, who both engaged in ESM for 6 weeks,
were combined into one ESM group for the main analyses.

2.4. Analysis
All the analyses were conducted in Stata 14. The emotion diﬀerentiation variables were created by computing the ICCs2 using mixedeﬀect models based on consistency of agreement. The mixed eﬀect
model was chosen as this study treated the diﬀerent emotions as ﬁxed
eﬀects. In line with Erbas et al. (2014) the ICC measuring consistency of
agreement was used as only the correlations among emotions were of
interest. Then, the ICCs were normalized by a Fisher's Z transformation
(e.g., Boden et al., 2013). Finally, the ICCs were subtracted from 1 for
ease of interpretation. In this manner, four ﬁnal emotion diﬀerentiation
variables were created for each participant: a negative and a positive
emotion diﬀerentiation score for both the baseline ESM period and the
post-assessment ESM period.
First, the inﬂuence of ESM on emotion diﬀerentiation while taking
into account emotion diﬀerentiation diﬀerences at baseline was investigated. In a randomized controlled study such as ours, including the
baseline measure as a covariate has more power to detect a diﬀerence
between two groups from baseline to post assessment than an analysis
of variance of change (Van Breukelen, 2006). Therefore, two separate
hierarchical regressions (for both negative and positive emotion differentiation) with emotion diﬀerentiation at post assessment as dependent variable were conducted. Baseline emotion diﬀerentiation was
added to the model, followed by the variable Group (ESM or control) in
order to analyse the inﬂuence of having had 6 weeks of ESM on the
dependent variable.
Second, the dose-response relationship between the number of ESM
questionnaires that were ﬁlled in during the 6-week ESM period and
(change in) emotion diﬀerentiation at post assessment was investigated.
To this end, two hierarchical regressions were conducted within the
ESM group (for both negative and positive emotion diﬀerentiation).
These models included emotion diﬀerentiation at post-test as the dependent variable, and emotion diﬀerentiation at baseline and the
number of ﬁlled in questionnaires as predictors.
For all analyses, the assumptions of a hierarchical multiple

2.3. Measures
We used participants’ ratings on emotional adjectives during the 5day baseline and post-assessment ESM periods to calculate emotion
diﬀerentiation measures. Similar to previous studies (e.g.,
Demiralp et al., 2012; Lennarz et al., 2017), our set of emotional adjectives covered both the valence dimension (i.e., positive and negative)
and arousal dimension of emotional experience (e.g., down and relaxed
for low arousal, anxious and enthusiastic for high arousal).
2.3.1. Negative emotion diﬀerentiation
During the 5-day baseline and post-assessment ESM period, participants were asked to describe their emotions by rating negative emotional adjectives (i.e., down, irritated, lonely, restless, agitated, suspicious, guilty and anxious) on a 7-point Likert scale (ranging from
0 = “not at all” to 7 = “very” ). All these adjectives except for “restless”
and “agitated” were also included in the 6-week ESM period. Emotion
diﬀerentiation variables were created by computing average intraclass
correlation coeﬃcients (ICC) with consistency of agreement between
the emotion adjectives (e.g., Erbas et al., 2014). The ICC indicates how
strongly (negative) emotions are correlated across time. Thus, a high
ICC indicates low diﬀerentiation. In order to ease interpretation, ICC
scores were subtracted from 1. In this way, higher values represent
better emotion diﬀerentiation. In this study, two negative emotion
diﬀerentiation variables were created for each participant: one for the
baseline ESM period and one for the post-assessment ESM period.

2
In line with previous research, negative intraclass correlation coeﬃcients
were set to zero (e.g., Boden et al., 2013). The interpretation of the results did
not change when the participants with a negative intraclass correlation coefﬁcient (N = 11) were completely removed from analysis.

1
There were some small deviations in the number of days people engaged in
the ESM baseline and ESM post assessment (M = 5.64, SD = 1.24).
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Table 1
Baseline sample characteristics.
Characteristics

Age [M (SD)]
Sex, (female, %)
Negative emotions [M (SD)]
Lonely
Down
Irritated
Anxious
Suspicious
Guilty
Restless
Agitated
Positive emotions [M (SD)]
Relaxed
Satisﬁed
Enthusiastic
Cheerful
Negative ED [M (SD)]
Positive ED [M (SD)]

ESM
n = 55

Control
n = 24

Test
F

48.13 (9.91)
52.17

50.33 (10.56)
54.17

2.60
2.86
2.69
1.97
2.00
2.14
3.37
3.03

(1.75)
(1.64)
(1.79)
(1.52)
(1.44)
(1.57)
(1.84)
(1.97)

2.37
3.08
2.81
1.89
2.15
2.34
3.55
3.14

(1.59)
(1.67)
(1.72)
(1.32)
(1.41)
(1.53)
(1.84)
(1.84)

0.68
−0.78
−0.28
0.51
−0.45
−0.38
−0.61
−0.29

.496
.435
.776
.610
.650
.706
.542
.771

4.06
3.67
2.91
3.14
0.17
0.12

(1.60)
(1.50)
(1.54)
(1.56)
(0.37)
(0.35)

3.94
3.48
2.74
2.88
0.04
0.06

(1.43)
(1.28)
(1.33)
(1.30)
(0.27)
(0.36)

0.70
0.90
0.76
1.07

.481
.366
.447
.284
.141
.496

z

Table 2
Hierarchical multiple regression analyses predicting post-assessment negative
and positive emotion diﬀerentiation from baseline positive and negative emotion diﬀerentiation, group status and number of beeps.

p

Predictor

2.22
0.47

Model 1
Step 1
Baseline
Step 2
Baseline
Group
Model 2
Step 1
Baseline
Step 2
Baseline
Group
Model 3
Step 1
Baseline
Step 2
Baseline
Beeps
Model 4
Step 1
Baseline
Step 2
Baseline
Beeps

Note. ED = emotion diﬀerentiation.

regression (i.e., normality, linearity, homoscedasticity and no multicollinearity) were not violated.

B

t

p

95% CI

negative diﬀerentiation

0.40

2.91

.005

[0.13, 0.67]

negative diﬀerentiation

0.34
0.25

2.55
2.48

.013
.015

[0.08, 0.61]
[0.05, 0.45]

positive diﬀerentiation

0.44

3.87

<.001

[0.21, 0.67]

positive diﬀerentiation

0.43
0.16

3.78
1.84

<.001
.069

[0.20, 0.65]
[−0.01, 0.33]

negative diﬀerentiation

0.34

2.24

.029

[0.04, 0.64]

negative diﬀerentiation

0.27
0.00

1.76
1.59

.084
.117

[−0.04, 0.58]
[0.00, 0.10]

positive diﬀerentiation

0.33

2.20

.032

[0.03, 0.63]

positive diﬀerentiation

0.33
0.00

2.12
0.25

.039
.801

[0.02, 0.63]
[0.00, 0.01]

Note. CI = conﬁdence interval.

3. Results
3.1. Sample characteristics
The baseline sample characteristics are reported in Table 1. There
were no signiﬁcant group diﬀerences in terms of mean levels of the
aﬀect items and positive and negative emotion diﬀerentiation ICCs.

ICC

3.2. The eﬀect of ESM on negative emotion diﬀerentiation
To test the hypothesis that the ESM group would show an increase
in negative emotion diﬀerentiation from pre- to post-assessment in
comparison with the control group, a hierarchical multiple regression
was conducted. In the ﬁrst step, negative emotion diﬀerentiation at
baseline was found to be a signiﬁcant predictor of post-assessment
negative emotion diﬀerentiation, F (1, 77) = 8.47, p = .005. This
model accounted for 9.9% of the variation in the dependent variable.
When Group was added in the second step, this model was signiﬁcant
and explained an additional 6.7% of the variation in negative emotion
diﬀerentiation at post assessment, F (1, 76) = 6.14, p = .015. See
Table 2 for the regression statistics. A post-hoc paired samples t-test was
conducted to compare negative emotion diﬀerentiation within the ESM
group between baseline (M = 0.17, SD = 0.37) and post assessment
(M = 0.37, SD = 0.43), and showed that the ESM group improved
signiﬁcantly in their ability to diﬀerentiate their negative emotions, t
(54) = −3.17, p = .003, d = 0.43, 95% CI [−0.33, −0.07], whereas
the control group did not, t (23) = −0.41, p = .683, d = 0.08, 95% CI
[−0.22, 0.14]. See Fig. 2 for a graphic representation.
The present study combined the ESM-with-feedback and ESM
groups of the original study into one ESM group, because both involved
6 weeks of ESM and it was not expected that the general feedback in the
experimental condition would additionally inﬂuence emotion diﬀerentiation. To verify this assumption, a post-hoc hierarchical multiple
regression was conducted with negative emotion diﬀerentiation at posttest as dependent variable, baseline negative emotion diﬀerentiation as
predictor in the ﬁrst model, and group (ESM-with-feedback group
versus ESM group) as an additional predictor in the second model, and
no signiﬁcant group diﬀerence, F (1, 52) = 0.00, p = .963 was found.

Fig. 2. Emotion diﬀerentiation change from pre- to post-assessment.
Note. ESM = experience sampling method, ICC = intraclass correlation

3.3. The eﬀect of ESM on positive emotion diﬀerentiation
When this procedure was repeated for positive emotion diﬀerentiation (see Table 2), the ﬁrst step in which positive emotion diﬀerentiation at baseline was added was signiﬁcant, F (1, 77) = 14.98,
p < .001, explaining 16.3% of the variation in positive emotion differentiation at post assessment, adding the group variable in the second
step lead to 3.6% more explained variation but this was not a signiﬁcant
improvement in prediction, F (1, 76) = 3.40, p = .069. The ESM group
74
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could thus be the case that the improvement in negative emotion differentiation found in this study enables individuals suﬀering from depression to better attribute their negative emotions to a speciﬁc situation and with that provide them with the means to pick the best
emotion regulation strategy. Further research is needed to indicate
what part of the ESM period triggered the change in emotion diﬀerentiation and whether the improvement in negative emotion diﬀerentiation can be linked to improvement of depressive symptoms and if
ESM could thus be an eﬀective intervention for depression.
In the present study, patients with depression ﬁlling in ESM 3 days a
week for 6 weeks improved in positive emotion diﬀerentiation when
compared to the control group, but this eﬀect was small and not signiﬁcant. The smaller eﬀect of continuously monitoring emotions on
positive emotion diﬀerentiation compared to negative emotion diﬀerentiation was in line with the hypotheses. Based on the ﬁndings by
Demiralp et al. (2012) that positive emotion diﬀerentiation did not
diﬀer between individuals suﬀering from depression and healthy controls, this could be due to less room for improvement in positive differentiation in depression. Alternatively, given that there were more
negative (N = 8) than positive (N = 4) aﬀect items in the ESM measurements, the present study might have enabled participants to train
negative emotion diﬀerentiation more. All things considered, it cannot
be discarded that focusing on positive emotions multiple times a day
might have an eﬀect on emotion diﬀerentiation. However, given the
meagre evidence linking positive emotion diﬀerentiation to better
emotion regulation (e.g., Barrett et al., 2001), a focus on negative
emotions seems most suited when considering using ESM as an emotion
diﬀerentiation intervention.
Although the present study found that patients with depression who
ﬁlled in ESM measurements for 6 weeks showed a small improvement
in (negative) emotion diﬀerentiation, no statistical evidence was found
for a dose-response relationship with the actual number of ﬁlled in ESM
measurements. However, this result should be interpreted with caution.
There might not have been suﬃcient variance in the number of ﬁlled in
ESM questionnaires across the ESM group to be able to detect a doseresponse relationship; all participants ﬁlled out at least 87 measurements with a median of 151 measurements. Possibly, thinking about
speciﬁc emotions for 87 times is already suﬃcient to improve emotion
diﬀerentiation with only a very small additional eﬀect of ﬁlling in more
measurements beyond that point. The sample size of the ESM group
(N = 55) might not have been suﬃciently large to detect such a small
eﬀect. Future studies should use a larger sample size to determine
whether there is a dose-response relationship between ﬁlled in ESM
measurements and change in emotion diﬀerentiation, and to investigate
at what point a change in emotion diﬀerentiation becomes apparent.
Although the results of this study could indicate that it is possible to
train negative emotion diﬀerentiation with ESM, it is important to
consider some alternative explanations as well. One of the things that
should be considered is that apart from ﬁlling in ESM questionnaires for
6 weeks another diﬀerence between the ESM group and the control
group were the weekly meetings with the researcher. These meetings
could have enhanced participants’ attention to their emotional states.
However, speciﬁc emotions and emotion diﬀerentiation were neither
the focus of the weekly meetings in the ESM group nor the ESM-withfeedback group. It seems unlikely that HDRS interviews (ESM group)
and feedback on general positive aﬀect (ESM-with-feedback group)
could explain the changes we found in the diﬀerentiation of negative
emotions. That said, the design of our study does not allow drawing
ﬁrm conclusions on which part of the ESM-intervention caused the
change in emotion diﬀerentiation.
Another thing that should be considered is that the intervention was
directed at reducing emotional intensity, and that may have inﬂuenced
results. Likewise, changes in depression could have potentially mediated results, given depression's established relationships with negative
emotion diﬀerentiation (e.g., Demiralp et al., 2012). However, in our
study changes in emotional intensity or depression were not related to

did show some (non-signiﬁcant) improvement in positive emotion differentiation, t (54) = −1.52, p = .136, d = 0.20, 95% CI [−0.21,
0.03]. The control group did not signiﬁcantly improve from pre to posttest, t (23) = 0.60, p = .558, d = 0.12, 95% CI [−0.08, 0.15]. See Fig. 2
for a graphic representation.
Similar to the results for negative emotion diﬀerentiation, a posthoc hierarchical multiple regression including group as a second predictor in addition to baseline emotion diﬀerentiation, showed that there
was no signiﬁcant diﬀerence between the ESM-with-feedback group
and ESM group, F (1, 52) = 0.27, p = .603.
3.4. The eﬀect of number of ﬁlled in questionnaires on negative emotion
diﬀerentiation
On average, participants in the ESM group responded to 149.76
beeps (SD = 21.33) ranging from 87 to 224. To investigate whether
there was a (positive) relationship between the number of ﬁlled in
questionnaires (beeps) on emotion diﬀerentiation within the ESM
group, another hierarchical multiple regression analysis (Table 2) was
conducted. Baseline negative emotion diﬀerentiation predicted postassessment negative emotion diﬀerentiation, F (1, 53) = 5.03,
p = .029. This model could explain 8.7% of the variation in the dependent variable. Adding the number of ﬁlled in questionnaires as a
second predictor did not signiﬁcantly increase the explained variance,
ΔR2 = 0.04, F (1, 52) = 2.54, p = .117.
3.5. The eﬀect of number of ﬁlled in questionnaires on positive emotion
diﬀerentiation
To see if positive emotion diﬀerentiation at post assessment was
inﬂuenced by the number of ﬁlled in questionnaires, a fourth hierarchical multiple regression analysis was conducted (Table 2). The ﬁrst
step in which baseline positive emotion diﬀerentiation was added was
signiﬁcant, F (53, 1) = 4.86, p = .032, and explained 8.4% of the variance. When the number of ﬁlled in questionnaires was introduced in
the second step, there was no signiﬁcant change in the percentage of
explained variance, ΔR2 = 0.00, F (1, 52) = 0.06, p = .801.
4. Discussion
The aim of the present study was to investigate whether partaking in
ESM measurements, which involves repeatedly thinking about and reporting on distinct emotional states, inﬂuences emotion diﬀerentiation
in individuals with depression. The results of the study conﬁrm the
hypothesis that individuals suﬀering from depression who ﬁll in ESM
questionnaires 3 days a week for 6 consecutive weeks improve in their
ability to diﬀerentiate between their negative emotions in comparison
to a control group not partaking in a prolonged period of ESM measurements. The study also shows a similar eﬀect for positive emotion
diﬀerentiation, but this eﬀect did not reach statistical signiﬁcance. The
study did not ﬁnd evidence for a dose-response relationship between
the number of ﬁlled in ESM questionnaires and improvement in positive
or negative emotion diﬀerentiation.
This is the ﬁrst study to suggest that self-monitoring of diﬀerent
speciﬁc negative emotions with ESM can help to improve negative
emotion diﬀerentiation in patients suﬀering from depression. Recently,
research into using ESM as an intervention method has been accumulating (Myin-Germeys et al., 2016). Improving negative emotion differentiation skills by frequently ﬁlling in questionnaires might be one of
the mechanisms through which ESM could ameliorate depressive
symptoms. It is known that patients with depression have a deﬁcit in
their negative emotion diﬀerentiation skills in comparison to healthy
controls (Demiralp et al., 2012). Furthermore, it has been suggested
that better negative emotion diﬀerentiation can be linked to more
adaptive emotion regulation (Barrett et al., 2001), which, in turn has
been linked to recovery of depression (Arditte and Joormann, 2011). It
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diﬀerentiation is actually accompanied by a decrease in depressive
symptoms and an increase in the use of adaptive emotion regulation
strategies. Furthermore, the results of this study indicate that measurement reactivity is important to consider when ESM is used for an
extended period of time.

negative or positive emotion diﬀerentiation. Moreover, the results for
the eﬀect of prolonged ESM on diﬀerentiation remained the same when
changes in emotional intensity cq. depression were taken into account
(see Supplement 1).
The present study has some other limitations as well. One of them
being that even though it can be reasoned that the participants in this
study trained negative emotion diﬀerentiation as a skill, it is not certain
that improvement in negative emotion diﬀerentiation can be generalized beyond the eight adjectives used in this study. It should be noted,
however, that the aﬀect items that were measured are the ones often
used in ESM research. Furthermore, it is important that an ESM questionnaire does not contain too many items. Another limitation is the
sample size of this study, which may not have been large enough to
detect some eﬀects, particularly the dose-response relationships, which
may have been underpowered due to the size of the ESM group
(N = 55).
Further research is needed to investigate whether the eﬀect of ﬁlling
in ESM questionnaires on negative emotion diﬀerentiation improvement is large enough to cause a clinically relevant improvement in
depressive symptoms. In the present study, this could not be tested as
the most substantial improvements in depressive symptoms in the
sample occurred after post assessment (Kramer et al., 2014), when
there were no more ESM measurements to be able to determine whether improvements in emotion diﬀerentiation were sustained. Future
studies should follow an ESM and a control group (not enrolled in
prolonged ESM-measurements) as was done in the present study but
with additional brief ESM periods and emotion regulation questionnaires at the follow-up measurements to investigate whether the
change in negative emotion diﬀerentiation sustains over time and can
be linked to better emotion regulation strategies and improvements in
depression. In sum, further research is needed to address stability of
emotion diﬀerentiation, persistence of changes in emotion diﬀerentiation and how changes in emotion diﬀerentiation relate to follow-up
behaviours or outcomes. Future research should also examine whether
patients themselves report on change in emotion diﬀerentiation and to
what elements of the ESM intervention they attribute this change, for
instance through interviews with patients after the ESM period. More
insight into the patient perspective on the ESM intervention would be
very valuable, because it could contribute to a better understanding of
what mechanisms might underlie changes in emotion diﬀerentiation
and depression outcomes (Bastiaansen et al., 2018).
The results of this study also indicate that when used for an extended period of time, the use of ESM to study emotion diﬀerentiation
can have an eﬀect on emotion diﬀerentiation. This could have implications for all studies using ESM as a measurement tool. The phenomenon that merely ﬁlling in measurements such as ESM questionnaires can have an eﬀect on the actual responses that are being
recorded is called measurement reactivity. It is recognized that measurement reactivity in ESM is an important phenomenon that demands
attention (Myin-Germeys et al., 2018), and the results of the present
research give more insight into measurement reactivity. Reactivity can
be reduced by decreasing an individual's continuous self-awareness.
This can be achieved by randomizing the time-sampling procedure and
using non-intrusive devices (Delespaul, 1995). Conversely, when using
ESM to modify behaviours, for example to train emotion diﬀerentiation,
reactivity might be of use, and the ESM procedure should be adapted
accordingly.
In sum, the present study suggests that patients with depression
using ESM 3 days a week for 6 weeks can improve their negative
emotion diﬀerentiation. In light of the recent attention to ESM as an
intervention, the results of the present study are promising and give
more insight into a possible mechanism through which ESM can ameliorate depressive symptoms. More research is needed, to replicate
these results and see what part of the prolonged ESM period caused the
change in negative emotion diﬀerentiation. Furthermore, future studies
should investigate if the improvement in negative emotion
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