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Chapter 5

What is and What Could have Been: 
Experiencing Regret and Relief across 
Childhood

This chapter is based on:

Van Duijvenvoorde, A.C.K., Jansen, B.R.J., & Huizenga, H.M. What is and What Could have 
Been: Experiencing Regret and Relief across Childhood. In revision.
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Abstract

Counterfactual emotions, such as regret and relief, are considered important in daily-life choice behav-

ior, learning and emotion regulation. A prominent question is from which age counterfactual emotions 

develop. In this study we compared a more ‘traditional’ analysis with a latent-class approach that allows 

the study of individual differences and a more detailed assessment of counterfactual emotions. Five- to 

13-year-olds and a group of young adults performed a choice task in which they encountered a Regret 

situation (chosen option was worse than alternative), a Relief situation (chosen option was better than 

alternative) and a Baseline situation (chosen option was equal to alternative). Traditional analyses in-

dicated regret and relief to be present from ages 7-8. In contrast, the latent-class analysis indicated that 

a subgroup of 5-6-year-olds already reported regret and relief. Consistent with traditional analysis, this 

group became larger with increasing age. We conclude that an individual difference approach can ad-

vance insights in emotional development.
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5.1 Introduction

Regret and relief are counterfactual emotions that rely on the comparison between a reality 
that is, and an alternative reality that ‘could have been’. Counterfactual emotions are thought 
to be powerful motivators of choice behavior, in which we aim to minimize regret, and rely 
on counterfactual information to make better decisions (Zeelenberg & Pieters, 2007). Besides 
important to decision making and learning, counterfactual emotions may also be beneficial 
because of an emotional regulatory function (Roese, 1997). Reflecting on what could have 
been is thus an adaptive, but complex skill, and the development of regret and relief may 
therefore deviate from that of more basic emotions such as happiness, sadness, anger or fear. 
The current study aims to add to this emerging field by investigating the experience of regret 
and relief across development with a novel statistical approach that characterizes individual 
differences within age groups.

The ability to think counterfactually (understand an alternative reality) is shown to de-
velop early in childhood, from at least 5 years or even earlier (Beck & Guthrie, 2011; Beck, 
et al., 2006). However, several studies indicated a delayed developmental onset of counter-
factual emotions, such as regret and relief. The relatively late development of counterfactual 
emotions has been explained by the executive demands of holding in mind and comparing 
two representations of reality; that is what could have happened (counterfactual reality) and 
what actually happened (actual reality). Some studies showed that counterfactual emotions 
arise at approximately age 5 (Weisberg & Beck, 2010; 2012), others indicated that they only 
can be observed from age 7 or even from age 9 (Ferrell et al., 2009; Guttentag & Ferrell, 
2004; O’Connor et al., 2012; Rafetseder & Perner, 2012). Some of these studies have found 
that regret develops before relief (Guttentag & Ferrell, 2004; Weisberg & Beck, 2010); others 
observed no lag (Weisberg & Beck, 2012) or focused only on regret (O’Connor, et al., 2012; 
Rafetseder & Perner, 2012). These mixed findings in the development of regret and relief 
may be related to substantial individual variability in children’s experience of counterfactual 
emotions.

Experience of counterfactual emotions is often assessed by presenting a choice between 
two options. In one trial the outcome of the non-chosen option is better than the chosen op-
tion (Regret situation), whereas in another trial the non-chosen outcome is worse (Relief sit-
uation). Children are asked to rate happiness with their choice before and after the alternative 
outcome is known. The change in ratings between this first and second occasion is taken as an 
index of regret (negative change) and relief (positive change) (but see Ferrell et al., 2009 and 
Guttentag & Ferrell, 2004 for verbal protocols). Traditionally, these ratings are tested for the 
proportion of children per age group showing a regret and/or relief response (discrete scale) 
or for age-related differences in mean ratings (continuous scale) in the regret/relief trial. 

An alternative type of analysis is latent-class analysis (LCA) (Jansen & Van der Maas, 
2002; Jansen et al., 2012; Van Duijvenvoorde et al., 2010). LCA allows for the study of individ-
ual differences in counterfactual emotions and therefore may add to the understanding of the 
mixed findings in this field. In the current study we compare this novel, latent-class approach 
to a more traditional analysis of counterfactual emotions. We used a choice paradigm with 
scale ratings comparable to previous studies on counterfactual emotions (Weisberg & Beck, 
2010; 2012), and included a large sample size (N = 249) across a wide age range (5-6-year-
olds, 7-8-year-olds, 9-10-year-olds, 11-13-year-olds, and young adults). 
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The use of scale ratings to study regret and relief presents some challenges in developmen-
tal samples. That is, children may tend to opt for positive scale-extremes at the first occasion 
(Weisberg & Beck, 2010; 2012; O’Connor et al., 2012), leaving no possibility to report in-
creased happiness on the second occasion, and resulting in an under report of relief. Second, 
the order of trials may influence the saliency of the counterfactual outcome (O’Connor et al., 
2012), changing the report of regret and relief across trials. Third, children may have a higher 
tendency to change ratings (Rafetseder & Perner, 2012), that would lead to an over report of 
regret and relief. To account for these possible confounds, we first used an expandable scale, 
in which there was always a possibility of reporting an increase or a decrease in happiness 
after seeing the counterfactual outcome. Second, we randomized the order of trials to mini-
mize effects of trial order and included control analyses on the effect of trial order. Third, 
we included a Baseline trial (in which choice outcomes were equal) to account for younger 
children’s tendency to change ratings. An additional advantage of LCA is that allows for a 
principled way to analyze this Baseline trial. More specifically, the LCA assigns participants to 
subgroups based on participants’ multivariate response pattern to Relief, Regret and Baseline 
trials. For instance, a subgroup that also changes responses on Baseline trials—in addition to 
showing a regret and/or relief response—may be interpreted as a group that does not experi-
ence counterfactual emotions but has a higher tendency to change ratings. In this way, LCA 
allows for a more precise delineation of counterfactual emotions. 

Taken together, we investigated the development of both regret and relief across child-
hood, early adolescence, and young adulthood. We compare results from a relatively tradi-
tional approach and those from a novel latent-class approach, the latter allows the study of 
individual differences and allows for a more precise delineation of counterfactual emotions.

5.2 Method

Participants
Participants were 52 5-6 year-olds (Mean Age = 5.9 years, SD = .42, 23 females), 74 7-8-year-
olds (Mean Age = 7.9 years, SD = .35, 37 females), 58 9-10-year-olds (Mean Age = 10.1 years, 
SD = .40, 35 females), 47 11-13-year-olds (Mean Age = 12 years, SD = .56, 26 females) and 18 
young adults (ages 18-26; Mean Age = 22 years, SD = 2.2, 13 females). Children were recruited 
from four different primary schools. Young adults were psychology students and were given 
payment or course credits for participation. For children and young adolescents, primary 
caretakers were informed about the experiment and were provided with an opportunity to 
exempt their child from participating. Young adults gave written informed consent for the 
study. Procedures were approved by the local ethics committee. The proportion of females 
did not differ significantly across age groups, χ²(4) = 5.8, p = .2.

Apparatus
In a computerized task children were presented with two boxes in three trials (a Regret, a 
Relief, and a Baseline trial), each box had a distinct color and print, and in each trial differ-
ent boxes were used. In each trial, children were asked to open one box by clicking on it. 
The chosen box contained 4, 5 or 6 coins (randomly distributed across the three trials). The 
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non-chosen box contained 3 points more (Regret trial); 3 points less (Relief trial) or the same 
amount of points (Baseline trial).

A 3-point scale was used to rate participants’ initial happiness with the chosen box before 
disclosure of the non-chosen box. The 3-point scale displayed a sad, a neutral, and a happy 
face. The 7-point scale displayed a range of emotional expressions starting with very sad on 
the left-hand side and ending with very happy on the right-hand side. It was used twice after 
the non-chosen box was disclosed: Once to rate the non-chosen box (counterfactual ques-
tion) and once to re-rate the chosen box (final question). The initial response (sad, neutral or 
happy) on the 3-point scale was underlined when participants provided ratings on the 7-point 
scale.

As previous studies have related the development of counterfactual emotions to the de-
velopment of cognitive abilities (Burns et al., 2012), we included a non-verbal measure of 
general cognitive reasoning: The subscale ‘Analogies’ of the SON-R (Snijders et al., 1989). The 
SON-R was administered to all age groups except the young adults. Raw scores were used in 
further analyses. 

Procedure
Tasks were administered individually, in a quiet room in participants’ schools or university. 
First, the subscale Analogies was administered to the children and took 5-10 minutes to com-
plete. Next, participants were explained that they were going to play a computer game in 
which different amounts of play-coins were hidden in two boxes. All participants were en-
couraged to gain as many coins as possible. To enhance motivation and importance of these 
coins, participants were instructed that if they gathered enough coins it would allow them to 
pick a present (children) or candy bar (adults) from a grab bag. Eventually, all participants 
received a small present or candy bar for their participation. The task started with an example 
trial illustrated by a cartoon character that opened a box first, and then saw the contents of 
the non-chosen box. In this trial the non-chosen box contained as many coins as the chosen 
box. Note that the instruction box included differently shaped and colored boxes than in the 
experimental trials. Accordingly, children were explained the faces on the happiness scales. 
In the experimental trials, participants were first asked to open one of the boxes and rate 
their initial happiness on the 3-point-scale (Initial question). Subsequently, the other box was 
opened and participants were presented with the 7-point scale, with their initial response 
underlined. They were asked: ‘you were this happy with your own box, how happy would you 
have been if you would have chosen the other box?’ (Counterfactual question). Finally, they 
were again presented with the 7-point scale with their initial response underlined. Now they 
were asked: ‘you were this happy with your own box, now that you have seen what’s in the 
other box, how happy are you now with your own box?’ (Final question). The order of the 
three trials (Regret, Relief, and Baseline) was presented random across participants. Partici-
pants needed 10-15 minutes to complete the task. 

Analyses
Responses on the Final versus the Initial question were subtracted and recoded into the 
scores: happier (all positive shifts), less happy (all negative shifts) or equal (no change) 
scores. Similarly, responses on the Counterfactual versus the Initial question were subtracted 
and recoded. The former (Final Response) thus reflects the change in emotional rating with 
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a chosen option before and after the alternative outcome is known, whereas the latter (Coun-
terfactual Response) reflects the difference in emotional rating for the alternative versus the 
chosen option.

First, we performed a control analysis on the Counterfactual response, to test whether all 
age groups showed understanding of the counterfactual outcome, i.e., were able to relate to 
what could have happened. A logistic regression with the Counterfactual response as a de-
pendent and Age Group (continuous) as an independent variable showed no differences be-
tween Age Groups: A majority in each age groups reported a negative shift in happiness when 
they would have chosen the alternative option (ranging from 83% - 95%). A similar logistic 
regression on the Regret trial also showed no differences between Age Groups: A majority in 
each age group reported a positive shift in happiness when they would have chosen the alter-
native option (88% - 94%). Finally, a similar analysis on the Baseline trial showed no effect of 
Age Group and the majority in each age group reported no change in happiness (72% - 88%). 
These results are consistent with previous research in showing that most children from ages 
5-6 are able to understand the counterfactual outcome. Moreover, this indicated that partici-
pants in all age groups were able to understand the switch from a 3-point scale to the 7-point 
scale, and to use the 7-point scale appropriately. 

Our main focus in this study was the Final Response on the Regret, Relief and Baseline 
trial. We first report ‘traditional’ analysis on age-related differences in the proportion of hap-
pier, sadder or no-change Final Responses per trial. Second, we analyzed the same data with 
a LCA that distinguishes subgroups of participants based on their response patterns across 
the Regret, Relief and Baseline trial. Subsequently, we investigated whether subgroup mem-
bership differed across age groups. Finally, we included control analyses on the effect of trial 
order for both the traditional and the latent-class approach.

5.3 Results

Traditional analysis 
First, a hierarchical logistic regression on the Relief trial with Final response (happier, less 
happy or no change) as a dependent and Age Group (continuous) as an independent variable 
indicated that there were no Age Group differences between a positive and negative shift in 
happiness (p > .1). However, across Age Groups the probability increased to report a posi-
tive shift in happiness compared to reporting no change in happiness, expB (1) = 1.7, p < .05. 
Follow-up chi-square tests per Age Group showed that the majority in all age groups became 
happier with their choice after seeing the alternative outcome, compared to a negative shift 
and no change in happiness (all p’s < .05, see Figure 1A).

Second, a similar logistic regression on the Regret trial indicated that the probability to 
report a negative as compared to a positive shift in happiness increased across Age Groups, 
expB (1) = 2.3, p < .001. Also the probability to report no change in happiness as compared to 
a positive shift increased across Age Groups, expB (1) = 2.5, p < .001. Probability to report a 
negative shift versus no change in happiness did not differ across Age Groups (p > .1). Follow-
up chi-square tests per Age Group showed that from ages 7-8 the most common response was 
to become less happy with their choice after seeing the alternative outcome (all p’s < .05). 
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However, 11-13-year-olds and young adults were as likely to become less happy or to stay 
equally happy in the Regret trial (see Figure 1A). 

Finally, a similar logistic regression on the Baseline trial indicated that the probability to 
report no change in happiness as compared to a positive shift increased across Age Groups, 
expB (1) = 1.5, p < .002. Follow-up tests showed that only the 5-6-year-olds became happier 
with their choice after seeing the alternative outcome, as compared to a negative shift and no 
change in happiness (p’s < .05). Participants in the other age groups were as likely to become 
happier or to stay equally happy in the Baseline trial (see Figure 1A).

Additionally, we performed separate logistic regressions for the Regret, the Relief and the 
Baseline trial in which the Final response was predicted by Age (continuous) and raw SON-R 
score. Results showed that in addition to Age, SON-R score did not predict participant’s emo-
tional responses on any of these trials.

In sum, these analyses show that relief, indicated by an increase in happiness with a cho-
sen option after the alternative outcome is known, seems to be present from ages 5-6, whereas 
regret, indicated by a decrease in happiness with a chosen option after the alternative out-
come is known, is only observed from ages 7-8. However, specifically the 5-6-year-olds also 
report an increase in happiness with the chosen outcome on the Baseline trial, which may in-
dicate a tendency to switch responses to choose positive scale extremes. Therefore it is likely 
that both counterfactual emotions are only present from ages 7-8. As indicated earlier, and 
LCA allows for a more principled way to account for these Baseline responses.

Figure 1. Panel A: The proportion of Final responses (happier, less happy, no change) per age group and for each trial. 
Panel B: Subgroup membership (in proportion) as a function of age group. 
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Latent Class Analysis
We analyzed the data with a latent-class model to find groups in our data that show a similar 
response pattern across trials. We fitted models with one up to four subgroups, using the 
Depmix S4 package in R (Visser & Speekenbrink, 2010). Solutions for these models were 
compared by means of the Akaike Information Criterion (AIC). Each participant was assigned 
to its most likely subgroup by using posterior probabilities. The AIC indicated that a model of 
two subgroups described the data best. Subgroup sizes and response patterns are reported in 
Table 1, subgroup membership as a function of age group is shown in Figure 1B.

As indicated in Table 1, the first subgroup consisted of 130 participants (52%), who be-
came happier in the Relief trial, less happy in the Regret trial and indicated no change in 
happiness in the Baseline trial. Note that some of these participants did not indicate a large 
decrease in happiness in the Regret trial, but stayed equally happy. We interpreted this pattern 
of responses as indicative of experiencing both relief and regret. Figure 1B illustrates that this 
subgroup was even present in the youngest age groups.

The second subgroup consisted of 119 participants (48% of the participants), who in the 
Relief trial became happier with the chosen option after seeing the alternative outcome. How-
ever, in the Regret trial, these participants were randomly distributed across any of the re-
sponses. In the Baseline trial these participants reported an increase in happiness with their 
chosen option after seeing the alternative outcome. Together, this pattern of responses sug-
gests that participants in this group show a non-specific tendency to become happier (in both 
Relief and Baseline trials), without a clear indication of regret (in the Regret trial). Therefore, 
we argue these participants experience minimal relief and minimal regret. Figure 1B illus-
trates that even some participants from the oldest age groups belonged to this subgroup.

A binary logistic regression with Group membership as a dependent and Age Group (con-
tinuous) as an independent variable, indicated that the probability to belong to the ‘regret and 
relief’ group increased across Age Groups compared to the ‘minimal-regret, minimal-relief’ 
group, expB (1) = 1.45, p < .002. Additionally, we re-ran the logistic regression with Age as a 
continuous score and raw SON-R score added to the model. Results showed that, above Age, 
SON-R score tended to predict group membership, in which higher SON-R scores increased 
the probability to be in the ‘regret, relief’ group, expB (1) = 1.05, p = .066.

In sum, these analyses support previous conclusions in showing that the experience of 
counterfactual emotions increases with age. In addition, they extend previous analyses by 
illustrating individual differences within age groups. That is, even within the 5-6-year-olds 
there was already a subgroup reporting regret and relief, and higher general reasoning scores 

Two-Class Model

Name N Relief Regret Baseline
< = > < = > < = >

Relief and Regret 130 .00 .12 .88 .60 .35 .05 .05 .82 .13
Minimal Relief, Minimal 
Regret

119 .03 .00 .97 .46 .27 .28 .00 .00 1.0

Table 1. Latent class model for responses to Relief, Regret, and Baseline trial. Responses on each trial are scored as 
less happy (<), no change (=) or happier (>). The displayed response patterns are the estimated chance of a partici-
pants’ response in that subgroup. Predominant responses are in bold-face.
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tended to increase the probability to experience both relief and regret. Note, that these results 
also indicate individual variability in older age-groups, in which there was still a subgroup 
reporting minimal regret and relief. 

Order
To investigate whether the order of trials influenced participants’ Final Responses, we repeat-
ed the aforementioned analyses with Order included as an additional factor. That is, we listed 
whether a participant received the Relief, the Regret or the Baseline trial as the first trial in 
the task (Order). We performed a hierarchical logistic regression with participants’ Final Re-
sponse (happier, sadder or no change) per trial as a dependent variable and Age Group (con-
tinuous) and Order (discrete) as independent variables. Results showed no effects of Order 
for Relief and Baseline trials (all p’s > .05). However, for the Regret trial there was an effect of 
Order: if the Regret trial was encountered first, participants were less likely to report a nega-
tive shift in happiness, compared to reporting no change in happiness, expB (1) = .26, p = .001. 

Second, a binary logistic regression with Group membership from the LCA as a depend-
ent, and Age Group and Order as independent variables, showed no effects of Order on the 
probability to belong to the ‘regret, relief’ or ‘minimal-regret, minimal-relief’ subgroup. 

5.4 Discussion

We studied the development of counterfactual emotions as relief and regret, with a specific 
interest in individual differences within age groups. To this end, we compared a more tradi-
tional analysis method with a novel latent-class approach. The latter method not only allows 
for characterizing individual differences in the experience of counterfactual emotions, it is 
also able to provide a more detailed assessment of counterfactual emotions.

Results from the traditional analysis showed that from ages 5-6, children report an in-
creased happiness in the Relief trial, whereas only from ages 7-8, children report a decreased 
happiness in the Regret trial. However, 5-6-year-olds also reported an increased happiness in 
the Baseline trial. These results may indicate a tendency in younger ages to switch responses, 
that would result in an over report of relief. Therefore, the traditional analysis may indicate 
regret and relief to be reported from ages 7-8. This finding illustrates the need to incorporate 
an individual’s baseline response to the experience of regret and/or relief, as is done in LCA. 

LCA supported and complemented the insights from traditional analysis. The first sub-
group obtained from the LCA was interpreted as experiencing regret and relief. Results 
showed that, consistent with the traditional analysis, this subgroup increased with age. Note-
worthy, some of the younger children already belonged to this subgroup. The second sub-
group from the LCA was interpreted as a group that minimally experienced relief and regret. 
This group was largest in the 5-6-year-olds and decreased with age. 

Moreover, our results showed that above age, higher reasoning scores tended to increase 
the probability to belong to the ‘regret and relief’ group. Previous studies already indicated 
that the experience of counterfactual emotions was positively related to executive functions 
as verbal ability and working memory (Ferrell et al., 2009), inhibitory control (Beck et al., 
2009) and task switching (Burns et al., 2012). Future studies may benefit from the combina-
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tion of an individual difference approach as LCA with a broader range of individual difference 
measures for predicting the developmental onset of regret and relief.

Noteworthy, some participants in the older age group belonged to the minimal relief, mini-
mal regret subgroup. This suggests that future studies should distinguish between individu-
als who are not yet able to experience regret and relief (as may be the case in the younger 
age groups) versus individuals who do not report regret and relief because of motivation, 
importance of outcomes, and/or coping strategies (as may be the case in older age groups). 
Including additional measures of regret and relief, such as exit-interviews may further ad-
vance insights in the development of being able to experience counterfactual emotions versus 
developmental changes in the tendency to report such emotions.

Finally, it has been reported that regret was more marked from ages 4-5 if children re-
ceived a Baseline trial first (O’Connor et al., 2012). Our results show that encountering the 
Regret trial later in the task (i.e., not as the first trial) also increases a regret response (i.e., a 
decrease in happiness) compared to reporting no change in happiness. The build-up of expec-
tations across trials may explain the increase in experienced regret across trials and are worth 
taking into account in future studies of regret.

In sum, we used a novel statistical latent class approach to analyze the development of 
relief and regret. Advantages of this approach are that it allows for the assessment of indi-
vidual differences and for a more detailed assessment of counterfactual emotions in which 
individuals are grouped, based on responses across trials. A key finding from this analysis is 
that with age, experience of regret and relief increases, although a subgroup of children indi-
cated a remarkably early experience of regret and relief from ages 5-6. This study highlights 
the advantages of using a novel statistical approach for studying individual differences in the 
experience of counterfactual emotions across development.
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