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Abstract

Young children anticipate that others act rationally in light of their beliefs and desires, and envi-
ronmental constraints. However, little is known about whether children anticipate others’ irrational
choices. We investigated young children’s ability to predict that sunk costs can lead to irrational
choices. Across four experiments, 5- to 6-year-olds (total N = 185) and adults (total N = 117) judged
which of two identical objects an agent would keep, one obtained at a high cost or one obtained at a low
cost. In Experiment 1, adults predicted that the agent would choose the high-cost object over the low-
cost one, whereas children responded at chance. Experiment 2 replicated these findings in children, but
also included another condition which showed they were sensitive to future costs. They predicted that
an agent would be more likely to seek out a low-cost item than a high-cost item. Experiments 3 and 4
then found that children do not anticipate the sunk cost bias in first person scenarios, or in interpersonal
sunk cost scenarios, where costs are sunk by others. Taken together, our findings suggest that young
children may struggle to understand and predict irrational behavior. The findings also reveal an asym-
metry between how they consider sunk costs and future costs in understanding actions. We propose
that this asymmetry might arise because children do not consider sunk costs as wasted.

Keywords: Sunk cost bias; Theory of mind; Rational action; Action understanding; Judgment and deci-
sion making

1. Introduction

People often overvalue items that they spent time, money, or effort pursuing. For example,
suppose a girl picks two flowers while visiting a park, one from a small hill that is easy to
climb, and the other from a large hill that is strenuous to climb. If the girl can only keep
one flower, which will it be? As an adult, you likely think she will keep the flower from the
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big hill. Anticipating this choice suggests you expect others to be biased by sunk costs— past
investments that cannot be recovered. Importantly, this choice to keep the high-effort flower
is irrational. Choosing this flower seems to minimize wasting effort, even though choosing it
will not recover or justify the effort spent pursuing it (Arkes, 1996; Arkes & Ayton, 1999;
Arkes & Blumer, 1985; Thaler, 1980). Hence, anticipating that people are biased by sunk
costs may demonstrate an understanding that choices are sometimes irrational.

The present work investigates young children’s ability to anticipate that others will be sensi-
tive to sunk costs in their choices. This ability is particularly important as people’s actions and
choices are often irrational (e.g., Kahneman, 2011). Successfully predicting others’ actions,
then, requires us to anticipate not only their rational choices, but also their irrational choices.
Over the past 40 years, much developmental research has demonstrated that young children
come to expect others to behave rationally in light of their beliefs and desires, and environ-
mental constraints (e.g., Cushman, 2020; Gergely & Csibra, 2003; Leslie, German, & Polizzi,
2005). For instance, 2-year-olds expect others to continue searching until they find a desired
object, but to cease searching once that goal is reached (Wellman & Woolley, 1990). And
infants expect others to take the most efficient, and least costly, path to a goal (e.g., Csibra &
Gergley, 2007; Liu & Spelke, 2017). However, much less research has investigated whether
children anticipate irrational behavior (see Goldwater et al., 2020 for an exception).

Investigating whether children anticipate the sunk cost bias will also be informative about
their understanding of costs more generally. Recent work shows that children understand
that an agent’s valuation of an object determines the cost the agent is willing to incur for it
(value — cost incurred; Jara-Ettinger, Gweon, Schulz, & Tenenbaum, 2016; 2020; for related
work in infancy, also see Liu & Spelke, 2017). For example, in one study, 5- to 6-year-olds
saw an agent choose between a banana and a watermelon (Jara-Ettinger, Gweon, Tenenbaum,
& Schulz, 2015). When the fruits were equally difficult to obtain, children inferred the agent
preferred whichever fruit he chose; if he chose the banana, they concluded he liked it better.
But children did not infer this in a condition where the fruit he chose was easier to obtain.
They presumably recognized the agent might have chosen against his preferences—the
benefit of obtaining the preferred fruit might not have warranted the effort (i.e., cost).

The sunk cost bias reverses this relation between costs and value. The cost an agent has
already incurred for an object increases its value to the agent (cost incurred — value). Again,
valuing objects based on the costs previously incurred to obtain them is irrational, as past
investments are not a meaningful indicator of present value (Arkes, 1996; Arkes & Ayton,
1999; Arkes & Blumer, 1985; Thaler, 1980). Hence, investigating whether young children
anticipate the sunk cost bias will show whether they understand the effect of incurring costs
on subjective value. Few studies have explored this question. In one study, 5- to 12-year-olds
heard a story where they either purchased a circus ticket or received a ticket as a gift (Web-
ley & Plaisier, 1998; see also Krouse, 1986). In the story, their car broke down and when
they were asked whether they would pay for a bus to the circus, children mostly chose to
pay regardless of how they had acquired the circus ticket. This finding could suggest that
children’s decisions are not affected by sunk costs. However, young children often have dif-
ficulty reasoning about money, so they might be sensitive to other kinds of sunk costs (e.g.,
Berti & Bombi, 1981). A few other studies have explored sunk costs in much older children,
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mostly adolescents, and yielded mixed results (e.g., Baron, Granato, Spranca, & Teubal, 1993;
Klaczynski, 2001; Klaczynski & Cottrell, 2004; Morsanyi & Handley, 2008).

We investigated young children’s ability to anticipate the sunk cost bias in four experi-
ments. We tested children between 5- to 6-years-old, since children at this age understand
that agents are willing to incur greater costs to obtain more highly valued objects (e.g., Jara-
Ettinger et al., 2015). Some past experiments have examined the sunk cost bias in “progress”
decisions where people choose to continue investing resources into a failing project (e.g.,
Arkes & Blumer, 1985, Experiment 8; Barsky & Zyphur, 2016). Other experiments have
examined the bias in “adoption” decisions where people choose between two projects they
already invested in (e.g., choosing between two purchased ski trips; Arkes & Blumer, 1985,
Experiment 1; Baron et al., 1993; for a further description about this distinction, see Moon,
2001; Roth, Robbert, & Straus, 2015). Although both approaches involve choices about sunk
costs, we used adoption decisions in our experiments to specifically test if sunk costs impact
children’s valuation of objects.

In each experiment, children were shown stories where an agent collects two identical
objects, one easier to obtain and the other difficult. Experiment 1 examined which objects 5-
to 6-year-olds and adults expected the agents to keep. Choosing the high-cost object would
suggest that participants expect others to value these objects more than low-cost alterna-
tives. Experiment 2 then compared whether 5- to 6-year-olds’ predictions differ depending
on whether they are considering sunk costs, or instead considering costs that lie in the future.
Experiment 3 explored if 6-year-olds anticipate the sunk cost bias in first-person scenarios.
Finally, Experiment 4 explored if 6-year-olds anticipate the sunk cost bias in first-person sce-
narios where the costs are incurred by other people.

2. Experiment 1

2.1. Method

2.1.1. Farticipants

We tested 60 children (M, = 5;11 [years; months], range = 5;0-6;10, 29 female), and
117 adults (Mg = 38, range = 22-72, 44 female). Data were excluded from an additional 36
adult participants who failed either one or both attention checks. These were simple questions
to ensure that adults attended to the stimuli.

In this experiment, children were tested individually in child-care centers and schools in the
Waterloo region (Canada). The region is predominantly middle-class, and approximately 79%
of residents are White, with Chinese and South Asians as the most visible minorities. Adults
were recruited from Amazon Mechanical Turk (http://www.mturk.com/) and were located
throughout the United States and had a HIT (Human Intelligence Task) rate of above 95%.

2.1.2. Materials and procedure
Participants completed two trials. In each trial, they were told a story about a child who
obtained two identical objects—one easy to obtain and the other difficult (see Fig. 1). In the
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Here is a girl at the park, and she Look! The girl climbed up both of

wants to get both of the flowers. It the hills, and she got both of the

is very hard for her to climb this flowers. The girl's dad says that

[large] hill, and it is easy for her to she can only bring one flower

climb this [small] hill. home. Which flower will the girl
bring home?

Choices of costlier item

0.0

adult child

Fig 1. Sample story and results for Experiment 1. For all figures, the bar graph represents the proportion of choices
for the costlier item, and error bars show +1 standard error.

first story, a boy retrieved a rock from a deep pit and another rock from a shallow pit. In
the second story, a girl retrieved a flower from a tall hill and another from a short hill. The
character then learned that they could only keep one object, and children were asked which
they would keep (e.g., “The boy’s mom says that he can only bring one rock home. Which
rock will the boy bring home?”). If participants are sensitive to sunk costs, they should choose
the item that was harder to retrieve.

For children, these stories were told with corresponding pictures on a laptop. To adapt this
procedure to an online format, adults read the stories with the corresponding pictures, and
answered the same test question. They then completed two four-option multiple-choice atten-
tion checks to ensure that participants read the stories and saw the pictures. In Experiments
1-3, the item that was difficult to obtain (rock in deep pit; flower on tall hill) was on the right
in the first story, and on the left in the second story.

2.2. Results

In each experiment, we analyzed the results using generalized estimating equations (GEE)
models (binary logistic, independent correlation matrices). The raw data from all experiments
are available online at: https://osf.io/s79re/.

In this experiment, children’s and adults’ responses were analyzed in the same model, with
age (child, adult) as a predictor, see Fig. 1. There was a significant effect of age, Wald x>
(1) = 23.36, p < .001, as adults were more likely than children to choose the high-effort
item. Single-sample tests were conducted using an intercept-only GEE model to examine if
children and adults chose the high-effort item significantly above chance. Children’s choices
of the high-effort item (45% of responses) did not significantly differ from chance, Wald x>
(1) =0.90, p = .342. In contrast, adults were more likely to choose the high-effort item (78%
of responses) than the low-effort item, Wald x2 (1) = 34.28, p < .001".

Although children’s responses did not significantly differ from chance, one might wonder
whether findings would differ with a larger sample. However, in this experiment and those
following, supplementary single-sample Bayesian z-tests favored the null hypothesis over one
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holding that children appreciate sunk costs (i.e., Experiment 1, BFy; = 12.92; Experiment 2,
BFy; = 12.44; Experiment 3, BFy; = 5.22; Experiment 4, BFy; = 14.23).

2.3. Discussion

Adults anticipated the sunk cost bias, but children did not. Whereas adults predicted that
each character would choose to keep the high-cost item, children’s predictions did not depart
from chance. In relation to previous work, these findings suggest that while children recognize
that value determines willingness to incur costs (Jara-Ettinger et al., 2015), they do not believe
that sunk costs influence value. This conclusion is only tentative though, as our experiment
did not examine both kinds of costs.

We addressed this issue in the next experiment by including an additional between-subjects
“future cost” condition. In the scenarios in this condition, after the character collected both
objects, two new ones appeared. Then, children predicted which of the two objects the char-
acter would retrieve. Previous work shows that from infancy we expect others to take the
least costly path to a goal (e.g., Csibra & Gergley, 2007; Liu & Spelke, 2017). So, if children
are sensitive to costs in our vignettes, they should expect the character to retrieve the low-
effort object over the high-effort alternative. Additionally, we added comprehension checks
to ensure that children could accurately identify how much effort the character incurred when
collecting both objects.

3. Experiment 2

3.1. Method

3.1.1. Participants

We tested a total of 60 5- to 6-year-olds (M., = 6:0, range = 5;0-6;11, 30 female). We
aimed to test 30 children in each between-subjects condition. We were disrupted by COVID-
19 and continued data collection online. The first 22 children (M. = 6;5, range = 6;0-6;11,
12 female) were tested in-person at their daycares and preschools; the remaining 38 children
(Myge = 5;10, range = 5;0-6;11, 18 female) were tested online using video teleconferenc-
ing software. Initially, children were not randomly assigned to a between-subjects condition
as we were only testing the sunk cost condition (N = 13). After we introduced the control
condition (“future costs”), children were randomly assigned to one of the two conditions.
Random assignment ceased once thirty children were tested in the sunk cost condition, so the
remaining children in our sample were assigned to the future cost condition.

3.1.2. Materials and procedure

As in Experiment 1, children first heard a story about a boy who retrieved two rocks, and a
second story about a girl who retrieved two flowers (see Figure 2). In each story, one object
was difficult to retrieve and the other was easy to retrieve. To ensure children were aware of
this difference, each story included two comprehension questions about the effort required to
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o [Future cost condition]: Here is
a girl at the park, and she 1.0

wants to get both of the flowers.

It is very hard for her to climb
Py & this [large] hill, and it is easy for
B . her to climb this [small] hill.

Look! The girl climbed up both

of the hills, and she got both of

the flowers. Which flower was

harder for her to get? Which
-~ flower was easier for her to
B get?

& Look! There are two more

- flowers. The girl can only get
one more flower. Which flower
will she go get?

Choices of costlier item
o
(4.}

B, ‘ 0.0

future sunk

Fig 2. Sample story and results for Experiment 2. Error bars show +1 standard error.

obtain each item (e.g., Which hole was easy to climb into? Which hole was hard to climb
into?). Two children failed these comprehension questions, but correctly responded after they
were retold the stories.

Children saw the stories in one of two between-subjects conditions. In the sunk costs
condition, after each character retrieved the objects, children were told the character could
only keep one, and were asked which the character would keep. In the future costs con-
dition, two more objects appeared. The character learned that they could only obtain one
more object, and children were asked which object the character would retrieve. Hence, the
character was faced with a choice between an object that would be costly to retrieve (e.g.,
flower on large hill) and one that would be less costly to retrieve (e.g., flower on small
hill).

3.2. Results

All but two children passed both comprehension checks. After they were retold the stories,
they provided the correct answer.

A GEE model with the predictor condition (sunk cost, future cost) revealed that children
were more likely to choose the high-effort item in the sunk cost than the future cost condition,
Wald x?2 (1) = 9.28, p = .002 (see Fig. 2). Single-sample tests, conducted using an intercept-
only GEE model, revealed that children’s choices of the high-cost item in the sunk cost con-
dition (38%) did not significantly differ from chance, Wald x? (1) = 2.62, p = .106; whereas
most children in the future cost condition chose the low-cost item (90% of responses), Wald
x2 (1) =20.70, p < .001.
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3.3. Discussion

Children again showed no sensitivity to sunk costs, and did not anticipate that characters
would value high-cost items over low-cost ones. However, children were sensitive to future
costs and predicted that the character would retrieve low-effort objects. Thus, it is unlikely that
children in our experiments fail to predict sunk cost choices because they do not appreciate
the costs at all in this paradigm. Almost all children identified the effort associated with each
object, providing further support that they can identify where greater effort was invested.

In the experiments so far, children considered third-person scenarios and predicted whether
others would be sensitive to sunk costs. However, most sunk cost studies on adults have
used first-person scenarios, which asked participants to predict their own hypothetical choices
(e.g., Arkes, 1996; Arkes & Blumer, 1985; Frisch, 1993; Garland, 1990; Garland & Newport,
1991; Strough, Mehta, McFall, & Schuller, 2008, 2014; for exceptions see Arkes & Blumer,
1985; Bornstein & Chapman, 1995; Olivola, 2018). Thus, in the next experiment we explored
whether children are sensitive to sunk costs in first-person scenarios.

4. Experiment 3

4.1. Method

4.1.1. Participants

We tested 31 6-year-olds (M,e. = 6;5, range = 6;0-6;11, 12 female). In the next two
experiments, children were tested individually at schools and daycares in the Waterloo region
(Canada).

4.1.2. Materials and procedure

Children were tested in a single condition in which they heard two stories where they were
the protagonist (see Fig. 3). Before the stories began, children were told that the stories were
about them, and were instructed to imagine the stories were real. The stories were based on the
sunk-cost stories from the preceding experiments, but the pictures did not show any charac-
ters. The first story described children obtaining the two rocks, and the second story described
them obtaining two flowers. The stories, including the comprehension and test questions, were
all in second-person (i.e., “Your teacher says that you can only bring one rock home. Which
rock will you bring home?”). All children passed the comprehension questions.

4.2. Results

All children passed the comprehension questions. An intercept-only GEE revealed that
children’s choices of the high-cost item (50% of responses) did not significantly differ from
chance, Wald x2 (1) = 0.00, p > .999 (see Fig. 3).
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I'm going to tell you a story, and
this story is about you. | want you
to imagine that it's real.

You are at the park, and look,
there are rocks in these holes.
You want to get both of the rocks.
It's very easy to climb into this
[small] hole, but it’s very hard to
climb into this [big] hole.

Look! You climbed into both of
the holes, and you got both of
the rocks. Now | have some
questions for you: Which rock
was easier for you to get? Which
rock was harder for you to get?

Your teacher says that you can
only bring one rock home. Which
rock will you bring home?

1.0

Choices of costlier item
o
(4]

0.0

Fig 3. Sample story and results for Experiment 3. Error bar shows =1 standard error.

4.3. Discussion

As in the previous experiments, children were not sensitive to sunk costs. This shows that
the findings from our first two experiments replicate even when children respond to first-
person scenarios. In our final experiment, we explored a further factor known to affect sunk
cost judgments in adults. Past research has mostly examined intrapersonal sunk costs where
a person’s valuation of an object depends on costs they have sunk. However, adults are also
sensitive to sunk costs in interpersonal contexts, where costs are sunk by others. For instance,
in one study, adults were told that two friends had each purchased a trip for them on the same
day, one that was cheaper and more enjoyable, and the other expensive and less enjoyable
(Olivola, 2018). Adults were more likely to choose the less enjoyable trip when it was more
expensive, rather when it was cheaper, suggesting they were sensitive to others’ sunk costs in
their own choices.

5. Experiment 4

5.1. Method

5.1.1. Participants
We tested 34 6-year-olds (M, = 6;7, range = 6,0 — 6;11, 18 female).

5.1.2. Materials and procedure

Children were told two stories (see Fig. 4). In both stories, two characters collected objects
(shells in story 1, rocks in story 2), and children were told the objects were for them. One of
the characters worked harder to collect their item than the other character. Children decided
which of the two objects they would keep.
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Here are two boys in a forest. Look! Both of the boys found a
They both want to find a rock for rock. It took this boy a short time
you. to find a rock. It was easy for him
to find it. It took this boy a long
time to find a rock. It was hard for
him to find it.
Now | have a question for you:
Which rock do you want to take 0.0
home?

Choices of costlier item
o
(4]

Fig 4. Sample story and results for Experiment 4. Error bar shows +1 standard error.

Characters were described from left to right in each story. The location of the low- and
high-effort characters were counterbalanced across stories (i.e., left character in first story
and right character in second story), and across children (i.e., left character in first story or
right character in first story).

5.2. Results

An intercept-only GEE revealed that children’s choices of the high-cost item (38% of
responses) did not significantly differ from chance, Wald x> (1) = 3.27, p = .070 (see
Figure 4).

5.3. Discussion

We again found that children did not appreciate sunk costs. Children had no clear prefer-
ence for which object they would keep, indicating that they may be insensitive to others’ sunk
Costs.

6. General discussion

Across four experiments, children were insensitive to sunk costs. For example, children
expected that a girl would be no more likely to choose a flower that was difficult to obtain
than a flower that was easily obtained, though adults expected the girl to choose the high-cost
flower. Children also were not sensitive to sunk costs when they chose between the objects
themselves, or when they chose between objects that others collected for them. However,
children anticipated that others would minimize costs when obtaining objects. For instance,
they anticipated that a girl would be more likely to retrieve a flower from a small hill that was
easy to climb, than from a larger one that would require more effort. Together these results
show that although children are sensitive to future costs, they do not expect sunk costs to
influence decision-making.
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Our findings suggest an asymmetry in how young children consider costs when under-
standing others’ actions. The findings from our “future cost” condition join recent work
in showing that children expect an agent’s valuations and preferences to determine the
costs the agent is willing to incur to obtain objects (Jara-Ettinger et al., 2015, 2016, 2020).
Specifically, we found that when offered two identical rewards, children predicted an agent
would pursue the one that would be less costly to obtain. Likewise, previous work shows that
when potential rewards differ from one another, young children understand that agents will
incur greater costs for the reward they prefer (Jara-Ettinger, Floyd, Tenenbaum, & Schulz,
2017). However, our experiments also suggest that children do not expect the opposite rela-
tion to be true. They do not expect agents’ valuations and preferences for objects to depend
on the costs incurred to obtain them.

The present work also suggests that young children may struggle to understand and predict
irrational behavior. The sunk cost bias is considered irrational, since choosing the high-cost
object will not recover or justify the effort spent pursuing it (Arkes, 1996; Arkes & Ayton,
1999; Arkes & Blumer, 1985; Thaler, 1980). In our experiments, adults anticipated this irra-
tional behavior, but children did not. This finding is consistent with recent work suggesting
that 5- to 6-year-olds have difficulty understanding that habitual behavior can lead to subop-
timal actions, but understand this by age 7 (Goldwater et al., 2020). It is possible that both
findings (i.e., our sunk cost findings, and young children’s difficulty anticipating nonoptimal
habitual behaviors) arise because young children expect others to behave rationally in light
of their beliefs and desires, and environmental constraints (e.g., Gergely & Csibra, 2003;
Jara-Ettinger et al., 2016; Leslie et al., 2005).

However, this account may not explain why children were insensitive to sunk costs in the
final experiment, where children chose between objects that others expended time and effort
to obtain. In interpersonal sunk cost scenarios, respecting sunk costs might be considered
rational (i.e., rather than irrational as in regular intrapersonal scenarios). Rejecting the high-
cost object in favor of the low-cost one would likely offend the friend who invested more, so
it is arguably rational to consider sunk costs in this situation. This proposal is consistent with
findings that people expect others to appreciate expensive gifts more than inexpensive ones
(Flynn & Adams, 2009; Zhang & Epley, 2012). Future work needs to be conducted to confirm
this speculation by further examining children and adults’ interpersonal choices.

Children’s insensitivity to sunk costs could also stem from their conceptions of waste.
Adults may feel that choosing a high-cost object prevents wasting the cost that was sunk to
obtain it (Arkes, 1996; Arkes & Ayton, 1999; Arkes & Blumer, 1985; Bornstein & Chapman,
1995). For example, adults might have felt that if the girl chose the flower from the small
hill, the cost she incurred in climbing the big hill would all be for nothing. However, children
might not have viewed the costs as going to waste. This account could explain why children
in our third experiment, and in previous work (e.g., Morsanyi & Handley, 2008), did not show
the sunk cost bias themselves. If children do not view sunk costs as wasted, then this might not
only prevent them from anticipating it in others, but also prevent them from being susceptible
to the bias in their own choices.

The key claim of this account is that children might not view sunk costs as wasted. This
account does not claim that children are oblivious to waste, and indeed some recent work
shows that young children do have some aversion to waste. For example, 6-8-year-olds are
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less willing to throw away valuable resources than cheaper ones when avoiding inequitable
allocation of resources (Choshen-Hillel, Lin, & Shaw, 2020), suggesting that young chil-
dren are sensitive to waste (see Rossano, Rakoczy, & Tomasello, 2011 for evidence of
3-year-olds’ negative response to throwing away resources). However, children might have
difficulty viewing time and effort as going to waste in sunk cost situations.

Other accounts might also explain why children did not share adults’ sensitivity to sunk
costs. For example, adults may have reasoned that if a character incurred high costs to obtain
an object, it must have been initially more valuable to the character. Children by contrast
might not have drawn this inference—they might believe that identical-looking objects are
always similarly valued. We doubt this account for two reasons but acknowledge that future
work will be needed for definitive answers. First, it is unlikely that adults thought the character
preferred one object from the outset, as the character collected both objects before discovering
they could only keep one. Second, previous findings show that young children do recognize
that identical-looking objects can be valued differently. Children value objects they make over
identical-looking objects (Marsh, Kanngiesser, & Hood, 2018; also see Li, Shaw, & Olson,
2013), and also value objects with distinctive histories over identical ones with mundane
histories (Frazier & Gelman, 2009; Gelman, Frazier, Noles, Manczak, & Stilwell, 2015; Hood
& Bloom, 2008; Pesowski & Friedman, 2019; for a review, see Gelman & Echelbarger, 2019).

To conclude, our findings suggest that young children expect future costs, but not sunk
costs, to influence decision-making. These findings are suggestive of an asymmetry in
how children view the relation between costs and valuation of objects. Together, this work
advances our knowledge of how children reason about sunk costs, and their ability to predict
irrational actions in general.

Note

1 The results are not impacted if all adult data are retained in the analysis. There is still a
significant effect of age, Wald x2 (1) = 11.96, p < .001, and adults were still more likely
to choose the high-effort item (67%) than the low-effort item, Wald x> (1) = 19.62,
p < .001.
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