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Abstract

Time words like “yesterday” and “tomorrow” are hard for children to learn, and for researchers to study, because their refer-
ents change from day to day. For example, “yesterday” means something different on Monday and on Wednesday. This study
tested 3- and 4-year-old (n =121; 52% female; no demographic data were collected) US and Canadian children’s understanding
of “yesterday” and “tomorrow” using three tasks that differed in their reliance on autobiographical and hypothetical events.
Results across two experiments conducted between 2023 and 2025 indicated that 3-year-olds comprehend “yesterday” and
“tomorrow” when they applied to autobiographical events. However, when asked about hypothetical timelines, even some
4-year-olds struggled to demonstrate knowledge, suggesting that children’s early temporal reasoning may be limited to auto-
biographical events, and does not extend to hypothetical events.
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Lay summary

Past research suggests that children learn “yesterday” refers to the past and “tomorrow” refers to the future gradually between 4 and
6 years of age. However, studies that test children’s knowledge of temporal language often require them to reason about hypothetical
events in time or map time to space. Here, we tested children’s comprehension of “yesterday” and “tomorrow” using a hypothetical task
and a spatial timeline task as in previous studies, and compared their performance on these tasks to a multi-day autobiographical task in
which children had to reason about their own experiences. We found that even 3-year-olds understood the meanings of “yesterday” and

“tomorrow” when asked about their own lives, but struggled to express this knowledge on other tasks.

Aunique challenge to children learning temporal language is that,
unlike words for objects, actions, colors, or numbers, the refer-
ents of time words are highly abstract (e.g., an hour), may not yet
exist (e.g., tomorrow), or may only be a memory (e.g., yesterday).
For example, although it is possible for a child to begin learning
a word like “ball” by associating it with objects in their immedi-
ate environment, temporal expressions are more challenging
because their referents are often fleeting, ethereal, and inacces-
sible to perception alone. However, as we argue in the present
study, the abstract nature of time words—and the fact that the
referents of temporal expressions often cover extended periods of
time (e.g., last week vs next month)—may actually lead research-
ers to use proxy tests of temporal reasoning that rely on capaci-
ties that are even more sophisticated than reasoning about time,
such as hypothetical reasoning. In the present study, we consider
the hypothesis that children’s temporal reasoning emerges earlier
than previously imagined, but is initially limited to real events
from their own lives.

While the problem of learning temporal language impacts many
linguistic forms, a simple yet instructive example is the contrast
between “yesterday” and “tomorrow”. These words are interest-
ing both because they are characteristically abstract—their refer-
ence shifts according to when they are spoken—but also because
children appear to take years to master their meanings, despite
beginning to use them early in development. In particular, pre-
vious studies find that children begin to produce these words by
2-3 years of age (Ames, 1946; Busby & Suddendorf, 2005; Busby-
Grant & Suddendorf, 2011; Suddendorf, 2010) and comprehend
them sometime between 3 and 5 years (Busby & Suddendorf,
2005; Busby-Grant & Suddendorf, 2011; Tillman et al., 2018; see
also: Friedman, 1990, 1993; Nelson, 1998; Weist, 1989). However,
children rarely use “yesterday” and “tomorrow” in an adult-like
manner at these ages, with some studies estimating that adult-
like comprehension emerges only around 7 to 8 years of age
(Ames, 1946; Antinucci & Miller, 1976; Busby-Grant & Suddendorf,
2011; Eisenberg, 1985; Harner, 1981; Nelson, 1998; Szagun, 1978;
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Tillman et al., 2017; Veneziano & Sinclair, 1995; Weist, 1989; Weist
et al., 1991). For example, recent studies find that 3- to 5-year-old
children understand neither the temporal remotenessinformation
encoded in these words (that “yesterday” and “tomorrow" denote
a period of time 1 day from the present; Tillman et al., 2017; Steele
etal., 2025) nor the temporal-causal relations between them (e.g.,
that events that occur yesterday might cause the events of today
and tomorrow to change; Zhang & Hudson, 2018).

A key challenge to the consensus view that time word knowl-
edge emerges slowly is that many measures depend upon hypo-
thetical reasoning capacities that are known to be challenging to
young children. For example, in one study, Zhang and Hudson
(2018) asked children to match sentences that denoted a past
or future action (e.g., “I will open the present tomorrow” or “I
opened the present yesterday”) to corresponding pictures depict-
ing the present state of an object (e.g., a gift box that has either
been opened or remains unopened). The authors found that chil-
dren failed at this task until they were 5 years old and that they
continued to show substantial variability in performance even at
this age. Crucially, however, this task requires children to reason
about hypothetical points in time that they have not witnessed
themselves and would not witness (e.g., a hypothetical opening
of a gift in the past). This is important because previous studies
demonstrate that children struggle to reason about both hypo-
thetical past events, as in the case of counterfactuals (Leahy et al.,
2014; Nyhout et al., 2023; Nyhout & Ganea, 2019; Rafetseder et al.,
2013; Robinson & Beck, 2014; c.f., Harris et al., 1996; Weisberg
& Gopnik, 2013) and hypothetical future events (Attance and
O’Neill, 2001; Beck et al., 2006). Children’s hypothetical reasoning
abilities develop gradually in early and middle childhood. Given
this, it is possible that children are able to reason about and label
real temporal events from their own autobiographical timeline
but struggle to reason about hypothetical events.

Interestingly, not all previous studies of deictic time words
have required children to reason about hypothetical events. In
one early study, Harner (1975) tested 2- to 4-year-old children’s
comprehension of “yesterday” and “tomorrow” by asking them
to identify objects that were involved in events from the child’s
own life, rather than hypothetical events presented in a story. To
do so, Harner tested children on two consecutive days. Children
were told that on each day they would get to play with one set
of toys. On the first day, children played with one set, and on the
second day, they were presented with two new sets, and were
allowed to play with one of them, leaving a third set that had not
been played with. After this, they were asked to identify “yester-
day’s toys” (toys from day one) and “tomorrow’s toys” (the set
not previously used by the child). Harner found that while 2-year-
olds showed little comprehension of deictic time words, 3-year-
olds performed better (especially for “yesterday’), and 4-year-old
children understood both terms equally well. Thus, using these
methods, Harner found evidence of comprehension of the deictic
status of “yesterday” and “tomorrow” up to 1 year earlier than in
subsequent studies.

Harner’s (1975) study raises the possibility that children have
an early-emerging understanding of deictic time words, but that
reasoning is restricted to real events from their own autobiograph-
ical timelines, and does not extend to hypothetical timelines.
However, Harner did not directly compare her method to tasks
that rely on hypothetical reasoning, and no subsequent study has
done so. Thus, it is also possible that no such advantage for real

events exists.! Given this, in the present study, we investigated the
role of autobiographical experience and hypothetical reasoning
in children’s early understanding of “yesterday” and “tomorrow”.
To do so, we administered three tasks. In the first, children were
tested with an adaptation of Harner’s (1975) two-day task that
tested children’s application of “yesterday” and “tomorrow” to
events from their own timeline (Experiments 1 and 2). In the sec-
ond, we presented children with stories that introduced hypothet-
ical past and future events that occur in either the life of another
child (Experiment 1) or their own life (Experiment 2). Finally, in a
third task, we tested children in a task that featured autobiograph-
ical events but also required them to map these events onto a
spatial timeline—a commonly used metric of temporal reasoning
(Experiments 1 and 2; Friedman & Kemp, 1988; Hudson & Mayhew,
2011; Tillman et al., 2017, 2018; Steele et al., 2025). Here, we asked
if this additional step of analogically mapping time onto space
would impact children’s expression of time word knowledge.

Experiment 1

Experiment 1 tested children’s comprehension of “yesterday”
and “tomorrow” using three tasks that used a parallel structure.
First, in a “Real Events” task modeled after Harner (1975), children
played with two different sets of toys on consecutive days, and on
the second day were asked to identify the toys they played with
“yesterday” and those they would play with “tomorrow” among
three sets. Second, children completed a novel “Hypothetical
Events” task on the second day of testing. In this task, children
were told a story about a character playing with different sets
of toys every day and were asked to identify the toy associated
with “yesterday” and one associated with “tomorrow”. The pri-
mary difference between the events in the Real Events task and
this Hypothetical Events task was that children could draw from
memory to identify the toys for yesterday in the former, but had
to construct a hypothetical timeline based on a story involving
imaginary characters and events in the latter. Third, children com-
pleted a “Spatial Timeline Task” on the second of testing, in which
they were asked to place the same toys from “yesterday” and
for “tomorrow” on a left-to-right spatial timeline, as in Tillman
et al. (2017). But unlike Tillman et al., this task tested children on
actual, autobiographical events rather than hypothetical events.

Method

All methods and analyses were pre-registered, unless otherwise
stated in-text. Data are available on the Open Science Framework
(OSF; https://osf.io/wfk25/overview).

Participants

Participants were typically-developing, English-speaking children
between the ages of 3;0 and 4;11 years. We recruited 30 3-year-
olds (17 F) and 30 4-year-olds (19 F) from daycare centers and
preschools in San Diego County between July 2023 and April

1 Also relevant is that Harner (1975) is a 2 page paper that does not present
descriptive statistics, and consequently it is difficult to know the absolute
levels of performance of different age groups, and in which cases perfor-
mance was better than chance, near adult-like, etc.
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Figure 1 Example of a child playing with toys of a different color on two consecutive days: red on Day 1 (leftmost image), yellow on Day 2 (middle
image), and at test on Day 2 (rightmost image), as described in the Real Events Task.

2024. Fourteen additional children were tested on Day 1 but were
excluded for not returning for the second day of testing.

The sample size was based on Harner’s (1975) original sam-
ple (30 participants per age group) and was adequate to achieve
80% power for detecting an effect of f=0.25 at p=.05 for a
Mixed 2 Between (Age: 3-, 4-Years)x3 Within (Task: Real Events,
Hypothetical Events, Spatial Timeline) study design, based on
an a priori power analysis on G*Power version 3.1.9.7 (Faul et al.,
2009). Data collection was stopped once we reached our target
sample size (n=30), post-exclusions.

Although individual demographics related to participants’
racial/ethnic backgrounds and socioeconomic status (SES) were
not collected, children aged 3-10 years in the San Diego County
are predominantly Hispanic/Latino (43.3%) and white (37.0%),
while other groups include African American/Black (4.8%), Native
American (0.4%), Asian (8.9%), Hawaiian/Pacific Islander (0.4%),
and Multiracial (5.1%), as per the KidsData Project (2021). The
median annual household income in the region is $102,285 (US
Census Bureau, 2024).2

Materials and procedure

Participants first completed the “Real Events” task over two con-
secutive days (described below), and on the second day of testing,
completed a “Spatial Timeline” task, and a “Hypothetical Events”
task.

Real events task

This task, adapted from Harner (1975), was administered over two
consecutive days. Children played with one set of toys the first day
(and another set the next day). On the second day, they were shown
three sets of toys and asked to identify the toys associated with “yes-
terday” and those associated with “tomorrow”. Each set varied in
color (i.e., red, yellow, and blue), but contained the same toys: three
cars, two balls, and five blocks. On the first day, the experimenter
showed the child three bags, saying: “Look! Each of these has toys
of a different color. We get to play with toys of a different color every
day”. The experimenter then chose one of the bags and took out

2 We do not collect demographic data related to race/ethnicity and SES to
encourage participation from local underrepresented groups who may not
be comfortable declaring this information to outside organizations, but may
otherwise be interested in participating in our studies.

its contents saying, “These are the toys for today!”. Children played
with toys of one color (e.g., red toys) on the first day. After 3-5 min,
the child put the toys back in the bag. On the second day, the exper-
imenter reminded the child of the game while showing them the
three bags: “Remember, we get to play with toys of a different color
every day! These are the toys for today.” The child was then given
toys of a different color (e.g., yellow toys) to play. The remaining
procedure resembled the first day. After the child put the second
day’s toys back in the bag, the experimenter told the child that they
would return the following day (i.e., Day 3): “When | come back, we
get to play with toys of a different color!” The experimenter then
took out one toy (e.g., a ball) from each of the three bags and asked
the child to identify the toy from yesterday (i.e., the toy they played
with the previous day) and the toy for tomorrow (i.e., the toy with
which they had not yet played; see Figure 1).

The test questions were, “Show me the toy from yesterday/for
tomorrow,” consistent with Harner’s (1975) paradigm. The test
question was consistent across tasks. Questions were presented
across six trials with each toy (i.e., ball, block, or car) presented
twice. Children were asked to identify the toy associated with “yes-
terday” on halfthetrials and the toy associated with “tomorrow” on
the other half. This meant that there was only one correct response
(i.e., either “yesterday” or “tomorrow’) on each trial. Children
always saw red toys on Day 1 (i.e., yesterday’s toys), yellow toys on
Day 2 (i.e., today’s toys), and blue toys were reserved for Day 3 and
presented only at test (i.e., tomorrow’s toys). The order in which
children were asked about a lexical item (i.e., yesterday-first or
tomorrow-first) was counterbalanced across participants, and the
sets of toys were also presented in a pseudo-randomized order.

Spatial timeline task

In this task, adapted from Tillman et al. (2017), children were
asked to place the same toys used in the Real Events task on a left-
to-right spatial timeline that extended from infancy to adulthood.
Children were familiarized with the timeline as follows, using the
same language employed in Tillman et al’s study: “Look, this is a
timeline. It shows when different things happen. The line starts
in the past [Experimenter (E) pointed to the left endpoint] and
it goes to the future [E traced the line with her finger, ending on
the right endpoint]. So, it goes from when you were a baby [E to
pointed to left endpoint] all the way to when you’re going to be a
grown up [E gestured along line to right endpoint]. And here in the
middle is right now [E pointed to vertical line at midpoint]. Each
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time has its own place on the line. You’re going to show me when
different things happen by showing me where they go on the line.
Look, when you were a baby goes here [E drew a vertical line on
the left endpoint to demonstrate the procedure] and when you
are going to be a grown up goes here [E drew a vertical line at right
endpoint]. And right now goes here [E drew line at midpoint]. I'm
going to give you a crayon, and your job will be to draw an up-and-
down line to show me where each thing goes. Ready?” Once the
child was ready to proceed, the experimenter introduced one of
the toys used in the Real Events task and said, “Remember how
we play with different toys every day? We are here [E drew a line
in the middle of the timeline]. This [E placed the toy in front of the
child] is the toy (e.g., ball) from yesterday/for tomorrow. Can you
show me where it goes on the timeline?” If a child marked the toys
from yesterday (i.e., the red toys) to the left of the experimenter’s
line, and the toys for tomorrow (i.e., the blue toys) to the right
of the experimenter’s line, the trial was marked as correct (1). If
the child made a marking on the opposite side or scribbled else-
where on the page (e.g., drew a horizontal line across the time-
line, made a line over the experimenter’s line marking “today’),
the trial was marked as incorrect (0). See Figure 2 for examples of
how children’s timelines were coded. The toys were introduced
in a pseudo randomized order, and a new timeline was used to
mark each type of toy (i.e., block, ball, or car). The order in which
toys were introduced (yesterday-first or tomorrow-first) was also
pseudo randomized for each yesterday/tomorrow pair.

Hypothetical Events task

After completing the spatial timeline task, children completed a
Hypothetical Events task, wherein they were told a story about a
character playing with a different toy every day. They were then
asked to identify the toy associated with “yesterday” and one asso-
ciated with “tomorrow” (Figure 3). The test question was the same
as the Real Events task. A total of six stories were presented: three
stories asked children to identify the toy associated with “yesterday”
and three asked about the toy associated with “tomorrow”. As in the
Real Events task, this meant that there was only one correct response
(i.e., either “yesterday” or “tomorrow’) on each trial. The order in
which children were asked about a lexical item (i.e., yesterday-first or
tomorrow-first) was counterbalanced across participants, and ques-
tions about “yesterday” and “tomorrow” were alternated.

Results

Our primary analyses were based on a pre-registered plan avail-
able on OSF, reported below. Additional exploratory analyses
are indicated below, or in supplementary materials. All model
comparisons were performed using likelihood ratio tests, and
best fitting models were selected on the basis of a significant chi-
squared statistic and reduced AIC value. All pairwise comparisons
were adjusted for multiple comparisons using a Bonferroni cor-
rection. All analyses were conducted in R studio 4.5.1., primarily
using the lme4 (Bates et al., 2015), emmeans (Lenth, 2025), and
tidyverse (Wickham et al., 2019) packages.

Totestwhether children’s deictic time knowledge differed based
on task, we constructed a base generalized linear mixed model
with Age (3-/4-year-olds) and Task as fixed factors, and participant
as a random effect, with Accuracy as the dependent variable. Age
was a significant predictor of accuracy (B=0.93, p=0.001), and
4-year-olds demonstrated greater overall accuracy on each task

e

e

Figure 2 Top: Example of a child’s timeline in which the line marking
yesterday (i.e., for the red toy) is correctly placed to the left of the
experimenter’s (yellow) line (marked as 1), and the line for tomorrow (i.e.,
for the blue toy) is correctly placed to the right of the experimenter’s line
(marked as 1). Bottom: Example of a timeline on which the line marking
yesterday (i.e., for the red toy) is incorrectly placed to the right of the
experimenter’s (yellow) line (marked as 0), but the line for tomorrow (i.e.,
for the blue toy) is correctly placed to the right of the experimenter’s line
(marked as 1).

than 3-year-olds. Children were significantly more accurate on
the Real Events task relative to the Spatial Timeline (B=-0.54,
p=.01) and Hypothetical Events task (B=-0.76, p<.001). In
addition, children also performed better on the Spatial Timeline
task than the Hypothetical Events task (B=0.46, p=.01) overall.
Post hoc pairwise comparisons found that 3-year-olds (B=0.54,
p=.01) but not 4-year-olds (B=0.52, n.s.) were more accurate
on the Real Events task compared to the Spatial Timeline task.
Both 3-year-olds (B=0.76, p=.002) and 4-year-olds (B=1.21,
p<.001) were more accurate on the Real Events task relative to
the Hypothetical Events task. Finally, we found no differences in
3-year-olds (B=0.22, n.s.) performance on the Spatial Timeline
task compared to the Hypothetical Events task, though 4-year-
olds were significantly better (B=0.69, p=.006) on the Spatial
Timeline task. These data not only suggest that children acquire
temporal concepts before mapping these concepts to space but
also that reasoning about hypothetical events may be harder than
reasoning about autobiographical ones (Figure 4).

To determine whether there were differences in children’s
knowledge of the two words (yesterday/tomorrow) across tasks,
we added an interaction term to the base model using the fol-
lowing formula: Accuracy ~ Age * Task * Item + (1|PID). However,
Item was not a significant predictor of accuracy (B=-0.02, n.s.)
and adding a TaskxItem interaction term did not significantly
improve model fit (y?(6) = 4.07, n.s), suggesting that there were no
significant differences in children’s performance on “yesterday”
relative to “tomorrow” trials (Figure S1).

To understand when children begin to comprehend the deic-
tic status of these terms, we supplemented our pre-registered
analyses by conducting t-tests examining children’s performance
to chance.® These tests found that 3-year-olds comprehend
the deictic status of these time words at above chance levels
when tested on the Real Events task (t(179)=5.3., p<.001) and
the Spatial Timeline task (t(173)=2.088, p=.038), but not the
Hypothetical Events task (t(179)=0.71, n.s.). By contrast, 4-year-
olds performed above chance levels on all tasks [Real Events

3 Note that we set chance at 33% (V) because there are three potential options
from which to choose, consistent with Harner’s (1975) task. However, it isn’t
always clear what incorrect response on the Spatial Timeline task is, and we
chose to keep chance consistent across tasks.

920z Asenuer 6z uo 1sanB Aq G0/ 78/6 1 0JEOBE/ASPIYO/EE0 L 0 L/10P/3|dILE-90UBADE/ASPILD/WOS"dNO"OlWSPED.//:SANY WO} PAPEOjUMOQ


http://academic.oup.com/chidev/article-lookup/doi/10.1093/chidev/aacaf019#supplementary-data
http://academic.oup.com/chidev/article-lookup/doi/10.1093/chidev/aacaf019#supplementary-data

Child Development, 2026, Volume 00, Issue 00

(1) “This is my friend Joey. (2) “One morning. he wakes (3) *...and plays with this toy

Joey likes to play with a up...”
different toy everyday™

all day”

e

(4) “Then he goes to sleep at (5) “The next morning he (6) “...and plays with this toy

night” wakes up...”

all day™

Test: “Show me the toy from yesterday / for tomorrow”

Figure 3 Example of a story used in the hypothetical events task. Events were presented sequentially from (1) to (6).

(¢(179)=11.71, p<.001), Spatial Timeline (t(179)=7.88, p <.001),
and Hypothetical Events (t(178) =3.57, p <.001)]. See Table 1.

In afinal set of exploratory analyses, we examined whether chil-
dren’s performance across tasks was correlated while controlling
for age. We found no significant correlations between the Real
Events task and the Hypothetical Events task (r=0.21, n.s.), the
Hypothetical Events task and the Spatial Timeline task (r=-0.10,
n.s.), or the Real Events task and Spatial Timeline task (r=0.21,
n.s.), providing some evidence that different mechanisms beyond
temporal reasoning may be involved in children’s reasoning
across tasks.

Discussion

In Experiment 1, we examined the developmental trajectory of
children’s acquisition of the deictic status of “yesterday” and

“tomorrow” using tasks that followed the same structure, but
relied differently on children’s hypothetical reasoning skills and
their ability to map time onto space. We found three main results.
First, 3-year-olds performed above chance for these deictic time
words on the Real Events task, but not on the Spatial Timeline
or Hypothetical Events task. Thus, autobiographical events
appeared easier for children than hypothetical events, though
mapping autobiographical events to space posed an added chal-
lenge. Second, we found that children expressed their knowledge
more accurately on the Spatial Timeline than the Hypothetical
Events task, suggesting that mapping autobiographical experi-
ences to space may be easier than reasoning about events that
are entirely hypothetical in nature. Third, although children were
above chance on all tasks by age 4, task-related differences in
performance persisted, and some 4-year-olds struggled to iden-
tify the referents of deictic time words on the Hypothetical Events
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Figure 4 Figure showing overall differences between 3- and 4-year-olds accuracy across the real events, spatial timeline, and hypothetical events tasks.
The dotted line represents chance. Error bars represent standard error of the mean. All data visualizations were created using the ggplot2 R package

(Wickham, 2016).

Table 1 Children’s mean (standard deviation) performance on the lexical
items “yesterday” and “tomorrow” across tasks.

Age 3-year-olds 4-year-olds
Yesterday Tomorrow Yesterday Tomorrow

Task/item M (SD) M (SD) M (SD) M (SD)

Real events 0.52 (0.50) 0.53 (0.50) 0.73 (0.44) 0.71(0.45)

Spatial timeline  0.36 (0.48) 0.44 (0.50) 0.62 (0.48) 0.61 (0.49)
Hypothetical events 0.41 (0.49) 0.30 (0.46) 0.46 (0.50) 0.46 (0.50)

task. These results suggest that children reason about real, auto-
biographical, events more easily than hypothetical events, and
that mapping events to space may pose an additional challenge.
However, this conclusion is tempered by the fact that the three
tasks differed in a variety of ways that are not related to the dis-
tinction between autobiographical vs. hypothetical events, or to
the problem of mapping events to space. Therefore, in Experiment
2 we sought to replicate the results of Experiment 1, while also
addressing these differences.

Experiment 2

We aimed to replicate the findings of Experiment 1 while better
accounting for low-level differences between tasks that may have
led to differences in children’s comprehension of “yesterday” and
“tomorrow”. We made five modifications in Experiment 2. First,
in Experiment 1, the Hypothetical Events task differed from the
autobiographical tasks not only in being hypothetical, but also in
applying to a third person perspective, rather than to the child’s
own perspective. Therefore, in Experiment 2 the Hypothetical
Events task asked children to imagine that they played with toys
on different days, rather than imagining a character doing so.
Second, in Experiment 1, toys in the Hypothetical task differed in
kind across days rather than in color. Therefore, in Experiment 2

children were asked to imagine toys of different colors (rather than
different toys) using the same images as in the other two tasks.
Third, in Experiment 1, the Hypothetical Events task was always
conducted on Day 2, raising the possibility that performance was
poorer due to waning attention. Therefore, in Experiment 2, this
task was administered on Day 1. Fourth, in Experiment 2 we placed
images of a baby on the left-end of the spatial timeline and an adult
on the right-end, to serve as anchors and minimize working mem-
ory demands for making left-to-right mappings between time and
space. Finally, in Experiment 2, the experimenter explicitly labeled
the toys from Day 2 as “today’s’ toys, so that their comprehension
of “yesterday” and “tomorrow” was reduced to a clear two-alter-
native forced choice, with chance defined as 50% on all tasks (see
footnote 2 for discussion of why assuming a chance rate of 33% in
Experiment 1 may have overestimated children’s knowledge).

In making these changes, we reasoned that if children can apply
“yesterday” and “tomorrow” to real events more readily than to
hypothetical events, then the results of Experiment 1 should rep-
licate when low-level differences are removed. In particular, chil-
dren should demonstrate earlier comprehension of “yesterday”
relative to “tomorrow” on the Real Events task relative to the
other tasks. However, if low-level task features explain differences
between children’s comprehension in these tasks, then they may
perform similarly across all tasks.

Method

All methods and analyses were pre-registered, unless otherwise
stated in-text. Data are available on OSF (https://osf.io/wfk25/
?view_only=a528b92bd0194051bd3bddaec911b4f3).

Participants

Participants were typically-developing, native English-speaking
children between the ages of 3;0 and 4;11 years. We recruited 30
3-year-olds (12 F) and 31 4-year-olds (15 F) from daycare centers,
preschools, and parks in Comox Valley, British Columbia (n=23)
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and San Diego County, California (n=38) between March and
June 2025. Thirteen additional children were tested on Day 1, but
were excluded for not returning for the second day of testing. The
sample size was kept the same as Experiment 1, and data collec-
tion was stopped once we reached our target sample size (=30
per age group) post-exclusions. Data from one additional 4-year-
old was collected during a testing session and retained.

As in Experiment 1, we did not collect individual demographics
related to participants’ race/ethnicity and socio-economic status.
The sample was drawn from the populations of San Diego County
(reported in Experiment 1) and the Comox Valley, which is com-
prised predominantly by people of European origin (87.01%),
with others of Indigenous & Métis (7.33%), East Asian (1.73%),
South-East Asian (1.48%), South Asian (0.93%), African (0.6%),
Latin American (0.37%), and Middle Eastern (0.17%) origin, as
per the Canadian Census of Population. The median household
income in the region is $40,000 (Statistics Canada, 2021).

Materials and procedure

Participants first completed the Hypothetical Events task on the
first day of testing, before being introduced to the Real Events
task. The Spatial Timeline task was completed last on Day 2.

Real events task

This task was administered in the same way as Experiment 1, with
one modification to the test question to mark “today” to ensure
consistency across tasks. The experimenter pointed to the Day 2
toy, saying: “This is the toy from today. Show me the toy from yes-
terday/for tomorrow”.

Spatial timeline task

The procedure and coding scheme for the spatial timeline task
were the same as in Experiment 1, with one exception: the ends of
the timelines were marked with images of a baby on the left-end
and an adult on the right end (Figure 5). This task was adminis-
tered after the Real Events Task on Day 2.

Hypothetical events task

In this instantiation of the Hypothetical Events task, children were
told to imagine that they had a lot of toys and that they would
play with toys of a different color every day (Figure 6). They were
then asked to identify the toy associated with “yesterday” and one
associated with “tomorrow”, once today’s toy was identified by the
experimenter. The test question was the same as the Real Events
task. A total of six questions were presented: three questions asked
children to identify the toy associated with “yesterday” and three
asked about the toy associated with “tomorrow”. As in the Real
Events task, this meant that there was only one correct response
(i.e., either “yesterday” or “tomorrow’) on each trial. The order in
which children were asked about a lexical item (i.e., yesterday-first
or tomorrow-first) was counterbalanced across participants, and
questions about “yesterday” and “tomorrow” were alternated.

Results

Our primary analyses were based on a pre-registered plan available
on OSF and are reported below. Additional exploratory analyses are
indicated below, or in supplementary materials. All model compar-
isons were performed using likelihood ratio tests, and best fitting

[ M 1
A o — °
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Figure 5 Example of a child’s timeline in Experiment 2, in which the line
marking yesterday (i.e., for the red toy) is correctly placed to the left of
the experimenter’s (yellow) line (marked as 1), and the line for tomorrow
(i.e., for the blue toy) is correctly placed to the right of the experimenter’s
line (marked as 1).

models were selected on the basis of a significant chi-squared
statistic and reduced AIC value. All pairwise comparisons were
adjusted for multiple comparisons using a Bonferroni correction.
As in Experiment 1, we first constructed a base generalized
linear mixed model to examine whether children’s compre-
hension of “yesterday” and “tomorrow” differed based on Age
and Task using the following formula: Accuracy (1/0) ~ Age (3
years/4 years) * Task (Real Events/Spatial Timeline/Hypothetical
Events) + (1|Site) + (1|PID). Once again, we found that children
performed better on the Real Events task relative to the Spatial
Timeline task (B=-0.89, p<.001) and Hypothetical Events task
(B=-1.13, p<.001). Also, 4-year-olds performed better than
3-year-olds overall (B=—0.65, p=.008), suggesting that children’s
comprehension of deictic time words improved with age. Post
hoc pairwise comparisons found that both 3-year-olds (B=0.89,
p<.001) and 4-year-olds (B=1.02, p<.001) performed better on
the Real Events task than the Spatial Timeline task. In addition,
both 3-year-olds (B=1.13, p<.001), and 4-year-olds (B=0.97,
p<.001) were more accurate on the Real Events task relative to
the Hypothetical Events task, replicating the results of Experiment
1. Interestingly, unlike Experiment 1, there were no significant dif-
ferences in 3-year-olds’ (B=0.23, n.s.) or 4-year-olds’ (B=-0.05,
n.s.) performance on the Spatial Timeline task relative to the
Hypothetical Events task, again suggest that children might com-
prehend “yesterday” and “tomorrow” better for autobiographical
events than hypothetical ones but that the additional problem
of mapping events to space may impede expression of children’s
knowledge of time. Taken together, these results suggest that
3-year-olds can reason about the deictic status of time words
when they apply to real, autobiographical events, but that they
struggle to reason about hypothetical events, and to express
autobiographical knowledge in a spatial timeline task (Figure 7).
As in Experiment 1, we examined differences in children’s com-
prehension of “yesterday” and “tomorrow” by constructing a gen-
eralized linear mixed model with the following formula: Accuracy
(1/0) ~ Age * Task * Item+ (1|Site) + (1|PID), which significantly
improved fit relative to the base model (y%6)=16.54, p=.01).
However, the fixed term for Item (yesterday/tomorrow) was not
a significant predictor of accuracy (B=-0.55, n.s.). Post hoc pair-
wise comparisons revealed that children’s comprehension of “yes-
terday” and “tomorrow” only differed on the Spatial Timeline task
among 3-year-olds (B=-1.16, p<.001), but no other differences
in comprehension were found for any task at any age (Figure S2).
Also as in Experiment 1, we conducted t-tests against chance
to examine the age at which children comprehended deictic time
words across tasks. We set chance to 50% in this Experiment
(diverging from Experiment 1, where chance was 33%), because
the experimenter always identified “today”, leaving the items
corresponding with “yesterday” and “tomorrow” as the only
options to consider. This was done not only to make the potential
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(1)*“One morning, you wake (2)“...and you play with these (3) “Then you go to sleep at

2

up... toys all day”

night”

(4) “The next morning, you (5) And play with these toys (6) Test: “This (yellow) is the

wake up...” all day.”

toy from today. Show me the
toy from yesterday / for
tomorrow”

Figure 6 Vignette used in the hypothetical events task. Events were presented sequentially from (1) to (5), followed by the test trials (6).
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Figure 7 Bar graph showing overall differences between 3- and 4-year-olds accuracy across the real events, spatial timeline, and hypothetical events
tasks. The dotted line represents chance (set to 50%). Error bars represent standard error of the mean.

memory load easier (since children did not need to recall which
were the toys from “today’) but also to ensure that chance was
defined similarly across tasks. We found, once again, that 3-year-
olds identified “yesterday” and “tomorrow” accurately on the
Real Events task at above chance levels (t(179) =6.03, p<.001),
but not on the Spatial Timeline task (t(179)=0.59, n.s.) or the
Hypothetical Events task (t(179) =—0.74, n.s.). By age 4, children
performed above chance on the Real Events task (t(185)=10.55,

p<.001), but also on the Spatial Timeline (t(185)=3.47 p<.001)
and Hypothetical Events (t(185)=3.79 p<.001) tasks. We there-
fore replicated the pattern of findings in Experiment 1 (Table 2).
Finally, in exploratory analyses, we examined whether children
who performed well on one task were also more likely to perform
well on another. To do so, we examined whether children’s per-
formance across tasks was correlated while accounting for age.
We found a small but significant correlation between the Spatial
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Table 2 Children’s mean (standard deviation) performance on the lexical
items “yesterday” and “tomorrow” across tasks.

Age 3-year-olds 4-year-olds
Yesterday Tomorrow Yesterday Tomorrow

Task/item M (SD) M (SD) M (SD) M (SD)

Real events 0.75(0.43) 0.65(0.47) 0.82(0.37) 0.78(0.41)

Spatial timeline  0.40 (0.49) 0.64 (0.48) 0.60 (0.49) 0.64 (0.48)
Hypothetical events 0.47 (0.50) 0.46 (0.50) 0.65 (0.47) 0.61 (0.48)

Timeline and Real Events tasks (r=0.28, p=.02). However, we
found no significant correlation between the Real Events task and
the Hypothetical Events task (r=0.24, n.s.). Finally, the Spatial
Timeline and Hypothetical Events tasks were also not related
(r=0.23, p=.07), suggesting once again that children may rely
on different cognitive abilities beyond temporal reasoning when
completing these tasks, which may underestimate their compre-
hension of temporal language.

Discussion

Experiment 2 found three main results, replicating Experiment
1. First, as in Experiment 1, 3-year-olds performed above chance
for “yesterday” and “tomorrow” when tested in the Real Events
task but not on the two other tasks. Second, we no longer found
any differences in children’s accuracy on the Spatial Timeline
and Hypothetical Events tasks, suggesting that any advantage
children have for reasoning about real, autobiographical events
is reduced by the requirement to map these events to a spatial
timeline, consistent with past reports that 3-year-olds struggle to
map space to time (Tillman et al., 2017, 2018; Steele et al., 2025).
Third, we again found that children showed some success on the
Spatial Timeline and Hypothetical Events tasks by age 4, but that
4-year-olds remained better at reasoning about autobiograph-
ical events on the Real Events task. These results suggest that,
initially, children’s temporal reasoning is restricted to real, rather
than hypothetical events, but also that this knowledge may be
partially obscured by measures that require mapping time to
space.

General discussion

The current study tested children’s comprehension of “yesterday”
and “tomorrow” on three tasks that relied differently on their
autobiographical experience and hypothetical reasoning skills
across two experiments. We found three main results. First, both
3— and 4-year-olds succeeded on the Real Events task, suggest-
ing that children understand the tense information encoded by
these deictic time words by age 3. This result is compatible with
Harner (1975) and is earlier than reported by other investigations
of children’s deictic time word comprehension (e.g., Tillman et al.,
2017, 2018; Steele et al., 2025; Zhang & Hudson, 2018). Second,
we found that children performed better on tasks that required
them to reason about autobiographical events (i.e., the Real
Events task), than on a task that required them to reason about
hypothetical events (i.e., the Hypothetical Events task). Third,
both experiments found that children performed worse in an

autobiographical task when it required mapping events onto a
spatial timeline, consistent with previous studies which find that
children struggle to map time onto space before age 4 (Tillman
et al,, 2017, 2018; Steele et al., 2025). Altogether, these results
suggest that children find it easier to reason about time when it
relates to their own autobiographical experiences, and that tasks
which rely on reasoning about hypothetical events or mappings
to space may underestimate children’s representations of tempo-
ral language.

These results are important theoretically, because they suggest
that early in life children’s temporal thought favors reasoning
about real, autobiographical, events over hypothetical events cre-
ated in the imagination (for discussion, see McCormack & Hoerl,
2017; Nelson, 1998). In particular, they are consistent with pre-
vious reports that children reason more readily about real past
events relative to counterfactual scenarios, and that children
often struggle with hypothetical reasoning more generally, includ-
ing reasoning about hypothetical future scenarios, or situations
involving multiple mutually exclusive possible outcomes (Attance
& O’Neill, 2001; Beck et al., 2006; Beck & Riggs, 2014; Leahy et al.,
2014; Nyhout et al., 2023; Nyhout & Ganea, 2019; Rafetseder
et al., 2013; Robinson & Beck, 2014; Turan-Kiiglik & Kibbe, 2024;
2025; Tillman & Walker, 2022; c.f., Harris et al., 1996; Weisberg &
Gopnik, 2013). However, many questions remain about why rea-
soning about hypothetical timelines is more difficult for children.
One potential factor relates to time itself: in the Real Events task,
events from “yesterday” were actually in the past a day earlier,
while events from “today” were in the present (or immediate
past), and events for “tomorrow” had not yet occurred. By con-
trast, in the Hypothetical Events task, all three events occurred on
the same day, in the present (immediate past). Given this, if chil-
dren understand “yesterday” to refer to the day before “today” it
may make little sense to apply it to events that actually occurred
today. Another factor relates to the modal component of hypo-
thetical reasoning, and the requirement that children imagine
worlds that do not actually exist. Much like in the case of counter-
factual reasoning, when children imagine a hypothetical timeline
they are required to represent a past that does not actually exist,
and to use this imaginary timeline to formulate predictions about
the present and the future. Our data indicate that, although the
future is always unknown—whether when reasoning about hypo-
thetical or autobiographical timelines—children find it easier to
predict and describe the future when it is situated on a timeline
composed of actual, attested, events. What remains unsettled by
our data is whether these difficulties reflect early limitations in
processing capacity—e.g., due to the greater difficulty of holdingin
mind uncertain, hypothetical events—or instead reflect a concep-
tual change, wherein children slowly construct representational
resources that allow higher-order meta-cognitive representations
of time, alternative timelines, and recursive temporal relations
(see for discussion: Gautam et al., 2019; McCormack & Hoerl, 2017;
Redshaw, 2014, 2024).

Aside from suggesting that early temporal reasoning may favor
real, autobiographical events, this work is also relevant to theo-
retical debates regarding the emergence of deictic expressions
in particular. Although previous studies find that 3-year-olds
can describe past and future events and use tense informa-
tion in relation to the past and future (e.g., Harner, 1980; Hayne
et al., 2011; Peterson, 2002; Peterson & Rideout, 1998; Quon &
Atance, 2010; Weist & Zevenbergen, 2008), some have suggested
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that children this age may only represent the past and future
status of the events but not where these events are located in
time (e.g., Hoerl & McCormack, 2019; McCormack & Hanley,
2011; McCormack & Hoerl, 2017; Nelson, 1998). For example,
Hoerl and McCormack (2019) cite children’s failure to compre-
hend “yesterday” and “tomorrow” at age 3 as evidence that
they fail to grasp “the systematic temporal relations that obtain
between these events” (p. 11). Our study, however, suggests that
by 3 years of age, children can use “yesterday” and “tomorrow”
deictically to identify events before and after “today”, and at least
in this sense are able to reason about temporal relations between
past, present, and future events denoted by these words.

Relatedly, our study suggests that although children are able to
situate autobiographical events in time, they find it challenging
to express this knowledge in a spatial format. Whereas children
performed better than chance on the Real Events task at age 3,
they did not reliably map these events to space on the Spatial
Timeline task until age 4. This finding is compatible with results
of previous studies, which report that children only map “yester-
day” and “tomorrow” onto a spatial timeline sometime between 4
and 6 years of age. For example, in one study Tillman et al. (2017)
asked children to map expressions like “breakfast yesterday” onto
a timeline and found that while 3-year-olds performed at chance
levels, 4-year-olds were above chance and only became adult-like
around 7 to 8 years of age. In another study, Tillman et al. (2018)
asked children to place “yesterday” and “tomorrow” in relation to
“today” in a modified version of Tversky et als (1991) sticker task,
which also involved organizing events in space. Again, 4-year-old
children were able to map deictic words onto a timeline when
primed with a prior spatial mapping task, but unlike 5— and
6-year-olds, did not map time words to linear space spontane-
ously without prior priming. Finally, Steele et al. (2025) asked chil-
dren to locate temporal terms like “yesterday” and “tomorrow”,
as well as the “day before yesterday” and “day after tomorrow”
on a calendar-like template, wherein individual days were repre-
sented by individual squares of a calendar. Children once again
had to place these terms in relation to “today”, and only began
to do so successfully at after age 4. In sum, these findings suggest
that mapping time onto space may pose a challenge to young
children, and likely emerges sometime after they label events in
time with deictic expressions.

In addition to addressing the broad nature of children’s rea-
soning about deictic time, our study also addressed the order in
which children learn the deictic status of “yesterday” and “tomor-
row”. In our study, we found no significant difference in children’s
performance on “yesterday” relative to “tomorrow” in the three
tasks. In particular, we found no significant differences in 3-year-
olds’ acquisition of these terms, which is somewhat at odds with
Harner’s (1975) finding that 3-year-olds understood “yesterday”
better than “tomorrow”. Although the literature on temporal lan-
guage acquisition suggests that children generally comprehend
language that refers to the past before they understand descrip-
tions of future (e.g., Clark, 1973; Cromer, 1971; Harner, 1975, 1976;
Herriot, 1969; Zhang & Hudson, 2018), this isn’t always the case in
studies of deictic time words. For instance, some studies find no
differences in children’s acquisition of these words (e.g., Tillman
et al., 2017; Steele et al., 2025; c.f. Maheshwari & Barner, 2025),
and some production studies have even found that children
begin to produce “tomorrow” earlier than “yesterday” (Busby &
Suddendorf, 2005; Busby-Grant & Suddendorf, 2011; Pawlak et al.,

2006). Previous studies suggest that this asymmetry in children’s
acquisition may exist, either because children can rely on episodic
memory for past events and do not have similar memory traces for
future events (e.g., Friedman, 2000, 2002; Hinrichs, 1970; Zhang &
Hudson, 2018), or alternatively, because children rely on syntac-
tic cues (e.g., tense markings) to narrow the meanings of deictic
time words (e.g., Gillette et al., 1999; Gleitman, 1990; Maheshwari
& Barner, 2025; Tillman et al., 2017; Steele et al., 2025), and while
English has a past tense marking, it does not have a similarly
robust future tense marking (Shirai & Miyata, 2006; Weist, 1989).
Teasing apart these factors in children’s acquisition of “yesterday”
relative to “tomorrow” should be the focus of future research.

Finally, before concluding, it is important to note that this work
had a number of limitations that should be addressed in future
work. First, in this study we tested only two time words, and lim-
ited our investigation to children’s understanding of their deic-
tic status—that yesterday is in the past and tomorrow is in the
future. Notably, previous studies (Tillman et al., 2017; Steele et
al., 2025; Zhang & Hudson, 2018) also measured other informa-
tion that is encoded by these words (e.g., temporal remoteness,
causality). A second limitation is that although we accounted
for several lower-level features that might explain differences in
Experiment 2, other confounds such as familiarity with or prefer-
ence for particular colors in the paradigm, or memory of real toys
relative to hypothetical ones might still account for some differ-
ences in children’s comprehension.* A third limitation, alluded to
above, is that while we found that children have difficulty with
a task that involves hypothetical events, we didn’t resolve why
reasoning about such events is difficult. One possibility is that
hypothetical events involve a form of modal reasoning that is
still developing at age 3, and possibly requires the construction
of meta-cognitive resources that are absent earlier in life (Amsel
et al., 2005; Buchanan & Sobel, 2011; Gautam et al., 2019; Kuczaj
& Daly, 1979; Leahy & Carey, 2020; Nyhout et al., 2023; Nyhout &
Ganea, 2019; Weisberg & Gopnik, 2013). Another possibility is that
hypothetical events pose a problem because they pose greater
demands on other capacities, such as working memory and cog-
nitive control (e.g., Arterberry & Albright, 2020; Buchsbaum et al.,
2012; Beck et al., 2006; Beck & Riggs, 2014; Bettencourt, 2022;
German & Nichols, 2003; Lohse et al., 2015; McCormack et al.,
2018). Finally, it remains uncertain whether autobiographical
events are easier because they occur on a real timeline (the past
is in the past), because they are factual (rather than hypotheti-
cal), or because they are experienced more directly, resulting in
richer representations. Future research should disentangle these
different questions, to resolve both how hypothetical reasoning
about deictic time emerges, and which factors make it challeng-
ing for children.

In summary, we find that 3-year-old children understand the
deictic status of time words, and can reason about autobiograph-
ical events, but that they struggle to reason about hypothetical
events, whether from their own perspective, or that of another
person. We also find that even at 4 years of age children are more
accurate when reasoning about autobiographical events than
hypothetical events. Finally, although 3-year-olds can reason

4 As one reviewer noted, since the toy for yesterday was always red and the
toy for tomorrow was always blue, children might succeed on the task if they
happened to associate the color red with “yesterday” and blue with “tomor-
row,” and if these associations may have increased with age.
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about the deictic status of time words, they find it more difficult
to express this knowledge when it requires mapping time onto
space, compatible with previous reports that, at least initially,
time is represented independent of space, and only gradually
mapped onto it.
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